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Abstract
The liver experiences various changes with aging that 
could affect clinical characteristics and outcomes in 
patients with liver diseases. Both liver volume and 
blood flow decrease significantly with age. These 
changes and decreased cytochrome P450 activity can 
affect drug metabolism, increasing susceptibility to 
drug-induced liver injury. Immune responses against 
pathogens or neoplastic cells are lower in the elderly, 
although these individuals may be predisposed to 
autoimmunity through impairment of dendritic cell 
maturation and reduction of regulatory T cells. These 
changes in immune functions could alter the pathogen-
esis of viral hepatitis and autoimmune liver diseases, as 
well as the development of hepatocellular carcinoma. 
Moreover, elderly patients have significantly decreased 
reserve functions of various organs, reducing their tol-
erability to treatments for liver diseases. Collectively, 
aged patients show various changes of the liver and 
other organs that could affect the clinical characteristics 
and management of liver diseases in these patients.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Liver disease; Aging; Physiology; Immu-
nology

Core tip: The morphology and physiology of the liver 
changes with aging and an understanding of those 
changes is important for the management of liver dis-
eases. We first summarized the various changes in the 
liver with aging. We then reviewed the reported char-
acteristics of liver diseases found in the elderly. This 
kind of information could be increasingly important in 
the near future, because the proportion of the world’s 
population over 60 years old is increasing, especially in 
developed countries.

Tajiri K, Shimizu Y. Liver physiology and liver diseases in the 
elderly. World J Gastroenterol 2013; 19(46): 8459-8467  Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i46/8459.htm  DOI: http://dx.doi.org/10.3748/wjg.v19.i46.8459

INTRODUCTION
The proportion of  the world’s population over 60 years 
old is increasing, especially in developed countries. Mor-
phology and functions of  the liver as well as other organs 
change with aging. Understanding these changes is im-
portant for the management of  liver diseases in the el-
derly. In addition, the pathogenesis of  many liver diseases 
is immune-mediated, and immune systems also change 
with aging, affecting the clinical picture of  liver diseases.

CHANGES IN LIVER MORPHOLOGY AND 
FUNCTIONS WITH AGING
Morphology of the aged liver and microscopic or 
molecular characteristics of senescent hepatocytes
In general, liver volume is reduced by 20%-40% in the 
elderly, with these reductions more marked in women (up 
to 44% decline) than in men[1]. Microscopically, elderly 
subjects have elevated numbers of  hepatocytes with in-
creased ploidy. Hepatocytes show decreased numbers of  
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mitochondria but increased volume of  individual mito-
chondria, although functional impairment of  mitochon-
dria has not been demonstrated. Hepatocytes in elderly 
subjects contain denser body compartments, such as 
secondary lysosomes and lipofuscin, than do hepatocytes 
in younger subjects[2]. Lipofuscin accumulation has been 
associated with chronic oxidative stress and a failure to 
degrade damaged and denatured proteins[3]. Moreover, 
accumulating evidence suggests that lipofuscin interferes 
with cellular pathways due to its ability to trap metallic 
cations and facilitate further free radical formation[4].

Vacuolation of  hepatocyte nuclei has been associ-
ated with diabetes mellitus and non-alcoholic fatty liver 
disease. However, vacuolated hepatocyte nuclei were 
recently shown to be more abundant in senescent hepa-
tocytes expressing p21 or γH(2)AX[5], suggesting they are 
a marker of  hepatocyte senescence. Moreover, increased 
size of  hepatocyte nuclei in nonalcoholic fatty liver dis-
ease (NAFLD) has been associated with telomere short-
ening and p21 upregulation[6], suggesting that increased 
nuclear size is also a marker of  hepatocyte senescence.

Cellular senescence is associated with aberrant activa-
tion of  oncogenes, and senescent pre-malignant hepato-
cytes have been found to secrete cytokines and chemokines 
through interactions with their environment, resulting in 
immune-mediated clearance of  these cells. Impairment of  
immune surveillance has been associated with the develop-
ment of  hepatocellular carcinoma (HCC)[7]. This scenario 
could account for the preferential development of  HCC in 
aged patients with chronic liver diseases, irrespective of  the 
etiology of  these diseases[8].

Recently, resistin, an adipokine that inhibits phosphor-
ylation of  AMP-activated protein kinase and modulates 
insulin resistance, has been shown to induce senescence-
associated β-galactosidase in mouse hepatocytes[9]. Resis-
tin has been shown to act by inhibiting the function of  
sirtuin 1, one of  the 7 members of  the sirtuin family of  
histone deacetylases shown to act as crucial negative regu-
lators during the aging process[9].

Molecular changes during hepatocyte senescence sho-
uld be clarified in more detail in the near future. The iden-
tification of  senescence-causing factors may be beneficial 
in preventing senescence-associated liver diseases.

Blood flow
Liver blood flow is estimated to be decreased by 35%-50% 
in the elderly, and may be responsible for age-related reduc-
tions in liver volume[10].

Hepatic function
Liver function tests: Although interindividual differenc-
es have been observed, liver functions are relatively well 
preserved in elderly individuals. Hepatic enzymes and 
high-density lipoprotein cholesterol are well maintained, 
while bilirubin levels may decline with age due to reduc-
tions in muscle mass and hemoglobin concentrations[11]. 
Moreover, age was reported to be associated with modest 
decreases in albumin and γ-glutamyl transpeptidase con-

centrations, and increases in bilirubin concentration, after 
adjustments for sex, alcohol use, and components of  the 
metabolic syndrome, suggesting that liver function may 
be decreased in these individuals[12].

Alanine aminotransferase (ALT) concentrations have 
been reported to decrease with age in both men and 
women, independent of  components of  the metabolic 
syndrome. These findings suggest the need to identify 
an optimal cut-off  point for normal ALT in elderly pa-
tients[12].

Drug metabolism
Phase I hepatic metabolism (first-pass hepatic uptake) of  
drugs has been reported to be decreased in the elderly, 
possibly due to reduced liver volume and hepatic blood 
flow, leading to a decline in hepatic drug metabolism. Me-
tabolism of  drugs with low phase Ⅰ hepatic metabolism 
is likely to be impaired mainly by liver volume reduction.

A previous report suggested that drug metabolism is 
reduced by up to 30% after 70 years of  age, and that a 
reduction in liver cytochrome P450 may also contribute 
to decreased drug metabolism. Cytochrome P450 activity 
was shown to be 32% lower in subjects > 70 years than 
in subjects aged 20-29 years[13].

Liver regeneration
Liver regeneration capacity has been reported to decline 
with age[14,15]. The mechanisms underlying the reductions 
in regeneration capability are complex. One of  these 
mechanisms involves a decrease in the concentrations of  
circulating epidermal growth factor (EGF), with the re-
sponse of  hepatocytes to EGF also reduced due to age-
associated loss of  EGF receptors or deficits in signaling 
after EGF binds to its receptor[16]. Another mechanism 
underlying reduced hepatocyte proliferation capacity may 
be the inhibition of  cyclin-dependent kinases by interac-
tion with the chromatin remodeling protein Bim, which 
is expressed in aged hepatocytes[17]. Along with reduc-
tions in regenerative capacity, telomere length has been 
reported reduced in aged livers, especially in patients with 
liver diseases[18].

Immune system
Many liver diseases are mediated by the host immune 
response. Therefore, changes in immune functions may 
affect the clinical picture of  various liver diseases. Several 
changes in the immune system have been observed in el-
derly individuals.

Innate immunity: Most of  the immune cells involved 
in innate immunity, such as monocytes/macrophages 
and natural killer (NK) cells, show decreased function 
with aging[19]. Although the percentage and number of  
CD56bright NK cells gradually decline with age, the per-
centage and number of  CD56dim NK cells progressively 
increase[20].

In addition, dendritic cells (DCs), which are the most 
potent antigen-presenting cells, show significant function-
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al changes with aging. DCs play pivotal roles in the onset 
and regulation of  adaptive immune responses and con-
trol the state of  tolerance to self-antigens[21]. Immature 
DCs promote tolerance through induction of  regulatory 
T cells (Treg), whereas mature DCs stimulate effector T 
cells. DCs in the elderly show inappropriate maturation 
induced by infections or tissue injury, which may lead to 
alterations in the balance between the tolerogenic and im-
munogenic functions of  DCs and instigate the develop-
ment of  autoimmune diseases[22].

Adoptive immunity: T cell number and diversity of  
repertoire are decreased and T cell expansion, differen-
tiation, and signaling intensity are impaired with aging. 
The numbers of  CD4+ T cells are decreased, while the 
numbers of  CD8+ T cells are increased. The expression 
of  the costimulatory molecule CD28 is decreased on 
T cells, impairing their ability to proliferate and secrete 
interleukin-2[23]. Treg function is decreased after age 50 
years, which may be associated with the increases in autoim-
munity[24].

The numbers of  B cell precursors in the bone mar-
row (pre-B cells), as well as peripheral B cells, decrease 
with age[25]. In contrast, immunoglobulin concentrations 
may increase with age[26], but the quantities of  specific 
antibodies and the diversity of  the B cell repertoire de-
crease[27].

In summary, immune responses against foreign an-
tigens and malignant cells seem to be impaired with age 
because of  the reductions in number and functions of  
most immunocompetent cells. In contrast, the decrease 
in Tregs and the impairment of  DC maturation may re-
sult in a predisposition to autoimmunity.

LIVER DISEASES IN THE ELDERLY
The prevalence of  some liver diseases increases with ag-
ing, and advanced liver disease is observed more often in 
older than in younger patients. Moreover, various physi-
ological changes associated with aging may affect the 
pathogenesis of  liver diseases. In addition, the decreased 
reserve capacity of  most organs in elderly individuals may 
impair their ability to manage liver diseases.

Viral hepatitis
Hepatitis A: Acute hepatitis A virus (HAV) infection is 
usually self-limiting. However, elderly patients with acute 
HAV infection experience hepatocellular dysfunction 
with frequent jaundice and coagulopathy, as well as an 
increased incidence of  complications, such as prolonged 
cholestasis, pancreatitis, and ascites[28]. Higher hospital-
ization and mortality rates have been reported in elderly 
patients with HAV. For example, during an outbreak of  
HAV infection in the United States, 42% of  patients 
aged 70 years or older required hospitalization compared 
with 3%-20% of  adults aged 40-49 years[29]. Age-related 
differences in outcomes were also reported, with death 
rates of  0.004% in individuals aged 5-14 years and 2.7% 

in those older than 49 years[30]. More recent data from the 
Centers for Disease Control and Prevention (CDC, 2009 
Surveillance) also indicate that mortality due to HAV 
increases with age, with no fatalities reported in patients 
younger than 34 years of  age. The mortality rates have 
been estimated to be 0.05 per 100000 patients aged 45-54 
years, and 0.11 per 100000 patients older than 75 years. 
Vaccination for hepatitis A should, therefore, be consid-
ered for people, especially the elderly, who plan to travel 
to endemic areas[30].

Hepatitis B: Acute hepatitis B virus (HBV) infection is 
uncommon in the elderly because the opportunities for 
HBV infection are estimated to be low in this population. 
However, hepatitis B and hepatitis C infections have been 
reported in aged residents of  nursing homes[31,32]. Risk 
factors include sharing bath brushes, non-disposable sy-
ringes, and shaving blades, as well as sexual contact. Clini-
cal manifestations of  acute HBV infection are similar 
to those in younger adults. During an outbreak of  acute 
HBV in elderly nursing home residents, most infected pa-
tients were asymptomatic, and no patient died or required 
hospitalization during the outbreak[31]. However, the rate 
of  progression to chronic hepatitis B is higher in elderly 
than in younger patients. A report on an outbreak of  
acute HBV infection in a nursing home showed that 59% 
of  patients older than 65 years of  age developed chronic 
infection[31]. This may be due to a decreased immune re-
sponse to the pathogens.

In chronic HBV infection, the prevalence rates of  
HBeAg and HBsAg are inversely related to patient age 
during the natural course of  HBV infection. The preva-
lence rates of  HBsAg in Taiwanese men and of  HBeAg 
among HBsAg-positive men older than 60 years of  age 
were reported to be 12.5% and 5.5%, respectively, while 
prevalence rates in patients aged 30-39 years were 23.8% 
and 23.3%, respectively[33]. Serum HBV DNA levels 
were found to vary by country and to be associated with 
HBeAg or HBV genotype[34]. Older age and male sex, in 
addition to serum HBV DNA levels, are regarded as risk 
factors not only for progression to cirrhosis[35], but the 
development of  HCC[36].

Nucleos(t)ide analogs are effective in treating HBV 
infected patients, with similar efficacy in the elderly as in 
younger patients[37]. Although interferon-based therapy 
may also be effective for the treatment of  chronic HBV 
infection, its therapeutic effects are inferior in elderly pa-
tients[38].

Hepatitis C: The prevalence of  hepatitis C virus (HCV) 
infection varies by age because HCV infection is trans-
mitted by blood contact, such as blood transfusion (es-
pecially before 1992), military service, intravenous drug 
use, tattoos, hemodialysis, and health care work. In the 
United States, the prevalence of  HCV infection is highest 
in patients aged 40-49 years (4.3%), whereas those aged 
60-69 years and 70 years or older have lower prevalence 
rates of  0.9% and 1%, respectively[39,40]. A European 
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elderly patients are at risk of  treatment-related complica-
tions, especially osteopenia and compression fracture[54]. 
Furthermore, they may have other comorbidities and 
medication requirements that complicate their manage-
ment.

PBC: Advancing age has been associated with poor 
prognosis in patients with PBC, and elderly patients diag-
nosed with PBC at a young age are likely to show a poor 
prognosis[55]. In contrast, patients with PBC diagnosed 
after 65 years of  age are less likely to have progressive or 
advanced disease[56]. Two types of  phenotypic expression 
of  PBC were recently reported: the classical asymptomat-
ic onset in middle-late age with mild biochemical activity, 
and symptomatic onset at a younger age with high bio-
chemical activity[57]. Administration of  ursodeoxycholic 
acid, which is the only recommended therapy for PBC, 
appears to be safe and has few side effects. Osteoporosis 
should also be considered, especially in elderly patients.

Alcoholic liver disease: Alcohol consumption is com-
mon in the elderly. In a study of  individuals in the United 
Kingdom, 62% of  subjects aged 60-92 years were drink-
ers, with 13% of  men and 2% of  women being heavy 
drinkers[58]. Elderly people presenting with alcoholic liver 
disease (ALD) had more advanced disease than younger 
patients[59]. Half  of  the elderly patients who develop cir-
rhosis die within 1 year of  diagnosis[60]. In patients with 
HCV infection, alcohol drinking was associated with 
accelerated disease progression[61]. Adverse effects of  
benzodiazepines as treatment for withdrawal symptoms, 
such as drowsiness, fatigue, confusion, ataxia, falls and 
incontinence, are more common with increasing age[62].

NAFLD: NAFLD is a disease predominantly seen in 
middle-aged to older people. A significant proportion 
of  cryptogenic cirrhosis may be due to the end-stage of  
NAFLD, and age has been reported to be a risk factor 
for liver fibrosis and higher mortality rate in patients with 
NAFLD[63]. Older patients have significantly more risk 
factors for NAFLD, including hypertension, obesity, dia-
betes, and hyperlipidemia[64]. A study of  351 consecutive 
patients in the United Kingdom found that albumin, ala-
nine aminotransferase (ALT), ALT/aspartate aminotrans-
ferase ratio, and platelet counts were significantly reduced 
with advancing age[64]. Thus, aged patients with NAFLD 
are considered to have advanced liver disease.

Recently, sirtuin 1, a negative regulator of  aging, was 
reported to play key roles in the regulation of  lipid and 
glucose homeostasis[65]. This finding suggested that aging 
was associated with the development of  NAFLD, and 
that activating sirtuin 1 may be a novel therapeutic strat-
egy for patients with NAFLD. Several molecular charac-
teristics of  hepatocyte senescence have been observed in 
patients with NAFLD, with hepatocyte senescence being 
closely associated with advanced fibrosis stage and poor 
clinical outcome[66]. Thus, the development and patho-

study showed that the prevalence of  genotype 1 HCV 
increases with age, being 57% in patients aged < 65 years, 
72% in those aged 65-80 years, and 84% in patients older 
than 80 years of  age[41]. Older age at the time of  infec-
tion, but not duration of  infection, has been associated 
with fibrotic progression[41] and hepatocarcinogenesis[42]. 
Normal ALT levels are more likely observed in elderly 
than in younger HCV-infected patients (46% vs 10.6%, 
respectively)[43]. However, older patients often show more 
fibrosis regardless of  serum ALT levels[41]. Moreover, 
the incidence of  hepatocellular carcinoma increases with 
aging both in hepatitis C[42] and hepatitis B[44] infected 
patients. Therefore, progression of  fibrosis and develop-
ment of  hepatocellular carcinoma should be considered, 
especially in elderly patients with chronic viral hepatitis.

Powerful regimens have been established for the 
treatment of  chronic HCV infection, including pegylated 
interferon and ribavirin, have been established. How-
ever, adverse effects are observed more often in older 
patients[45]. The sustained viral response rate has been 
shown lower in elderly than in younger patients (46% vs 
69.7%, respectively), perhaps due to the high proportion 
of  elderly patients who stop antiviral therapy due to side 
effects[46].

Hepatitis E: The prevalence of  hepatitis E virus (HEV) 
infection differs markedly in endemic and non-endemic 
areas. However, recent reports suggested that exposure 
to HEV occurs frequently in Western countries. In the 
United States, 16% of  blood donors younger than 60 
years of  age were positive for anti-HEV IgG, compared 
with 25.5% of  those older than 60 years[47]. Furthermore, 
3% of  patients with acute liver injury suspected of  being 
drug-induced liver injury were seropositive for anti-HEV 
IgM. Most patients with serology consistent with acute 
HEV infection were older than 60 years of  age[48]. 

Autoimmune liver disease
The prevalence rates of  autoimmune liver diseases, in-
cluding autoimmune hepatitis (AIH) and primary bili-
ary cirrhosis (PBC), are relatively high in older patients, 
whereas primary sclerosing cholangitis is more common 
in those in the third or fourth decade of  life[49-51]. How-
ever, the results of  laboratory tests associated with these 
autoimmune liver diseases are not associated with age, 
and treatment strategies are usually identical in older and 
younger patients.

AIH: Almost 20% of  patients develop AIH after 60 
years of  age, and the disease is frequently progressive and 
unexpected because ascites and cirrhosis are common 
manifestations at presentation with few other symp-
toms[49,52,53]. Most elderly patients respond well to cortico-
steroid therapy[52]. Rates of  treatment failure are lower in 
older than in younger patients (5% vs 24%), and elderly 
patients have lower rates of  fatality from liver failure or 
need for liver transplantation (5% vs 21%)[52,53]. Notably, 
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genesis of  NAFLD may be closely associated with the 
aging process.

Drug-induced liver injury: Old age is a risk factor of  
drug-induced liver injury (DILI) because the elderly are 
more susceptible to adverse drug reactions[67]. Moreover, 
patients over 75 years old required significantly longer 
hospitalization for DILI[68]. In contrast, a recent report 
suggested that older age is associated with a cholestatic 
type of  liver injury[69], and a study in Japan also showed 
rates of  cholestatic liver injury was higher in patients > 
65 than < 65 years of  age (46% vs 31.6%). 

Elderly patients may receive many types of  drugs 
for treatment of  comorbid conditions. For example, a 
Japanese study of  patients with DILI showed that elderly 
patients > 75 years of  age were taking significantly more 
concomitant drugs at the time of  liver injury[68]. Other 
reports from Western countries also suggested greater 
drug usage among elderly patients. For example, a study 
of  466 patients in Germany > 70 years of  age found that 
these patients were receiving an average of  3.7 prescribed 
medicines in addition to 1.4 over-the-counter medica-
tions daily[70]. In a prospective study in the Netherlands, 
94.2% of  elderly patients, mean age 82.3 years, were tak-
ing more than one drug, and 73.3% were prescribed four 
or more drugs[71]. Several pharmacokinetic and pharma-
codynamic mechanisms that may predispose a patient on 
multiple medications to an increased risk of  DILI have 
been proposed[72]. Adverse effects of  both the individual 
drugs and their synergistic interactions must be taken into 

consideration in elderly patients.

Liver tumor: HCC is more common in elderly patients 
with liver cirrhosis[73]. Elderly patients were reported to 
develop HCC even without fibrosis[74], suggesting that 
aging itself  may be a predisposing factor for hepatocar-
cinogenesis. The impact of  viral eradication on HCC 
prevention was found to be less significant in older than 
in younger patients chronically infected with HCV, espe-
cially in patients at an advanced stage of  liver disease[75]. 
These observations indicate the need for long-term fol-
low-up of  elderly patients with chronic HCV infection, 
even after viral eradication and especially in male patients 
with liver cirrhosis.

Hepatic resection for HCC can be performed safely 
and effectively in elderly patients[76]. Regional therapies, 
such as radiofrequency ablation and transarterial chemo-
embolization, may also be considered for elderly patients 
with HCC, if  liver function and tumor stage are accept-
able[77]. 

Liver transplantation: The proportion of  adult liver trans-
plantation recipients in the United States older than 60 
years of  age increased from 10% in 1990 to more than 
20% by 1999[78]. Some problems remain to be addressed 
regarding liver transplantation in elderly patients. In-
creased age has been associated with a poorer survival 
rate[79,80], although other studies suggested that advanced 
age alone should not be a contraindication for liver trans-
plantation[81,82]. Among 2141 patients who underwent 

Liver volume loss 
Decrease in liver blood flow
Dehydration

Decrease in drug metabolism

Predisposition to drug-induced liver injury

Alteration of immune functions

Predisposition to hepatocarcinogeneisis
Induction of autoimmunity
Change in immunopathogenesis of liver diseases such 
as viral hepatitis

Decrease in liver regenerative capacity
Decrease in reserve functions of various organs

Changes in pathophysiology of various liver diseases
Less tolerability to treatments

Aging

Figure 1  Physiological changes in elderly subjects associated with the development or pathophysiological modification of liver diseases. Aging is associ-
ated with decreases in liver volume, blood flow, drug metabolism and regenerative capacity, and alterations in immune functions. Changes due to decreased reserve 
functions of various organs could affect the clinical characteristics and management of liver diseases in the elderly.
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retransplantation, more than 10% were over 60 years of  
age[82]. Being over 60 years of  age was not independently 
associated with an increase in mortality when adjusted for 
factors that were found to influence survival[82]. Elderly 
patients may have multiple risk factors, including coronary 
artery disease or malignancy, and face age-associated qual-
ity of  life impairments, such as instability, incontinence, 
immobility, dementia, and polypharmacy[83]. Moreover, 
aged recipients have a significantly lower quality of  life, 
as assessed by physical functioning, bodily pain, general 
health, vitality, social functioning, role emotional, and 
physical component score[84]. Therefore, careful consid-
eration is required in choosing liver transplantation for 
elderly patients.

CONCLUSION
Aged patients show various changes in the liver, which 
could affect the clinical characteristics of  liver diseases in 
these patients (Table 1). Decreases in functioning of  the 
liver and other organs as well as alterations in immune 
functions should be taken into consideration in the man-
agement of  the liver diseases (Figure 1).
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Abstract
Evidence has now accumulated that colonoscopy and 
removal of polyps, especially during screening and 
surveillance programs, is effective in overall risk reduc-
tion for colon cancer. After resection of malignant pe-
dunculated colon polyps or early stage colon cancers, 
long-term repeated surveillance programs can also lead 
to detection and removal of asymptomatic high risk 
advanced adenomas and new early stage metachro-
nous cancers. Early stage colon cancer can be defined 
as disease that appears to have been completely re-
sected with no subsequent evidence of involvement 
of adjacent organs, lymph nodes or distant sites. This 
differs from the clinical setting of an apparent “cura-
tive” resection later pathologically upstaged following 
detection of malignant cells extending into adjacent 
organs, peritoneum, lymph nodes or other distant sites, 
including liver. This highly selected early stage colon 
cancer group remains at high risk for subsequent colon 
polyps and metachronous colon cancer. Precise staging 
is important, not only for assessing the need for adju-
vant chemotherapy, but also for patient selection for 
continued surveillance. With advanced stages of colon 
cancer and a more guarded outlook, repeated surveil-
lance should be limited. In future, novel imaging tech-
nologies (e.g. , confocal endomicroscopy), coupled with 
increased pathological recognition of high risk markers 
for lymph node involvement (e.g. , “tumor budding”) 

should lead to improved staging and clinical care.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Evidence has now accumulated that colonos-
copy and removal of polyps, especially during screening 
and surveillance programs, is effective in overall risk 
reduction for colon cancer. After resection of malignant 
pedunculated colon polyps or early stage colon cancers, 
long-term repeated surveillance programs can also lead 
to detection and removal of asymptomatic high risk ad-
vanced adenomas and new early stage metachronous 
cancers. In future, novel imaging technologies (e.g. , 
confocal endomicroscopy), coupled with increased 
pathological recognition of high risk markers for lymph 
node involvement (e.g. , “tumor budding”) should lead 
to improved staging and clinical care.
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INTRODUCTION
Adenocarcinoma of  the colon, including rectum, is a ma-
jor cause of  morbidity and mortality among all internal 
malignant diseases in men and women. When the disease 
is at an advanced stage with documented metastatic in-
volvement of  lymph nodes or other organs, the prog-
nosis is especially dismal. A number of  different staging 
criteria have been used to estimate the depth of  cancer 
penetration in the colon as well as the extent of  extra-
colonic disease involvement. Currently, a commonly used 
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staging method for colon cancer is based on the TNM 
(tumor/node/metastases) system as delineated by the 
American Joint Committee on Cancer (AJCC), now with 
a staging manual and atlas in its 7th edition[1]. These differ-
ent AJCC stages are summarized in Table 1.

EARLY STAGE COLON CANCER
Early stage colon cancer can be defined as disease that 
appears to have been completely resected with no sub-
sequent evidence of  involvement of  adjacent organs, 
lymph nodes or distant sites. This definition differs from 
the clinical setting of  an apparent “curative” resection 
later pathologically upstaged following detection of  ma-
lignant cells extending into adjacent organs, peritoneum, 
lymph nodes, or other distant sites, including the liver.

This highly-selected group with disease localized in 
the colon still remains at especially high risk for subse-
quent development of  colon polyps and metachronous 
colon cancer. Conceptually, this definition of  early stage 
disease reflects increasing use of  colonoscopic surveil-
lance as an important tool in an emerging management 
approach. Precise staging, however, is critical, not only in 
assessing the need for adjuvant chemotherapy, but also 
for the selection of  patients for continued surveillance. 
In patients with advanced stages of  colon cancer and a 
more guarded outlook, repeated surveillance should be 
limited.

IMAGING METHODS
Although imaging methods are important in defining 
suspected areas of  involvement, complete staging cur-
rently requires pathological assessment of  resected tis-
sue, particularly to define early stage disease. Usually 
staging has been estimated after surgical removal of  the 
colon cancer, however, experience has shown that com-
plete staging is also possible after endoscopic resection 

of  a malignant pedunculated polyp that has minimal in-
vasion. For these malignant polyps, however, deep histo-
pathological assessment is not possible and lymph nodes 
are not removed. Further upstaging of  colon cancer may 
result from employment of  ultrasound, computed to-
mography (CT), magnetic resonance imaging or position 
emission tomography with pathological confirmation. In 
contrast, studies have already confirmed that methods 
such as fecal immunochemical testing (FIT) or CT have 
limited value in the detection of  early stage colon cancer. 
For example, a high rate of  false-negative results with 
FIT for early stage cancers was recently recorded[2] and 
CT was shown to have a low sensitivity for diagnosis of  
early T1 or T2 cancers[3].

Studies to explore staging using evolving endoscopic 
methods have also appeared. For example, a recent re-
port[4] compared new techniques for assessment of  the 
actual depth of  colon cancer invasion. Magnification 
chromoendoscopy and endoscopic ultrasound were 
found to have similar accuracy in estimating the depth of  
invasion, but neither procedure was believed to currently 
have sufficient diagnostic accuracy for use as a reliable or 
recommended standard[4]. Further investigative efforts 
are needed to explore novel and emerging imaging devel-
opments, particularly endoscope-based or probe-based 
confocal endomicroscopic methods. These offer the 
possibility for more rapid (and possibly for economical) 
differentiation of  neoplastic from non-neoplastic colonic 
disease, earlier diagnosis of  colorectal cancer, further 
evaluation of  degree of  differentiation and estimation of  
invasion depth for early colorectal cancer[5-8].

OUTCOME OF STAGING
Evidence has accumulated to show that a more advanced 
cancer stage is correlated with a worse clinical outcome. 
In patients with localized and limited disease confined 
to the submucosa or muscularis propria, the overall 5 
year survival is about 70%. With more advanced disease 
extending beyond the subserosa into adjacent structures, 
peritoneum, lymph nodes or distant sites, the overall 5 
year survival is about 30%. Even in early stage colorec-
tal cancer, bowel perforation from the tumor itself  or 
anastomotic leakage following surgery is associated with 
increased recurrence rates and an impaired disease-free 
survival[9].

Early detection of  colon cancer has been an impor-
tant goal for physicians evaluating patients at increased 
risk for colon cancer. Colonoscopic regimens of  surveil-
lance have emerged based on good evidence that mor-
bidity and mortality can be improved[10,11]. A number of  
guidelines have been developed for endoscopic surveil-
lance of  high risk groups to detect colon cancer. Some 
high risk categories have included a documented personal 
and family history of  colon adenomas and colon cancer 
as well as inflammatory bowel disease. Among these high 
risk groups, a prior history of  a completely resected co-
lon cancer is a special group that should be considered 
for regular surveillance, particularly for those with early 
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Table 1  Colon cancer staging

AJCC stage TNM stage TNM criteria

Stage 0 Tis N0 M0 Tumor confined to mucosa
Stage Ⅰ T1 N0 M0 Tumor invades submucosa
Stage Ⅰ T2 N0 M0 Tumor invades muscularis propria
Stage ⅡA T3 N0 M0 Tumor invades subserosa
Stage ⅡB T4 N0 M0 Tumor invades adjacent organs
Stage ⅢA T1-2 N1 M0 Tumor metastases to 1-3 nodes
Stage ⅢB T3-4 N1 M0 Tumor metastases to 1-3 nodes
Stage ⅢC Any T, N2, M0 Tumor metastases to 4 or more nodes
Stage Ⅳ Any T or N, M1 Metastases to distant sites

AJCC: American Joint Committee on Cancer; TNM: Tumor/Nodes/
Metastases. Other classification methods include: Dukes System: A, tumor 
confined to intestinal wall; B, tumor invading through the intestinal 
wall; C, tumor with lymph node involvement; D, tumor with distant 
metastases; and Astler-Coller System: A, Tumor limited to mucosa; B1, 
Tumor through muscularis mucosa but not muscularis propria; B2, Tumor 
beyond muscularis propria; C1, B1 with lymph node metastases; C2, B2 
with lymph node metastases; D, Distant metastases. Other criteria include: 
venous and lymphatic invasion and differentiation.



stage disease[12]. Most important, recent publications have 
provided good evidence that colonoscopy is associated 
with reduced colorectal cancer mortality[13,14]. In addition, 
persistent and sustained reduction in colorectal cancer 
mortality has been attributed, in large part, to the effect 
of  polypectomy[14]. For malignant colorectal polyps with 
localized submucosal invasion, similar long-term results 
have been recorded, although a risk for new colon polyps, 
including advanced adenomas, and metachronous colon 
cancer persists[15].

SURVEILLANCE AFTER COLON CANCER 
RESECTION
Earlier randomized clinical trials compared intense with 
less intense surveillance after a “curative” resection[16-20]. 
Unfortunately, a number of  methodological flaws in 
these studies were noted[21], particularly the inclusion 
of  both early- (i.e., node-negative) and late- (i.e., node-
positive) stage disease together in the comparison groups, 
regardless of  the intensity of  later surveillance. Perhaps, 
in these earlier studies, evaluation of  more homogeneous 
populations, particularly with early-stage colon cancer, 
would have shown a positive effect of  surveillance be-
cause prognosis for patients with nodal involvement, 
invasion of  other structures and distant metastases would 
be expected to be much more limited[21]. Moreover, a 
more recent Cochrane evaluation has suggested a survival 
benefit for selected patients with more intense follow-
up[22]. Finally, long-term studies of  symptomatic early 
stage colon cancer patients followed over more than 
10 years[23] demonstrated no locally recurrent disease. 
However, in the same study[23], there was still an ongo-
ing risk for new and asymptomatic neoplasms, including 
advanced adenomas and early-stage metachronous colon 
cancers.

RISK OF LYMPH NODE METASTASES
A number of  factors critical to accurate clinical and 
pathological staging have been explored in recent years, 
especially definition of  high risk factors for lymph node 
involvement, if  only early stage colon cancer with sub-
mucosal invasion (or T1) disease appears to be present. 
These factors include lymphatic invasion, venous inva-
sion, tumor budding, poor tumor differentiation, extent 
(especially width) of  submucosal invasion, complete 
disruption of  muscularis mucosa. Indeed, some studies 
have suggested that up to 16% with localized submucosal 
invasive disease may already have lymph node metasta-
ses[24-30].

For malignant pedunculated colon polyps, Haggitt 
et al[24] initially proposed a 4-level classification defined 
by increasing depths of  cancer invasion into the submu-
cosa, particularly if  deeper than the polyp stalk. Level 4 
invasion into the submucosa was thought to represent 
the highest risk for lymph node metastases. Some have 
used alternative measures of  depth of  invasion to ensure 

complete electrocautery removal of  malignant pedun-
culated polyps. For example, a distance from the leading 
invasive margin of  the cancer to the cautery line of  more 
than 2 mm has been empirically used as a guideline of  an 
adequate resection of  a pedunculated lesion with a stalk. 
If  the cautery line is involved with malignant cells after 
removal of  a malignant polyp, colectomy should be done.

For non-polypoid malignant lesions with submucosal 
invasion, assessment is more difficult. In these, level 4 
invasion was traditionally defined[24]. Others have sug-
gested a different classification schema, especially for 
surgically-resected specimens, defined by submucosal 
depth of  invasion (i.e., specifically, sm1, sm2, sm3) with 
greatest depth of  invasion having greatest risk for lymph 
node involvement[27,31]. For endoscopic resection, com-
plete removal of  the submucosa may be more difficult 
pathologically to define, although a retrospective evalua-
tion of  colorectal cancer initially treated with endoscopic 
resection suggested that a positive vertical (rather than 
lateral) resection margin and inadequate lifting sign were 
positively correlated with risk of  residual tumor and 
lymph node metastases[32]. Other pathological risk factors 
for node metastases have also been emphasized include 
venous or lymphatic invasion, moderately or poorly dif-
ferentiated tumor grade, tumor “budding” at the submu-
cosal invasive front of  the cancer, or a completely cancer-
disrupted muscularis mucosa[33]. A high CEA value may 
also be predictive of  metastatic disease[34,35]. Because of  
this increased risk for node involvement after endoscopic 
resection with these high risk factors, colectomy may be 
recommended to ensure complete cancer removal and 
permit more detailed node sampling for metastatic dis-
ease.

TUMOR BUDDING AND OTHER RISK 
FACTORS
“Tumor budding” is an independent prognostic indicator 
of  risk for lymph node involvement, especially in early 
TNM stage colorectal cancer, as recently emphasized by 
expert pathologists[36]. This description of  “tumor bud-
ding” was attributed to Imai who first postulated that 
this particular pathological feature of  an invasive colon 
cancer represented a sudden or rapid growth of  the lead-
ing or invasive edge of  a carcinoma, in part, related to an 
interaction between epithelial and mesenchymal elements 
at the tumor margin[36]. Evidence has accumulated that 
tumor budding as well as high tumor grade or lympho-
vascular invasion are independent risk factors for lymph 
node metastases in patients with submucosally invasive 
colon cancer[37,38]. Patients with none of  these high risk 
pathological features had only rare lymph node metasta-
ses (less than 1%) whereas the risk increased substantially 
with one (i.e., about 20%) or multiple (i.e., almost 40%) 
risk factors. In addition, this study showed that absence 
of  extensive, particularly lateral, submucosal invasion 
(specifically, < 4 mm in width and < 2 mm in depth), had 
no apparent risk of  metastases to lymph nodes (using an-
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ti-cytokeratin immunohistochemical staining method for 
detection of  lymph node micrometastases) if  other high 
risk markers were absent. Similar observations have been 
independently reported[39-42], including a recent evaluation 
following endoscopic removal of  submucosal invasive T1 
colorectal cancers[43].

In future, the clinical relevance of  other clinical and 
pathological methods of  evaluation for staging, includ-
ing stage Ⅱ colon cancer, will need additional evaluation. 
These include number of  lymph nodes surgically har-
vested[44-47], techniques used for lymph node evaluation 
(including detection of  micrometastases with novel im-
munohistochemical stains and polymerase chain reaction 
methods)[48-51] as well as definition of  the precise role of  
sentinel node mapping for node sampling[52-54] and final 
staging.

CONCLUSION
Colonoscopy screening and surveillance have a docu-
mented benefit in reducing the risk of  colon cancer. As a 
result, more early stage colon cancers will be detected in 
surveillance programs and treated with endoscopic meth-
ods. Emerging imaging technologies, such as confocal en-
domicroscopic methods, may lead to further refinements 
in definition of  patients with early stage disease as well 
their management. Pathological staging to define early 
stage disease also continues to evolve, particularly with 
the increased recognition of  risk factors for lymph node 
disease in early stage colon cancers and immunohisto-
chemical methods for lymph node evaluation, especially 
detection of  lymph node micrometastases. 
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Abstract
Colorectal cancer (CRC) is a significant health problem, 
with around 1 million new cases and 500000 deaths 
every year worldwide. Over the last two decades, the 
use of novel therapies and more complex treatment 
strategies have contributed to progressively increase 
the median survival of patients with unresectable ad-
vanced CRC up to approximately 30 mo. The availability 
of additional therapeutic options, however, has created 
new challenges and generated more complicated treat-
ment algorithms. Moreover, several clinically important 
points are still in debate in first-line, such as the optimal 
treatment intensity, the most appropriate maintenance 
strategy, the preferred biologic to be used upfront in 
patients with KRAS wild-type CRC, and the need for 
more detailed information on tumor biology. In this 
moving landscape, this review analyses why the first-
line treatment decision is crucial and how the choice 
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may impact on further treatment lines. In addition, it 
focuses on results of major phase Ⅲ randomized trials.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: The choice of the first-line therapy is crucial 
for patients with advanced, unresectable colorectal 
cancer. The aim of this review is to critically focus on 
updated scientific data that medical oncologists need to 
interpret to make the most appropriate evidence-based 
choice among many possible treatment options.
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WHICH REASONING DOES LIE 
BENEATH THE CHOICE OF A FIRST-LINE 
TREATMENT?
Colorectal cancer (CRC) is currently the second most 
common cancer in Europe, with nearly 450000 new cases 
and approximately 215000 deaths occurred in 2012[1]. 
Half  of  those patients are either initially diagnosed at 
an advanced or metastatic stage or later develop distant 
metastases, and have a 5-year survival rate of  5%-10%[2]. 
While chemotherapy following resection of  liver or lung 
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metastases has been reported to increase the chance of  
cure in selected patients, palliative systemic treatments 
may at least produce survival benefits for those present-
ing with diffuse unresectable disease. Over the last two 
decades, the median survival of  patients with metastatic 
CRC has progressively improved, approaching 30 mo in 
recent reports. Notably, not only the widespread use of  
all available active agents (including 4 different chemo-
therapy drugs and 5 biologics) has shaped this clinical 
success, but also more patients have profited enhanced 
quality of  life while receiving modified or less intensive 
maintenance treatments or while enjoying chemotherapy-
free intervals. In fact, a smoother, more plastic concept 
embracing a “comprehensive treatment strategy” has 
substituted the rigid classical sequence of  following 
structured treatment lines in the continuum of  care. Not-
withstanding those significant advances, the treatment 
landscape for unresectable advanced CRC has become 
increasingly complex. For all those incurable patients, 
mainstay of  the treatment is to maximise survival while 
minimizing toxicities and maintaining optimal quality of  
life. The availability of  more therapeutic options, how-
ever, has generated intricate algorithms of  treatment 
decision-making and medical oncologists are often over-
whelmed by a large number of  trials providing unclear or 
conflicting results. 

Unquestionably, when deciding the delivery of  an 
optimally personalized treatment sequence, the ultimate 
treatment goal, outcome data from randomized clinical 
trials, different regimen-related toxicity profiles, molecular 
status of  the disease, and patients’ willingness should all 
be considered. However, while recent guidelines suggest 
to combine chemotherapy with targeted agents for the 
vast majority of  those aged less than 75 years[3], it is much 
less clear which patients deserve a higher treatment inten-
sity and which is the best biologic to use upfront for CRC 
patients with KRAS wild-type disease[4]. Moreover, it 
should be acknowledged that the proportion of  patients 
receiving therapy diminishes with subsequent lines and 
that efficacy results are the greatest in untreated patients 
and usually reduce along with treatment course because 
of  a growing degree of  chemoresistance. The foundation 
of  the upfront treatment is, therefore, crucial: in first-
line setting the highest number of  patients may benefit 
therapies with the highest response rates and the longest 
median progression-free survival (PFS). Moreover, there 
is still a chance for unexpected resection and even cure, 
and for all those who will not be cured, first-line therapy 
may impact on overall survival (OS). 

Actually, whenever discussing with a previously un-
treated patient the different first-line treatment options, 
some clinical considerations should be made: (1) How 
long will the patient survive and how long will the patient 
benefit from first-line treatment? (2) Does the patient 
need (and agree on) an aggressive strategy? (3) Will a 
deeper knowledge of  tumor molecular biology aid in 
the decision-making process? (4) May the patient benefit 
from maintaining an antiangiogenic strategy across treat-

ment lines? and (5) Has the first-line choice potential im-
pact on further treatment lines?

In addition, if  the patients has previously received 
adjuvant chemotherapy (indeed, approximately 30% of  
metastatic CRC patients had), other questions arise: (1) 
How long have the patient lived without evidence of  
disease? (in other words, how long did the disease-free 
interval last?) and (2) May previous adjuvant treatments 
condition the first-line treatment choice?

Reporting as a springboard for discussion results 
from key randomized clinical trials (Table 1), aim of  this 
viewpoint is to help clinicians making an evidence-based 
decision when choosing among possible first-line treat-
ments for their medically-fit advanced unresectable CRC 
patients.

WHEN TO TREAT PATIENTS WITH 
HIGHER INTENSITY? SEARCHING FOR 
THE OPTIMAL FINE-TUNING
The idea of  combining all available drugs upfront with 
the aim to hit and immediately kill as many cancer cells as 
possible is certainly not new. In CRC, the combination of  
5-fluorouracil, oxaliplatin, and irinotecan (FOLFOXIRI) 
was initially compared to 5-fluorouracil and irinotecan 
(FOLFIRI) in two independent studies[5,6]. Results from 
the phase Ⅲ randomized Italian trial showed significant 
advantage for the triplet in terms of  RR (66% vs 41%, P 
= 0.0002), PFS (9.8 mo vs 6.9 mo, HR = 0.63), OS (22.6 
mo vs 16.7 mo, HR = 0.70), and secondary resections for 
those with liver-limited disease (36% vs 12%, P = 0.01), 
thus presenting such an intensive upfront regimen among 
the potential choices to be used when a significant tumor 
shrinkage is needed. Oppositely, although based on an 
encouraging preclinical[7] and clinical[8] background, final 
results of  combining doublet chemotherapy with both 
bevacizumab and Epidermal Growth Factor Receptor 
(EGFR)-inhibitors were vastly disappointing[9,10]. Overall, 
both the randomized phase Ⅲ CAIRO2 and PACCE 
studies showed significantly reduced PFS outcome results 
and increased toxicity profiles for the 4-drugs combina-
tion when compared to chemotherapy plus bevacizu-
mab alone. The reasons for the unforeseen antagonism 
between the two biologic agents when combined with 
chemotherapy are still uncertain[11]. The issue regarding 
how much intense the chemotherapy backbone should 
be remains critical also in the era of  targeted agents. Two 
randomized trials, phase Ⅲ TRIBE[12] and phase Ⅱ OL-
IVIA[13], investigated the combination of  the FOLFOX-
IRI based-regimen with the antiangiogenic bevacizumab. 
In the first trial, 508 advanced CRC patients received 
upfront FOLFIRI or FOLFOXIRI plus bevacizumab. 
Patients in the experimental arm achieved a significantly 
longer PFS (12.1 mo vs 9.7 mo; HR = 0.77, 95%CI: 
0.64-0.93, P = 0.006). The triplet also provided a signifi-
cant increase in RR (65% vs 53%, P = 0.006), but not in 
radical resection rate (15% vs 12%, P = 0.327). Neverthe-
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less, the study population was unselected for conversion 
to surgical resectability, since only 20% of  randomized 
patients had liver-limited disease. Preliminary data 
showed a trend toward improved OS in the FOLFOX-
IRI plus bevacizumab arm (31.0 mo vs 25.8 mo; HR = 
0.83, 95%CI: 0.66-1.05). Phase Ⅱ OLIVIA trial allocated 
80 advanced CRC patients with liver-only unresectable 
metastases to receive 5-fluorouracil and oxaliplatin (FOL-
FOX) or FOLFOXIRI plus bevacizumab. Overall resec-
tion rate, the primary endpoint, was numerically higher 
in the FOLFOXIRI plus bevacizumab arm (61.0% vs 
48.7%, P = 0.27). The more intensive regimen provided 
both a higher RR (80.5% vs 61.5%, P = 0.061) and radi-
cal (R0) resection rate (48.8% vs 23.1%, P = 0.017), with 
longer PFS (18.8 mo vs 12.0 mo, P = 0.0002). Moreover, 
retrospective data suggest that the addition of  bevacizu-
mab to the FOLFOXIRI regimen does not impact on 
liver toxicity while enhancing the rate of  pathologic re-
sponse and tumor necrosis[14].

The combination of  FOLFOXIRI with EGFR-in-
hibitors showed also interesting results in a phase Ⅱ trial, 
but a formal phase Ⅲ comparison of  the added benefit 
of  cetuximab or panitumumab to the triplet regimen is 
currently lacking. In the TRIP study, 37 highly molecu-
larly selected patients (concomitant wild-type status for 
KRAS, BRAF, NRAS, and HRAS) received FOLFOXIRI 
plus panitumumab with a reported RR of  89%. Forty-
three percent of  them underwent secondary surgery of  

metastases, and R0 resection was achieved in 13 cases 
(35%). After a median follow-up of  17.7 mo, median PFS 
was 11.3 mo[15]. Another phase Ⅱ study enrolled 43 CRC 
patients with unresectable liver metastases to receive ce-
tuximab plus chronomodulated irinotecan, 5-fluorouracil, 
leucovorin and oxaliplatin as neoadjuvant chemothera-
py[16]. After a median number of  6 cycles, RR was noted 
in 79% of  patients, and median OS was of  37 mo.

Based on available results, when should we opt for a 
very intensive treatment? The use of  triplet plus bevaci-
zumab could be considered a possible treatment option 
for those who parallel the trial’s inclusion criteria (i.e., 
unresectable, metastatic disease, age < 75 years; optimal 
ECOG PS, no major comorbidities), but this appears 
to be a much more intriguing and logical option for pa-
tients with symptomatic, bulky or aggressive disease or 
when conversion from unresectable to resectable status is 
deemed possible (liver-limited unresectable metastases). 
In the first circumstance, patients may benefit from a fast 
disease shrinkage that while reducing the tumor burden 
may better control cancer-related symptoms or avoid 
their occurrence. In the second condition, the advantage 
of  using this highly active combination is that it may ex-
ert its effect in few cycles, avoiding a sustained exposure 
to chemotherapy that might potentially increase liver 
toxicity just before hepatic surgery. Although phase Ⅱ 
studies results are promising, the use of  a triplet regimen 
combined with EGFR-inhibitors outside of  a clinical trial 
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Table 1  Outcome results of major randomized phase Ⅲ trials in the first-line setting in metastatic colorectal cancer patients

Ref.                Regimen n Previous adjuvant 
treatment

ORR Median PFS (mo) Median OS (mo) Post-study 
therapy

Hurwitz et al[80]

Tebbutt et al[119]
IFL 411 28%    34.8%     6.2    15.6 50%

Hurwitz et al[80] IFL+bevacizumab 402 24%    44.8%   10.6    20.3 50%
Cunningham et al[118] Capecitabine 140    18.6% 10%     5.1    16.8 37%

Capecitabine + bevacizumab 140    32.1% 19%     9.1    20.7 37%
Saltz et al[8] XELOX/FOLFOX 701  25%1 38%   8    19.9 53%

XELOX/FOLFOX + bevacizumab 699  24%1 38%      9.4    21.3 46%
Heinemann et al[81] FOLFIRI + cetuximab 297    22.1% 62% 10    28.7    65.7%

FOLFIRI + bevacizumab 295    18.9% 58%    10.3 25    61.7%
Capecitabine 156 22%    30.3%      5.7    18.9 68%

Tebbutt et al[119] Capecitabine + bevacizumab 157 28%    38.1%      8.5    18.9 62%
Capecitabine + bevacizumab + MMC 158 16%    45.9%      8.4    16.4 61%

Falcone et al[12] FOLFOXIRI + bevacizumab 252 12% 65% 12 31 NA3

FOLFIRI + bevacizumab 256 12% 53%      9.7    25.8 NA3

Van Cutsem et al[82] FOLFIRI 599    18.9%    39.7%      8.4 20    71.7%
FOLFIRI + cetuximab 599    17.4%    57.3%      9.9    23.5 66%

Maughan et al[91] XELOX/FOLFOX2 815  25%1 57%      8.6 17 62%
XELOX/FOLFOX + cetuximab 815  25%1 64%      8.6    17.9 56%

Tveit et al[120] FLOX 185    8%1 41%      7.9    20.4    73.5%
FLOX + cetuximab 194    9%1 49%      8.3    19.7    75.8%
FLOX intermittently + cetuximab 187  10%1 47%      7.3    20.3    64.2%

Douillard et al[90] FOLFOX4 590  15%1 48%   8    19.7 63%
FOLFOX4 + panitumumab 593     16.1%1 55%      9.6    23.9 53%

Schmoll et al[89] FOLFOX + bevacizumab 713 19%    47.3%    10.3    21.3    23.8%
FOLFOX + cediranib 709 17%    46.3%      9.9    22.8    28.2%

Díaz-Rubio et al[60] XELOX + bevacizumab 239  13%1 47%    10.4    23.2 72%
XELOX + bevacizumab→bevacizumab 241  17%1 49%      9.7 20 74%

1No previous oxaliplatin-based treatment allowed; 2Both Arm A (continuously) and Arm B (intermittently) have been considered; 3Data will be available in 
2014. ORR: Overall response rate; PFS: Progression-free survival; OS: Overall survival; IFL: Irinotecan, fluorouracil, leucovorin therapy; FOLFIRI: 5-fluoro-
uracil and irinotecan; XELOX: Capecitabine/oxaliplatin.
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in PFS were documented (HR = 1.06; 95%CI: 0.88-1.26, 
P = 0.54). Of  note, in the cohort of  patients assessable 
for response (n = 526, 89%), encompassing all those who 
had received a minimum of  3 cycles and had performed 
at least a CT-scan evaluation following baseline, RR was 
significantly higher in favour of  cetuximab-containing 
arm (72.2% vs 63.1%, OR = 1.52, P = 0.017). Although, 
no significant differences in median PFS were reported 
(10 mo vs 10.3 mo, HR = 1.03; 95%CI: 0.88-1.26), a clini-
cally meaningful 3.7-month median advantage in OS was 
evidenced in favour of  the cetuximab arm (28.7 mo vs 
25 mo, HR = 0.77; 95%CI: 0.62-0.96), confirmed in all 
exploratory subgroups analysed. Disparities in subse-
quent treatment lines may hardly explain this unforeseen 
survival difference, being the proportion of  patients who 
crossed over or received treatment beyond progression 
similar between treatment arms (65.7% in the cetuximab 
arm vs 61.7% in the bevacizumab arm, P = 0.34). Op-
positely, the association of  both early tumor shrinkage 
(at least 20% decrease in the sum of  the longest diameter 
compared with baseline at week 8) and the deepness of  
response (percentage of  tumor shrinkage observed at 
the smallest tumor size compared to baseline) to EGFR-
inhibitors with the post-progression survival were ad-
vocated as possible reasons for success[32]. According to 
this theoretical model, the higher tumour shrinkage may 
result in a lower tumour load, as per RECIST, at the time 
of  disease progression so that the benefit achieved in 
terms of  deepness of  response may influence the fol-
lowing history of  patients’ disease. Likewise, a significant 
correlation of  the early objective tumor response (EOTR) 
with survival was demonstrated by an individual patient 
data meta-analysis of  15 randomized first-line trials en-
rolling approximately 12000 patients from the ARCAD 
database[33]. In the analysis, median PFS and median OS 
were consistently longer in patients with an EOTR at 6, 
8 or 12 wk compared to those without. Overall, these re-
sults support the hypothesis that the advantage in terms 
of  activity of  an intensive upfront regimen may translate 
into a significant survival gain regardless the opportunity 
to achieve secondary resections. While a confirmatory 
correlation analysis is being conducted in FIRE-3 trial, 
outcome results from a larger intergroup phase Ⅲ trial 
(CALGB 80405, NCT00265850) that aims to compare 
upfront chemotherapy with bevacizumab or cetuximab 
in over 1200 metastatic CRC patients are awaited. Differ-
ently from FIRE-3, OS is the primary endpoint of  the 
CALGB and SWOG cooperative groups trial.

To simultaneously explore the head-to-head compari-
son and the treatment strategy, the GERCOR is sponsor-
ing the phase Ⅲ STRATEGIC-1 trial[34] that is designed 
to provide information on the optimal treatment se-
quence, with two different strategies each including all 
the currently available agents (oxaliplatin, irinotecan, fluo-
ropyrimidines, bevacizumab, and EGFR-inhibitors), but 
in a different order. With disease control rate of  the full 
strategy as the primary endpoint, nearly 500 patients with 
unresectable wild-type KRAS metastatic CRC will be 

should be currently discouraged, even in patients with 
optimal molecular selection. In order to ameliorate the 
tolerability, the intensification of  the upfront therapy in 
never resectable patients usually requires to plan a short 
initial treatment period (induction phase) followed by a 
less intensive treatment (maintenance phase). To avoid 
excessive toxicity in a palliative setting, the strength of  
such an induction treatment should last no longer than 8 
cycles. After that, patients are usually switched to an ap-
propriate, more tolerable, maintenance regimen that may 
be continued for a long period. Ongoing studies are clari-
fying the role of  the maintenance therapy and expound-
ing which are the optimal agents to be used. Potential 
drawbacks of  an intensive treatment include higher toxic-
ity and more limited rescue options once the tumor has 
become resistant.

WHICH BIOLOGIC SHOULD BE 
PREFERRED IN THE UPFRONT 
TREATMENT OF KRAS WILD-TYPE CRC 
PATIENTS?
Although the predictive role of  G13D mutation still re-
mains a matter of  discussion[17-19], having a KRAS muta-
tion in codon 12 or 13 is a universally accepted marker 
for EGFR-inhibitor inefficacy[20,21]. Other germline 
mutations in RAS or BRAF genes also seem to predict 
unfavourable results[22,23], and acquired secondary mu-
tations may cause resistance to EGFR-inhibitors[24-26]. 
Moreover, retrospective data confirmed that using a 
more adequate technique RAS or BRAF mutations were 
found in approximately 20% of  cancers initially classified 
as wild-type[20], and this might help in refining the target 
population[27,28]. Current molecular selection has a nega-
tive predictive value, but it does not help in the clinical-
decision process for patients with wild-type CRC. Actu-
ally, which targeted agent should be combined to first-line 
chemotherapy in KRAS wild-type patients is one of  the 
hot-topics in colorectal oncology. Up today, the choice 
was essentially based on cross-trial comparisons and on 
meta-analyses estimating the magnitude of  benefit pro-
vided by each targeted agent[29,30]. While EGFR-inhibitors 
were considered powerful shrinking agents, bevacizumab 
was preferred for its ability to delay tumor progression. 
FIRE-3, the first phase Ⅲ randomized trial to provide 
results on the head-to-head comparison, randomized 592 
KRAS wild-type CRC patients to upfront FOLFIRI plus 
either cetuximab or bevacizumab, with the aim to detect 
a difference of  12% in RR induced by FOLFIRI plus ce-
tuximab (62%) compared to FOLFIRI plus bevacizumab 
(50%)[31]. Though unusual for a randomized phase Ⅲ tri-
al, RR was chosen as the primary endpoint of  the study. 
Because of  a higher than expected treatment activity re-
ported for patients exposed to bevacizumab, RR resulted 
similar between treatment arms (62% in the FOLFIRI 
plus cetuximab arm vs 58% in the FOLFIRI plus beva-
cizumab arm, OR = 1.18, P = 0.18) and no differences 
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randomized to FOLFIRI-cetuximab, followed by an ox-
aliplatin-based chemotherapy with bevacizumab (Strategy 
A) or OPTIMOX-bevacizumab, followed by irinotecan-
based chemotherapy with bevacizumab, followed by an 
EGFR-inhibitor with or without irinotecan (Strategy B). 
The study is starting soon the target recruitment.

TOWARD A BETTER MOLECULAR 
SELECTION? BROADENING CRC 
BIOLOGIC KNOWLEDGE BEYOND KRAS
Since the acknowledgment that CRC is a highly hetero-
geneous disease with regards to clinical evolution and 
response to treatments and the fact that it may change 
over time or evolve under treatment pressure[35], a more 
profound molecular knowledge of  this cancer has been 
promoted[36]. Actually, a deeper understanding of  the 
disease pathobiology and its molecular underpinnings 
allow clinicians to take advantage of  a more detailed 
disease classification[37] and more robust information on 
predictive and prognostic biomarkers as well as resist-
ance bioindicators for both antiangiogenic[38] and EGFR-
inhibitors[39]. Whether serial tumor biopsies and repeated 
mutation testing may be useful to better capture the CRC 
heterogeneity and to systemically track its genomic evo-
lution is a matter of  debate[40,41], but the application of  
innovative, low-invasive techniques may find acceptance 
from both scientific and ethical standpoints[42,43]. Specifi-
cally focusing on the treatment tailoring, the landscape 
has rapidly evolved beyond KRAS codon 12 and 13 mu-
tational status[44]. For example, rare mutation occurring in 
other KRAS codons, such as mutation in codons 61 or 
146, may result in reduced EGFR-inhibitor efficacy[22]. As 
well, V600E BRAF mutations occurring in approximately 
10% of  all KRAS wild-type CRC tumors[45] or more rare 
KRAS amplifications[46] seem to limit the benefit from 
EGFR-inhibitors[47-49]. However, while there is total agree-
ment on its negative prognostic value, the negative pre-
dictive role of  BRAF mutations with regards to EGFR-
inhibitor therapy is not universally accepted[50-52] and 
loss of  PTEN expression or activity[53,54] have also been 
associated to inferior benefit from EGFR-inhibitors, but 
the small sample size of  the cohort analysed linked to 
the relatively rare events prevent to draw strong definitive 
conclusions.

Importantly, the use of  EGFR-inhibitors in the clini-
cal practice should be based on a deep molecular analysis 
with further refinement of  tumor-specific genetic mark-
ers in order to simultaneously allow: (1) identification of  
a wider patient population that does not benefit from 
the target treatment or may have detrimental effect; and 
(2) selection of  patients who may achieve a maximized 
survival improvement. A prospective-retrospective 
analyses of  phase Ⅲ PRIME trial[55] that randomized 
1083 patients to upfront FOLFOX plus or minus pani-
tumumaband a preplanned analysis of  phase Ⅱ PEAK 
study that assigned in first-line 285 patients to FOLFOX 

plus either bevacizumab or panitumumab[56] consistently 
show that patients harbouring rare KRAS mutations 
in exon 3 (codons 59/61) and 4 (codons 117/146), or 
NRAS mutations in exon 2 (codons 12/13), 3 (codons 
59/61), and 4 (codons 117/146) may not benefit from 
the EGFR-inhibitor. In the first analysis, patients with-
out RAS mutations had a 2.2 mo median advantage in 
median PFS (10.1 mo vs 7.9 mo, HR = 0.72, 95%CI: 
0.58-0.9, P = 0.004), and a 5.8 median advantage in OS (26 
mo vs 20.2 mo, HR = 0.78, 95%CI: 0.62-0.99, P = 0.04). 
Impressively, patients with no RAS or BRAF mutations 
(n = 446) derived a 7.6 median survival benefit (28.3 mo 
vs 20.9 mo, HR = 0.74, 95%CI: 0.57-0.96, P = 0.02) if  
exposed to FOLFOX and panitumumab in first-line. An 
exploratory biomarker tumor analysis[57] of  patients en-
rolled in the panitumumab vs BSC randomized phase Ⅲ 
study[58] reported similar results. Importantly, the addition 
of  panitumumab to first-line FOLFOX might be even 
detrimental in patients with less common RAS mutations 
and should be cautiously avoided. On the basis of  these 
data, marketing authorization for panitumumab has been 
amended, including the analysis of  NRAS status before 
prescription, and restraining its use to RAS wild-type 
CRC patients. Since it has been highlighted how a more 
detailed molecular profile may impact on the evidence-
based decision making process, a more accurate selection 
of  candidates to upfront EGFR-inhibitors is warranted. 
Results of  a similar deeper molecular analysis in patients 
exposed to upfront cetuximab or bevacizumab combined 
with FOLFIRI in the FIRE-3 trial will be soon presented.

ANGIOGENIC INHIBITORS UPFRONT AND 
IN THE FOLLOWING TREATMENT LINES? 
THE ISSUE OF MAINTENANCE AND 
TREATMENT BEYOND PROGRESSION
The choice of  an upfront bevacizumab-based combi-
nation is considered a widely accepted standard treat-
ment option for the majority of  advanced CRC patients. 
Although supported by limited evidence, to continue 
the angiogenic inhibitor until disease progression is not 
uncommon in the clinical practice, especially for those 
patients who partially or entirely withhold the associated 
chemotherapy because of  toxicity or towering cumulative 
doses of  oxaliplatin[59]. Actually, results of  randomized 
trials such as MACRO[60], DREAM[61], and COIN-B[62] 
suggest to continue bevacizumab as maintenance therapy 
until disease progression. In the MACRO trial, 480 CRC 
patients were randomly assigned to receive six cycles of  
bevacizumab, capecitabine, and oxaliplatin followed by 
bevacizumab either alone or combined with the same 
chemotherapy regimen until progression. A slightly long-
er median PFS was reported in the combination arm (10.4 
mo vs 9.7 mo, HR = 1.1, P = 0.38), although burdened by 
a higher rate of  severe sensory neuropathy (26% vs 8%, P 
= 0.0001) and HFS (13% vs 7%, P = 0.03). The primary 
analysis of  DREAM demonstrated that a maintenance 
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therapy with bevacizumab and erlotinib may significantly 
prolong median PFS (10.2 mo vs 9.3 mo, HR = 0.76; 
95%CI: 0.61-0.94, P = 0.009) but not median OS (28.5 
mo vs 27.0 mo, HR = 0.89; 95%CI: 0.7-1.12, P = 0.31) 
after a first-line bevacizumab-based induction therapy[63]. 
The additive value of  erlotinib to bevacizumab in this 
setting is however unconfirmed[64]. Yet, the issue regard-
ing the role of  bevacizumab in the maintenance phase 
was not formally addressed until recently. SAKK 41/06[65] 
and CAIRO-3[66] phase Ⅲ trials compared observation to 
a maintenance strategy following an induction phase of  
chemotherapy plus bevacizumab. In the non-inferiority 
Swiss study, 262 CRC patients without disease progres-
sion at 4-6 mo since treatment start were randomized 
to continue on single-agent bevacizumab until disease 
progression or observation. Even though median PFS (+ 
1.2 mo) and OS (+ 3.3 mo) were both longer for patients 
who continued on bevacizumab, the trial formally failed 
to meet its primary endpoint, since the median time to 
progression did not differ sufficiently between treatment 
arms (17.9 wk vs 12.6 wk; HR = 0.74; 95%CI: 0.57-0.94, 
P = 0.47; with a non-inferiority limit for HR = 0.727). In 
CAIRO-3 trial, patients without disease progression after 
6 cycles of  capecitabine, oxaliplatin (CAPOX regimen) 
and bevacizumab were randomized to observation or 
continuing with capecitabine and bevacizumab. Upon the 
first disease progression, CAPOX plus bevacizumab was 
reintroduced and maintained until the second evidence 
of  progression. The primary endpoint was the PFS2, 
defined as the time from randomization to progression 
upon treatment re-introduction. Patients in the mainte-
nance arm achieved a significantly longer PFS2 (11.8 mo 
vs 10.5 mo, HR = 0.81; 95%CI: 0.67-0.98, P = 0.028), 
PFS (8.5 mo vs 4.1 mo, HR = 0.44; 95%CI: 0.36-0.53, P 
< 0.00001) and a non-significant advantage in OS (21.7 
mo vs 18.2 mo, HR = 0.87; 95%CI: 0.71-1.06, P = 0.156), 
that became significant in the adjusted analysis (HR = 
0.80). AIO KRK0207, a phase Ⅲ randomized trial com-
paring observation to maintenance with either bevacizu-
mab alone or bevacizumab plus capecitabine, will clarify 
if  a maintenance treatment, instead of  a full holiday 
period, is actually needed for all patients. In conclusion, 
while reasonable, safe, and clinically feasible, whether a 
maintenance therapy is needed for all patients is still an 
open question. 

The role of  cetuximab in the maintenance therapy is 
also being investigated. The two-arm phase Ⅱ COIN-B 
study randomized 169 patients with unresectable KRAS 
wild-type CRC to intermittent chemotherapy plus con-
tinuous or intermittent cetuximab as first-line treatment. 
Continuous cetuximab was associated with a longer 
failure free survival (FFS), chemotherapy-free interval 
(3.7 mo vs 5.1 mo) and time to progression (20.1 mo 
vs 18.4 mo). Median FFS was 12.0 and 13.7 mo, re-
spectively[62]. The phase Ⅲ Macbeth trial (EUDRACT 
2011-000840-70) is an ongoing multicenter, randomized, 
open-label study designed to evaluate the efficacy and 
safety of  eight cycles of  FOLFOXIRI plus cetuximab 

followed by maintenance with cetuximab or bevacizumab 
as first-line treatment for unresectable KRAS wild-type 
metastatic CRC patients. 

Another point of  discussion is the use of  antiang-
iogenics beyond disease progression. Data from retro-
spective registries such as BRITE[67] or ARIES[68] suggest-
ed a survival benefit with the use of  bevacizumab beyond 
disease progression. More recently, the randomized phase 
Ⅲ ML18147 trial prospectively tested the efficacy of  
maintaining bevacizumab beyond disease progression[69]. 
After the failure of  a bevacizumab-containing first-line 
treatment, 820 patients were randomized to receive a dif-
ferent second-line chemotherapy with or without bevaci-
zumab. Those that continued on the antiangiogenic agent 
reported significantly longer OS (11.2 mo vs 9.8 mo; HR 
= 0.81; 95%CI: 0.69-0.94, P = 0.0062) and PFS (5.7 mo 
vs 4.1 mo, HR = 0.68; 95%CI: 0.59-0.78, P < 0.0001). 
Toxicity profiles were similar between the two arms, al-
though more bleedings (2% vs 1%), venous thromboem-
bolic events (5% vs 3%), and gastrointestinal perforations 
(2% vs < 1%) were noted among those receiving bevaci-
zumab. In the phase Ⅲ BEBYP trial[70], 184 patients who 
had failed a bevacizumab-based first-line treatment were 
randomized to receive second-line chemotherapy with 
or without bevacizumab. The trial was stopped early, as 
soon as the positive results of  the ML18147 were dif-
fused. Performance status (ECOG PS 0 vs 1-2), length of  
the chemotherapy-free interval (< or > 3 mo), and type 
of  second-line chemotherapy were considered as stratifi-
cation factors. Two thirds of  the patients received oxali-
platin-based combinations in both treatment arms. After 
a median follow-up of  22 mo, the results confirmed 
the benefit in PFS (6.8 mo vs 5 mo, HR = 0.72; 95%CI: 
0.54-0.97, P = 0.029) for those maintained on bevacizu-
mab, while OS data are still immature to be analyzed.

Indirect evidence supports how CRC patients may 
benefit from further angiogenic treatments after dis-
ease progression while on bevacizumab. The phase Ⅲ 
VELOUR trial showed the efficacy of  aflibercept (a fu-
sion protein with high affinity to all VEGF-A isoforms, 
VEGF-B, PlGF-1, and PIGF-2) in combination with 
FOLFIRI in 1,266 CRC patients who had failed a first-
line oxaliplatin-based therapy[71]. Both median OS (13.5 
mo vs 12.06 mo, HR = 0.817; 95%CI: 0.71-0.94, P = 
0.0032) and PFS (6.9 mo vs 4.67 mo, HR = 0.76) were 
significantly longer in those who received FOLFIRI 
and aflibercept. Importantly, prior exposition to antian-
giogenics did not reduced the outcome effect. Actually, 
a similar benefit in PFS (6.7 mo vs 3.9 mo, HR = 0.66; 
95%CI: 0.51-0.85) and OS (12.5 mo vs 11.7 mo, HR = 
0.86; 95%CI: 0.67-1.10) was reported for the use of  af-
libercept in those who had received bevacizumab as part 
of  their upfront treatment (approximately 28% in both 
treatment arms). Regorafenib is another agent with broad 
antiangiogenic properties[72]. In the CORRECT trial, 
760 chemorefractory CRC patients were randomized 2:1 
to regorafenib (160 mg daily in a 3-wk-on, 1-week-off  
schedule) or placebo[73]. All patients had previously re-
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ceived bevacizumab. Median OS was 6.4 mo in the rego-
rafenib group vs 5.0 mo in the placebo group (HR = 0.77; 
95%CI: 0.64-0.94).

Large, international efforts have tried to define who 
are the patients more likely to benefit from the antian-
giogenic strategy. Unfortunately, given the complexity of  
cancer-related angiogenesis, conflicting results have been 
reported both at molecular[74] or clinical levels[75,76]. The 
prospective validation of  other single predictive biomark-
ers such as baseline LDH value[75], number of  circulating 
endothelial cells[77], or level of  miRNA[78] are still pending, 
but will unlikely succeed. 

WILL THE FIRST-LINE CHOICE IMPACT 
ON FOLLOWING TREATMENT LINES?
If  and how the first-line therapy may influence further 
treatment is a matter of  debate at many levels (molecular, 
clinical, regulatory). Nevertheless, how oncologists de-
cide the sequence of  treatment to use should be always 
based on a solid mainstay. The following reasoning is 
founded on a critical analysis of  major phase Ⅲ random-
ized studies.

Accordingly to the results of  a pivotal phase Ⅲ trial 
that compared FOLFOX6 followed by FOLFIRI to 
FOLFIRI followed by FOLFOX6 and showed similar 
outcomes regardless of  the treatment sequence[79], the 
backbone treatment used after first disease progression 
of  disease is currently based on a crossover from an iri-
notecan- to an oxaliplatin-based regimen or vice-versa. In 
that trial, 220 patients were randomized to receive initially 
either FOLFIRI or FOLFOX6 and to switch to the other 
regimen at disease progression. Neither first-line RR (56% 
vs 54%), nor first-line median PFS (8.5 mo vs 8 mo, P 
= 0.26), nor median OS (21.5 mo vs 20.6 mo, P = 0.99) 
were statistically different between treatment arms.

Ten years after the widespread use of  biologics has 
begun in the clinical practice, the scenario has become 
much more complicated, particularly in patients with 
KRAS wild-type tumors that may benefit from a scope 
of  different treatments. The initial choice of  the upfront 
chemotherapy regimen, however, retains its value.

When opting for an irinotecan-based first-line regi-
men, either bevacizumab[80] or cetuximab[81,82] could be 
used as optimal biologic partners. Either way the patient 
is started, survival results of  the ECOG E3200 phase 
Ⅲ trial[83] would suggest to use FOLFOX plus beva-
cizumab as second-line treatment after an irinotecan-
based first-line failure. Later on, following on the 
treatment route, the choice of  third-line may become 
critical. In this setting, while strong data support the 
use of  EGFR-inhibitors either alone[84,58] or combined 
to irinotecan[85],evidence suggesting potential benefit 
from retreating patients with EGFR-inhibitors is more 
shaggy[86,87] or under investigation[88]. Regorafenib, indeed, 
would be an appropriate choice for all highly pretreated 
patients[73]. Consequently, the treatment algorithm would 
offer 4 potential lines of  treatment if  the patient receive 

upfront an irinotecan-based chemotherapy plus beva-
cizumab, but one treatment line would be lost if  the 
patient starts with an irinotecan-based therapy plus ce-
tuximab. This hypothetical reasoning may be revised (and 
even reversed) if  the outcome results of  CALGB 80405 
trial will confirm the unexpected 3.7-mo median survival 
advantage reported in FIRE-3 for KRAS wild-type CRC 
patients receiving FOLFIRI and cetuximab in first-line. 

When opting for a first-line treatment including oxali-
platin, antiangiogenic drugs[60,89] or EGFR-inhibitor[90,91] 
may be used in combination, although the upfront use of  
bevacizumab seems to be preferable because it may bet-
ter fit in the maintenance strategy[92,93] for its convenience 
and safety when combined to capecitabine[94]. Moreover, 
the upfront combination of  oxaliplatin with an EGFR-
inhibitor requires more detailed molecular biology data 
(see paragraph 4) and increased watchfulness if  using an 
oral fluoropyrimidine[91]. At disease progression, many 
reasons strongly support the choice of  switching to an 
irinotecan-based regimen, including the potential cumu-
lative neurotoxicity of  prolonged oxaliplatin use. Since 
in second-line setting many alternative options exist, to 
establish which is the optimal biologic to be delivered is 
challenging and depends on the previous use of  targeted 
agents. A number of  second-line randomized trials have 
investigated the role of  biological agents in the treat-
ment of  CRC patients not previously exposed to EGFR-
inhibitors. Tested agents included bevacizumab[69], af-
libercept[71], cetuximab[95], or panitumumab[96,97]. Of  note, 
in all those trials patients may have been upfront treated 
with bevacizumab, but the proportion of  those who did 
receive the angiogenic inhibitors in first-line vastly varied, 
ranging from 2%[97] to 100%[69]. Results of  ML18147 and 
VELOUR have been already discussed (see before). In 
the phase Ⅲ EPIC study[92], 1298 patients who had prior 
failed a first-line oxaliplatin-based regimen, were random-
ized to receive irinotecan plus cetuximab or irinotecan 
alone. The addition of  cetuximab to irinotecan resulted 
in a significant improvement of  PFS (4.0 mo vs 2.6 mo, 
HR = 0.69; 95%CI: 0.617-0.776, P < 0.0001), but no OS 
advantage was reported (10.7 mo vs 10.0 mo, HR = 0.97). 
Panitumumab was tested in another randomized phase 
Ⅲ trial, comparing in 1,186 pretreated metastatic CRC 
patients, the addition of  panitumumab itself  to FOL-
FIRI, to placebo. A significant improvement in PFS was 
observed (5.9 mo vs 3.9 mo, HR = 0.73; 95%CI: 0.59-0.90, 
P = 0.004), with a trend for longer OS (14.5 mo vs 12.5 
mo, HR = 0.85; 95%CI: 0.70-1.04, P = 0.12). Similarly, 
the PICCOLO study[97] reported higher RR (34% vs 12%, 
P < 0.001), longer PFS (HR = 0.78; 95%CI: 0.64-0.95, P 
= 0.015), but no survival advantage (10.9 mo vs 10.4 mo; 
HR = 1.01; 95%CI: 0.83-1.23, P = 0.91) for the use of  
panitumumab and irinotecan-based chemotherapy com-
pared to irinotecan alone. If  the upfront biologic was the 
EGFR-inhibitor, less options are permitted (see point A). 
Again, regorafenib may be considered as salvage treat-
ment for all pretreated patients. As discussed before, if  
the patient is started with a EGFR-inhibitor, the number 
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of  therapeutic options seems narrowed.

CHOOSING A FIRST-LINE TREATMENT 
FOR CRC PATIENTS WHO HAVE FAILED 
ADJUVANT OXALIPLATIN - IS THERE 
ANY DIFFERENCE? 
Since approximately 50% of  stage Ⅲ and 20% of  stage 
Ⅱ CRC patients do eventually recur, one third of  patients 
present with metachronous metastatic disease, which is 
currently defined as more than 1 year between the occur-
rence of  the primitive tumor and metastasis. Not surpris-
ingly, a significant proportion of  those patients may have 
already received an oxaliplatin-based chemotherapy, a 
universally confirmed standard regimen in the adjuvant 
setting[98-100]. Indeed, patients enrolled in first-line phase 
Ⅲ randomized trials which had already been exposed to 
adjuvant chemotherapy ranged from 8% to 32% (Table 
1). However, having received a previous treatment with 
oxaliplatin was sometimes included among the exclusion 
criteria, and even when it was permitted, how many of  
those pretreated patients had actually received an oxalipl-
atin-based regimen was rarely specified in the publication.

To fully understand the importance of  this point, 
some data should be further discussed. The analysis of  
over 20000 CRC patients included in the ACCENT da-
tabase showed that the risk of  recurrence peaks between 
18 and 24 mo after radical surgery, and then decreases 
over time[101]. Most patients who recur, therefore, develop 
metastatic disease within 18 mo since the end of  postop-
erative chemotherapy.

The use of  oxaliplatin is burdened by the frequent oc-
currence of  chronic peripheral sensory neuropathy[102,103], 
a dose-dependent disturbing toxicity characterized by 
dysesthesia and distal paresthesia, that often negatively 
impacts on patients’ quality of  life[104]. In addition, acute 
neuropathy (oral-facial and peripheral), which in some 
cases is induced or exacerbated by exposure to cold, was 
also reported. This neurological side-effect, quite unusual 
in the initial chemotherapy cycles, frequently appears dur-
ing the treatment course as long as the cumulative dose 
of  oxaliplatin increases.

The vast majority of  the patients enrolled in random-
ized clinical trials that tested oxaliplatin in the adjuvant 
setting developed peripheral sensory neuropathy. In 
MOSAIC trial, any grade peripheral neurotoxicity was 
observed in 92% of  patients, while grade 2 (moderate) 
or grade 3 (severe) was reported in 44%. Often, howev-
er, the symptoms ameliorated or resolved over time: one 
and four years after treatment, 30% and 15% of  patients 
had minimal residual toxicity, respectively. In NSABP 
C-07 trial, grade 3-4 peripheral neuropathy was reported 
in 8.4% of  patients. At 1 year from random assignment, 
the rate of  severe neurotoxicity was 0.6%. The inferior 
rate of  neurotoxicity may be due to the lower cumulative 
dose of  oxaliplatin in NSABP C-07 (9 planned doses of  
85 mg/m2) compared to MOSAIC (12 planned doses of  

85 mg/m2).
In NO16968 study, any grade peripheral neuropathy 

occurred in 78% of  patients exposed to oxaliplatin, and 
grade 3-4 in 11%. At the end of  adjuvant treatment, re-
sidual neurotoxicity was still present in 68% of  patients.

Toxicity data were confirmed in another randomized 
trial that tested the efficacy of  bevacizumab combined to 
oxaliplatin-based chemotherapy in the adjuvant setting[105]. 
Grade 2 or grade 3 sensory neuropathy was reported in 
43.7% of  patients treated with FOLFOX6 and in 48.9 % 
of  those treated with FOLFOX6 + bevacizumab, with the 
delivery of  similar median doses of  oxaliplatin. Notably, 
about 10%-20% of  patients developed severe neurotoxic-
ity after cumulative oxaliplatin dose of  750-850 mg/m2[106].

Recently, a number of  studies reported on a long-
lasting oxaliplatin-induced peripheral neurotoxicity[107,108]. 
Those studies showed that a not-negligible proportion of  
patients (5%-15%) still suffer from chronic neurotoxicity 
many years after treatment end, and refer troublesome 
numbness or tingling of  hands and feet. Than, it is con-
ceivable that a proportion of  oxaliplatin-exposed patients 
may still have neurological symptoms at the time of  
recurrence. In order to prevent or reduce the incidence 
and intensity of  this toxicity in the adjuvant setting, 
several strategies are being studied, including a reduced 
exposition to oxaliplatin[109] or the potential use of  neu-
roprotectants such as glutathione[110], oxcarbazepine[111], 
or venlafaxine[112], but no preventive treatment has been 
recognized as a standard. Moreover, retrospective stud-
ies suggested that the iv supplementation with calcium 
and magnesium may be useful[113]. However, a random-
ized phase Ⅲ trial enrolling 362 radically resected CRC 
patients with no pre-existing peripheral neuropathy to 
compare calcium/magnesium supplementation vs placebo 
failed to show any significant difference among treatment 
arms in the rate of  moderate or severe neuropathy[114].

For all these reasons, whether the clinical outcome 
of  an oxaliplatin-based first-line therapy is maintained 
in patients who had been already exposed to the drug in 
the adjuvant setting is unclear and few data are available 
on this regard. Recently, a retrospective study assessed 
the first-line RR to either FOLFIRI or FOLFOX in 32 
patients with advanced CRC who had previously received 
adjuvant FOLFOX after radical surgery[115]. The median 
time between the beginning of  adjuvant chemotherapy 
and disease recurrence was 1.7 years. The overall RR was 
17% in the FOLFOX group vs 36% in the FOLFIRI 
group. Despite a trend in favor of  FOLFIRI, the differ-
ence was not statistically significant (P = 0.22). 

For patients with residual neurotoxicity at the time 
of  disease recurrence, the stop-and-go strategy may be 
an appropriate option to avoid the side-effect worsen-
ing while still using an active agent. Two different ran-
domized trials showed a clinically significant reduction 
in the rate of  severe neurotoxicity with the use of  this 
strategy[116,117]. In conclusion, an oxaliplatin-based regi-
men could still be an option for patients without or with 
minimal residual neurotoxicity that become metastatic 

P- Reviewers  Bener A    S- Editor  Wen LL    L- Editor  Cant MR    E- Editor  Ma S

P- Reviewers  Bener A    S- Editor  Song XX    L- Editor  Stewart GJ    E- Editor  Ma S

Aprile G et al . Upfront treatment for metastatic colorectal cancer



8482 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

after at least 12 mo since the end of  an oxaliplatin-based 
adjuvant therapy. Oppositely, for those who relapse early 
(within 12 mo) or still have clinically significant neurotox-
icity, it is reasonable to choose a regimen without oxali-
platin and delay as much as possible the reintroduction 
of  the neurotoxic drug. 

CONCLUSION
The landscape of  CRC treatment is changing very fast, 
and the availability of  new therapeutic options has creat-
ed new challenges and generated more complicated treat-
ment algorithms. In conclusion, we would like to suggest 
the reader short possible answers to the initial questions. 
Undoubtedly, the optimal choice of  the first-line treat-
ment is still of  great importance. When considering this 
choice, patients’ performance status, comorbidities and 
desires should be considered as well as the ultimate goal 
of  the treatment and the molecular features of  the tu-
mor. An highly intensive regimen is particularly indicated 
for younger patients without comorbid conditions or 
for those patients with aggressive colorectal carcinomas 
(symptomatic, bulky disease or BRAF mutant tumors). 
The application of  a deeper molecular analysis not only 
helps identifying those patients who may benefit the most 
from EGFR-inhibitors but also has a prognostic value. 
In the majority of  cases with RAS and BRAF wild-type 
status, a first-line combination with an EGFR-inhibitor 
seems to be the preferred treatment option, while the 
antiangiogenic strategy should be pursued in those with 
RAS mutated tumors or when a less aggressive treatment 
is favoured. The exposition to oxaliplatin in the adjuvant 
setting may somehow limit its use in the advanced phases 
of  the disease due to possible cumulative neurotoxicity. 
Randomized trials, however, are verifying if  a shorter 
oxaliplatin-based adjuvant treatment may be equally pro-
tecting and less toxic. Notably, many other new molecules 
are being studied in randomized trials and, hopefully, re-
sults of  those studies will help clinicians further refining 
the current treatment paradigms.
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Abstract
In rectal cancer treatment, attention has focused on 
the local primary tumour and the regional tumour cell 
deposits to diminish the risk of a loco-regional recur-
rence. Several large randomized trials have also shown 
that combinations of surgery, radiotherapy and chemo-
therapy have markedly reduced the risk of a loco-
regional recurrence, but this has not yet had any major 
influence on overall survival. The best results have 
been achieved when the radiotherapy has been given 
preoperatively. Preoperative radiotherapy improves 
loco-regional control even when surgery has been op-
timized to improve lateral clearance, i.e. , when a total 
mesorectal excision has been performed. The relative 
reduction is then 50%-70%. The value of radiotherapy 
has not been tested in combination with more exten-
sive surgery including lateral lymph node clearance, as 
practised in some Asian countries. Many details about 
how the radiotherapy is performed are still open for dis-
cussion, and practice varies between countries. A highly 
fractionated radiation schedule (5 Gy × 5), proven ef-
ficacious in many trials, has gained much popularity in 
some countries, whereas a conventionally fractionated 
regimen (1.8-2.0 Gy × 25-28), often combined with 
chemotherapy, is used in other countries. The addi-
tional therapy adds morbidity to the morbidity that sur-
gery causes, and should therefore be administered only 

when the risk of loco-regional recurrence is sufficiently 
high. The best integration of the weakest modality, to 
date the drugs (conventional cytotoxics and biologicals) 
is not known. A new generation of trials exploring the 
best sequence of treatments is required. Furthermore, 
there is a great need to develop predictors of response, 
so that treatment can be further individualized and not 
solely based upon clinical factors and anatomic imag-
ing. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Chemotherapy; Chemoradiotherapy; Local 
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Core tip: Neo-adjuvant radiotherapy is beneficial to 
many rectal cancer patients since it reduces the risk of 
a local failure. Provided surgery is optimized, it does 
not substantially improve overall survival. This review 
describes the results of the randomized trials that form 
the basis for the present treatment recommendations. 
It also pinpoints reasons for differences in the care of 
rectal cancer patients seen worldwide. Finally, the con-
cept of organ preservation is critically discussed. 
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INTRODUCTION
Colorectal cancer is the third most common cancer 
worldwide and the second or third most common cause 
of  cancer death. One third of  the cancers arise in the 
rectum, the rest in the colon and most cases are adeno-
carcinomas. Survival has for decades been less favourable 
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in rectal than in colon cancer, but this is no longer the 
case[1-4]. Efforts to decrease rectal cancer loco-regional 
recurrence rates by better staging, improved surgery 
and incorporation of  radiotherapy are the most likely 
reasons for the presently slightly better 5-year survival 
rates in rectal cancer. The local recurrence rates have also 
decreased from 30%-40% a few decades ago down to 
5%-10% or even lower in some recent studies, and this 
has influenced survival in certain population-based stud-
ies. Survival still differs extensively between countries, 
and differences in therapy traditions are probably a major 
reason for this[5].

Radical removal of  the primary rectal cancer, together 
with all regional tumour cell deposits are prerequisites 
for cure, although occasional local recurrences can be 
salvaged by (chemo)radiotherapy [(C)RT] and secondary 
surgery. Avoidance of  persistent or recurrent tumour in 
the pelvis is important, even if  cure cannot be achieved 
since uncontrolled pelvic growth is usually associated 
with severe symptoms. Even if  overall survival is not 
improved, improved local control is a legitimate outcome 
of  different interventions in rectal cancer. The primary 
tumour in the bowel is usually not the major problem 
unless it grows extensively towards organs not readily 
removed. In these patients, preoperative therapy with the 
aim of  sterilizing macroscopic tumour cells in the periph-
ery of  the tumour is required. The most prevalent clinical 
problem is rather to eradicate the microscopic tumour 
cell deposits, adjacent to the primary which the surgeon 
does not always manage to remove with a standard surgi-
cal approach, today usually encompassing a total (or par-
tial) mesorectal excision (TME). In Japan and other Asian 
countries, more extensive surgery with lateral node exci-
sion is performed in patients with high risk tumours[6], 
whereas in the western world, pre- or previously also 
postoperative (C)RT have been used to kill the subclinical 
tumour cells not removed by surgery. The (C)RT is then 
administered as adjuvant therapy after surgery, and as 
neo-adjuvant therapy before surgery. 

An important aim is, thus, to treat so that the risk of  
residual disease in the pelvis is very low or preferably less 
than 5% in the population, in which curative treatment is 
intended. This should be possible in all but the few (≤ 
10%) cases, who present with a fixed tumour growing 
into a non-readily resectable organ. At the same time, as 
little acute and late morbidity as possible should be aimed 
at. Surgery, particularly if  extensive, may give rise to sub-
stantial morbidity and the additional treatments, whether 
given pre- or post-operatively, increase both acute and 
late morbidity. Thus, all additional treatments, as well as 
more extensive surgery, should be given only when the 
expected gains are sufficiently large to motivate the in-
creased morbidity. 

This review about the value of  radiotherapy to im-
prove loco-regional control and overall survival in rectal 
cancer is based upon a systematic approach to the scien-
tific literature. The available literature has been identified 
in several systematic overviews and meta-analyses[7-11]. It 

gives in addition some personal comments on observed 
developments during the past decades about sphincter- 
or organ preservation, where we lack good evidence of  
beneficial effects from controlled clinical trials. 

Diagnosis and staging of rectal cancers
Appropriate diagnosis and staging are fundamental as 
regards choice of  therapy. Tumours with distal extension 
to 15 cm or less from the anal margin (as measured by 
rigid sigmoidoscopy) are classified as rectal, and more 
proximal tumours as colonic. Others, e.g., in Japan[12], pre-
fer to separate colon and rectal cancers at the peritoneal 
reflection, or about 9-12 cm from the anal verge. Since 
the localization of  the tumour in relation to other organs 
and structures and thus, the distance from the anal verge, 
is important for outcome and treatment, cancers between 
10 and 15 cm are, in this author’s opinion, best discussed 
as rectal cancers since radiotherapy (RT) is an important 
component of  therapy, even if  this is less common than 
for lower rectal cancers (0-10 cm)[13]. Lateral lymph node 
involvement is, however, rare in tumours above the peri-
toneal reflection[14].

Rectal MRI is recommended for staging in order to 
select preoperative treatment and extent of  surgery, al-
though endoscopic ultrasonography can be used for the 
earliest tumours[15,16]. If  MRI and ultrasound are com-
bined, a study claimed that accuracy was improved[17]. 
The TNM staging system should be used. At present, 
the latest version 7 from 2010 is preferred by most, even 
if  it shows marked interobserver variations in defining 
stages Ⅱ and Ⅲ[18]. There is a need for further subclas-
sification of  clinical stage T3 (cT3) (Table 1) in order to 
individualize therapy, i.e., to decide whether surgery alone 
is appropriate or whether preoperative RT alone or with 
chemotherapy (CRT) should be recommended. 

Subdivision of rectal cancer with different therapeutic 
strategies
In order to define the extent of  surgery and whether 
neo-adjuvant (or preoperative) (C)RT is required, rec-
tal cancers can be divided into four groups, very early 
(some cT1), early (cT1-2, some cT3), intermediate (most 
cT3, some cT4) and locally advanced (some cT3, most 
cT4). Other factors than clinical T-stage, such as tumour 
height, closeness to the mesorectal fascia (mrf), poten-
tially the circumferential margin (crm) (preoperatively, the 
term mrf  is better than crm, since the crm cannot be de-
fined until after surgery[19]), nodal (cN)-stage and vascular 
and nerve invasion are also relevant. It is not possible to 
precisely define which T and N sub-stages that belong to 
these groups. The terms “very favourable”, “favourable 
or early or good”, “intermediate or bad”, and “locally 
advanced or ugly” can be used for categorizing the rectal 
cancers into these clinical subgroups. This subdivision 
(Table 2) is clinically relevant since primary treatment dif-
fers. 

In many recent studies, the term “locally advanced” 
has been used for the “intermediate/bad” group, but is 
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best reserved for the truly “locally advanced/ugly” tu-
mours[9,13,20]. Even if  there is variability in what is called 
locally advanced there is consensus about the need to 
subgroup along these lines[13,21,22]. Subgrouping is an im-
portant step towards individualized therapy. Major dis-
crepancies do, however, exist as regards which treatment 
is selected for these subgroups (Table 2).

Different treatment principles in the world
There is marked difference in how the subclinical tumour 
deposits often seen in tumours below the peritoneal re-
flection are managed in Asia and in the rest of  the world. 
Surgical removal of  the lateral nodes on one or both 
sides has been the preferred option in Asia[6,23], whereas 
the rest of  the world has explored the value of  radiation, 
in addition to surgery for the primary tumour in the bow-
el, to kill the tumour deposits. Since radiation does not 
selectively irradiate the lateral nodes, but also includes the 
primary tumour and the mesorectal nodes, the need for 
a meticulous surgical dissection technique has not been 
the same in the Western world as in Asia. Both extensive 
surgery and additional radiotherapy increase morbidity. It 
is not known which of  the two alternatives is most effi-
cient in eradicating all tumour cells, i.e., preventing a local 
failure and which alternative results in the least morbid-
ity since no randomized studies have compared the two 
strategies. Inter-trial comparisons have reported that the 
results are similar at specialized centres[24]. It is, however, 
probably more efficient to remove all subclinical cancer 
deposits using radiation rather than surgery, unless one 
can dissect in a surgical plane. The morbidity caused by 

extensive surgery is very different from that caused by 
external RT and less extensive surgery, although the rel-
evance of  this on patient well-being differs between cul-
tures. 

In the Western world, preoperative RT was mainly ex-
plored in Europe whereas postoperative RT was explored 
in the US. A few small studies showed that postoperative 
CRT was better than postoperative RT in preventing local 
recurrence and that combined treatment was more effec-
tive than surgery alone. A NIH Consensus Conference 
and a subsequent NCI report in the early 1990s stated 
that postoperative CRT should be standard treatment in 
rectal cancer stages Ⅱ and Ⅲ[25,26]. 

In Europe, several randomized trials compared sur-
gery alone versus preoperative RT and surgery. These 
studies showed a relative reduction in local failure rates 
of  50%-60% if  the radiation dose was moderately high 
(Table 3). If  the radiation dose was lower, corresponding 
to a biologically effective dose (BED) below 30 Gy[7], no 
or a more limited effect was shown. As a consequence, 
preoperative RT was recommended as routine therapy in 
many European countries[13](Table 3).
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Table 1  Tumor node metastasis-7 classification (2010) with 
subclassification of stage T3

TNM Extension to 

Tis Carcinoma in situ: intraepithelial or invasion of lamina propria 
T1 Submucosa 
T2 Muscularis propria 
T3 Subserosa/perirectal tissue 
   T3a1 Less than 1 mm
   T3b 1-5 mm
   T3c 5-15 mm
   T3d 15+ mm
T4 Perforation into visceral peritoneum (a) or invasion to other 

organs (b)
N1  1-3 regional nodes involved 
   N1a 1 lymph node
   N1b 2-3 lymph nodes
   N1c Small deposits in the fat
N2 4 or more regional nodes involved 
   N2a 4-6 lymph nodes
   N2b 7 or more lymph nodes
M1 Distant metastases 
   M1a 1 distant organ or set of lymph nodes
   M1b More than 1 organ or to the peritoneum

1This subclassification is based upon an evaluation using magnetic reso-
nance imaging prior to treatment decision is clinically valuable, and 
recommended in this review. It can be used also in the histopathological 
classification but is not validated and not incorporated in TNM version 7. 
TNM: Tumor node metastasis.

Table 2  Subgrouping of localized rectal cancer assessed by 
magnetic resonance imaging1 and the recommended primary 
treatment

Favourable “good” 
group

Intermediate “bad” 
group

Advanced “ugly” group

Mid/upper rectum Mid/upper rectum
T1-3b
Low rectum T1-2, T3a
N0
mrf clear

T3c/d
low rectum also 
includes T3b
T4 with peritoneal or 
vaginal involvement
only
N1/N2
mrf clear

T3 mrf positive
T4 with overgrowth 
to prostate, seminal 
vesicles, base of urinary 
bladder, pelvic side walls 
or floor, sacrum positive 
lateral lymph nodes

5 yr LFR2 < 10% 5 yr LFR2 10%-20% 5 yr LFR2 20%-100%
5 yr DFR3 < 15% 5 yr DFR3 15%-60% 5 yr DFR 30%-80% 
Primary surgery 
(TME)4

Preop 5 × 5 Gy with 
immediate surgery5

Preop CRT or 5 × 5 Gy 
with delayed surgery6

1The algorithm (modified from[102] with permission from the publisher 
Informa) does not primarily address the risk of systemic disease, although 
this risk also increases with the presence of many of “the risk factors”; 
however, not necessarily parallel to the local failure rate (LFR). The al-
gorithm is also “too simplified”, in that a other factors like size of the 
mesorectum, anterior or posterior location, extramural vascular invasion 
(EMVI+) are also relevant. 2Calculated in the group of patients planned for 
surgery, i.e., irrespective of the surgical outcome. The table are valid if the 
surgeon is an experienced rectal cancer surgeon and no pre-treatment is 
given. 3The 5-year risk of distant failure (DFR) is also given, although this 
risk is not well established. Risk factors detectable on magnetic resonance 
imaging for distant failure are N2 (versus N0 and N1), EMVI+, mrf+ and 
all T4 (a and b, see Table 1). These are also the risk factors used in the on-
going trial[88], where patients at high risk failing systemically are included. 
4A local procedure is possible in a few patients [chiefly pT1, sm1 (+ 2), N0]. 
This group is in the text referred to as “very favourable”.5Preoperative 
chemotherapy (CRT) is also a valid option according to international clini-
cal guidelines[21]. 6CRT means chemoradiotherapy to 50.4 Gy in 1.8 Gy 
fractions with 5-fluorouracil (capecitabine). 5 × 5 Gy with delayed surgery 
should be used only in patients not fit for CRT. 
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postoperatively has not been studied systematically with 
the result that the extent of  late morbidity is not pre-
cisely known. Both options, short-course 5 Gy × 5 and 
long-course CRT are considered valid in the intermedi-
ate group of  rectal cancers, according to recent clinical 
guidelines[13,21]. The demands of  radiation resources and 
the acute toxicity are much higher using long-course 
CRT than using short-course 5 Gy × 5. It is possible to 
conclude from the randomized trials that they have simi-
lar efficacy and do not differ in the risk of  late toxicity; 
therefore, it is surprising to this author that they are con-
sidered equally valid (Table 4).

Radiotherapy alone or with chemotherapy?
Three randomized trials, two in the intermediate 
group[37,38] and one in the locally advanced, ugly group[39], 
have provided an answer to the third question. Local 
control was better in the combined treatment arm in all 
three studies, whereas a significant survival gain was only 
seen in the trial including locally advanced cancers[9,39]. 
Whenever a patient with a locally advanced, ugly rectal 
cancer receives preoperative treatment, CRT should be 
used unless the patient cannot tolerate this treatment. It 

should, however, be recognized that the gains from the 
chemotherapy addition are rather limited and come with 
a rather high price with significantly increased acute tox-
icity[11], and in all probability also increased late toxicity 
(see below).

The drug most extensively used to sensitize the RT 
has been 5-fluorouracil (5-FU), although oral capecit-
abine gives the same potentiation of  the effects, and is 
more convenient[40]. Other oral fluoropyrimidines such 
as UFT[41,42] have also been explored, but have not yet 
been the subject of  randomized trials. Combinations of  
5-FU and other cytotoxic drugs such as oxaliplatin and 
irinotecan, and targeted drugs, have been extensively ex-
plored during the past decade. Multiple phase Ⅱ studies 
in so-called “locally advanced rectal cancer” have claimed 
superior results [more down-sizing, higher pathological 
complete (pCR) rates]. It is likely that these apparently 
favourable results depend upon the inclusion of  mainly 
early or intermediate cancers. Five large randomized trials 
have failed to show any superior results from the addi-
tion of  oxaliplatin[43-47]. When cetuximab was added to 
CRT with capecitabine and neo-adjuvant chemotherapy 
with capecitabine-oxaliplatin in a randomized phase Ⅱ 
study, the primary endpoint, pCR rate, was not increased, 
but more radiological responses (89% vs 72%, P = 0.002) 
and improved OS (96% vs 81% at 3 years, P = 0.04) were 
seen in the KRAS wild-type population (n = 90)[48]. These 
results need confirmation. 

Sphincter preservation, organ preservation
Trials, again chiefly run in Europe, have explored wheth-
er long-course (C)RT with a delay before surgery could 
increase sphincter preservation rates, whereas others took 
it for granted that this was the case. The trials could not 
show that this occurred to any meaningful extent[49]. The 
hopes about improved chances of  sphincter saving influ-
enced routines in many countries, particularly in South-
ern Europe, Germany and the United States. At present, 
hopes about organ preservation (see below) influence 
treatment decisions at many centres. 

TREATMENT ACCORDING TO RISK 
GROUP
Very favourable rectal cancer
In the earliest rectal cancers, chiefly the malignant pol-
yps [Haggitt 1-3, T1 sm 1(-2?) N0], a local procedure, 
e.g., using the transanal endoscopic microsurgery (TEM) 
technique, is sufficient for cure[50,51]. If  the resection is 
not radical (R0), there are signs of  vessel invasion, poor 
differentiation or if  the tumour infiltrates more deeply 
into the submucosa (Haggit 4, T1) or is a T2 tumour, the 
risk of  recurrence is too high (≥ 10%) and the patient 
should be recommended postoperative CRT or, more 
safely, major (TME) surgery. If  the cancer diagnosis is 
biopsy-verified, presurgical CRT is preferred if  the intent 
is to perform a local procedure[50]. As an alternative to lo-
cal surgery, alone or with CRT, local RT (brachytherapy 

Table 4  Main differences between and potential advantages 
of short-course and long-course preoperative radiotherapy in 
intermediate (bad) rectal cancers1

Short-course Long-course

Total (physical) radiation dose 25 Gy 45-50.4 Gy
Fraction size/number of 
fractions

5 Gy/5 1.8-2 Gy/23-28

Radiation duration 1 wk 4.5-5.5 wk
BED2, acute effects 37.5 Gy 37.5-44.4 Gy
BED2, late effects 66.7 72-84 Gy
Overall treatment time About 10 d 10-14 wk
Demands of radiation resources Planning + 

5 fractions
Planning + 

23-28 fractions
Concomitant chemotherapy3 No Yes
Acute toxicity Minimal More
Late toxicity Present, 

considered 
limited in the 
“bad” group

Present, but 
not extensively 

studied. 
Anticipated to be 
higher than after 

short-course
Down-sizing/down-staging No4 Yes5

1In locally advanced (ugly) tumours, long-course CRT is the preferred op-
tion although short-course RT with a delay to surgery is an option if CRT 
is not tolerated because of high age or co-morbidity; 2Biologically effective 
dose according to the time-corrected linear quadratic model. Major uncer-
tainties exist in the relative biological efficacy of the fractionation sched-
ules concerning the acute, antitumour effects. The parameters selected for 
the acute effects were those used in the meta-analyses from 2001[7], even if 
they can be criticized and probably are incorrect. For late effects, an α/β 
of 3 Gy with no time correction is used. The anticipated antitumour effects 
do not thus differ substantially and late toxicity is at least not higher with 
short-course RT; 3Improved local control with long-course RT, increased 
acute toxicity and probably also late toxicity. Should not be given with 
short-course RT; 4Seen after short-course RT with delayed surgery; 5Not 
relevant in these intermediate tumours (unless organ-preservation is 
aimed at), however, relevant in locally advanced (ugly) tumours. BED: 
Biologically effective dose. 
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or contact therapy using the Papillon technique) can be 
used. Experience of  these treatments is limited outside 
specialized centres[52] and more prospective studies are 
required before they could be a part of  clinical routines. 

Favourable, “good” rectal cancers
In these cases cT1-2, some early cT3, N0 [cT3a(-b) and 
clear mrf  (mrf-) according to MRI], “good” group, sur-
gery alone using the TME technique is appropriate, since 
the risk of  local failure is low unless the tumour is at the 
level of  the levators[13]. Although the large randomized 
trials have indicated that short-course RT even further 
reduces local recurrence rates[31,53,54], surgery alone is rec-
ommended since the addition of  preoperative RT results 
in overtreatment of  too many individuals[13]. 

Intermediate, “bad” rectal cancers 
In this group most cT3 [cT3(b)c+ without threatened or 
involved mrf  (mrf-) according to MRI], some cT4 (e.g., 
vaginal or peritoneal involvement only, N+), preopera-
tive RT is recommended since the risk of  local failure 
is not negligible (> 8%-10%), even if  proper surgery is 
performed. Even in the absence of  signs of  extramural 
growth on ultrasound or MRI (cT2) in very low tumours 
(0-5 cm), preoperative RT may be indicated because the 
distance to the mrf  or the levator muscles is very small. 
Surgery alone, often an abdomino-perineal excision, will 
then again result in unacceptably high local recurrence 
rates. Twenty-five Gy delivered during one week and fol-
lowed by immediate surgery (< 10 d from the first radia-
tion fraction) has in randomized trials reduced the risk 
of  local failure by 50%-70% vs surgery alone[31,53-55]. The 
relative efficacy is likely to be the same irrespective of  
tumour height, although this was not seen in the TME 
trial[54]. CRT to 46-50.4 Gy, 1.8-2.0 Gy/fraction with 5-FU 
(bolus, continuous infusion or peroral) is an alternative, 
although it is more demanding and not proven to be 
more effective[33,34,37,38]. CRT is preferred in low rectal can-
cers even at centres that otherwise use 5 Gy × 5. It must 
be stressed that RT (or CRT) cannot compensate for 
poor surgery. Surgery should aim at clear resection mar-
gins (crm-); therefore, in low rectal cancers requiring an 
abdomino-perineal excision, it is important to do the dis-
section so that a “waist” is avoided. As described above, 
two European trials[37,38] showed that the addition of  5-FU 
improved local control with a reduced risk of  local failure 
as first event. After 5 years these were 17% in the preop-
erative RT arms alone and 8%-9% in the CRT arms. In 
the EORTC trial, the same reduction was seen whether 
the chemotherapy was administered concomitantly with 
the RT, only postoperatively or both pre- and postopera-
tively. Two randomized trials (Polish, TROG 1.04) could 
not detect any statistically significant differences in local 
recurrence rates, DFS and OS after preoperative 5 × 5 
Gy or preoperative CRT (5-FU + 50.4 Gy)[33,34]. In the 
TROG study, numerically more recurrences were seen 
in the group randomized to 5 Gy × 5 (6/48 vs 1/31, P = 
0.21)[34]. In the MRC-CR07-trial including 1350 patients, 

preoperative 5 × 5 Gy was randomly compared with 
postoperative CRT if  the crm was positive. Local recur-
rence rates favoured the preoperative arm (5% vs 17%, 
P < 0.001)[31]. DFS was also superior in the preoperative 
arm (HR = 0.76, P = 0.01) whereas OS did not differ sig-
nificantly (HR = 0.91, P = 0.04).

Locally advanced, “ugly” rectal cancers 
In the locally advanced, frequently non-resectable cases 
[cT3 mrf+, cT4 with overgrowth to other organs (cT4b)], 
preoperative CRT, 50.4 Gy, 1.8 Gy/fraction with con-
comitant 5-FU-based therapy should be used[9,13,39], fol-
lowed by radical surgery 6-8 wk later. In a Nordic rand-
omized trial (cT4NXM0), local control was significantly 
better after 5 years in the CRT arm (5-FU + 50 Gy) than 
in the RT only arm (82% vs 67%, P = 0.03). Also DFS 
and cancer-specific survival were significantly better in 
the combined modality arm, whereas OS did not differ 
significantly (66% vs 53%, P = 0.09)[39]. 

In very old patients (≥ 80-85 years) and in patients 
not fit for CRT, 5 × 5 Gy with a delay of  approximately 
8 wk before surgery is an alternative option, based upon 
three retrospectively analyzed patient series revealing 
favourable results[56-58]. A randomized trial will in all prob-
ability never be performed in this patient group, which is 
not considered to tolerate standard therapy. 

Organ preservation?
Apart from the earliest tumours that can be treated with a 
local procedure or local RT, as described above, it has be-
come increasingly popular to give CRT, then wait and re-
stage the tumour[59-62]. If  no signs of  remaining tumour/
no viable tumour cells are found when biopsies are per-
formed, major surgery is not performed and the patient 
is monitored closely for at least 5 years. The hypothesis 
is that potential lymph node metastases have been eradi-
cated parallel with the response of  the primary tumour. 
Although this occurs in some patients, this strategy has 
not been the subject of  properly controlled prospective 
studies. This excellent response will not be frequent in 
the intermediate and locally advanced cases[63,64], but only 
in early cases. The cell kill effect of  available CRT sched-
ules is too small. 

No major surgery and no rectal excision in very low 
tumours can be clearly beneficial for individuals who run 
a high risk of  surgical therapy or who cannot accept a 
stoma. However, the disadvantages for many patients are 
seldom discussed. In most patients with an early rectal 
cancer, a low anterior resection alone is the reference 
treatment. Cure rates are high and morbidity is only a 
result of  the surgery. If  these patients are treated with 
the aim of  organ preservation, all will receive CRT with 
its acute morbidity. Patients who respond with a clinical 
complete remission (cCR), and are not operated are the 
ones potentially having a benefit of  a wait-and-see ap-
proach, although they will all suffer from the long-term 
toxicity that can be seen after CRT. If  the tumour is lo-
cated in the lower rectum, at least part of  the sphincters 
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must be included in the irradiated volume, and subop-
timal anal function can be a result. Those who do not 
achieve a cCR or those who recur during follow-up will 
require major surgery. These patients will thus suffer the 
morbidity from both CRT and major surgery. It is pres-
ently not possible to know the proportion of  patients 
who do not require major surgery. With the CRT sched-
ules available today, the group of  patients having a true 
advantage is most probably much smaller than the group 
of  patients who suffer extra morbidity. 

Radiation therapy volumes and doses
In the “intermediate/bad” group, with the aim of  lower-
ing the risk of  local failure, the primary tumour with the 
mesorectum and lymph nodes outside the mesorectum, 
at risk to contain tumour cells more than exceptionally 
should be irradiated[65,66]. In the “early/good” group be-
fore or after a local procedure, only mesorectal nodes are 
at sufficient risk to be involved. The appropriate dose to 
subclinical disease should with 5-FU chemotherapy be at 
least 45 Gy in 1.8-2.0 Gy fractions. The relative reduction 
in local failure rates is then in the order of  50%-60%, and 
subsequently there is room for improvement. A boost of  
about 4-6 Gy in 2-4 fractions to the primary tumour is 
sometimes given[67]. A brachytherapy boost has also been 
tried; however, without any apparent advantage[68]. The 
clinical problem is not the primary tumour in the bowel, 
unless you aim at organ preservation (see above). 

In the “locally advanced/ugly” tumours, the target 
is basically the same as in the intermediate group, al-
though the primary tumour extends more laterally and 
more lymph nodes can be at risk. In these patients, a 
lateral boost to areas where it can be difficult to surgically 
remove all cells can be indicated[69]. It is not primarily 
motivated to boost the centre of  the tumour, e.g., where 
the PET-uptake is the highest, if  this can surgically be 
removed. 

The entire mesorectum is in most cases at great risk 
of  having tumour deposits and should be included in the 
clinical target volume (CTV). In high tumours it is suf-
ficient to include the 4 cm distal to the tumour. Besides 
the mesorectal nodes, the presacral nodes up to the level 
of  S1-2 should be included in CTV. If  presacral nodes 
are radiologically involved, the upper border of  CTV 
should be even higher. Local recurrences above S1-2 are 
infrequent[70-72]. The lateral nodes, including the internal 
iliac nodes up to the bifurcation of  the common iliac ar-
teries should be included in tumours below the peritoneal 
reflection, i.e., in tumours up to about 9-12 cm from the 
anal verge[73]. The risk of  lateral node involvement in the 
Western world is not precisely known, but studies from 
Asia show that these lymph nodes are rarely involved in 
low-mid rectal pT1-2 tumours and in high tumours irre-
spective of  T-stage[14,74]. External iliac nodes should only 
be included if  an anterior organ such as the urinary blad-
der, prostate or female sexual organs are involved. The 
medial inguinal nodes need only to be prophylactically in-
cluded when the tumour grows below the dentate line[75]. 

The ischiorectal fossae should be included only when 
the levator muscles and the internal and external sphinc-
ters are involved. The fascia inside the levators is consid-
ered to be a strong barrier to tumour cell penetration[76]. 
Other opinions have been expressed[65]. 

Late toxicity from rectal cancer radiotherapy
The prevention of  a local failure with the severe morbid-
ity this may have must be weighed against the morbidity 
from (C)RT that all treated patients can develop. From 
the Swedish and Dutch randomized trials, the morbidity 
after 5 × 5 Gy RT is well described and reviewed in[36]. 
Increased risks of  poor anal and sexual function, small 
bowel toxicity with obstruction and secondary malignan-
cies have been reported. Studies have tried to estimate 
what minimal absolute gain should be present for pa-
tients to prefer RT. These studies are difficult to interpret, 
although many patients accept an absolute 3% difference 
in local recurrence risk for the known morbidity risks of  
RT[77]. 

After having treated rectal cancer patients for over 
30 years, and thus, seeing many patients with a local 
recurrence during the first part of  the period, and be-
ing actively involved in research aimed at estimating the 
extent of  late toxicity up to 20 years after the RT, it is my 
opinion that an absolute risk reduction of  approximately 
5% motivates the recommendation to irradiate. The 
recommendations given above, as well as in recent con-
sensus statements[13,21] reflect this opinion. Furthermore, 
and very importantly, the RT we give today, and the RT 
that routinely can be given in only a few years[66,78,79], will 
mean even less late toxicity than that seen in the follow-
up studies of  the RT deli vered during the 1980s-1990s. 
Better understanding of  internal movements will also al-
low more precise delivery of  the radiation dose[80] and of  
dose-response relationships for e.g., faecal incontinence[81].

An important question is the late toxicity from 5 × 5 
Gy compared with the late toxicity seen after 46-50 Gy 
in 25-28 fractions, usually administered with 5-FU. The 
long-term morbidity from 5 Gy × 5 up to at least 10 
years follow-up (with yesterday’s techniques) is known 
from studies including thousands of  patients. This 
knowledge is not as solid from CRT. The Polish[33] and 
the MRC-CR07 trials[31] could not detect any differences 
between 5 × 5 Gy and CRT to 46-50 Gy after 4 years of  
follow-up. The short-course schedule uses a high fraction 
size of  5 Gy, compared with 1.8-2.0 Gy, whereas the to-
tal dose is less (25 Gy compared to 46-50 Gy). Both the 
fraction size and the total dose are relevant. The relation-
ship between total dose, fraction size and late toxicity is, 
however, complex. 

Another question is whether the addition of  5-FU in-
creases late toxicity. In one of  the two larger randomized 
trials in the intermediate risk group[37,38], the addition of  
5-FU negatively affected global QoL, social function-
ing and diarrhoea. Almost 60% of  the patients suffered 
from faecal incontinence, impairing their social life[82]. In 
the trial in locally advanced/ugly cancers, more patients 

Glimelius B. Radiotherapy in rectal cancer



8497 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

had a stoma or a poor anal function in the CRT group 
than in the RT group (89% vs 70%, P = 0.046)[83]. If  this 
means that the addition of  chemotherapy results in more 
late toxicity or if  this difference reflects the survival of  
patients with more advanced tumours in the CRT group 
cannot be deduced. No differences in QoL were seen af-
ter 4-8 years[84].

CONCLUSION
During the past three decades, a severely disabling con-
dition for many rectal cancer patients, viz a local failure 
with uncontrolled growth of  the cancer in the perineum 
and pelvis has disappeared, although, unfortunately, not 
yet at all centres. Multiple trials have confirmed the su-
periority of  what can presently be considered as recom-
mended care and treatment (Table 2). A multidisciplinary 
approach has been a must in this development, at present 
formalized as (weekly) multidisciplinary team (MDT) 
meetings, during which all patients are discussed before 
the first treatment decision, postoperatively, and at critical 
time points during the course of  the disease. Many coun-
tries have successfully launched quality assurance and 
quality control programmes in rectal cancer surgery[85,86]. 
It is important that, besides surgical details, RT and CRT 
details are also fully integrated in the programmes.

Practically all details in the care of  the patients have 
been the subject of  prospective, frequently randomized 
trials. It should, however, also be recognized that many 
uncertainties about what is the best treatment still exist. 
Furthermore, alternative approaches to attain low local 
failure rates and improved survival together with as little 
negative consequences from the disease and its treatment 
as possible, also exist. 

The trials have repeatedly shown that RT, whether 
alone or with chemotherapy, should be given before sur-
gery to have the best efficacy and least toxicity. This was 
shown as early as 1985, but is only recently unanimously 
agreed upon. It is also a belief  that systemic treatment, 
being the weakest part of  the therapy, should be given 
before and not after the surgery in order to have greatest 
efficacy. Progression of  the local primary should then not 
occur during the systemic treatment, presently requiring a 
duration of  5-6 mo. The discovery that the short-course 
schedule results in substantial down-staging, is tolerable 
and permits full chemotherapy starting soon after the 
RT[56,87], has led to the next generation of  studies, such 
as the multicentre “RAPIDO” trial[88]. Patients with ugly 
rectal cancers at high risk to recur are randomized to the 
present standard, CRT, surgery and adjuvant chemo-
therapy (even if  not all consider this standard[89]) and an 
experimental arm with 5 × 5 Gy, neo-adjuvant chemo-
therapy and surgery at the end. A Polish study, likewise in 
locally advanced, unresectable rectal cancer, with a similar 
design is also ongoing[90]. In an interim analysis after 97 
randomized patients, no major differences in acute toxici-
ty and local efficacy were seen between the control group 
receiving CRT (50.4 Gy with 5-FU/FA/oxaliplatin) and 

the experimental group (5 × 5 Gy followed by 3 FOL-
FOX-4 cycles preoperatively). No postoperative therapy 
is scheduled. 

During the past 30 years, a better understanding of  
the molecular mechanisms involved in tumour develop-
ment and progression has placed great expectations on 
improved diagnosis, staging, prognostic evaluation and 
selection of  the individually best therapy. Much new and 
valuable information has been created, but no new clini-
cally valuable markers have been identified. The number 
of  mm’s from the most peripheral part of  the rectal tu-
mour to the mrf  (or crm postoperatively) is most infor-
mative. No predictor of  which pre- (or post-)operative 
treatment to choose is available. The efforts to translate 
basic knowledge into clinically useful information must 
be intensified or explored along other paths. Sampling 
of  representative and sufficient tumour material for diag-
nosis and research prior to, during and after therapy may 
help. Functional imaging showing where to sample, may 
be helpful. We need predictors and must find better ways 
of  identifying them than has been possible in the past. 

ACKNOWLEDGMENTS
The excellent secretarial help from Inger Hjertström 
Östh is acknowledged. 

REFERENCES
1 Birgisson H, Talbäck M, Gunnarsson U, Påhlman L, Glime-

lius B. Improved survival in cancer of the colon and rec-
tum in Sweden. Eur J Surg Oncol 2005; 31: 845-853 [PMID: 
15979269 DOI: 10.1016/j.ejso.2005.05.002]

2 den Dulk M, Krijnen P, Marijnen CA, Rutten HJ, van de 
Poll-Franse LV, Putter H, Meershoek-Klein Kranenbarg E, 
Jansen-Landheer ML, Coebergh JW, van de Velde CJ. Im-
proved overall survival for patients with rectal cancer since 
1990: the effects of TME surgery and pre-operative radio-
therapy. Eur J Cancer 2008; 44: 1710-1716 [PMID: 18573654 
DOI: 10.1016/j.ejca.2008.05.004]

3 Lemmens V, van Steenbergen L, Janssen-Heijnen M, Martijn 
H, Rutten H, Coebergh JW. Trends in colorectal cancer in 
the south of the Netherlands 1975-2007: rectal cancer sur-
vival levels with colon cancer survival. Acta Oncol 2010; 49: 
784-796 [PMID: 20429731 DOI: 10.3109/02841861003733713]

4 Nedrebø BS, Søreide K, Eriksen MT, Kvaløy JT, Søreide 
JA, Kørner H. Excess mortality after curative surgery for 
colorectal cancer changes over time and differs for patients 
with colon versus rectal cancer. Acta Oncol 2013; 52: 933-940 
[PMID: 23101468]

5 Maringe C, Walters S, Rachet B, Butler J, Fields T, Finan P, 
Maxwell R, Nedrebø B, Påhlman L, Sjövall A, Spigelman A, 
Engholm G, Gavin A, Gjerstorff ML, Hatcher J, Johannesen 
TB, Morris E, McGahan CE, Tracey E, Turner D, Richards 
MA, Coleman MP. Stage at diagnosis and colorectal cancer 
survival in six high-income countries: a population-based 
study of patients diagnosed during 2000-2007. Acta Oncol 
2013; 52: 919-932 [PMID: 23581611 DOI: 10.3109/0284186X.2
013.764008]

6 Moriya Y, Sugihara K, Akasu T, Fujita S. Importance of ex-
tended lymphadenectomy with lateral node dissection for 
advanced lower rectal cancer. World J Surg 1997; 21: 728-732 
[PMID: 9276704]

7 Colorectal Cancer Collaborative Group. Adjuvant radio-

Glimelius B. Radiotherapy in rectal cancer



8498 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

therapy for rectal cancer: a systematic overview of 8,507 pa-
tients from 22 randomised trials. Lancet 2001; 358: 1291-1304 
[PMID: 11684209 DOI: 10.1016/S0140-6736(01)06409-1]

8 Glimelius B, Grönberg H, Järhult J, Wallgren A, Cavallin-
Ståhl E. A systematic overview of radiation therapy effects in 
rectal cancer. Acta Oncol 2003; 42: 476-492 [PMID: 14596508 
DOI: 10.1080/02841860310012301]

9 Glimelius B, Holm T, Blomqvist L. Chemotherapy in addi-
tion to preoperative radiotherapy in locally advanced rectal 
cancer - a systematic overview. Rev Recent Clin Trials 2008; 3: 
204-211 [PMID: 18782078 DOI: 10.2174/157488708785700294]

10 Ceelen WP, Van Nieuwenhove Y, Fierens K. Preoperative 
chemoradiation versus radiation alone for stage II and III 
resectable rectal cancer. Cochrane Database Syst Rev 2009; 
(1): CD006041 [PMID: 19160264 DOI: 10.1002/14651858.
CD006041.pub2]

11 Fiorica F, Cartei F, Licata A, Enea M, Ursino S, Colosimo 
C, Cammà C. Can chemotherapy concomitantly delivered 
with radiotherapy improve survival of patients with resect-
able rectal cancer? A meta-analysis of literature data. Cancer 
Treat Rev 2010; 36: 539-549 [PMID: 20334979 DOI: 10.1016/
j.ctrv.2010.03.002]

12 Japanese Society for Cancer of the Colon and Rectum. In: 
Colorectal carcinoma. Japanese classification. 2th ed. Tokyo: 
Kanehara, 2009

13 Valentini V, Aristei C, Glimelius B, Minsky BD, Beets-Tan R, 
Borras JM, Haustermans K, Maingon P, Overgaard J, Pahl-
man L, Quirke P, Schmoll HJ, Sebag-Montefiore D, Taylor I, 
Van Cutsem E, Van de Velde C, Cellini N, Latini P. Multidis-
ciplinary Rectal Cancer Management: 2nd European Rectal 
Cancer Consensus Conference (EURECA-CC2). Radiother 
Oncol 2009; 92: 148-163 [PMID: 19595467]

14 Yano H, Moran BJ. The incidence of lateral pelvic side-wall 
nodal involvement in low rectal cancer may be similar in Ja-
pan and the West. Br J Surg 2008; 95: 33-49 [PMID: 18165939 
DOI: 10.1002/bjs.6061]

15 Bipat S, Glas AS, Slors FJ, Zwinderman AH, Bossuyt PM, 
Stoker J. Rectal cancer: local staging and assessment of 
lymph node involvement with endoluminal US, CT, and MR 
imaging--a meta-analysis. Radiology 2004; 232: 773-783 [PMID: 
15273331 DOI: 10.1148/radiol.2323031368]

16 Smith N, Brown G. Preoperative staging of rectal cancer. Acta 
Oncol 2008; 47: 20-31 [PMID: 17957502 DOI: 10.1080/0284186
0701697720]

17 Swartling T, Kälebo P, Derwinger K, Gustavsson B, Kurlberg 
G. Stage and size using magnetic resonance imaging and en-
dosonography in neoadjuvantly-treated rectal cancer. World 
J Gastroenterol 2013; 19: 3263-3271 [PMID: 23745028 DOI: 
10.3748/wjg.v19.i21.3263]

18 Quirke P, Cuvelier C, Ensari A, Glimelius B, Laurberg S, Or-
tiz H, Piard F, Punt CJ, Glenthoj A, Pennickx F, Seymour M, 
Valentini V, Williams G, Nagtegaal ID. Evidence-based medi-
cine: the time has come to set standards for staging. J Pathol 
2010; 221: 357-360 [PMID: 20593493 DOI: 10.1002/path.2720]

19 Glimelius B, Beets-Tan R, Blomqvist L, Brown G, Nagtegaal 
I, Påhlman L, Quirke P, Valentini V, van de Velde C. Meso-
rectal fascia instead of circumferential resection margin in 
preoperative staging of rectal cancer. J Clin Oncol 2011; 29: 
2142-2143 [PMID: 21502560]

20 Valentini V, Glimelius B. Rectal cancer radiotherapy: to-
wards European consensus. Acta Oncol 2010; 49: 1206-1216 
[PMID: 20843179 DOI: 10.3109/0284186X.2010.506884]

21 Schmoll HJ, Van Cutsem E, Stein A, Valentini V, Glimelius 
B, Haustermans K, Nordlinger B, van de Velde CJ, Balmana J, 
Regula J, Nagtegaal ID, Beets-Tan RG, Arnold D, Ciardiello F, 
Hoff P, Kerr D, Köhne CH, Labianca R, Price T, Scheithauer 
W, Sobrero A, Tabernero J, Aderka D, Barroso S, Bodoky G, 
Douillard JY, El Ghazaly H, Gallardo J, Garin A, Glynne-
Jones R, Jordan K, Meshcheryakov A, Papamichail D, Pfeiffer 
P, Souglakos I, Turhal S, Cervantes A. ESMO Consensus 

Guidelines for management of patients with colon and rectal 
cancer. a personalized approach to clinical decision making. 
Ann Oncol 2012; 23: 2479-2516 [PMID: 23012255]

22 van de Velde CJ, Aristei C, Boelens PG, Beets-Tan RG, 
Blomqvist L, Borras JM, van den Broek CB, Brown G, Coe-
bergh JW, Cutsem EV, Espin E, Gore-Booth J, Glimelius B, 
Haustermans K, Henning G, Iversen LH, Han van Krieken J, 
Marijnen CA, Mroczkowski P, Nagtegaal I, Naredi P, Ortiz H, 
Påhlman L, Quirke P, Rödel C, Roth A, Rutten HJ, Schmoll 
HJ, Smith J, Tanis PJ, Taylor C, Wibe A, Gambacorta MA, 
Meldolesi E, Wiggers T, Cervantes A, Valentini V. EURECCA 
colorectal: multidisciplinary mission statement on better care 
for patients with colon and rectal cancer in Europe. Eur J Can-
cer 2013; 49: 2784-2790 [PMID: 23769991]

23 Fujita S, Akasu T, Mizusawa J, Saito N, Kinugasa Y, Kane-
mitsu Y, Ohue M, Fujii S, Shiozawa M, Yamaguchi T, Moriya 
Y. Postoperative morbidity and mortality after mesorectal 
excision with and without lateral lymph node dissection for 
clinical stage II or stage III lower rectal cancer (JCOG0212): 
results from a multicentre, randomised controlled, non-infe-
riority trial. Lancet Oncol 2012; 13: 616-621 [PMID: 22591948 
DOI: 10.1016/S1470-2045(12)70158-4]

24 Kusters M, Beets GL, van de Velde CJ, Beets-Tan RG, Mari-
jnen CA, Rutten HJ, Putter H, Moriya Y. A comparison 
between the treatment of low rectal cancer in Japan and the 
Netherlands, focusing on the patterns of local recurrence. 
Ann Surg 2009; 249: 229-235 [PMID: 19212175 DOI: 10.1097/
SLA.0b013e318190a664]

25 NIH consensus conference. Adjuvant therapy for patients 
with colon and rectal cancer. JAMA 1990; 264: 1444-1450 
[PMID: 2202842 DOI: 10.1001/jama.1990.03450110090034]

26 NCI. Clinical Announcement. Adjuvant therapy of rectal can-
cer, March 14. National Cancer Institute, Bethesda, Maryland, 
US, 1991

27 Glimelius B. Chemoradiotherapy for rectal cancer--is there 
an optimal combination? Ann Oncol 2001; 12: 1039-1045 
[PMID: 11583178]

28 Påhlman L, Glimelius B, Graffman S. Pre- versus postopera-
tive radiotherapy in rectal carcinoma: an interim report from 
a randomized multicentre trial. Br J Surg 1985; 72: 961-966 
[PMID: 3910157]

29 Påhlman L, Glimelius B. Pre- or postoperative radiotherapy 
in rectal and rectosigmoid carcinoma. Report from a random-
ized multicenter trial. Ann Surg 1990; 211: 187-195 [PMID: 
2405793]

30 Sauer R, Becker H, Hohenberger W, Rödel C, Wittekind 
C, Fietkau R, Martus P, Tschmelitsch J, Hager E, Hess CF, 
Karstens JH, Liersch T, Schmidberger H, Raab R. Preopera-
tive versus postoperative chemoradiotherapy for rectal can-
cer. N Engl J Med 2004; 351: 1731-1740 [PMID: 15496622 DOI: 
10.1056/NEJMoa040694]

31 Sebag-Montefiore D, Stephens RJ, Steele R, Monson J, Grieve 
R, Khanna S, Quirke P, Couture J, de Metz C, Myint AS, 
Bessell E, Griffiths G, Thompson LC, Parmar M. Preopera-
tive radiotherapy versus selective postoperative chemo-
radiotherapy in patients with rectal cancer (MRC CR07 
and NCIC-CTG C016): a multicentre, randomised trial. 
Lancet 2009; 373: 811-820 [PMID: 19269519 DOI: 10.1016/
S0140-6736(09)60484-0]

32 Glimelius B, Isacsson U, Jung B, Påhlman L. Radiotherapy 
in addition to radical surgery in rectal cancer: evidence for 
a dose-response effect favoring preoperative treatment. Int J 
Radiat Oncol Biol Phys 1997; 37: 281-287 [PMID: 9069298 DOI: 
10.1016/S0360-3016(96)00510-X]

33 Bujko K, Nowacki MP, Nasierowska-Guttmejer A, Michalski 
W, Bebenek M, Kryj M. Long-term results of a randomized 
trial comparing preoperative short-course radiotherapy with 
preoperative conventionally fractionated chemoradiation for 
rectal cancer. Br J Surg 2006; 93: 1215-1223 [PMID: 16983741 
DOI: 10.1002/bjs.5506]

Glimelius B. Radiotherapy in rectal cancer



8499 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

34 Ngan SY, Burmeister B, Fisher RJ, Solomon M, Goldstein D, 
Joseph D, Ackland SP, Schache D, McClure B, McLachlan SA, 
McKendrick J, Leong T, Hartopeanu C, Zalcberg J, Mackay J. 
Randomized trial of short-course radiotherapy versus long-
course chemoradiation comparing rates of local recurrence 
in patients with T3 rectal cancer: Trans-Tasman Radiation 
Oncology Group trial 01.04. J Clin Oncol 2012; 30: 3827-3833 
[PMID: 23008301 DOI: 10.1200/JCO.2012.42.9597]

35 Siegel R, Burock S, Wernecke KD, Kretzschmar A, Dietel M, 
Loy V, Koswig S, Budach V, Schlag PM. Preoperative short-
course radiotherapy versus combined radiochemotherapy in 
locally advanced rectal cancer: a multi-centre prospectively 
randomised study of the Berlin Cancer Society. BMC Cancer 
2009; 9: 50 [PMID: 19200365 DOI: 10.1186/1471-2407-9-50]

36 Birgisson H, Påhlman L, Gunnarsson U, Glimelius B. Late 
adverse effects of radiation therapy for rectal cancer - a system-
atic overview. Acta Oncol 2007; 46: 504-516 [PMID: 17497318 
DOI: 10.1080/02841860701348670]

37 Gérard JP, Conroy T, Bonnetain F, Bouché O, Chapet O, Clo-
son-Dejardin MT, Untereiner M, Leduc B, Francois E, Maurel 
J, Seitz JF, Buecher B, Mackiewicz R, Ducreux M, Bedenne L. 
Preoperative radiotherapy with or without concurrent fluoro-
uracil and leucovorin in T3-4 rectal cancers: results of FFCD 
9203. J Clin Oncol 2006; 24: 4620-4625 [PMID: 17008704 DOI: 
10.1200/JCO.2006.06.7629]

38 Bosset JF, Collette L, Calais G, Mineur L, Maingon P, Radose-
vic-Jelic L, Daban A, Bardet E, Beny A, Ollier JC. Chemother-
apy with preoperative radiotherapy in rectal cancer. N Engl J 
Med 2006; 355: 1114-1123 [PMID: 16971718 DOI: 10.1056/NEJ-
Moa060829]

39 Braendengen M, Tveit KM, Berglund A, Birkemeyer E, Fryk-
holm G, Påhlman L, Wiig JN, Byström P, Bujko K, Glimelius 
B. Randomized phase III study comparing preoperative ra-
diotherapy with chemoradiotherapy in nonresectable rectal 
cancer. J Clin Oncol 2008; 26: 3687-3694 [PMID: 18669453 DOI: 
10.1200/JCO.2007.15.3858]

40 Hofheinz RD, Wenz F, Post S, Matzdorff A, Laechelt S, 
Hartmann JT, Müller L, Link H, Moehler M, Kettner E, Fritz 
E, Hieber U, Lindemann HW, Grunewald M, Kremers S, 
Constantin C, Hipp M, Hartung G, Gencer D, Kienle P, Burk-
holder I, Hochhaus A. Chemoradiotherapy with capecitabine 
versus fluorouracil for locally advanced rectal cancer: a ran-
domised, multicentre, non-inferiority, phase 3 trial. Lancet 
Oncol 2012; 13: 579-588 [PMID: 22503032]

41 Vestermark LW, Jensen HA, Pfeiffer P. High-dose radio-
therapy (60 Gy) with oral UFT/folinic acid and escalating 
doses of oxaliplatin in patients with non-resectable locally 
advanced rectal cancer (LARC): a phase I trial. Acta Oncol 
2012; 51: 311-317 [PMID: 22248062 DOI: 10.3109/0284186X.20
11.652740]

42 Ishihara S, Hayama T, Yamada H, Nozawa K, Matsuda 
K, Watanabe T. Benefit of tegafur-uracil and leucovorin in 
chemoradiotherapy for rectal cancer. Hepatogastroenterology 
2011; 58: 756-762 [PMID: 21830385]

43 Gérard JP, Azria D, Gourgou-Bourgade S, Martel-Lafay I, 
Hennequin C, Etienne PL, Vendrely V, François E, de La 
Roche G, Bouché O, Mirabel X, Denis B, Mineur L, Berdah JF, 
Mahé MA, Bécouarn Y, Dupuis O, Lledo G, Seitz JF, Bedenne 
L, Juzyna B, Conroy T. Clinical outcome of the ACCORD 
12/0405 PRODIGE 2 randomized trial in rectal cancer. J Clin 
Oncol 2012; 30: 4558-4565 [PMID: 23109696 DOI: 10.1200/
JCO.2012.42.8771]

44 Aschele C, Cionini L, Lonardi S, Pinto C, Cordio S, Rosati 
G, Artale S, Tagliagambe A, Ambrosini G, Rosetti P, Bonetti 
A, Negru ME, Tronconi MC, Luppi G, Silvano G, Corsi DC, 
Bochicchio AM, Chiaulon G, Gallo M, Boni L. Primary tumor 
response to preoperative chemoradiation with or without ox-
aliplatin in locally advanced rectal cancer: pathologic results 
of the STAR-01 randomized phase III trial. J Clin Oncol 2011; 
29: 2773-2780 [PMID: 21606427]

45 Rödel C, Liersch T, Becker H, Fietkau R, Hohenberger W, 
Hothorn T, Graeven U, Arnold D, Lang-Welzenbach M, Raab 
HR, Sülberg H, Wittekind C, Potapov S, Staib L, Hess C, 
Weigang-Köhler K, Grabenbauer GG, Hoffmanns H, Linde-
mann F, Schlenska-Lange A, Folprecht G, Sauer R. Preopera-
tive chemoradiotherapy and postoperative chemotherapy 
with fluorouracil and oxaliplatin versus fluorouracil alone in 
locally advanced rectal cancer: initial results of the German 
CAO/ARO/AIO-04 randomised phase 3 trial. Lancet Oncol 
2012; 13: 679-687 [PMID: 22627104]

46 Schmoll J, Haustermans K, Jay Price T, Nordlinger B, Hof-
heinz R, Daisne J-F, Janssens J, Brenner B, Schmidt P, Reinel 
H, Hollerbach S, Caca K, Fauth FWB, Hannig C, Zalcberg 
JR, Tebbutt NC, Mauer ME, Messina CGM, Lutz MP, Van 
Cutsen E. Preoperative chemoradiotherapy and postopera-
tive chemotherapy with capecitabine and oxaliplatin versus 
capecitabine alone in locally advanced rectal cancer: First re-
sults of the PETACC-6 randomized phase III trial. J Clin Oncol 
2013; 31: Abstr 3531

47 Roh MS, Yothers GA, O’Connell MJ, Beart RW, Pitot HC, 
Shields AF, Parda DS, Sharif S, Allegra CJ, Petrelli NJ, Landry 
JC, Ryan DP, Arora A, Evans TL, Soori GS, Chu L, Landes 
RV, Mohiuddin M, Lopa S, Wolmark N. The impact of 
capecitabine and oxaliplatin in the preoperative multimo-
dality treatment in patients with carcinoma of the rectum: 
NSABP R-04. J Clin Oncol 2011; 29: Abstr 3503

48 Dewdney A, Cunningham D, Tabernero J, Capdevila J, 
Glimelius B, Cervantes A, Tait D, Brown G, Wotherspoon 
A, Gonzalez de Castro D, Chua YJ, Wong R, Barbachano Y, 
Oates J, Chau I. Multicenter randomized phase II clinical trial 
comparing neoadjuvant oxaliplatin, capecitabine, and pre-
operative radiotherapy with or without cetuximab followed 
by total mesorectal excision in patients with high-risk rectal 
cancer (EXPERT-C). J Clin Oncol 2012; 30: 1620-1627 [PMID: 
22473163]

49 Bujko K, Kepka L, Michalski W, Nowacki MP. Does rectal can-
cer shrinkage induced by preoperative radio(chemo)therapy 
increase the likelihood of anterior resection? A systematic re-
view of randomised trials. Radiother Oncol 2006; 80: 4-12 [PMID: 
16730086 DOI: 10.1016/j.radonc.2006.04.012]

50 Doornebosch PG, Tollenaar RA, De Graaf EJ. Is the increas-
ing role of Transanal Endoscopic Microsurgery in curation 
for T1 rectal cancer justified? A systematic review. Acta Oncol 
2009; 48: 343-353 [PMID: 18855161 DOI: 10.1080/02841860802
342408]

51 Baatrup G, Endreseth BH, Isaksen V, Kjellmo A, Tveit KM, 
Nesbakken A. Preoperative staging and treatment options in 
T1 rectal adenocarcinoma. Acta Oncol 2009; 48: 328-342 [PMID: 
19180365 DOI: 10.1080/02841860802657243]

52 Gérard JP, Ortholan C, Benezery K, Ginot A, Hannoun-Levi 
JM, Chamorey E, Benchimol D, François E. Contact X-ray 
therapy for rectal cancer: experience in Centre Antoine-Lac-
assagne, Nice, 2002-2006. Int J Radiat Oncol Biol Phys 2008; 72: 
665-670 [PMID: 18455327 DOI: 10.1016/j.ijrobp.2008.01.030]

53 Dahlberg M, Glimelius B, Påhlman L. Improved survival 
and reduction in local failure rates after preoperative radio-
therapy: evidence for the generalizability of the results of 
Swedish Rectal Cancer Trial. Ann Surg 1999; 229: 493-497 
[PMID: 10203081]

54 Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup 
WH, Wiggers T, Rutten HJ, Pahlman L, Glimelius B, van 
Krieken JH, Leer JW, van de Velde CJ. Preoperative radio-
therapy combined with total mesorectal excision for resect-
able rectal cancer. N Engl J Med 2001; 345: 638-646 [PMID: 
11547717 DOI: 10.1056/NEJMoa010580]

55 Folkesson J, Birgisson H, Pahlman L, Cedermark B, Glime-
lius B, Gunnarsson U. Swedish Rectal Cancer Trial: long last-
ing benefits from radiotherapy on survival and local recur-
rence rate. J Clin Oncol 2005; 23: 5644-5650 [PMID: 16110023 
DOI: 10.1200/JCO.2005.08.144]

Glimelius B. Radiotherapy in rectal cancer



8500 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

56 Radu C, Berglund A, Påhlman L, Glimelius B. Short-course 
preoperative radiotherapy with delayed surgery in rectal can-
cer - a retrospective study. Radiother Oncol 2008; 87: 343-349 
[PMID: 18093674 DOI: 10.1016/j.radonc.2007.11.025]

57 Hatfield P, Hingorani M, Radhakrishna G, Cooper R, 
Melcher A, Crellin A, Kwok-Williams M, Sebag-Montefiore 
D. Short-course radiotherapy, with elective delay prior to 
surgery, in patients with unresectable rectal cancer who have 
poor performance status or significant co-morbidity. Radio-
ther Oncol 2009; 92: 210-214 [PMID: 19409638 DOI: 10.1016/
j.radonc.2009.04.007]

58 Pettersson D, Holm T, Iversen H, Blomqvist L, Glimelius 
B, Martling A. Preoperative short-course radiotherapy with 
delayed surgery in primary rectal cancer. Br J Surg 2012; 99: 
577-583 [PMID: 22241246 DOI: 10.1002/bjs.7796]

59 Habr-Gama A, Perez RO, Nadalin W, Sabbaga J, Ribeiro U, 
Silva e Sousa AH, Campos FG, Kiss DR, Gama-Rodrigues J. 
Operative versus nonoperative treatment for stage 0 distal 
rectal cancer following chemoradiation therapy: long-term re-
sults. Ann Surg 2004; 240: 711-717; discussion 711-717 [PMID: 
15383798 DOI: 10.1097/01.sla.0000141194.27992.32]

60 Baxter NN, Garcia-Aguilar J. Organ preservation for rectal 
cancer. J Clin Oncol 2007; 25: 1014-1020 [PMID: 17350952 DOI: 
10.1200/JCO.2006.09.7840]

61 Habr-Gama A, Perez RO, Wynn G, Marks J, Kessler H, 
Gama-Rodrigues J. Complete clinical response after neoadju-
vant chemoradiation therapy for distal rectal cancer: charac-
terization of clinical and endoscopic findings for standardiza-
tion. Dis Colon Rectum 2010; 53: 1692-1698 [PMID: 21178866 
DOI: 10.1007/DCR.0b013e3181f42b89]

62 Maas M, Beets-Tan RG, Lambregts DM, Lammering G, 
Nelemans PJ, Engelen SM, van Dam RM, Jansen RL, Sosef 
M, Leijtens JW, Hulsewé KW, Buijsen J, Beets GL. Wait-and-
see policy for clinical complete responders after chemoradia-
tion for rectal cancer. J Clin Oncol 2011; 29: 4633-4640 [PMID: 
22067400 DOI: 10.1200/JCO.2011.37.7176]

63 Hughes R, Harrison M, Glynne-Jones R. Could a wait and 
see policy be justified in T3/4 rectal cancers after chemo-
radiotherapy? Acta Oncol 2010; 49: 378-381 [PMID: 20151936 
DOI: 10.3109/02841860903483692]

64 Hingorani M, Hartley JE, Greenman J, Macfie J. Avoiding 
radical surgery after pre-operative chemoradiotherapy: a 
possible therapeutic option in rectal cancer? Acta Oncol 2012; 
51: 275-284 [PMID: 22150079 DOI: 10.3109/0284186X.2011.63
6756]

65 Roels S, Duthoy W, Haustermans K, Penninckx F, Vandecav-
eye V, Boterberg T, De Neve W. Definition and delineation of 
the clinical target volume for rectal cancer. Int J Radiat Oncol 
Biol Phys 2006; 65: 1129-1142 [PMID: 16750329 DOI: 10.1016/
j.ijrobp.2006.02.050]

66 Ippolito E, Mertens I, Haustermans K, Gambacorta MA, Pa-
sini D, Valentini V. IGRT in rectal cancer. Acta Oncol 2008; 47: 
1317-1324 [PMID: 18661433 DOI: 10.1080/02841860802256459]

67 Caravatta L, Padula GD, Picardi V, Macchia G, Deodato F, 
Massaccesi M, Sofo L, Pacelli F, Rotondi F, Cecere G, Sallustio 
G, Di Lullo L, Piscopo A, Mignogna S, Bonomo P, Cellini N, 
Valentini V, Morganti AG. Concomitant boost radiotherapy 
and multidrug chemotherapy in the neoadjuvant treatment 
of locally advanced rectal cancer: results of a phase II study. 
Acta Oncol 2011; 50: 1151-1157 [PMID: 21851185 DOI: 10.3109
/0284186X.2011.582880]

68 Jakobsen A, Ploen J, Vuong T, Appelt A, Lindebjerg J, Rafa-
elsen SR. Dose-effect relationship in chemoradiotherapy for 
locally advanced rectal cancer: a randomized trial compar-
ing two radiation doses. Int J Radiat Oncol Biol Phys 2012; 84: 
949-954 [PMID: 22592048 DOI: 10.1016/j.ijrobp.2012.02.006.]

69 Radu C, Norrlid O, Brændengen M, Hansson K, Isacsson 
U, Glimelius B. Integrated peripheral boost in preoperative 
radiotherapy for the locally most advanced non-resectable 
rectal cancer patients. Acta Oncol 2013; 52: 528-537 [PMID: 

23113591 DOI: 10.3109/0284186X.2012.737022]
70 Syk E, Torkzad MR, Blomqvist L, Ljungqvist O, Glimelius B. 

Radiological findings do not support lateral residual tumour 
as a major cause of local recurrence of rectal cancer. Br J Surg 
2006; 93: 113-119 [PMID: 16372254 DOI: 10.1002/bjs.5233]

71 Syk E, Torkzad MR, Blomqvist L, Nilsson PJ, Glimelius B. 
Local recurrence in rectal cancer: anatomic localization and 
effect on radiation target. Int J Radiat Oncol Biol Phys 2008; 72: 
658-664 [PMID: 18495376 DOI: 10.1016/j.ijrobp.2008.01.063]

72 Nijkamp J, Kusters M, Beets-Tan RG, Martijn H, Beets GL, 
van de Velde CJ, Marijnen CA. Three-dimensional analysis 
of recurrence patterns in rectal cancer: the cranial border in 
hypofractionated preoperative radiotherapy can be lowered. 
Int J Radiat Oncol Biol Phys 2011; 80: 103-110 [PMID: 20646849]

73 Kusters M, Wallner C, Lange MM, DeRuiter MC, van de 
Velde CJ, Moriya Y, Rutten HJ. Origin of presacral local 
recurrence after rectal cancer treatment. Br J Surg 2010; 97: 
1582-1587 [PMID: 20641063 DOI: 10.1002/bjs.7180]

74 Wang C, Zhou ZG, Yu YY, Li Y, Lei WZ, Cheng Z, Chen 
ZX. Patterns of lateral pelvic lymph node metastases and 
micrometastases for patients with lower rectal cancer. Eur J 
Surg Oncol 2007; 33: 463-467 [PMID: 17081722 DOI: 10.1016/
j.ejso.2006.09.015]

75 Taylor N, Crane C, Skibber J, Feig B, Ellis L, Vauthey JN, 
Hamilton S, Cleary K, Dubrow R, Brown T, Wolff R, Hoff 
P, Sanfilippo N, Janjan N. Elective groin irradiation is not 
indicated for patients with adenocarcinoma of the rectum ex-
tending to the anal canal. Int J Radiat Oncol Biol Phys 2001; 51: 
741-747 [PMID: 11597817 DOI: 10.1016/S0360-3016(01)]

76 West NP, Finan PJ, Anderin C, Lindholm J, Holm T, Quirke P. 
Evidence of the oncologic superiority of cylindrical abdomi-
noperineal excision for low rectal cancer. J Clin Oncol 2008; 26: 
3517-3522 [PMID: 18541901 DOI: 10.1200/JCO.2007.14.5961]

77 Bakx R, Emous M, Legemate DA, Zoetmulder FA, van Tien-
hoven G, Bemelman WA, van Lanschot JJ. Harm and benefits 
of short-term pre-operative radiotherapy in patients with re-
sectable rectal carcinomas. Eur J Surg Oncol 2006; 32: 520-526 
[PMID: 16600560 DOI: 10.1016/j.ejso.2006.02.023]

78 Nyström H, Blomqvist E, Høyer M, Montelius A, Muren LP, 
Nilsson P, Taheri-Kadkhoda Z, Glimelius B. Particle therapy 
- a next logical step in the improvement of radiotherapy. Acta 
Oncol 2011; 50: 741-744 [PMID: 21767169 DOI: 10.3109/02841
86X.2011.590150]

79 Schippers JM, Lomax AJ. Emerging technologies in proton 
therapy. Acta Oncol 2011; 50: 838-850 [PMID: 21767183 DOI: 
10.3109/0284186X.2011.582513]

80 Maggiulli E, Fiorino C, Passoni P, Broggi S, Gianolini S, Sal-
vetti C, Slim N, Di Muzio NG, Calandrino R. Characterisation 
of rectal motion during neo-adjuvant radiochemotherapy for 
rectal cancer with image-guided tomotherapy: implications 
for adaptive dose escalation strategies. Acta Oncol 2012; 51: 
318-324 [PMID: 22497434 DOI: 10.3109/0284186X.2012.66635
8]

81 Alevronta E, Lind H, Al-Abany M, Waldenström AC, Ols-
son C, Dunberger G, Mavroidis P, Nyberg T, Johansson KA, 
Åvall-Lundqvist E, Steineck G, Lind BK. Dose-response re-
lationships for an atomized symptom of fecal incontinence 
after gynecological radiotherapy. Acta Oncol 2013; 52: 719-726 
[PMID: 23113592 DOI: 10.3109/0284186X.2012.734924]

82 Tiv M, Puyraveau M, Mineur L, Calais G, Maingon P, Bardet 
E, Mercier M, Bosset JF. Long-term quality of life in patients 
with rectal cancer treated with preoperative (chemo)-radio-
therapy within a randomized trial. Cancer Radiother 2010; 14: 
530-534 [PMID: 20797891]

83 Brændengen M, Tveit KM, Bruheim K, Cvancarova M, Ber-
glund Å, Glimelius B. Late patient-reported toxicity after 
preoperative radiotherapy or chemoradiotherapy in nonre-
sectable rectal cancer: results from a randomized Phase III 
study. Int J Radiat Oncol Biol Phys 2011; 81: 1017-1024 [PMID: 
20932687 DOI: 10.1016/j.ijrobp.2010.07.007]

Glimelius B. Radiotherapy in rectal cancer



8501 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

84 Brændengen M, Tveit KM, Hjermstad MJ, Johansson H, Ber-
glund Å, Brandberg Y, Glimelius B. Health-related quality of 
life (HRQoL) after multimodal treatment for primarily non-
resectable rectal cancer. Long-term results from a phase III 
study. Eur J Cancer 2012; 48: 813-819 [PMID: 21782418]

85 Påhlman L, Bohe M, Cedermark B, Dahlberg M, Lindmark G, 
Sjödahl R, Ojerskog B, Damber L, Johansson R. The Swedish 
rectal cancer registry. Br J Surg 2007; 94: 1285-1292 [PMID: 
17661309 DOI: 10.1002/bjs.5679]

86 Wibe A, Møller B, Norstein J, Carlsen E, Wiig JN, Heald RJ, 
Langmark F, Myrvold HE, Søreide O. A national strategic 
change in treatment policy for rectal cancer--implementation 
of total mesorectal excision as routine treatment in Norway. 
A national audit. Dis Colon Rectum 2002; 45: 857-866 [PMID: 
12130870]

87 van Dijk TH, Tamas K, Beukema JC, Beets GL, Gelderblom 
AJ, de Jong KP, Nagtegaal ID, Rutten HJ, van de Velde CJ, 
Wiggers T, Hospers GA, Havenga K. Evaluation of short-
course radiotherapy followed by neoadjuvant bevacizumab, 
capecitabine, and oxaliplatin and subsequent radical surgi-
cal treatment in primary stage IV rectal cancer. Ann Oncol 
2013; 24: 1762-1769 [PMID: 23524865 DOI: 10.1093/annonc/
mdt124]

88 Nilsson PJ, van Etten B, Hospers GA, Påhlman L, van de 
Velde CJ, Beets-Tan RG, Blomqvist L, Beukema JC, Kapiteijn 
E, Marijnen CA, Nagtegaal ID, Wiggers T, Glimelius B. Short-
course radiotherapy followed by neo-adjuvant chemotherapy 
in locally advanced rectal cancer--the RAPIDO trial. BMC 
Cancer 2013; 13: 279 [PMID: 23742033 DOI: 10.1186/1471-2407
-13-279]

89 Glimelius B. Adjuvant chemotherapy. Eur J Cancer Suppl 
2013; 11: 72-79 [DOI: 10.1016/j.ejcsup.2013.07.034]

90 Bujko K, Nasierowska-Guttmejer A, Wyrwicz L, Malinowska 
M, Krynski J, Kosakowska E, Rutkowski A, Pietrzak L, Kepka 
L, Radziszewski J, Olszyna-Serementa M, Bujko M, Danek A, 
Kryj M, Wydmanski J, Zegarski W, Markiewicz W, Lesniak T, 
Zygulski I, Porzuczek-Zuziak D, Bebenek M, Maciejczyk A, 
Polkowski W, Czeremszynska B, Cieslak-Zeranska E, Toczko 
Z, Radkowski A, Kolodziejski L, Szczepkowski M, Majewski 
A, Jankowski M. Neoadjuvant treatment for unresectable rec-
tal cancer: an interim analysis of a multicentre randomized 
study. Radiother Oncol 2013; 107: 171-177 [PMID: 23590986 
DOI: 10.1016/j.radonc.2013.03.001]

91 Duncan W, Smith AN, Freedman LS, Alderson MR, Arnott 
SJ, Bleehen NM. The evaluation of low dose pre-operative 
X-ray therapy in the management of operable rectal cancer; 
results of a randomly controlled trial. Br J Surg 1984; 71: 21-25 
[PMID: 6360300]

92 Gérard A, Buyse M, Nordlinger B, Loygue J, Pène F, Kempf 

P, Bosset JF, Gignoux M, Arnaud JP, Desaive C. Preoperative 
radiotherapy as adjuvant treatment in rectal cancer. Final 
results of a randomized study of the European Organization 
for Research and Treatment of Cancer (EORTC). Ann Surg 
1988; 208: 606-614 [PMID: 3056288]

93 Horn A, Halvorsen JF, Dahl O. Preoperative radiotherapy in 
operable rectal cancer. Dis Colon Rectum 1990; 33: 823-828 [PMID: 
2209270]

94 Preoperative short-term radiation therapy in operable rectal 
carcinoma. A prospective randomized trial. Stockholm Rectal 
Cancer Study Group. Cancer 1990; 66: 49-55 [PMID: 2191763]

95 Frykholm GJ, Glimelius B, Påhlman L. Preoperative or post-
operative irradiation in adenocarcinoma of the rectum: final 
treatment results of a randomized trial and an evaluation 
of late secondary effects. Dis Colon Rectum 1993; 36: 564-572 
[PMID: 8500374]

96 Goldberg PA, Nicholls RJ, Porter NH, Love S, Grimsey JE. 
Long-term results of a randomised trial of short-course low-
dose adjuvant pre-operative radiotherapy for rectal cancer: 
reduction in local treatment failure. Eur J Cancer 1994; 30A: 
1602-1606 [PMID: 7530469]

97 Medical Research Council Rectal Cancer Working Party. 
Randomised trial of surgery alone versus radiotherapy fol-
lowed by surgery for potentially operable locally advanced 
rectal cancer. Lancet 1996; 348: 1605-1610 [PMID: 8961989 
DOI: 10.1016/S0140-6736(96)05348-2]

98 Marsh PJ, James RD, Schofield PF. Adjuvant preoperative 
radiotherapy for locally advanced rectal carcinoma. Results 
of a prospective, randomized trial. Dis Colon Rectum 1994; 37: 
1205-1214 [PMID: 7995145]

99 Martling A, Holm T, Johansson H, Rutqvist LE, Cedermark B. 
The Stockholm II trial on preoperative radiotherapy in rectal 
carcinoma: long-term follow-up of a population-based study. 
Cancer 2001; 92: 896-902 [PMID: 11550163]

100 Sauer R, Liersch T, Merkel S, Fietkau R, Hohenberger W, 
Hess C, Becker H, Raab HR, Villanueva MT, Witzigmann 
H, Wittekind C, Beissbarth T, Rödel C. Preoperative versus 
postoperative chemoradiotherapy for locally advanced rectal 
cancer: results of the German CAO/ARO/AIO-94 random-
ized phase III trial after a median follow-up of 11 years. J Clin 
Oncol 2012; 30: 1926-1933 [PMID: 22529255]

101 van Gijn W, Marijnen CA, Nagtegaal ID, Kranenbarg EM, 
Putter H, Wiggers T, Rutten HJ, Påhlman L, Glimelius B, 
van de Velde CJ. Preoperative radiotherapy combined with 
total mesorectal excision for resectable rectal cancer: 12-year 
follow-up of the multicentre, randomised controlled TME 
trial. Lancet Oncol 2011; 12: 575-582 [PMID: 21596621]

102 Blomqvist L, Glimelius B. The ‘good’, the ‘bad’, and the ‘ugly’ 
rectal cancers. Acta Oncol 2008; 47: 5-8 [PMID: 18097776]

P- Reviewers: Krishnan S, Maurel J    S- Editor: Qi Y    
L- Editor: A    E- Editor: Zhang DN

Glimelius B. Radiotherapy in rectal cancer



Colorectal cancer: Current imaging methods and future 
perspectives for the diagnosis, staging and therapeutic 
response evaluation

Maka Kekelidze, Luigia D’Errico, Michele Pansini, Anthony Tyndall, Joachim Hohmann

Maka Kekelidze, Luigia D’Errico, Michele Pansini, Anthony 
Tyndall, Joachim Hohmann, Clinic of Radiology and Nuclear 
Medicine, University Hospital Basel, University of Basel, 4031 
Basel, Switzerland
Author contributions: Kekelidze M and Hohmann J designed 
and wrote the paper; D’Errico L contributed to the metastatic 
spreading part; Pansini M provided the images and contributed to 
posttreatment part; Tyndall A contributed to colonoscopy part; all 
authors revised the text for important intellectual content.
Correspondence to: Maka Kekelidze, MD, PhD, Clinic of 
Radiology and Nuclear Medicine, University Hospital Basel, 
University of Basel, Petersgraben 4, 4031 Basel, 
Switzerland. maka.kekelidze@usb.ch
Telephone: +41-61-3286567     Fax: +41-61-2655471
Received: September 30, 2013  Revised: November 6, 2013 
Accepted: November 18, 2013
Published online: December 14, 2013

Abstract
In the last 10 years the mortality rate of colorectal can-
cer (CRC) has decreased by more than 20% due to the 
rising developments in diagnostic techniques and opti-
mization of surgical, neoadjuvant and palliative thera-
pies. Diagnostic methods currently used in the evalu-
ation of CRC are heterogeneous and can vary within 
the countries and the institutions. This article aims to 
discuss in depth currently applied imaging modalities 
such as virtual computed tomography colonoscopy, 
endorectal ultrasound, computed tomography (CT) and 
magnetic resonance imaging (MRI) in the diagnosis 
of CRC. Special focus is put on the potential of recent 
diagnostic developments as diffusion weighted imag-
ing MRI, MRI biomarkers (dynamic enhanced MRI), 
positron emission tomography with 2-(fluorine-18)-
fluoro-2-deoxy-D-glucose (FDG-PET) combined with 
computed tomography (PET/CT) and new hepatobili-
ary MRI contrast agents. The precise role, advantage 
and disadvantages of these modalities are evaluated 

controversially in local staging, metastatic spread and 
treatment monitoring of CRC. Finally, the authors will 
touch upon the future perspectives in functional imag-
ing evaluating the role of integrated FDG-PET/CT with 
perfusion CT, MRI spectroscopy of primary CRC and 
hepatic transit time analysis using contrast enhanced 
ultrasound and MRI in the detection of liver metasta-
ses. Validation of these newer imaging techniques may 
lead to significant improvements in the management of 
patients with colorectal cancer.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Colorectal cancer; Imaging; Staging; Com-
puted tomography; Magnetic resonance imaging; Diffu-
sion weighted imaging; Contrast enhanced ultrasound

Core tip: This state-of-the-art review article covers cur-
rent and future contribution of various imaging modali-
ties in the diagnosis of colorectal cancer. Primary local 
staging, metastatic spread, restaging and posttreat-
ment response evaluation are discussed in depth using 
emerging techniques such as virtual computed tomog-
raphy (CT) colonoscopy, endorectal ultrasound and 
positron emission tomography/CT. The role and indica-
tions of more recently developed techniques as mag-
netic resonance imaging (MRI) with diffusion weighted 
images and hepatobiliary contrast materials are evalu-
ated. The challenges and evolving role of functional 
imaging with MRI spectroscopy and hepatic transit time 
analysis using MRI and contrast enhanced ultrasound in 
the detection of liver metastases are also covered.
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INTRODUCTION
Colorectal cancer (CRC) is the second most common 
cause of  cancer death in the western world, with a high 
lifetime incidence of  6%. The prognosis of  CRC is like 
other tumors staging dependent and the 5 years survival 
lies in the range of  40%-60%. Due to optimization of  
surgical techniques, introduction of  neoadjuvant thera-
pies and recent developments in diagnostic imaging mo-
dalities, the mortality rate has decreased significantly by 
20% in the last years.

Utilization of  different imaging modalities in diag-
nosing of  CRC vary between countries and institutions. 
While computed tomography virtual colonoscopy (CTC) 
is a validated tool in the primary diagnosis of  CRC in the 
United States[1], this method is used with caution in many 
European countries due to radiation exposure and is thus 
not included as a screening modality in asymptomatic 
patients[2]. The pros and cons of  this rapidly evolving di-
agnostic modality compared to endoscopy are discussed 
controversially.

Imaging for surgical planning depicts the relationship 
of  the tumor to surgical key landmarks and shows the 
presence of  metastatic disease. Imaging features enable 
preoperative evaluation of  prognostic features, which 
may guide patient selection for specific (e.g., neoadjuvant) 
therapy[3]. Recent developments in imaging technologies 
and validation of  newer imaging techniques may lead 
to significant improvements in the management of  pa-
tients with CRC. Diagnostic techniques such as diffusion 
weighted imaging (DWI), Fluorodeoxyglucose positron 
emission tomography (FDG-PET) and dynamic contrast 
enhanced magnetic resonance imaging (DCE-MRI) are 
increasingly used and have shown to be clinically useful 
in tumor characterization[4-6]. Newly developed techniques 
such as perfusion computed tomography (CT) and MRI 
spectroscopy allowing insights in tumor biology have 
shown promising results, however they are not yet vali-
dated for clinical practice[7,8].

This review discusses the current and future contribu-
tion of  various imaging modalities to already established 
and recently developed techniques to improve the diag-
nosis for both-tumor detection and tumor characteriza-
tion of  CRC. In addition, the evolving role of  newly de-
veloped methods for functional evaluation of  otherwise 
“occult” hepatic metastases such as Doppler perfusion 
index (DPI)[9] and hepatic transit time (HTT) analysis us-
ing contrast enhanced MRI[10] will also be covered.

PRIMARY DIAGNOSIS OF COLORECTAL 
CANCER
Considering the high diagnostic performance, optical 
colonoscopy (OC) remains the gold-standard investiga-
tion in the early detection of  CRC. Colonoscopy allows 

biopsy samples to be taken for definitive diagnosis with a 
simultaneous opportunity for a therapeutic polypectomy, 
therefore improving a long-term prevention of  CRC 
deaths[11]. However, patients with tumor related stenosis, 
older patients and those with comorbidities are more 
likely to have an incomplete or difficult OC[12,13].

VIRTUAL CT COLONOSCOPY
In recent years the role of  CTC as a potential alternative 
to endoscopy has been widely studied[14-16]. CTC image 
formation is based on the X-ray attenuation of  low-
density; high-intrinsic-contrast objects such as the air 
contained in the colonic lumen versus the large bowel 
walls, acting as an interface between intra luminal air and 
the extra luminal compartment. Low X-ray energy is 
sufficient to achieve diagnostic CTC images, resulting in 
a low radiation dose. If  CTC is aimed at the sole exami-
nation of  the colon (e.g., for CRC screening purposes), 
the use of  low radiation dose CT acquisition protocols 
is warranted. Conversely, regular dose CT protocols can 
be used if  CTC is part of  a CT examination in which all 
abdominal organs have to be investigated. This method is 
applied in patients with known CRC and incomplete OC, 
in whom CT plays a role for both complete assessment 
of  the colonic lumen and for oncological staging (Figure 
1). For adequate colonic distention to be achieved, air or 
carbon dioxide is usually delivered into the patients colon 
with a thin rectal catheter prior to CTC. Air has the ad-
vantage of  no cost and the ease of  administration, but is 
less tolerated as it is not absorbed by the colonic mucosa. 
Conversely, carbon dioxide is more comfortable as it is 
gradually absorbed by the colonic walls, although larger 
volumes must be supplied compared with air. In practical 
terms, administration of  1.0-1.5 liter of  air or 3-4 liter of  
carbon dioxide is usually sufficient[17]. The CT acquisition 
is usually performed twice: in supine and prone posi-
tion (or vice versa). This is to optimize the distention of  
the various colonic segments depending on gravitational 
compression by the surrounding abdominal structures, 
as well as to distinguish polyps which may be fixed to 
the bowel walls from fluid and/or fecal residues. Colonic 
distention is also favored by parenteral administration of  
spasmolytic agents, such as glucagon or hyoscine-N-butyl 
bromide, which inhibit peristalsis and reduce the tone of  
the parietal musculature. By orally administering positive 
contrast material (barium or iodine), fecal and fluid tag-
ging can be performed, helping to distinguish fecal/fluid 
residues from parietal polyps. Tagged residual fluid can 
then be electronically removed from CTC images by 
means of  a dedicated software. 3D reconstructions en-
able accurate quantification of  polyp volume, which can 
be helpful in a follow-up to assess growth of  the polyps. 
Research is in progress on subtracting solid tagged stool 
in patients who do not undergo cathartic cleansing.

Pickhardt et al[14] found CTC comparable to colonos-
copy in detection of  bigger colorectal polyps. Two meta-
analysis studies showed a high sensitivity (100%) of  CTC 
in the detection of  colon cancer and 87.9% for adenomas 
less than 10 mm[18,19]. Despite such promising data, there 
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is currently no transcontinental consensus on whether 
CTC should be used as a screening method in asymp-
tomatic patients. Since 2008 CTC is recommended as a 
validated diagnostic tool by the American Cancer Society 
and is included among the screening tests of  CRC[1]. This 
recommendation was revalidated in a recent large patient 
sample (1610 patients) multicenter randomized trial by 
Atkin et al[16], concluding that CTC is a similarly sensi-
tive, less invasive alternative to colonoscopy. However, in 
many European countries the use of  CTC as a screening 
method in asymptomatic populations is prohibited due to 
radiation related consequences and only advised in cases 
of  incomplete preoperative colonoscopy[2].

An alternative method to CTC could be MRI colo-
noscopy which is not radiation exposure related[20]. How-
ever, currently there are insufficient study results available 
to recommend this method as a screening modality.

LOCAL STAGING OF CRC: MRI AND 
ENDORECTAL ULTRASOUND
The tumor node metastasis classification of  the American 
Joint Committee on Cancer is the internationally accepted 
standard for the staging of  CRC[21]. The accurate diagno-

sis of  local tumour extension, location, T stage, potential 
circumferential resection margins, mesorectal fascial in-
volvement and extramural or venous invasion is essential 
for defining the treatment strategy. For this reason, MRI 
is the recommended modality for initial staging, due to its 
high accuracy for the definition of  localization, determin-
ing the total extension and the relationship of  the tumor 
to the peritoneal reflection[22]. Furthermore, MRI is ac-
curate in measuring the distance between the anorectal 
junction and the distal part of  the tumor. It is also accu-
rate for determining the length of  the tumor. Although 
it has been the standard in the past, it is inappropriate to 
use the term circumferential resection margins (CRM) 
for initial clinical staging before surgery, since CRM can 
be defined only postoperatively by the surgical plane. The 
tumor growth on primary staging MRI should be best 
described in relation to an anatomical structure, like the 
mesorectal fascia[23]. Most staging failures with MRI occur 
in the differentiation of  T2 stage and borderline T3 stage 
with overstaging as the main cause of  errors[24]. Overstag-
ing is often caused by desmoplastic reactions[5] and it is 
difficult to distinguish on MRI between spiculation in 
the perirectal fat caused by fibrosis alone (stage pT2) and 
spiculation caused by fibrosis that contains tumor cells in 
stage pT3 (Figure 2).
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Figure 1  A 64-year-old male patient who underwent routine screening colonoscopy terminated due to severe discomfort. A: Virtual computed tomography 
(CT) colonoscopy detected a 1 cm polyp (arrow) in right colonic flexure, biopsy proved as adenocarcinoma; Fly-through with a 3D view of the polyp; B: The virtual X-ray 
reconstruction; C: Coronal reconstruction using the lung window shows the tumor clearly. 

Figure 2  Abdominal magnetic resonance imaging for local staging of rectal adenocarcinoma in a 58-year-old female. A, B: Post-contrast fat-suppressed axial 
images show 7 cm long contrast enhancing neoplastic mass with lymph node metastases within the mesorectal fascia (arrow); C: Peripheral desmoplastic reaction 
(arrowheads) on T1 sagittal images. 
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trast administration (Figure 3). Post contrast sequences 
are just a standard transversal T1 TSE FS (SL 5 mm) and 
a T1 VIBE FS 1.2 mm isovoxel. The pre- and post con-
trast isovoxel sequences can be reconstructed in line with 
and perpendicular to the individual tumor.

Endorectal Ultrasound (ERUS) is now an established 
modality for evaluation of  the integrity of  the rectal wall 
layers. With accuracies for T staging varying between 69% 
and 97%, endorectal ultrasonography (US) is currently 
the most accurate imaging modality for the assessment 
of  T1 tumors[2]. ERUS and endorectal MRI have similar 
accuracy in the differentiation between superficial (T1 
and T2) and T3 tumors[26]. However, endorectal MRI is 
related to high costs, limited availability and is less patient 
friendly. Consequently, endorectal MRI is not recom-
mended by the European Society for Medical Oncology 
Guidelines as a preferred imaging modality for clinical T 
stage in colorectal cancer[22].

METASTATIC SPREADING OF CRC
In 25% of  patients with colonic cancer and in 18% of  
patients with rectal cancer, metastases are present at the 
time of  the first diagnosis. The most frequently used im-
aging modalities for the detection of  CRC metastases are 
US, CT, MRI and PET/CT[27]. Current National Com-
prehensive Cancer Network guidelines for initial staging 
of  CRC suggest the use of  chest/abdomen/pelvis CT or 

Although previous studies have not shown much 
advantage of  dedicated phased-array coils[25], our clini-
cal experience is positive and at our institution we use 
phased-array coils as a standard in the primary diagnosis 
of  colorectal cancer. The advantage of  high spatial reso-
lution with a large field of  view is making phased-array 
MRI suitable for staging of  both superficial and advanced 
rectal tumors. A standard phased-array MRI protocol for 
rectal cancer consists of  T2-weighted turbo spin-echo 
(TSE) MR sequences with high spatial resolution. The 
strength of  T2-weighted turbo spin-echo MRI of  rectal 
cancer is that fat tissue remains high in signal intensity. 
In this way, the tumor contrasts well with the surround-
ing fat tissue, and even very thin hypointense structures 
such as the mesorectal fascia can always be identified 
independent of  the body habitus of  the patient, owing to 
the high contrast between the hypointense fascia and the 
hyperintense fat tissue in and outside the mesorectum[5].

At our institution, phased-array MRI for primary 
rectal cancer staging is performed at 1.5 Tesla (Siemens 
Avanto and Espree, all Siemens Healtcare, Erlangen, Ger-
many) and 3.0 Tesla (Siemens Prisma, Skyra and Verio). 
The protocol consists of  a T2 SPACE 1.0 mm isovoxel 
sequence, a standard echo planar imaging sequence for 
diffusion (b-values: 0, 40, 400 and 800 s/mm2) including 
an apparent diffusion coefficient (ADC) map and a T1 
TSE Dixon sequence with fat saturation (FS) and calcula-
tion of  in-/opposed-/fat- and water maps before con-

Figure 3  A 58-year-old female with biopsy-proven adenocarcinoma of the rectum. A: Post-contrast fat-suppressed axial T1 images show a contrast-enhancing 
mass (arrow), extending from rectum into the anal canal and invading the posterior aspect of the vagina; B, E: Both, the primary tumor and the lymph node metas-
tases, show an hyperintense signal on diffusion weighted imaging; C, F: An reduced apparent diffusion coefficient reflecting the tight tumor cellularity; D: Enlarged, 
contrast-enhancing lymph nodes along the right iliac axis (arrow). 
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MRI, while FDG-PET/CT is reserved for surveillance or 
problem solving.

N staging
ERUS, CT and MRI use the size as the main criterion in 
the assessment of  nodal involvement, although the lymph 
node size is not an ideal indicator of  metastasis and 
lacks sufficient accuracy for clinical decision-making[28]. 
FDG-PET gives better insight in tumor biology, how-
ever, due to limited spatial resolution it does not allow 
for reliable detection of  small lymph node metastases. 
FDG-PET/CT may provide additional information and 
could increase the accuracy of  lymph node involvement 
significantly with a sensitivity and specificity of  51% and 
85% for local lymph nodes and 62% and 92%, for distant 
lymph nodes[29].

M staging
Correct detection of  hepatic and pulmonary metastases 
can be challenging considering the possible difficulties 
in differentiation with benign lesions in these organs. 
CT has a better diagnostic performance (sensitivity 
74%-84%, specificity 95%-96%) compared to US in de-
tection of  CRC liver metastases[30]. A meta analysis of  
prospective studies comparing FDG-PET, MRI, and CT 
demonstrated a superior performance of  MRI over the 
other two modalities on a lesion-by-lesion basis of  the 
liver and in particular in evaluating lesions less than 1 cm 
in size (sensitivity 80%-88% and specificity 93%-97%)[6].

Recently, DWI and hepatobiliary phase MRI with new 
hepatobiliary contrast agents have been integrated for the 
detection of  liver metastases demonstrating improved sen-
sitivity over routine MRI alone[31]. The newest hepatobiliary 
contrast agent available is Gd-EOB Primovist® in Europe 
and Eovist® in United States and Canada (Bayer Health-
care, Leverkusen, Germany). Uptake of  contrast within 
the hepatocytes results in peak parenchymal enhance-
ment approximately 10-20 min p.i., referred to as the 
hepatobiliary phase. As expected, lesions like metastases 
without containing hepatocytes are strongly hypointense 
compared to the surrounding enhanced parenchyma in 
this phase (Figure 4).

For the detection of  pulmonary metastases imaging 
can be limited to chest X-ray. Although CT detects more 

lesions compared to chest X-ray (CXR), a large number 
of  these lesions (4%-42%) does not allow for a definitive 
diagnosis. Only one quarter of  unspecified pulmonary 
lesions found on CT are demonstrated to be metastases, 
therefore the high sensitivity of  CT cannot guarantee 
important benefit for the patients[32]. This concept is sup-
ported by a recent study showing that preoperative stag-
ing chest CT is not beneficial for CRC patients without 
liver and lymph node metastasis on abdominal and pelvic 
CT who had a negative initial CXR finding[33].

RESTAGING: THERAPEUTIC RESPONSE 
EVALUATION
General considerations
Patients after primary tumor resection and those treated 
with chemoradiation therapy (CRT) for locally advanced 
CRC require a regular post treatment evaluation. Within 
the first 5 years after curative therapy there is an increased 
chance for a locoregional relapse (3%-24%), occurrence 
of  distant metastases (25%) and for developing meta-
chronous secondary tumors (1.5%-10%). The introduc-
tion of  preoperative adjuvant CRT has led to a reduction 
in local recurrency rates and has become standard of  care 
for patients with locally advanced rectal cancer.

Several studies investigating the role of  imaging for 
restaging after CRT suggest that neither MRI nor ERUS 
or FDG-PET are sufficiently accurate for identifying the 
true complete responders with positive predictive values 
ranging from 17%-50%[34-36]. T2 weighted MRI has been 
standardly used for local restaging (Figure 5). Many recent 
reports have shown that DWI MRI may be useful for 
the response evaluation after CRT[37,38]. DWI has shown 
to be feasible as an early marker of  treatment response 
because cell death and vascular alterations typically occur 
before size changes. It also has been proved that DWI 
in addition to standard MRI significantly improves the 
performance of  radiologists to select complete therapy 
responders compared to standard MRI only[39,40]. In a re-
cent systematic review and meta analysis study including 
1556 patients from thirty-three studies MRI has shown to 
be useful for tumor-free CRM restaging, however nodal 
staging remained challenging[41]. High b-value DWI is 
sensitive for detecting the location of  lymph nodes, but 

Figure 4  A 63-year-old female with colorec-
tal cancer and suspected liver metastasis. 
A: Primovist images acquired 10 min p.i., dur-
ing the hepatobiliary phase using a T1 VIBE 
isovoxel sequence with coronal orientation; 
B: Due to the high resolution axial reconstruc-
tions are also done routinely. The lesion in 
segment Ⅰ (arrow) is clearly demarcated as a 
contrast defect because of the missing hepato-
cytes in the metastasis while the other parts of 
the liver show a bright contrast enhancement. 
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characterization of  neoplastic nodes yields false-negative 
results and reactive hyperplastic nodes false-positive results. 

It has been reported that transient decrease in the 
ADC may occur early in treatment related to cellular 
swelling, reduction in the blood flow or extravascular-
extracellular space[42]. However, early decreases in ADC 
values are not consistently seen and it has recently been 
reported that increases in ADC value with therapy re-
sponse occur within 3-7 d in responding CRC patients 
treated with chemotherapy[43]. Therefore the utilization 
of  ADC values in the CRC evaluation needs further stan-
dardization and validation.

The role of  FDG-PET in evaluating of  recurrent 
colon cancer is controversial. Some of  the previously 
published studies showed high specificity of  this modal-
ity (up to 98%) based on evident FDG reduction after 
adjuvant CRT[44]. Metabolic changes in response to treat-
ment occur before any structurally detectable change (e.g., 
tumor shrinkage). In the neoadjuvant setting, serial FDG-
PET examinations may aid treatment planning to decide 
the appropriate length of  neoadjuvant chemotherapy to 
maximize tumor response before surgical resection. In 
this setting, FDG-PET could lead to changes in therapies 
for those patients with tumors that show no metabolic 
change[45]. On the contrary, other studies suggest that 
when radiation therapy is applied, FDG-PET cannot reli-
ably identify pathologic complete response to CRT due 
to radiation related increased FDG uptake by rectal mu-
cosa resulting in high false-positive data[46,47]. For this rea-
son, when using FDG-PET to monitor tumor response, 
it is not advocated within the first 4 wk after completion 
of  CRT. FDG-PET/CT is a unique combination of  the 
cross-sectional anatomic information provided by CT 
and the quantitative metabolic information provided by 
FDG-PET. In the past years, FDG-PET/CT has taken 
an important place in treatment response assessment[48]. 
Limitations of  FDG-PET/CT are that the technique is 
cost- and time-consuming (utilizing about 1.5 h per pa-
tient) and is not widely available.

Considering a very limited benefit of  CRC follow-up 
in stage Ⅰ tumors, described as only 1% increase in pa-
tient survival[49], a regular follow-up in these patient group 

is not indicated. In patients with advanced primary CRC 
(stage Ⅱ and Ⅲ), US is advised for the follow-up of  liver 
metastases. US has a slightly lower sensitivity compared 
to CT in the detection of  liver metastases, however the 
performed studies did not show a convincing advantage 
of  CT over US in evaluation of  asymptomatic patients[50]. 
Therefore, abdominal US can be indicated as a cost-
effective, widely available and relatively simple diagnostic 
modality in the follow-up of  CRC liver metastases.

Up to 7% of  all curatively treated patients with 
CRC develop distant pulmonary metastases which in 
3.4%-30.0% are detected with chest X-Ray[51]. Therefore 
CRX evaluation can be sufficient in follow-up of  asymp-
tomatic patients. 

For anatomic objective response evaluation criteria 
based on assessment of  the size of  the tumor or me-
tastases, Response Evaluation Criteria in Solid Tumors 
(RECIST) have been developed[52]. RECIST uses unidi-
mensional measurements of  the sum of  the longest le-
sion diameters of  target lesions. At our institution we use 
a commercially available software for RECIST analysis 
(mint Lesion®, Mint Medical GmbH, Heidelberg, Ge-
many), which will be discussed below.

Software based follow-up
Proper response assessment and reporting of  metastatic 
lesions are crucial. A major pitfall in tumor response 
monitoring is the increasing incidence of  mixed response 
to chemotheraphy and subjective measurements of  the 
lesions, e.g., liver and lung metastases, also lesion mea-
surements are time-consuming and can be investigator 
dependent. Computerized tools able to optimize the radiol-
ogist’s workflow of  the image reading process are spread-
ing as the need for a systematic, standardized follow-up 
procedure grows. For example, the syngo® CT Oncology 
software (Siemens Healtcare, Erlangen, Germany) is able 
to perform automated measurement of  neoplastic lesions 
helping to solve the long-standing issue of  interobserver 
variability. 

Another automated tool is mint Lesion® (Mint Medi-
cal GmbH, Heidelberg, Gemany), developed at the Ger-
man Cancer Research Center (Heidelberg, Germany) 

Figure 5  Initial rectal cancer staging of a 48 year old female. A: Occlusion of the rectum by solid tumor on magnetic resonance imaging (MRI) (arrow); B: Cor-
responding high Fluorodeoxyglucose metabolism in the Fluorodeoxyglucose positron emission tomography/computed tomography; C: Post treatment (chemoradiation 
therapy) magnetic resonance imaging shows a clear tumor size reduction (arrow) with a continuing lumen after chemoradiation therapy. 
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which is currently routinely used at our institution for 
oncological assessment. Connected with our Picture 
Archiving Computer System (PACS) the mint Lesion 
software is able to continually synchronize and upgrade 
its worklist retrieving and matching precedent patients’ 
related studies allowing a workflow optimization. It cov-
ers management of  patient cohorts in terms of  disease 
and treatment, assessment of  lesions with respect to the 
overall patient treatment course, statistical response eval-
uation in line with response criteria, and consistent and 
comprehensive automated reporting.

In the initial baseline assessment target and non-target 
lesions are defined. In subsequent follow-up exams the 
software is able to correlate and match images of  the pre-
vious studies allowing a faster recognition of  previously 
described lesions; by showing exactly how quantitative 
measurements (i.e., volumetry, density and intensity) were 
performed in previous studies, interobserver variability 

is thus reduced. Apart from the reproducible measure-
ments, assessment notes, treatment outcome statistics for 
patient cohorts and individual patients, mint Lesion® pro-
vides an automatically generated, consolidated visual and 
textual overview of  a single treatment course (Figure 6). 
Graphical charts help to identify the dimensions of  tu-
mor load change with respect to baseline, nadir and pre-
vious exams. Therapy course overview is clearly depicted 
in the results and can be sent as digital imaging and com-
munications in medicine to the PACS as well as actively 
included in the report. By such means, the standardiza-
tion of  the read workflow contributes to the assessment 
quality of  longitudinal follow-up sequences providing 
comprehensible information for an interdisciplinary as-
sessment of  the therapy response by a tumor board.

Beyond resolution: Functional imaging 
Functional imaging now has a growing role in colorec-
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Figure 6  An automated software (mint Lesion®, Mint Medical GmbH, Heidelberg, Gemany) used at our Institution for tumor treatment response evaluation. A: 
Computed tomography images show liver metastasis in a patient with colorectal cancer on nine follow-up examinations; B: Graphical evaluation depicts the measure-
ment of the lesion standardized throughout the whole staging period consisting of baseline (BL) and nine follow up assessments (1-9). Tumor response is evaluated 
according to Response Evaluation Criteria in Solid Tumors.  
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tal cancer assessment. Recent developments in imaging 
technologies and validation of  these newer imaging tech-
niques may lead to significant improvements in the man-
agement of  patients with colorectal cancer.

To date, FDG-PET does not have an established role 
in primary diagnosis of  colon cancer reflecting limited 
availability of  resources and lack of  convincing cost-ben-
efit data[53]. This technique has low sensitivity revealing 
mucinous adenocarcinomas in which metabolic activity 
is low. Partial volume averaging and necrotic lesions may 
cause false-negative results, and incidental physiologic 
bowel FDG uptake or inflammation will produce in-
creased tracer uptake, giving rise to false-positive find-
ings that can mimic a tumor. The controversial role of  
FDG-PET in the posttreatment setting has been already 
discussed above. Prediction of  the nodal status by CRC 
remains problematic. A novel nanoparticle MRI lympho-
graphic agent - ultrasmall superparamagnetic iron oxide 
particles showed an overall sensitivity and specificity of  
88% and 96% in the detection of  lymph node metastases 
of  CRC[54]. Regretfully these MRI contrast agents are not 
yet available for clinical practice.

Dynamic contrast-enhanced (DCE) CT and MRI 
have been described as potential prognostic biomarkers 
in CRC. The results of  the studies evaluating DCE-CT as 
a biomarker for chemoradiation are controversial: while 
baseline low perfusion values were described to be associ-
ated with a poorer response in the study by Bellomi et al[55], 
another group reported the contrary[56]. DCE-MRI data 
uses two compartments for contrast agent accumulation: 
blood plasma and extravascular-extracellular space. Ktrans 

(volume transfer constant between the blood plasma and 
the extravascular-extracellular space, the washout rate, 
measured in minutes-1) and Kep (rate constant between the 
extravascular-extracellular space back to the blood plas-
ma, the washout rate, measured in minutes-1) determine 
the transport between these two compartments. Rectal 
tumors with higher Ktrans values at presentation appear to 
respond better to CRT than those with lower values. Af-
ter CRT, usually Ktrans values are reduced, while persistent 
raised values indicate residual active disease[57].

Experimental techniques in primary colorectal cancer 
diagnosis
In a study by Ng et al[58], CT texture features of  primary 
colorectal cancer were studied in relation to 5-year overall 
survival rate. The authors studied the tumor heterogene-
ity using a range of  parameters, including entropy, uni-
formity, kurtosis, skewness, and standard deviation of  the 
pixel distribution histogram. According to this study tu-
mors demonstrating less heterogeneity at fine filter levels 
were associated with poorer survival, concluding that the 
addition of  texture analysis to staging contrast-enhanced 
CT may improve prognostication in patients with primary 
colorectal cancer. Goh et al[8] assessed an interobserver 
agreement in a prospective study with integrated FDG-
PET/CT and perfusion CT to evaluate the relationship 
between tumor glucose metabolism and vascularization. 

FDG-PET/CT was used to localize the colorectal tumor, 
and CT coordinates were used to plan the subsequent 
perfusion. The study showed good intra- and interob-
server agreement for the metabolic-flow differences, sug-
gesting this approach as a robust parameter for clinical 
practice.

The role of  MR Spectroscopy (MRS) has been of  
great interest in the recent years to improve the primary 
diagnosis of  various cancer groups. In a small sample 
ex vivo prospective study on 24 subjects with colorectal 
cancer without neoadjuvant treatment, MRS was able to 
discriminate healthy from neoplastic tissue and to distin-
guish patients with different prognoses[7].

Functional imaging in liver metastases of colorectal cancer
The liver is the first organ most likely to develop distant 
metastases from CRC. Knowledge of  hepatic metastatic 
involvement during identification of  the primary tumor is 
therefore crucial. The idea is not new and we can follow 
several attempts to get access to that information back 
to the nineteen-eighties. The approach is to detect the 
arterialization of  the liver blood supply during the onset 
and development of  liver metastases. In a normal healthy 
individual approximately two thirds of  the blood supply 
of  the liver arrives via the portal vein and one third via 
the hepatic artery. During the development of  liver me-
tastases, this relation changes: the above mentioned arte-
rialization occurs, which means the arterial portion of  the 
liver blood supply increases while the portal vein portion 
decreases[59]. This has been shown first with technetium 
colloid scintigraphy to estimate the so called hepatic per-
fusion index (HPI) in overt liver metastases[60-62]. Mean-
while it has been shown that the hemodynamic changes 
occur already at an early microscopic stage of  metastasis 
formation[63,64]. 

Leen et al[65] developed a Doppler ultrasound method 
to get a parameter similar to the HPI, the DPI, which 
gives the hepatic arterial blood flow relative to the por-
tal venous flow. This ratio was raised in patients with 
liver metastases. The method demonstrated not only the 
possibility to detect overt liver metastases but also the 
arterialization due to occult metastases for the standard 
morphology based imaging methods. This study showed 
that patients with colorectal cancer, without liver metasta-
ses on first imaging and a raised DPI, had a much higher 
risk of  developing liver metastases in the following five 
years than those with normal DPI. The DPI method thus 
seems to detect the presence of  metastases which were 
occult to all other imaging modalities[9]. Unfortunately, 
DPI measurements are strongly operator dependent and 
other groups could not reproduce Leen’s results[66,67]. 
HTT analysis of  a microbubble ultrasound contrast agent 
has then been proposed as an alternative technique for 
detecting hepatic arterialization[68]. It was initially used to 
show arterialization in patients with hepatic cirrhosis[69,70]. 
Meanwhile several studies have shown that the method is 
able to detect hemodynamic changes in liver metastases 
but depends on the used contrast agent[10,71-73] (Table 1). 

P- Reviewers  Bener A    S- Editor  Wen LL    L- Editor  Cant MR    E- Editor  Li JY  

P- Reviewers  Bener A    S- Editor  Song XX    L- Editor  Stewart GJ    E- Editor  Li JY

Kekelidze M et al . Imaging of colorectal cancer



8510 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

There have also been other attempts to measure hepatic 
blood supply changes with CT and MRI. With CT this is 
usually a perfusion measurement with the calculation of  
different perfusion parameters such as hepatic artery and 
portal vein perfusion and the HPI[74,75]. The major draw-
back of  CT measurements is radiation exposure and, 
therefore, most of  the studies are animal studies. Even 
though the results are promising, there are probably no 
realistic possibilities for CT perfusion measurements in 
humans. 

With MRI the approaches are different which are 

summarized under the term diffusion/perfusion mea-
surements (Figure 7). Especially with focal or global 
perfusion methods, MRI seems to have great potential 
to detect hemodynamic changes due to focal liver le-
sions[76]. While the first studies just measured perfusion 
parameters in one single plane[77,78], this changed to mea-
surements of  the whole liver with 3D Datasets but with 
limited time resolution[79,80]. It should currently be pos-
sible to increase this time resolution in further studies. All 
the previous mentioned methods required intravenous 
contrast material, which might have an influence on the 
results similar to the results on MRI as it was shown with 
CEUS. Therefore new methods without contrast mate-
rial, like hemodynamic response imaging, which has prov-
en to show therapy response in experimental settings, are 
very promising[81]. 

Overall, for functional imaging in patients with 
colorectal cancer, MRI of  the liver offers the widest va-
riety of  possibilities in the future. This might be essential 
for the detection of  occult liver metastases at the time of  
first diagnosis of  colorectal cancer and will then result in 
different therapeutic approaches due to the results of  the 
measurement. 

CONCLUSION
In recent years several attempts have been made to im-
prove the diagnostic performance of  imaging modalities 
for better characterization of  CRC. To date, OC remains 
the most precise modality in the detection of  primary 
CRC simultaneously allowing biopsy and therapeutic 

Figure 7  Magnetic resonance imaging images of the T1-weighted sequence for hepatic transit time analysis at different time points. A: Baseline image with-
out contrast; B: Arterial phase with opacification of the aorta (AO); C: Arterial phase with opacification of the AO and the hepatic artery (HA); D: Portal venous phase 
with additional enhancement of the portal vein (PV); Note that the hepatic veins (HV) are still not enhanced; E: Venous phase with complete opacification of all vessels 
including the HV; F: Example of a typical time intensity curve acquired from a ROI placed at the position of the HA; The raw data in the graph (blue line) has a modula-
tion due to patient breathing. Therefore the curve has to be fitted and smoothed (red line). The calculated baseline as well as threshold point, demonstrating the arrival 
time of the contrast agent is drawn.

Hepatic transit time 
(arterial to venous) (s)

  Study Number 
of patients

Liver
metastases

No liver 
metastases

contrast 
agent

mod-
ality

  Bernatik et al[73]  28/36 6.7 15.4 Optison1 CEUS
  Hohmann et al[10] 22/22 7.4 11.1 SonoVue2 CEUS
  Zhang et al[71] 5/3 6.2 11.3 SonoVue2 CEUS
  Haendl et al[72] 20/15 6.3   9.3 SonoVue2 CEUS
  Haendl et al[72] 12/14 9.9 14.8 Levovist3 CEUS
  Haendl et al[72] 20/15 6.3   9.2 Luminity4 CEUS
  Hohmann et al[78] 20/21 7.1 13.5 MultiHance2 MRI

Table 1  Summary of studies with measurement of hepatic 
transit times in subjects with and without the evidence of 
liver metastases

1Amersham, Little Chalfont, United Kingdom; 2Bracco, Milano, Italy; 
3Bayer, Berlin, Germany; 4Lantheus, N. Billerica, MA, United States. These 
are mainly studies using CEUS but also one study which used MRI. All 
other MRI studies used slightly different approaches and did not measure 
directly comparable values. CEUS: Contrast enhanced ultrasound; MRI: 
Magnetic resonance imaging.
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polypectomy. Virtual CT colonoscopy is gaining impor-
tance as a potential alternative to OC, recently showing 
a similar diagnostic performance[16]. However, radiation 
exposure and the lack of  instantaneous therapeutic pos-
sibilities remain a primary concern. To date, there are in-
sufficient study results to recommend MR Colonoscopy 
as a screening modality. 

MRI and ERUS at present show the best results in the 
local staging of  rectal carcinoma[5,22,23]. MRI is the superi-
or imaging modality for the evaluation of  primary tumor 
location, extension and mesorectal fascia involvement. 
Overstaging remains problematic on MRI, related to dif-
ficulties in differentiating desmoplastic reaction caused 
by fibrosis alone (stage pT2) and by fibrosis that contains 
tumor cells (stage pT3). ERUS, with an accuracy of  up 
to 97%, is currently the most accurate imaging modality 
in the assessment of  T1 rectal tumor[2]. For the detection 
of  CRC distant metastases, US and CT are the most ad-
vocated modalities. Although FDG-PET/CT shows an 
increased accuracy in metastatic lymph node assessment, 
utilization of  this modality is limited and cannot be ap-
plied broadly. Recent studies support the concept that in 
preoperative staging chest CT is not beneficial and imag-
ing of  the patients without hepatic and lymphatic metas-
tases can be limited to CXR[81].

Newer techniques in functional imaging may lead to 
significant improvements in the management of  CRC. 
The hepatobiliary MRI contrast agent (Gd-EOB Primo-
vist/Eovist®, Bayer Healthcare) is available to improve 
the detection of  liver metastases and could be problem-
solving in difficult cases. In treatment response monitor-
ing, DWI is gaining a promising role as a reliable marker 
to improve MRI performance, however, characterization 
of  metastatic lymph nodes remains challenging. Other 
MRI biomarkers in the treatment response evaluation 
such as Dynamic contrast enhanced MRI and perfusion 
CT might improve the insights in tumor biology to better 
characterize residual tumor. Experimental studies on MRI 
spectroscopy of  primary CRC, MRI diffusion/perfusion 
and hepatic transit time analysis using MRI in the detec-
tion of  metastatic liver disease are promising. However, 
further research in larger series is needed to be applicable 
in clinical practice. 
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Abstract
Outcome prediction based on tumor stage reflected 
by the American Joint Committee on Cancer (AJCC)/
Union for International Cancer Control (UICC) tumor 
node metastasis (TNM) system is currently regarded as 
the strongest prognostic parameter for patients with 
colorectal cancer. For affected patients, the indication 
for adjuvant therapy is mainly guided by the presence 
of regional lymph node metastasis. In addition to the 
extent of surgical lymph node removal and the thor-
oughness of the pathologist in dissecting the resection 
specimen, several parameters that are related to the 
pathological work-up of the dissected nodes may affect 
the clinical significance of lymph node staging. These 
include changing definitions of lymph nodes, involved 
lymph nodes, and tumor deposits in different editions 
of the AJCC/UICC TNM system as well as the minimum 
number of nodes to be dissected. Methods to increase 
the lymph node yield in the fatty tissue include methy-
lene blue injection and acetone compression. Outcome 
prediction based on the lymph node ratio, defined as 
the number of positive lymph nodes divided by the 
total number of retrieved nodes, may be superior to 
the absolute numbers of involved nodes. Extracapsular 
invasion has been identified as additional prognostic 
factor. Adding step sectioning and immunohistochem-
istry to the pathological work-up may result in higher 

accuracy of histological diagnosis. The clinical value of 
more recent technical advances, such as sentinel lymph 
node biopsy and molecular analysis of lymph nodes tis-
sue still remains to be defined. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Colon cancer; Rectum cancer; Tumor stag-
ing; Lymph node metastasis; Prognosis; Sentinel lymph 
node; Lymph node ratio; Extracapsular invasion; Im-
munohistochemistry; Molecular analysis

Core tip: For patients with colorectal cancer, the indica-
tion for adjuvant therapy is mainly guided by the pres-
ence of regional lymph node metastasis. This review 
provides an in depth analysis of parameters affecting 
the clinical significance of lymph node staging, focusing 
on changing definitions of lymph nodes, involved lymph 
nodes, and tumor deposits in different editions of the 
American Joint Committee on Cancer/Union for Inter-
national Cancer Control tumor node metastasis stag-
ing system, the minimum number of lymph nodes that 
should be evaluated, lymph node ratio, extracapsular 
invasion, sentinel node biopsy, and the potential benefit 
of ancillary techniques, such as immunohistochemistry 
and molecular analysis.
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INTRODUCTION
Colorectal cancer is one of  the most common cancers 
worldwide. In the United States, approximately 102480 
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new cases of  colon cancer and 40340 new cases of  rectal 
cancer have been estimated for 2013. For the same time 
period, 50830 deaths from colorectal cancer have been 
calculated, accounting for about 9% of  all cancer deaths[1]. 

Surgical resection is the treatment of  choice for pa-
tients with locally confined disease. Outcome prediction 
based on tumor stage reflected by the American Joint 
Committee on Cancer (AJCC)/Union for International 
Cancer Control (UICC) tumor node metastasis (TNM) 
system is currently regarded as the strongest prognostic 
parameter. Adjuvant chemotherapy, which is primarily 
based on 5-fluorouracil, has decreased tumor recurrence 
in AJCC/UICC stage Ⅲ patients, while neoadjuvant che-
motherapy and total mesorectal excision have improved 
local control in patients with rectal cancer. The indication 
for adjuvant therapy is mainly guided by the presence of  
regional lymph node metastasis[2-4]. 

A plethora of  controversies exists how the evaluation 
of  resected lymph nodes should be performed, many of  
these affecting the clinical significance of  lymph node 
staging in daily routine practice (Table 1). This already 
starts with varying definitions of  lymph nodes as such, 
lymph nodes involved by metastatic tumor tissue, and 
their differentiation from tumor deposits, as is reflected 
by changing criteria in different editions of  the AJCC/
UICC TNM staging system[5]. The number of  examined 
lymph nodes has been identified as an additional impor-
tant issue. Some investigators claim the lymph node ratio, 
defined as the number of  positive lymph nodes divided 
by the total number of  retrieved nodes, to be more im-
portant than the absolute number of  positive nodes[6-9]. 
Likewise, the identification of  extracapsular invasion by 
cancer cells may help to improve the prognostic signifi-
cance of  lymph node staging[10-13]. 

Manual dissection with subsequent histological as-
sessment based on routinely hematoxylin and eosin (HE) 
stained slides is the standard approach in the examination 
of  regional lymph nodes in cancer specimens (Figure 
1)[14]. However, some studies have raised the suspicion 
that analysis based solely on HE stained slides is insuf-
ficient for a proper evaluation. This notion has led to the 
introduction of  new techniques, such as sentinel node 
biopsy, immunohistochemical and molecular analyses in 
the work-up of  cancer specimens[15]. 

In this review, we will refer to the controversies men-
tioned above in detail, focusing on both clinical impact and 
technical issues. Data for this review were compiled using 
MEDLINE/PubMed and Thomson Reuters Web of  Sci-
ence®, assessing articles published before August 2013. 
The search terms included colorectal cancer, colon cancer, 
rectum cancer, TNM classification, lymph node metastasis, 
lymph node ratio, extracapsular invasion, sentinel lymph 
node, immunohistochemistry, and molecular analysis. Only 
articles published in English were considered.

LYMPH NODE STAGING ACCORDING TO 
THE AJCC/UICC TNM SYSTEM 
Quantitative lymph node evaluation has repeatedly been 

validated as a powerful prognostic tool in patients with 
colorectal cancer. In particular, the absolute number of  
positive nodes has been identified as a highly effective 
predictor of  adverse outcome, as shown by worsening 
of  prognosis with increasing number of  lymph nodes 
involved by cancer[16,17]. 

Hence, in the AJCC/UICC staging system the prog-
nostic stratification of  nodal disease is based on the 
absolute number of  positive lymph nodes. Difficulties, 
however, arise with respect to changing definitions of  
lymph nodes as such, involved lymph nodes, and/or tu-
mor deposits (satellites) in different editions[5]. Tumor de-
posits are macroscopic or microscopic nests or nodules 
of  cancer found in the pericolic and/or perirectal adipose 
tissue’s lymph drainage area of  a primary carcinoma (away 
from the leading edge of  the infiltrating tumor) without 
histological evidence of  residual lymph node in the nod-
ule. They are histologically heterogeneous and may be 
seen associated with distinct anatomic structures, such 
as veins[18]. These deposits may represent discontinuous 
primary tumor spread, venous invasion with extravascular 
spread, or a totally replaced lymph node (Figure 2A-C). 

The main differences between the different editions 
of  the AJCC/UICC TNM system regarding lymph node 
staging are as follows: The 5th edition of  the TNM sys-
tem (TNM-5) introduced the 3 mm rule for their classi-
fication, providing a tool based exclusively on the size of  
the lesions[19]. The 6th edition (TNM-6) discarded the size 
criterion and referred to the contour of  the lesions[20]. 
The 7th edition (TNM-7) focused on the differentiation 
of  lymph node metastases from tumor deposits, includ-
ing the latter in the pN category (pN1c)[21]. Details are pre-
sented in Table 2. 

Nagtegaal et al[5] have proven lymph node staging ac-
cording to TNM-5 to be superior to TNM-6, as demon-
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Table 1  Parameters affecting the clinical significance of 
lymph node staging in colorectal cancer

Extent of surgical lymph node removal 
Thoroughness of the pathologist in dissecting the resection specimen 
Technical methods to increase lymph node yield 
   Methylene blue injection 
   Fat clearing 
   Acetone compression 
Changing definitions of lymph nodes, involved lymph nodes, and 
tumor deposits in different editions of the AJCC/UICC TNM staging 
system 
History of neoadjuvant treatment 
Absolute number of retrieved lymph nodes 
Absolute number of positive lymph nodes 
Lymph node ratio 
Presence of extracapsular invasion 
Sentinel node biopsy 
Number of histological sections 
Use of immunohistochemistry to identify micrometastasis and/or 
isolated tumor cells 
Use of molecular techniques to identify minimal tumor disease in 
lymph node tissue 

AJCC: American Joint Committee on Cancer; UICC: Union for Interna-
tional Cancer Control; TNM: Tumor node metastasis. 
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Figure 1  Manual dissection with subsequent histological assessment based on routinely hematoxylin and eosin stained slides is the standard approach 
in the examination of regional lymph nodes in cancer specimens. A: Rectum cancer specimen of a 56-year-old female; B: Ulcerated primary tumor, measuring 5 
cm in largest diameter; C: After preparation of the primary tumor (including the fatty tissue underneath the lesion and the circumferential margin) the remaining peri-
rectal/mesocolic fatty tissue is carefully removed; D: Specimen for subsequent manual lymph node dissection; E: 36 presumed lymph nodes are isolated, of which the 
largest four are cut into halves and embedded on their own, respectively (lower right); F: 31 lymph nodes are confirmed on hematoxylin and eosin stained slides, one 
of which with metastatic cancer tissue (encircled). 
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MINIMUM NUMBER OF LYMPH NODES 
Adequate assessment of  nodal status depends on the to-
tal number of  retrieved lymph nodes that are available for 
histological evaluation. A recommendation put forward 
by Fielding et al[23] stated the ideal minimum to be 12 
nodes since below this cut-off  value there is a high risk 
of  false-negative reporting of  lymph node involvement 
due to inadequate sampling[16]. This recommendation was 
adopted by the AJCC/UICC TNM system and has been 
included in various clinical practice guidelines[2-4,24]. The 
minimum number of  lymph nodes that should be as-
sessed ensures adequate staging, prognostication, and ac-
curate treatment, since affected lymph nodes are the pri-
mary determinant for the use of  adjuvant chemotherapy. 

The variability in the number of  retrieved lymph 
nodes remains to be a major problem in patient manage-
ment since often the recommended minimum number 
of  12 lymph nodes is not achieved. This may be due to 
differences in the extent of  surgical lymph node removal, 
the thoroughness of  the pathologist in dissecting the 
cancer specimen, and/or the actual number of  regional 
lymph nodes that is related to tumor location[25,26]. In 
rectal cancer, the increasing use of  neoadjuvant therapy 
represents another important factor affecting lymph 
node yield. Under combined chemo-and radiotherapy 
regional lymph nodes undergo a process of  regression. 
Thus, the recommended number of  12 lymph nodes was 

strated in two independent populations. Therefore, sev-
eral national guidelines in Europe still refer to TNM-5 for 
classification. It is simpler, more reproducible, allows for 
comparison with preoperative imaging, and is effective 
and accurate[5]. The potential value of  TNM-7 remains to 
be evaluated in larger prospective studies. The fact that 
all patients with tumor deposits will now be classified in 
the node-positive group has raised major concerns. This 
holds true particular for the evaluation of  tumor regres-
sion and residual tumor foci after neoadjuvant therapy. In 
the group of  patients who did not receive preoperative 
treatment, however, staging according to TNM-7 appears 
to be highly prognostic and possibly superior to TNM-5 
and TNM-6[5]. The reproducibility of  the definitions 
given in the latest version may, however, be imperfect. In 
a recent interobserver variability study of  lymph nodes 
and tumor deposits by Rock et al[22], seven gastrointestinal 
pathologists completely agreed on only 11 of  25 lesions 
(κ-value 0.48; 95%CI: 0.28-0.67). Top-ranked features 
for the differentiation of  lymph node metastases from 
tumor deposits included round shape, peripheral lympho-
cyte rim, peripheral lymphoid follicles, subcapsular sinus, 
residual lymph node surrounding fibroadipose tissue, 
and thick capsule. As inconsistency remains even under 
expert pathologists, it is currently unclear whether the cri-
teria that are available for the distinction of  lymph node 
metastases from tumor deposits are feasible in everyday 
routine practice performed by general pathologists. 
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Figure 2  Lymph node metastases and tumor deposits in patients with colorectal cancer. A: Metastatic adenocarcinoma within a mesocolic lymph node [hema-
toxylin and eosin (HE) original magnification, × 100]; B: Mesocolic lymph node totally replaced by metastatic cancer tissue, note the smooth contour of the lesion (HE, 
original magnification, × 150); C: Tumor deposit (satellite) within the mesocolic fatty tissue, note the irregular contour of the lesion (HE, original magnification, × 250); D: 
Mesocolic lymph node metastasis with extracapsular extension of cancer tissue (original magnification, × 250). 
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reached in only about 20% of  cases in large international 
trials that investigated the benefit of  neoadjuvant therapy 
in rectal cancer. This observation prompted the question 
whether the insufficient number of  lymph nodes is due 
to the disappearance of  the nodes, or just reflects pro-
gressive atrophy and fibrosis with subsequent reduction 
in lymph node size, rendering them undetectable during 
routine pathological work-up[27]. 

Due to the fact that the recommended number of  
nodes is often not reached by traditional manual dissec-
tion new technical methods were introduced to facilitate 
lymph node harvest in the fatty tissue. These include fat 
clearing methods, methylene blue-assisted lymph node 
dissection, as well as acetone elution with subsequent 
compression of  adipose tissue (“acetone compression”). 
The method of  methylene blue-assisted lymph node dis-
section was introduced in 2007 as a cheap and simple 
tool[28]. The method is based on ex vivo intraarterial injec-
tion of  15-20 mL of  methylene blue solution in the fresh 
or shortly formalin-fixed resection specimen. After fix-
ing overnight lymph nodes are dissected manually. This 
technique results in dramatically increased lymph node 
counts compared to conventional dissection. The effect 
is particularly evident in rectal cancer patients after neo-
adjuvant therapy and helps to ensure a sufficient lymph 
node harvest in these patients. However, according to a 

recently published study[29], the application of  this tech-
nique does not seem to be associated with an increased 
detection of  lymph node metastases. In this study, com-
paring methylene blue assisted dissection with standard 
dissection, neither the rate of  nodal positive cases, nor 
the rate of  pN2 cases differed between the two groups. 
The most probable explanation for this finding is the fact 
that mostly involved lymph nodes are enlarged and there-
fore easy to find[30]. 

The acetone elution and compression method was 
introduced by Basten et al[31]. After manual dissection for 
large palpable lymph nodes (usually > 1 cm in diameter) 
the mesorectal fat is perforated with a needle roller and 
transferred to acetone. After elution in acetone, tissue 
samples are mechanically compressed using a manual 
squeezing machine, as described in detail by Gehoff  et 
al[27]. By this method a reduction of  about 90% of  meso-
rectal fat volume is achieved. Specifically, acetone com-
pression facilitates the detection of  any tumor deposit in 
mesorectal and mesenteric fatty tissue and therefore pro-
vides a reliable survey of  tumor cell deposits including 
perineural cancer infiltrates, particularly after neoadjuvant 
therapy[27]. As for methylene blue-assisted lymph node 
dissection, the total number of  harvested lymph nodes 
markedly increased in that study, the number of  positive 
lymph nodes, however, did not change. From a biologi-
cal standpoint it is interesting to note that, basically, the 
number of  lymph nodes is independent of  pretreatment 
status[27]. 

LYMPH NODE RATIO OR ABSOLUTE 
NUMBER OF INVOLVED LYMPH NODES? 
Several studies have demonstrated that simply the analysis 
of  a larger number of  lymph nodes results in a survival 
advantage for patients with stage Ⅱ and Ⅲ disease, while 
the situation for stage Ⅰ disease is less clear[32-36]. A study 
by Lykke et al[36] demonstrated that in patients with more 
than 12 nodes, there was a significantly higher proportion 
of  stage Ⅲ disease, indicating that stage migration takes 
place when high numbers of  lymph nodes are harvested. 
To overcome the dependence on the number of  harvest-
ed lymph nodes, a ratio-based node staging system has 
been proposed. 

The lymph node ratio, defined as the number of  posi-
tive lymph nodes divided by the total number of  retrieved 
nodes, has gained increasing attention. A large number 
of  studies showed that the prognostic significance of  
lymph node ratio is superior to that of  the absolute num-
ber of  involved lymph nodes[6,8,36-44]. Lymph node ratio 
was identified as an independent predictor of  disease-
free survival, overall survival, and cancer-specific survival 
in stage Ⅲ disease. Notably, lymph node ratio remains to 
be an independent prognosticator even after neoadjuvant 
therapy, despite reduction of  the absolute number of  re-
trieved nodes[45]. The lymph node ratio may thus improve 
TNM-based prognostic stratification and may help to 
identify patients at high risk of  disease recurrence and/or 

Table 2  Changing definitions of lymph nodes, involved 
lymph nodes, and tumor deposits in different editions of the 
American Joint Committee on Cancer/Union for International 
Cancer Control tumor node metastasis staging system

TNM-5 A tumor nodule greater than 3 mm in diameter in perirectal 
or pericolic adipose tissue without histological evidence of 
a residual lymph node in the nodule is classified as regional 
lymph node metastasis. However, a tumor nodule up to 3 mm 
in diameter is classified in the T category as discontinuous 
extension, i.e., T3

TNM-6 A tumor nodule in the pericolic/perirectal adipose tissue 
without histological evidence of residual lymph node in the 
nodule is classified in the pN category as a regional lymph 
node metastasis if the nodule has the form and smooth contour 
of a lymph node. If the nodule has an irregular contour, it 
should be classified in the T category and also coded as V1 
(microscopic venous invasion) or V2, if it was grossly evident, 
because there is a strong likelihood that it represents venous 
invasion.

TNM-7 Tumor deposits (satellites), i.e., macroscopic or microscopic 
nests or nodules, in the pericolorectal adipose tissue’s lymph 
drainage area of a primary carcinoma without histological 
evidence of residual lymph node in the nodule, may represent 
discontinuous spread, venous invasion with extravascular 
spread (V1/2) or a totally replaced lymph node (N1/2). If such 
deposits are observed with lesions that would otherwise be 
classified as T1 or T2, then the T classification is not changed, 
but the nodule(s) is recorded N1c. If a nodule is considered 
by the pathologist to be a totally replaced lymph node 
(generally having a smooth contour), it should be recorded as 
a positive lymph node and not as a satellite, and each nodule 
should be counted separately as lymph node in the final pN 
determination.

TNM: Tumor node metastasis. 
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progression. 
Problems, however, remain, particularly as different 

cut-off  values were applied in the studies that identified 
lymph node ratio as promising tool. Currently, we do not 
know which cut-off  value is ideal and whether this value 
may be the best for both colon and rectum cancer. Future 
prospective studies, applying a data-driven approach are 
urgently needed to accurately define these cut-off  values, 
as obviously “not one size fits all”[40]. 

Although the concept of  lymph node ratio was devel-
oped to generate a prognostic marker that is independent 
from the number of  examined nodes data are still con-
flicting in this regard. According to Chen et al[43], lymph 
node ratio independently estimates survival, irrespective 
of  the number of  nodes examined. In the study by Berg-
er et al[38], lymph node ratio was a significant parameter 
when 10 or more lymph nodes were removed, but not 
for patients with less than 10 lymph nodes. 

EXTRACAPSULAR LYMPH NODE 
INVASION
Extracapsular lymph node invasion refers to the exten-
sion of  cancer cells through the nodal capsule into the 
perinodal fatty tissue (Figure 2D)[46]. This phenomenon 
has gained considerable attention as prognostic variable 
in several solid organ tumors, particularly in cancers origi-
nating from breast and head and neck region as well as in 
several gastrointestinal malignancies. 

In colorectal cancer, extracapsular invasion has been 
observed in 18% to 68% of  stage Ⅲ tumors[10-13,46]. Ac-
cording to Komuta et al[10], extracapsular invasion occurs 
more likely in lymph nodes that are occupied for more 
than 50% by cancer cells, compared to lymph nodes with 
less than 50% occupation. Its occurrence has been related 
to high pT-classification, high number of  involved nodes, 
and presence of  positive distant lymph nodes, which al-
lows the conclusion that extracapsular invasion is more 
likely to be found in advanced tumor stage[11-13]. 

The ability of  metastatic nodes to recruit degrada-
tion factors that permit cancer cells to break through the 
lymph node capsule reflects the invasiveness and aggres-
siveness of  the primary tumor, even in an immunologi-
cally hostile environment[46]. Thus, patients with extracap-
sular invasion at metastatic sites are at particularly high 
risk to develop disease progression and distant cancer 
spread[12,13]. In particular, survival and recurrence rates 
of  patients with extracapsular invasion are significantly 
worse than those of  patients without, and extracapsular 
invasion has been identified as independent predictor of  
disease-free and overall survival in patients with node 
positive cancers[11,12,47,48]. 

Overall, the detection and, possibly, quantification 
of  extracapsular invasion may help to individualize post-
operative treatment strategies by identification of  a sub-
group of  patients with significantly poorer long-term 
survival and poorer local control who might benefit from 
intensified adjuvant therapy[46]. 

SENTINEL LYMPH NODE BIOPSY
The sentinel lymph node, defined as the first lymphatic 
station within a given lymph drainage area, is considered 
to be of  eminent importance in oncologic practice. Sen-
tinel node detection may be accomplished by injection of  
blue dye (e.g., methylene blue) or radiotracers near to the 
tumor. Afterwards the surgeon detects the node by visual 
inspection or by use of  gamma probe or Geiger counter. 
In clinical practice, sentinel lymph node biopsy has been 
found to be highly effective in correctly predicting the 
nodal status in malignant melanoma and breast cancer[49]. 
Commonly, a frozen section procedure is employed so 
if  neoplasia is detected further lymph node dissection 
may be performed. If, however, the sentinel node is free 
of  cancer the extent of  operation may be kept to a mini-
mum. 

Within the last two decades, several investigators 
aimed to enlarge the field of  application and have evalu-
ated sentinel lymph node biopsy in various malignan-
cies[50]. In colorectal cancer, the potential benefit of  
sentinel lymph node biopsy is different from that of  ma-
lignant melanoma and breast cancer. Here, the method 
does not intend to reduce the extent of  surgery but aims 
to identify conditions that might lead to more extensive 
surgical lymph node dissection. Another purpose is to 
establish more accurate lymph node staging in order to 
identify patients at risk for disease recurrence and/or 
progression[51]. 

According to a recent meta-analysis[52], the pooled 
sentinel node identification rate is approximately 90% in 
patients with colorectal cancer, with a significantly higher 
rate in studies including more than 100 patients or stud-
ies using an ex vivo approach. The pooled sensitivity of  
the procedure is approximately 70%. Subgroups with 
significantly higher sensitivity could be identified. These 
include individuals with ≥ 4 sentinel nodes identified (vs 
individuals < 4 nodes), colonic location (vs rectal loca-
tion), and early, i.e., pT1/2 carcinomas (vs advanced, i.e., 
pT3/4 carcinomas).

How sentinel lymph node biopsy may be success-
fully incorporated in routine practice has recently been 
illustrated in a study by Saha et al[53]. The authors investi-
gated 192 patients undergoing surgery for colon cancer 
and identified aberrant drainage, i.e., drainage outside the 
standard resection margin requiring change of  the extent 
of  operation, in 22% of  patients. Notably, nodal positiv-
ity was higher in patients undergoing change of  opera-
tion (62%) compared to those undergoing only standard 
oncologic resection (43%). 

Major drawbacks remain to be the still imperfect de-
tection rate and the comparably low sensitivity for the 
identification of  nodal disease. The detection rate is sig-
nificantly influenced by several patient-and disease-specif-
ic factors, the most important of  which being body mass 
index, center experience, and learning curve[49]. The con-
siderably high false-negative rate to identify node-positive 
patients may be explained by aberrant drainage sites and 
the presence of  skip lesions. It is known that skip lesions 
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occur when lymphatics are obstructed by tumor. Retter 
et al[54] showed that in 63% of  their false negative tumors, 
lymphatic and venous invasion by cancer cells was pres-
ent. 

The extent of  the pathological work-up is another 
major factor with significant impact on the performance 
and clinical significance of  the sentinel node biopsy con-
cept. According to the meta-analysis cited above, adding 
step sectioning and immunohistochemistry, e.g., using 
antibodies directed against pankeratin (Figure 3), to the 
pathological work-up resulted in a mean upstaging in 
18.9% (range 0%-50%). True upstaging defined as mi-
crometastases [pN1(mi)] rather than isolated tumor cells 
[pN0(i+)] occurred in 7.7%[52]. The optimal technical 
method how sentinel lymph nodes should be evaluated 
still has to be defined. Several papers have addressed this 
topic, the three most relevant will be referred to in detail. 

In the study by Bembenek et al[49], a total of  141 of  
186 patients classified as nodal negative by routine HE 
staining underwent step sectioning and immunohis-
tochemical analysis for pankeratin (MNF116) of  their 
sentinel lymph nodes. Thirty of  these patients revealed 
micrometastases (n = 7) or isolated tumor cells (n = 23), 
resulting in an overall upstaging rate of  30 of  141 (21.3%). 
In the clinically important subgroup of  stage Ⅱ patients, 
upstaging occurred in 24.2% (21 of  91).

In the study by van der Zaag et al[51], three serial sec-
tions (cut at 500 μm intervals) of  all 908 lymph nodes 

from 58 patients with pN0 carcinomas (according to 
standard evaluation on HE stained slides) were examined 
with three different antibodies [directed against pankera-
tin (Cam5.2), keratin 20, and Ber-EP4]. The examination 
revealed occult tumor cells in 33% (19 of  58) of  histo-
logically pN0 patients (12% micrometastases and 21% 
isolated tumor cells). Occult tumor cells were predomi-
nantly found in sentinel nodes with an overall sensitivity 
of  sentinel mapping for occult tumor cells of  88%. 

In the study by Märkl et al[55], applying methylene blue 
injection in an ex vivo approach lymph node metastases 
were found in 20 of  47 (43%) cases with skip metastases 
occurring in four of  them. Performing three additional 
HE step sections and immunohistochemical staining for 
pankeratin (MNF116) in sentinel lymph nodes and all 
other lymph nodes, resulted in true upstaging (N0N1mi) 
in 1 of  23 cases (4%). 

MOLECULAR ANALYSIS OF LYMPH 
NODES - A FEASIBLE APPROACH? 
The identification of  lymph node involvement is the 
most important factor to predict outcome and qualify af-
fected patients for adjuvant chemotherapy[55]. Manual dis-
section of  fatty tissue and histopathology based on HE 
stained sections remain to be the standard approach in 
pathological lymph node evaluation. 
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Figure 3  Value of immunohistochemistry in the evaluation of lymph nodes from patients with colorectal cancer. A: Micrometastasis in the subcapsular sinus 
of a mesocolic sentinel node evaluated by standard hematoxylin and eosin (HE) staining (original magnification, × 400); B: Micrometastasis in the subcapsular sinus 
of a mesocolic sentinel node evaluated by immunohistochemistry using an antibody preparation directed against pankeratin (serial section to A, original magnification, 
× 400); C: Atrophic perirectal lymph node with marked fibrosis after neoadjuvant treatment (original magnification, × 100); D: Identification of residual cancer cells by 
pankeratin immunostaining (original magnification, × 400). 
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This may, however, lead to underestimation of  disease 
and understaging of  patients. About 30% of  the patients 
with histopathology-negative lymph nodes (AJCC/UICC 
TNM stages Ⅰ and Ⅱ) develop recurrent and/or progres-
sive disease, likely associated with undetected metastatic 
deposits[15,56-59]. As shown above, the use of  additional 
step sections and immunohistochemistry may improve 
the identification of  positive lymph nodes. Of  note, 
many patients initially staged lymph node-negative, who 
experienced disease recurrence had isolated tumor cells 
and/or micrometastases after advanced evaluation[60]. A 
major limitation of  the histological examination is the 
fact that only a small portion of  the lymph node, usually 
the section(s) with the largest cut surface, is assessed leav-
ing most parts of  the nodes uninspected[61]. 

As current techniques for nodal examination may be 
inadequate for the detection of  micrometastases and/or 
isolated tumor cells, molecular analysis of  lymph node 
tissue has been introduced as additional tool in the work-
up of  cancer patients. The identification of  minimal 
disease in lymph nodes by molecular techniques may help 
to identify patients at high risk for recurrence and/or 
progression, who could benefit from adjuvant therapy[62]. 
The following features are relevant: (1) no expression of  
the respective marker in immune cells; (2) no or weak 
downregulation in tumors compared to normal tissue; 
and (3) relatively high and constant expression in tumor 
tissue irrespective of  tumor stage[63]. Several molecular 
markers have been applied (Table 3). In the following we 
will refer to some of  them in detail. 

Keratin 20 (K20) is constitutively expressed in intes-
tinal epithelia and is the most important keratin subtype 
expressed in colorectal cancer. It can be found in more 
than 90% of  primary tumors. Immunoreactivity in meta-
static tissues is known to match well with that of  cor-
responding primary tumors, with high concordance for 
lymph node and distant metastases, respectively[64]. The 
significance of  quantitative real-time polymerase chain 
reaction (RT-PCR) for the detection of  K20 mRNA 
in regional lymph nodes of  cancer patients has been 
investigated by several groups, mainly in sentinel node 
biopsies[15,57,65-71]. In general, these studies demonstrated 
a higher sensitivity of  molecular analysis compared to 
standard evaluation based on HE stained slides and also 

compared to advanced evaluation applying immunohisto-
chemistry.

MUC2 apoprotein, which is secreted from non-
neoplastic intestinal goblet cells and is expressed in the 
majority of  colorectal cancers, has been introduced as 
another promising marker[15,63,72,73]. Some groups investi-
gated carcinoembryonic antigen[63,68,69,72,74], while others 
referred to guanylyl cylase C (GCC)[58,68,75]. GCC is a re-
ceptor for bacterial enterotoxins and the paracrine ligands 
guanylin and uroguanylin and is expressed selectively by 
intestinal epithelium. Comparable to mucin apoprotein 2 
(MUC2), the expression of  GCC is preserved throughout 
the transition from adenoma to carcinoma in colorectal 
tissues[56,58]. Most recently, so-called one-step nucleic acid 
amplification (OSNA) has been introduced to detect 
keratin 19 (K19) mRNA as a surrogate for lymph node 
metastasis. K19 is expressed in many types of  cancer, 
albeit in varying frequencies. OSNA is based on reverse 
transcription-loop-mediated isothermal amplification to 
amplify K19 mRNA[59,61,76]. 

All these techniques allow the examination of  the 
entire lymph node, thereby overcoming the problem 
of  sampling bias due to insufficient analysis of  mate-
rial in the standard histological approach. This may lead 
to improved staging and better selection of  patients for 
adjuvant chemotherapy. More importantly the molecular 
detection of  tumor cells in regional lymph nodes has 
been associated with disease recurrence and poor survival 
in node-negative colorectal cancer[14,77]. 

Problems, however, remain. The value of  quantitative 
RT-PCR assays for the detection of  occult tumor cells 
in regional lymph nodes relies on the balance between 
sensitivity and specificity in order to minimize the oc-
currence of  false-positive or false-negative results[78]. 
None of  the markers are really specific. K19 has been 
used as a molecular marker in a variety of  studies dealing 
with several types of  cancer, including colorectal cancer. 
Doubt has arisen about the tissue specificity of  K19 gene 
expression. Already in 1996, Gunn et al[79] noted K19 gene 
expression in 34 of  40 lymph nodes from patients who 
underwent bowel resection for benign disease. The rea-
sons for the observed false-positivity rate are not entirely 
clear. In addition to simple contamination or dissemina-
tion of  tumor cells and/or tumor cell fragments via the 
lymphatics during the procedure, amplification of  K19 
pseudogenes may play a role[78]. Finally, Bustin et al[68] de-
tected K20, carcinoembryonic antigen, and GCC mRNA 
in 47%, 89% and 13% of  149 lymph nodes, respectively 
from patients with benign disease indicating that K19 is 
not the only marker for which specificity problems re-
main to be solved. 

Nevertheless, the molecular approach has opened new 
options concerning the diagnosis of  isolated tumor cells 
and micrometastases in patients with histopathology-neg-
ative lymph nodes[57]. Benefits of  the molecular approach 
have to be weighed against potential drawbacks. A major 
reason for controversy is the lack of  standardization of  
molecular analyses hampering comparison of  different 
studies as well as inclusion of  molecular techniques into 

Table 3  Markers for molecular lymph node staging

Keratin 20 
Keratin 19 (including one-step nucleic acid amplification technique) 
Mucin apoprotein 2  
Guanylyl cylase C 
Carcinoembryonic antigen 
CEACAM6 
CEACAM1-S 
CEACAM1-L 
CEACAM7-1 
CEACAM7-2 
c-Met 
K-ras mutation 
Estrogen receptor promoter methylation 
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routine practice[57]. According to current practice guide-
lines, AJCC/UICC stage Ⅲ patients receive adjuvant 
treatment. This strategy results in significantly improved 
outcome when nodal disease is proven histologically. 
However, it is currently not entirely clear whether the 
patients with nodal disease proven on a molecular level 
experience similar benefits if  chemotherapy is given. 

CONCLUSION
Lymph node staging is a major prognostic factor in 
colorectal cancer and remains to be the most important 
criterion to select patients for adjuvant treatment. Chang-
ing definition of  lymph nodes, involved lymph nodes, 
and tumor deposits in different editions of  the AJCC/
UICC TNM system have influenced the significance of  
lymph node staging in the past. The standard approach 
for lymph node evaluation is based on manual dissection 
and histological evaluation of  HE stained slides. Methy-
lene blue injection and fat clearing methods increase 
lymph node harvest in cancer specimens. Adding step 
sectioning and immunohistochemistry to the pathologi-
cal work-up may result in higher accuracy of  histological 
diagnosis. The clinical value of  more recent techniques, 
such as sentinel lymph node biopsy and molecular analy-
sis of  lymph nodes tissue still remains to be defined. 
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Abstract
Less than 5% of colorectal adenomas will become 
malignant, but we do not have sufficient knowledge 
about their natural course to target removal of these 
5% only. Thus, 95% of polypectomies are a waste of 
time exposing patients to a small risk of complications. 
Recently, a new type of polyps, sessile serrated polyps, 
has attracted attention. Previously considered innocu-
ous, they are now found to have molecular similarities 
to cancer and some guidelines recommend to have 
them removed. These lesions are often flat, covered by 
mucous, not easily seen and situated in the proximal 
colon where the bowel wall is thinner. Thus, polypec-
tomy carries a higher risk of perforation than predomi-
nantly left-sided, stalked adenomas - and we do not 
know what is gained in terms of cancer prevention. 
Screening is a neat balance between harms and benefit 
for presumptively healthy participants not interested in 
risk exposure to obtain confirmation of being healthy. 
The situation is quite different for patient worried about 
symptom. Thus, the standards set for evidence-based 
practice may be higher for screening than for routine 
clinics - a mechanism which may benefit patients in the 
long run.
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Core tip: There is a basic difference in incitements to 
attend for screening when you are healthy and for rou-
tine clinics when you are ill. This article points out logi-
cal mechanisms which may set standards for screening 
higher than for routine clinics, but this may prove to be 
of benefit for clinical services and patients in the long 
run. This is highlighted by sessile serrated polyps which 
were previously classified as innocuous hyperplastic 
polyps. Recent guidelines now recommend polypec-
tomy of these lesions for cancer prevention, but we do 
not know the benefit gained - only the increased risk of 
perforation by polypectomy. 
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MECHANISMS FAVOURING DIFFERENT 
STANDARDS
We know that there are endoscopist-dependent variations 
in colonoscopy performance - whether this service is pro-
vided in routine clinics or screening[1-4]. Quality assurance 
(QA) initiatives driven by health care providers may be 
half-hearted - particularly when demands for colonoscopy 
outnumber available capacity and reducing unacceptable 
waiting lists is first priority. Within the European Union, 
however, it has been stated explicitly for screening that 
only organized screening that can be evaluated is to be 
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accepted, “performance indicators should be monitored 
regularly” and the population should be protected from 
“poor-quality screening”[5]. Independent of  such policy 
statements for QA which may have its counterparts in 
clinical non-screening services in many countries, client or 
patient-driven QA may have a stronger impact in screen-
ing programmes than in routine clinics. The option of  
not attending if  the quality is sub-standard is both more 
realistic and a dreadful threat to screening programmes 
compared to routine clinical services. Whichever colorec-
tal cancer (CRC) screening method is used, high atten-
dance rates are crucial for the success of  any screening 
programme - “the best screening test is the one that gets 
done”[6].

There is a basic difference between screening partici-
pants and patients. Screenees are presumptively healthy 
individuals who seek confirmation that they are just that - 
healthy. Patients have symptoms and disease for which 
they seek whatever help may be offered. This means 
that patients may be more willing to accept some risk of  
complications, harms and discomfort to be cured. It is 
reasonable that screenees are not willing to subject them-
selves to risks and discomfort to obtain confirmation of  
being healthy. 

Screening participants: Presumptively healthy seeking 
confirmation of  being healthy. Not willing to take risks to 
obtain this confirmation. They request documentation of  
benefits and harms - “what is in it for me?”

Patients: They have symptoms or known disease for which 
they seek whatever help they may be offered. It may be a 
matter of  clinging to a hope of  cure with great willingness 
to pay and few questions asked on documentation of  ef-
fect - “please, just do something!”

Since high attendance rates are crucial for screening pro-
grammes, it is important to understand the reasons for 
non-attendance. This is far from a primary issue in routine 
clinics serving patients. In focus groups addressing CRC 
screening, both representatives of  target populations and 
family doctors have expressed scepticism to screening, 
questioning the evidence of  its effectiveness[7]. To meet 
these critics, facts about risks and benefits and defining 
fields of  uncertainty must be produced and made acces-
sible in a trustworthy and understandable format to pro-
vide a basis for informed decision-making by members of  
the target population[8,9]. This is quite a different exercise 
from campaigning for screening by appealing to fear, guilt 
and personal responsibility - methods that may have been 
used too frequently in the short history of  screening to 
improve attendance[10]. Such campaigning will only tear 
down any trustworthiness there may have been. There 
should be a strong incitement to provide high-degree level 
of  evidence to support (or discard) screening - evidence 
that can withstand scepticism and critics generated by 
poor-level evidence and over-selling screening services[10].

SIZE OF THE PROBLEM AND THE HIGH 
INTENTIONS OF DOING GOOD 
On a worldwide basis, there are more than 1.2 million 
new cases of  CRC diagnosed annually with prospects of  
5-year survival for 50%-60% of  patients[11,12]. Symptoms 
often appear late and they are unspecific - mimicking 
common and more trivial conditions like haemorrhoids 
and irritable bowel. Although progress is being made on 
treatment of  advanced CRC, new drugs are driving costs, 
but the best bet for cure remains early diagnosis and 
surgery. Both to get at the cancer at an early, asymptom-
atic stage to save lives and suffering - and to save costs 
for treatment of  advanced disease[13], CRC screening is 
recommended in several countries[14]. There are several 
screening methods, but only fecal occult blood tests 
(FOBT) and flexible sigmoidoscopy (FS) have been sub-
jected to randomized trials (RCT) with long-term follow-
up[15-18]. By intention-to-treat analyses, FOBT screening 
reduces CRC mortality by 15%-18% with no effect on 
CRC incidence. FS screening reduces mortality by 28% 
and incidence by 18%[18]. Intuitively, colonoscopy screen-
ing should be twice as good as FS (“half-way colonos-
copy”) combining “gold standard” sensitivity for CRC 
and polyp detection with tissue sampling and removal of  
CRC precursor lesions (polyps). There are RCTs on colo-
noscopy underway, but results are not expected for many 
years[19,20]. Retrospective studies, however, have suggested 
that colonoscopy screening may not be as effective as 
expected in reducing right-sided CRC[21]. It has been sug-
gested that right-sided (proximal) sessile serrated polyps, 
which are easily overlooked and share molecular similari-
ties to CRC, may represent an additional polyp-carcinoma 
pathway similar to the traditional adenoma-carcinoma 
pathway[22]. This may explain poorer results than expected 
for colonoscopy in reducing the burden of  right-sided 
CRC. When the trials on FOBT and FS screening were 
done, endoscopists and pathologists largely considered 
sessile serrated polyps to be hyperplastic and non-neo-
plastic with no intrinsic potential to develop into CRC. 
Changing to go aggressively for these right-sided sessile 
lesion has its implications (e.g., higher risk of  perforation 
at polypectomy) and we really do not know what there is 
to be gained - i.e., we cannot quantify expectations of  a 
reduced risk of  CRC.

OVERTREATMENT WITH A FEAR OF NOT 
DOING ENOUGH 
Screening is a neat balance between benefits and harms - 
benefit for the few (those few discovered to have asymp-
tomatic CRC or advanced adenoma) vs inconvenience 
and potential risks for the many (all other participants). 
Providing data on CRC mortality and/or incidence re-
duction is a prerequisite before implementing screening 
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programmes[5], but the target population should also 
receive valid information on the downsides of  screening, 
like the risk of  perforation and bleeding when polypec-
tomy is recommended. We now have long-term results 
from RCTs on FOBT and FS screening based on the 
standards used in the trials, including work-up colonosco-
pies and surgical treatment, and we can provide the target 
population with information of  what is to be gained in 
terms of  mortality and incidence reduction and the risks 
involved with endoscopy, polyp removal and surgery 
when required. This is very much a satisfactory level of  
practicing “evidence-based medicine”. 

Our current practice of  polyp treatment and surveil-
lance is largely based on consensus guidelines. If  we 
change our practice in screening programmes from the 
standards used in trials preceding the programmes, we 
do this because we believe such adjustments are for the 
good. The intentions may be the best, but is the evidence 
up to standards required for the target population to 
feel it worthwhile attending for screening? RCTs on FS 
screening give 18% reduced risk of  CRC with a 0.04% 
risk of  perforation and 0.1% risk of  perforation at work-
up colonoscopy[18]. But - more meticulous search and 
removal of  proximal sessile serrated polyps may involve 
a risk of  3% for severe complications (perforation and 
bleeding) for these lesions[23] with no evidence of  what 
to be gained (Figure 1). This is a level of  uncertainty that 
may not be questioned by patients, but more likely tilt the 
decision of  the potential screenee towards not attending. 

Overdiagnosis and overtreatment of  cancer is a recent 
issue that has emerged from screening activity - not from 
routine clinical work[24]. For CRC, we know that more 
than 95% of  polypectomies are a waste of  time involving 
unnecessary risks, but we do not know which 5% to go 
for. After more than 120 years of  the adenoma-carcinoma 
sequence theory[25], we do not know the natural history of  
adenomas. We can say very little about future risk of  CRC 
in a polypectomized adenoma - had it not been removed. 
It is desirable with better definition and targeting of  high-
risk polyps to be removed and low-risk lesions to be 
ignored at colonoscopy. It is hard to see how this knowl-
edge-gap can be filled without accepting prospective stud-
ies on in-situ polyps. With a low risk for complications at 
polypectomy, this may not be acceptable. Moving towards 
more aggressive interventions without knowing the mag-

nitude of  expected benefit, we may eventually reach a line 
when screening either is to be stopped or modified due 
to complications. At that point in time the problems of  
overtreatment may become so pronounced that in-situ re-
search with all possible security measures may be accept-
ed. There may be more at stake for screening programme 
providers and participants (screenees) on this issue than 
for patients, and it may be that comparative effectiveness 
research (CER) within screening programmes[26] may pro-
vide possibilities to fill this and other knowledge-gaps - 
also for the benefit of  clinical practice. Among 45 original 
publications on the main study and sub-studies published 
so far from the Norwegian Colorectal Cancer Prevention 
trial (NORCCAP) there were several findings of  transfer 
value to routine clinical practice - particularly on endos-
copy technique and technology (listed in www.kreftregis-
teret.no/norccap).

CONCLUSION
There is a basic difference in incitements to attend for 
screening when you are healthy and for routine clinics 
when you are ill. This may be more clearly brought for-
ward by an increasing demand for patients and clients 
to have a say in QA of  health care provisions - both in 
screening and routine clinics. There are logical mecha-
nisms which may set standards for screening higher than 
for routine clinics, but this may prove to be of  benefit for 
clinical services and patients in the long run.
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Abstract
The incidence of colorectal cancer (CRC) is on the rise, 
and the prognosis for patients with recurrent or meta-
static disease is extremely poor. Although chemothera-

py and radiation therapy can improve survival rates, it 
is imperative to integrate alternative strategies such as 
immunotherapy to improve outcomes for patients with 
advanced CRC. In this review, we will discuss the effect 
of immunotherapy for inducing cytotoxic T lymphocytes 
and the major immunotherapeutic approaches for CRC 
that are currently in clinical trials, including peptide 
vaccines, dendritic cell-based cancer vaccines, whole 
tumor cell vaccines, viral vector-based cancer vaccines, 
adoptive cell transfer therapy, antibody-based cancer 
immunotherapy, and cytokine therapy. The possibility 
of combination therapies will also be discussed along 
with the challenges presented by tumor escape mecha-
nisms.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: The prognosis for patients with recurrent or 
metastatic colorectal cancer (CRC) is extremely poor. 
Immunotherapy may be effective for treating CRC 
patients and/or preventing relapse. The immunothera-
peutic approaches for CRC, including peptide vaccines, 
dendritic cell-based cancer vaccines, whole tumor cell 
vaccines, viral vector-based cancer vaccines, adoptive 
cell transfer therapy, antibody-based cancer immu-
notherapy, and cytokine therapy have been demon-
strated. The blockade of multiple immune regulatory 
checkpoints combined with immunotherapy and/or 
conventional chemotherapy may be effective in treating 
patients with advanced CRC.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common can-
cer in men (accounting for 10.0% of  all cancers) and the 
second most common cancer in women (accounting for 
9.4% of  all cancers) worldwide. Additionally, CRC is the 
fourth most common cause of  cancer-related death[1]. 
Optimization of  surgical resection for patients with local-
ized disease has dramatically improved 5 year and 10 year 
survival rates. The prognosis for patients with resectable 
tumors depends on the disease stage. CRC patients with 
distant metastasis have a 12% survival rate[2], and more 
than 20% of  CRC patients have metastatic disease at 
the time of  diagnosis[3,4]. Moreover, despite the fact that 
80% of  CRC patients with localized disease demonstrate 
complete macroscopic clearance of  the tumor by surgery, 
50% of  CRC patients will relapse due to the presence of  
micro-metastasis at the time of  surgery[5]. Chemotherapy 
is approved for the treatment of  regionally metastatic 
CRC, but it shows only modest efficacy and is ineffective 
against distant metastases[6]. The prognosis for patients 
with advanced disease remains unfavorable due to the 
frequency of  recurrence, distant metastasis, and resis-
tance to chemotherapy. Thus, novel treatment modalities 
are needed. Interestingly, tumors that develop chemo-
therapy or radiation resistance are still suitable targets for 
immunotherapy[7-10]. Therefore, cancer immunotherapy 
may be effective for treating CRC patients and/or pre-
venting relapse.

ANTITUMOR IMMUNE RESPONSES
T cells
Tumor cells degrade endogenous and exogenous tumor-
associated antigens (TAAs) into short peptides (usually 
8-10 amino acids) and present them on the cell surface in 
the context of  major histocompatibility complex (MHC) 
class Ⅰ molecules. T cell receptor (TCR) interaction with 
the complex of  peptides and MHC class Ⅰ molecules 
on tumor cells is a critical event in the T cell-mediated 
antitumor immune response. T cells that express the αβ 
TCR generally express CD4+ (helper T cells) or CD8+ 
(cytotoxic T cells) lineage markers[11]. In particular, CD8+ 
T cells recognize peptides (usually 8-10 amino acids) de-
rived from TAAs bound by MHC class Ⅰ molecules on 
tumor cells. Thus, immunotherapy may promote cancer 
cell killing by eliciting antitumor immune responses by 
recognizing specific TAAs on tumor cells.

To induce antigen-specific CD8+ cytotoxic T lym-
phocytes (CTLs), peptides derived from TAAs must 
be presented on the surface of  antigen presenting cells 
(APCs) in the context of  MHC class Ⅰ molecules. In 
contrast, CD4+ T cells recognize peptides (usually 10-30 

amino acids) in association with MHC class Ⅱ molecules 
on APCs and enhance the persistence of  antigen-specific 
CD8+ CTLs through secretion of  interleukin (IL)-2 
and interferon (IFN)-γ[12]. Therefore, the interaction 
of  the αβ TCR with complexes of  peptides and MHC 
class Ⅰ and class Ⅱ molecules on APCs is a central event 
in cancer immunotherapy. The αβ TCR expressed by 
CD8+ CTLs recognizes MHC class Ⅰ-peptide complex-
es on tumor cells and leads to tumor cell killing through 
effector molecules such as perforin and granzyme B[13]. 
Moreover, there is increasing evidence that CD4+ T cells 
play a more direct role in generating efficient antitumor 
immunity beyond simply assisting[14]. Therefore, effec-
tive antitumor responses depend on the presence and 
function of  T cells that recognize and eliminate tumor 
cells[14,15].

A unique subset of  human T cells expresses the 
TCR-γδ. Human γδT cells include several subsets of  
cells defined by their TCR. The most common subset of  
TCR-γδT cells in circulating blood express the Vγ9Vδ2 
receptor[16,17]. Although cancer immunotherapy strategies 
primarily focus on activation of  these MHC-restricted 
T cells, γδT cells and αβT cells share certain effector 
functions such as cytokine production and potent cyto-
toxic activity. However, they recognize different sets of  
antigens, usually in a non-MHC-restricted fashion[16,18]. 
Thus, T cells can attack tumors in their HLA-unrestricted 
cytotoxic capacity, as well as by secreting cytokines. In-
deed, tumor-infiltrating γδT cells have been detected in 
a broad range of  cancers, including CRC[19]. Importantly, 
activated γδT cells can kill cells from metastatic renal cell 
carcinomas, mammary carcinomas, prostate carcinomas 
and colorectal carcinomas, while sparing normal, untrans-
formed cells[18,19].

Natural killer cells
Natural killer (NK) cells are component of  innate im-
munity responses to tumor cells[20]. NK cells can rapidly 
kill certain target cells, including tumor cells with down-
regulated MHC class Ⅰ molecules[21]. Thus, NK cells play 
a critical role in antitumor immunity. NK cells recognize 
tumor cells via cellular stress or DNA damage signals[22]. 
Activated NK cells directly kill target tumor cells through 
several mechanisms, including[23]: (1) cytoplasmic granules 
such as perforin and granzyme B[24]; (2) tumor necrosis 
factor-related apoptosis-inducing ligand and Fas ligand 
(FasL)[25,26]; (3) effector molecules such as IFN-γ and ni-
tric oxide (NO)[24,27]; and (4) antibody-dependent cellular 
cytotoxicity (ADCC)[28]. NK cell activators (IL-2, IL-12, 
IL-15, and IL-18), have also been validated in preclinical 
cancer models[23].

Dendritic cells
Dendritic cells (DCs) are potent APCs that have been 
used in cancer vaccines due to their ability to initiate an-
titumor immune responses[12]. DCs are characterized by 
expression of  MHC class Ⅰ, class Ⅱ, and costimulatory 
molecules (B7, ICAM-1, LFA-1, LFA-3, and CD40)[29-31]. 
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These molecules function in concert to generate a net-
work of  secondary signals essential for reinforcing the 
primary antigen-specific signal in T-cell activation[29-31]. 
DCs process endogenously synthesized antigens into 
antigenic peptides, which are presented on the cell sur-
face in MHC class Ⅰ-peptide and recognized by the αβ 
TCR on naïve CD8+ T cells[12]. DCs can also capture and 
process exogenous antigens, which are then presented by 
MHC class Ⅰ molecules through an endogenous pathway 
in a process known as “cross-presentation”[32]. Moreover, 
exogenous antigens from the extracellular environment 
are also captured by DCs and delivered to the endosom-
al/lysosomal compartment, where they are degraded to 
antigenic peptides by proteases and peptidases. These an-
tigens then complex with MHC class Ⅱ for recognition 
by the αβ TCR of  naïve CD4+ T cells[12]. Efficient anti-
gen presentation by MHC class Ⅰ and class Ⅱ on DCs is 
essential for evoking tumor-specific immune responses[33]. 
Mature DCs are significantly better at processing and 
presenting MHC-peptide to the TCR and inducing CTLs 
due to higher expression of  MHC class Ⅰ and class Ⅱ 
and costimulatory molecules[33].

Immature DCs reside in peripheral tissues where 
they take up and process antigens that are degraded 
to peptides. These peptides are then bound to MHC 
class Ⅰ molecules for presentation to CD8+ CTLs or 
bound to MHC class Ⅱ molecules for presentation to 
CD4+ T helper (Th) cells. Differentiation of  the im-
mature DCs into mature DCs is triggered by molecular 
stimuli that are released in response to tissue disturbance 
and local inflammatory responses caused by pathogens[34]. 
After antigen uptake and stimulation by the inflammatory 
response, immature DCs in the peripheral tissues under-
go a maturation process characterized by the up-regula-
tion of  MHC class Ⅰ and class Ⅱ and costimulatory mol-
ecules, the up-regulation of  chemokine receptors such as 
CCR7, and the secretion of  cytokines such as IL-12[34,35]. 
The mature DCs migrate to secondary lymphoid organs, 
where they present antigens to CD4+ and CD8+ T cells 
through the MHC class Ⅰ and class Ⅱ pathways, respec-
tively[12,34]. Therefore, the aim of  immunotherapy is to 
simultaneously activate CD8+ CTLs (which recognize 
TAA) and CD4+ Th cells.

Immune suppressive cells
CD4+ Th cells are critical for inducing and regulating im-
mune responses. Immune homeostasis is primarily con-
trolled by two distinct helper T cell subsets, Th1 and Th2 
cells[36]. Th1 cells secrete IFN-γ, which can further sen-
sitize tumor cells to CTLs by inducing the up-regulation 
of  MHC class Ⅰ molecule expression on tumor cells and 
antigen-processing machinery in DCs[12]. Th2 cells secrete 
type Ⅱ cytokines such as IL-4 and IL-10 that enhance 
humoral immunity (the antibody-based antitumor re-
sponse)[12]. Importantly, tumor cell-derived soluble factors 
such as transforming growth factor-β (TGF-β) and IL-10 
induce tolerance by promoting the expansion of  the 
CD4+α-2R (CD25)+ forkhead box P3 (Foxp3)+ natural 

Treg subset[37]. Induced Tregs (CD4+CD25+Foxp3-) se-
crete TGF-β and IL-10 and suppress Th1 and Th2 phe-
notypes[38,39]. Therefore, Tregs play a pivotal role in tumor 
progression and the suppression of  antitumor immunity.

The cancer microenvironment consists not only of  
cancer cells but also stromal cells such as cancer-associ-
ated fibroblasts, tolerogenic DCs, myeloid-derived sup-
pressor cells, immunosuppressive tumor-associated mac-
rophages (TAMs), and Tregs. These immune suppressive 
cells secrete vascular endothelial growth factor (VEGF), 
IL-6, IL-10, TGF-β, soluble FasL, and indolamine-2,3-
dioxygenase (IDO)[40], which inhibit antitumor immunity 
by various mechanisms, including depletion of  arginine 
and elaboration of  reactive oxygen species (ROS) and 
NO. Moreover, the tumor microenvironment promotes 
the accumulation of  Tregs that suppress CD8+ CTL 
function due to the secretion of  IL-10 or TGF-β from 
Tregs and tumor cells[40] (Figure 1).

IMMUNOTHERAPY
Immunotherapy is an active therapeutic approach de-
signed to trigger the immune system to respond to 
tumor-specific antigens and attack tumor cells. Immu-
notherapy strategies include the use of  peptides derived 
from TAAs, whole tumor cells, in vitro-generated DCs, or 
viral vector-based cancer vaccines (Table 1).

Peptide vaccines
A peptide vaccine is based on the identification and syn-
thesis of  epitopes, which can induce TAA-specific anti-
tumor immune responses. CRC cells express TAAs such 
as carcinoembryonic antigen (CEA)[41,42], mucin 1[41-43], 
epidermal growth factor receptor (EGFR)[44], squamous 
cell carcinoma antigen recognized by T cells 3 (SART3)[45], 
β-human chorionic gonadotropin (β-hCG)[46], Wilms’ 
Tumor antigen 1 (WT1)[47], Survivin-2B[48], MAGE3[49], 
p53[50], or mutated KRAS[51], which are potential targets 
for immunotherapy. Peptide vaccines targeting these 
TAAs may be a useful approach for immunotherapy in 
CRC patients.

Peptide vaccines are simple, safe, stable, and economi-
cal. Multiple MHC class Ⅰ-binding peptides have been 
identified and tested for immunogenicity. Several peptide 
vaccines for CRC have been tested in phase Ⅰ clinical tri-
als. Fifteen patients with advanced or recurrent CRC ex-
pressing survivin were vaccinated with a peptide derived 
from HLA-A*2402-restricted epitopes[48]. In 6 patients, 
tumor marker levels (CEA and CA19-9) decreased tran-
siently during the survivin-2B peptide vaccination. More-
over, in phase I trial of  peptide-cocktail vaccines derived 
from ring finger protein 43 (RNF43) and translocase of  
the outer mitochondrial membrane 34 (TOMM34), 8 of  
21 patients exhibited antigen-specific CTL responses to 
both RNF43 and TOMM34, and 12 patients exhibited 
CTL responses to one of  the peptides only[52]. The pa-
tients who did not demonstrate any CTL responses had 
the lowest survival rates. By vaccination with a 13-mer 
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exist[13]. Synthetic long peptides may be more attractive 
candidates for peptide-based vaccines. In a phase I/Ⅱ 
trial, 10 CRC patients were vaccinated twice with a set of  
10 overlapping p53 synthetic long peptides[50]. P53-spe-
cific CD4+ and CD8+ T-cell responses were observed 
in 9 of  10 CRC patients, and 6 of  9 tested patients main-
tained p53-specific T-cell reactivity for at least 6 mo. New 
trials may focus on improving the long peptide vaccine-
induced antitumor immune responses.

DC vaccines
Three signals were required for induction of  efficient 
CTL responses: (1) simultaneous presentation of  multiple 
TAAs by both MHC class Ⅰ and class Ⅱ molecules; (2) 
costimulation by membrane-bound receptor-ligand pairs; 
and (3) cytokines to direct polarization of  the resultant 
antitumor immune responses. DCs can provide all three 
of  these signals that are essential for the induction of  
antitumor immunity[33]. Therefore, many clinical trials of  
antigen-pulsed DCs have been conducted in patients with 
various types of  tumors, including CRC.

To date, various strategies for delivering TAAs to DCs 
have been developed to generate potent CTL responses 
against tumor cells. DCs have been pulsed with synthetic 
peptides derived from the known TAAs[56], tumor cell 
lysates[57], apoptotic tumor cells[32], and tumor RNA[58], or 

mutant ras peptide, 2 of  7 CRC patients showed antitu-
mor immune responses that were significantly associated 
with prolonged overall survival[53]. Moreover, in a phase 
Ⅱ trial, vaccination with the β-hCG peptide induced anti-
β-hCG antibody production in 56 of  77 CRC patients[46]. 
Interestingly, anti-β-hCG antibody induction was associ-
ated with longer overall survival[46]. However, some clini-
cal trials report a discrepancy between clinical and immu-
nological responses. In SART3 peptide vaccine therapy, 
IgE-type anti-peptide antibodies were detected after 
vaccination; however, immunological responses were not 
detected in the patients[45]. Peptide vaccines for CRC pa-
tients are generally well-tolerated, with no patients requir-
ing cessation due to toxicity; however, a high frequency 
of  reactions were observed at the injection site due to the 
use of  adjuvants such as incomplete Freund’s adjuvant, 
IL-2, granulocyte-macrophage colony-stimulating factor 
(GM-CSF), and bacillus Calmette-Guerin (BCG). Impor-
tantly, peptide vaccines have shown only limited success 
in clinical trials. There are several drawbacks to the pep-
tide vaccination strategy, including: (1) limitations due to 
the patient’s HLA type[54]; (2) ineffectiveness of  CD8+ 
CTLs due to the down-regulation of  certain antigens and 
MHC class Ⅰ molecules; (3) impaired DC function in pa-
tients with advanced cancer[55]; and (4) tumor microenvi-
ronments, where immune suppressive cells such as Tregs 
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Figure 1  Immunosuppression in the tumor microenvironment. Cancer cells secrete various factors such as vascular endothelial growth factor (VEGF), interleukin 
(IL)-6, IL-10, transforming growth factor-β (TGF-β), Fas ligand (FasL), PD1 ligand 1 (PD-L1), and indolamine-2,3-dioxygenase (IDO), all of which promote the accu-
mulation of heterogeneous populations of cancer-associated fibroblasts (CAFs), tumor-associated macrophages (TAMs), myeloid-derived suppressor cells (MDSCs), 
and tolerogenic dendritic cells (DCs). These immunosuppressive cells inhibit antitumor immunity by various mechanisms, including depletion of arginine and elabora-
tion of reactive oxygen species (ROS) and nitric oxide (NO). The tumor microenvironment promotes the accumulation of Tregs that suppress CD8+ cytotoxic T lym-
phocyte (CTL) function through secretion of IL-10 and TGF-β. 
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physically fused with whole tumor cells[59] to induce ef-
ficient antitumor immune responses (Figure 2). Because 
CEA is a tumor-associated antigen expressed by most 
CRCs, DCs have been pulsed with CEA peptides[60-64] 
or CEA mRNA[63,65]. In these phase Ⅰ clinical trials, the 
majority of  vaccinated CRC patients demonstrated the 
induction of  CEA-specific T cell responses. Moreover, 
disease progression stabilized in several patients, and the 
vaccine was safe and well-tolerated. As CEA is a self-
antigen and poorly immunogenic, Fong et al[64] generated 
altered peptide ligands that were derived from native T 

cell epitopes and contained amino acid substitutions that 
either increased the peptide affinity for the MHC peptide-
binding groove or modified interactions with the T cell re-
ceptor. In this trial, 12 patients were immunized with DCs 
loaded with altered peptides derived from CEA and the 
Flt3 adjuvant ligand. Two of  12 patients showed disease 
stabilization for 3 mo and 6 mo, 2 patients showed com-
plete responses for more than 10 mo, and one patient had 
a mixed response with some regression of  liver metasta-
ses. To improve the clinical efficacy of  DC-based cancer 
vaccines, it is crucial to design novel strategies that boost 

Table 1  Immunotherapy strategies for colorectal cancer

Vaccine Clinical response Immunological response Ref.

Peptide
   Survivin-2B PR (1/15)

SD (3/15)
  PD (11/15)

Temporary decrease of CEA level 40% (6/15)

Increase of Survivin-2B-specific CTL frequency 
DTH 40% (6/15)

[48]

   Combination chemotherapy with peptide 
   vaccine against RNF43 and TOMM34

  SD (16/19)
PD (3/19)

8 of 21 patients exhibited antigen-specific CTL 
responses to both RNF43 and TOMM34, and 12 
patients exhibited CTL responses to one of the 

peptides only

[52]

   13-mer mutant ras Of nine patients who completed all six 
vaccinations, seven patients showed no 

remaining evidence of disease

Two CRC patients showed immunological 
responses, and the antitumor immune response 

was significantly associated with prolonged 
overall survival

[53]

   β-hCG Prolongation of survival in patients with a 
high level of antipeptide antibodies

Induction of serum antipeptide antibody (56/77) [46]

   SART3 Diagnosis at 5 mo after first vaccination:
SD (1/19)

  PD (10/19)

Increased CTL activity (2/11), induction of 
serum antipeptide IgG (2/12), IgE (5/12),              

DTH (0/12)

[45]

   A set of 10 overlapping p53 synthetic long 
   peptides 

Induction of p53-specific CD4+ and CD8+ T-cell 
responses (9/10), maintained p53-specific CTL 

reactivity for at least 6 mo (6/9)

[50]

DC
   DC pulsed with CEA peptide or CEA mRNA Disease stabilization was observed in several 

patients
The majority of CRC patients demonstrated 
induction of CEA-specific T cell responses

[60-65]

   DCs pulsed with CEA-derived altered 
   peptides combined with the adjuvant Flt3 
   ligand

2 of 12 patients exhibited SD for 3 and 6 mo; 
2 patients exhibited CR for more than 10 mo; 

1 patient had a mixed response with some 
regression of liver metastases

Expansion of CD8+ T cells that recognize both 
the native and altered epitopes and possess an 

effector CTL phenotype

[64]

Whole tumor cell
   Autologous tumor cells combined with BCG No significant clinical benefit was seen with 

whole tumor cell vaccines in surgically 
resected patients with stage Ⅱ or Ⅲ CRC

When treatment compliance was evaluated, 
the trend indicated benefits from vaccination 

in terms of disease-free survival (P = 0.078) and 
overall survival (P = 0.12)

[68]

   NDV-infected irradiated autologous tumor 
   cells

A randomized phase Ⅲ study of 50 patients 
with resectable CRC liver metastases 
demonstrated that vaccination with 

NDV-infected whole tumor cell did not 
significantly improve overall survival.

DTH (21/31) [74,75]

Viral vector
   Replication-defective recombinant fowlpox 
   and vaccinia viruses encoding the CEA antigen 
   and TRICOM (B7.1, ICAM-1, and LFA-3)

SD (3/9) Induction of CEA-specific CTL (3/9) [79]

   Combination chemotherapy and vaccination 
   with a nonreplicating canarypox virus (ALVAC) 
   expressing the CEA and T-cell costimulatory 
   molecule B7.1 (ALVAC-CEA/B7.1)

Objective response
(42/118)

Increases in CEA-specific T cells were detected 
in patients treated with chemotherapy and 

booster vaccination

[80]

Immunotherapy strategies including peptides derived from tumor-associated antigens, whole tumor cells, in vitro-generated dendritic cells (DCs), or viral 
vector-based cancer vaccine. PD: Programmed cell death protein; CTL: Cytotoxic T lymphocytes; CEA: Carcinoembryonic antigen; CRC: Colorectal cancer; 
RNF43: Ring finger protein 43; TOMM34: Translocase of outer mitochondrial membrane 34; β-hCG: β-human chorionic gonadotropin; SART3: Squamous 
cell carcinoma antigen recognized by T cells 3; NDV: Newcastle disease virus. 
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adaptive antitumor immunity to overcome tolerance.

Whole tumor cell vaccines
Because autologous tumor cells express a whole TAAs 
including those known and unidentified, using whole 
tumor cells could greatly diminish the chance of  tumor 
escape compared to using a single epitope peptide[41,42]. A 
significant disadvantage to this approach is the difficulty 
in generating a “universal” vaccine that could be applica-
ble to all patients with a given cancer. Autologous whole 
tumor cells have been used as cancer vaccines to induce 
polyclonal CTL induction in several cancer types[66,67], in-
cluding CRC[68]. A randomized phase Ⅲ clinical trial of  a 
combined autologous whole tumor cell plus BCG vaccine 
was conducted to determine whether surgical resection 
plus vaccination was more beneficial than resection alone 
in 412 stage Ⅱ and Ⅲ CRC patients. This study showed 
no significant clinical benefit from whole tumor cell vac-
cination in surgically resected patients with stage Ⅱ or Ⅲ 
CRC. However, effective immune responses were associ-
ated with the improved disease-free and overall survival. 
Only a small proportion of  the proteins in an autologous 
whole tumor cell vaccine are specific to tumor cells, while 
a vast majority of  antigens in the vaccine are shared with 
normal cells. Moreover, whole tumor cell vaccines are 
likely to be poorly immunogenic. Therefore, the immune 
response generated by whole tumor cell vaccines is gener-

ally insufficient to provide benefit to patients. To improve 
the immunogenicity of  whole tumor cell vaccines, autolo-
gous tumor cells have been genetically modified to se-
crete GM-CSF and then re-administered to the patient[69]. 
The trials have shown promising results in patients with 
prostate carcinoma[70], renal cell carcinoma[71], metastatic 
non-small-cell lung carcinoma[72], and melanoma[73]. This 
approach is based on the fact that GM-CSF is required at 
the site of  the tumor to effectively prime TAA-specific 
immunity[69]. Another tumor cell vaccine approach utilizes 
Newcastle disease virus (NDV)-infected irradiated tumor 
cells as autologous CRC vaccines[74]. This approach re-
sulted in a 97.9% two-year survival rate in patients with 
resected CRC, compared to 66.7% when treated with 
autologous tumor cells combined with BCG. However, a 
randomized phase Ⅲ study of  50 patients with resectable 
CRC liver metastases demonstrated that vaccination with 
NDV-infected whole tumor cells did not significantly im-
prove overall survival, disease-free survival or metastases-
free survival, although subgroup analyses suggested that 
the vaccines were somewhat beneficial[75]. The immuno-
genicity of  whole tumor cells needs to be improved for 
this vaccination strategy to be effective. However, it is 
unclear which specific agents (such as cytotoxic chemo-
therapeutics, ionizing irradiation, and chemical agents) 
are best suited for killing tumor cells to generate highly 
immunogenic whole tumor cell vaccines.
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Figure 2  Dendritic cell vaccines. Dendritic cells (DCs) are loaded with antigens, which are taken up and degraded into peptide fragments by antigen-presenting 
cells such as immature DCs. DCs process tumor-derived peptides and major histocompatibility complex (MHC) class Ⅰ peptides derived from DCs. They form MHC 
class Ⅰ-peptide complexes in the endoplasmic reticulum, which are then transported to the surface of the DCs and presented to CD8+ T cells. DCs also synthesize 
MHC class Ⅱ peptides in the endoplasmic reticulum, which are transported to the cytoplasm where MHC class Ⅱ-peptide complexes are assembled with tumor-
derived peptides and presented to CD4+ T cells. CD8+ T cells become cytotoxic T lymphocytes (CTLs), which destroy cancer cells through effector molecules such as 
perforin and granzyme B. TCR: T cell receptor. 
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Viral vector vaccines
Recombinant viral vectors are potentially useful vaccine 
vehicles for cancer therapy. Many types of  recombinant 
viruses are naturally immunogenic, infect APCs (specifi-
cally DCs), and express TAAs[76]. The natural immuno-
genicity of  viral vectors acts as an adjuvant to help boost 
TAA-specific immune responses. In one study, CRC 
patients were immunized with vaccinia virus or a repli-
cation-defective avian poxvirus encoding CEA. In this 
phase I study, viral-based vaccination with replication-
defective recombinant fowlpox and vaccinia viruses en-
coding the CEA antigen and TRICOM (B7.1, ICAM-1, 
and LFA-3) induced CEA-specific T cell responses[77] and 
disease stabilization in 40% of  patients with metastatic 
cancer (including CRC) for at least 4 mo[78]. A phase Ⅱ 
clinical trial in patients with metastatic CRC examined 
the efficacy of  chemotherapy combined with vaccina-
tion with a nonreplicating canarypox virus (ALVAC) 
expressing the CEA and T-cell costimulatory molecule, 
B7.1 (ALVAC-CEA/B7.1). Anti-CEA-specific T cell re-
sponses were successfully generated in 50% of  patients 
undergoing chemotherapy and booster vaccination. Ob-
jective clinical responses were observed in 40% of  the 
patients[79,80]. Interestingly, chemotherapy does not appear 
to inhibit vaccine-mediated immunity.

ADOPTIVE CELL TRANSFER THERAPY
Cancer immunotherapy can be either active or passive. In 
passive cellular immunotherapy, specific effector cells are 
directly infused and are not induced or expanded within 
the cancer patient. Because most tumor cells express 
MHC class Ⅰ-peptide, which can be recognized by anti-
gen-specific CD8+ CTLs. Therefore, adoptive transfer 
of  activated CTLs successfully used in patients with ad-
vanced cancer[81]. In adoptive cell transfer therapy (ACT), 
autologous T cells are removed from patients, activated, 
expanded to large numbers in vitro and transferred back 
into the patients. ACT overcomes tolerogenic mecha-
nisms by enabling the selection and activation of  highly 
reactive T cell subpopulations and manipulating the host 
environment into which the T cells are introduced. In-
deed, upon the successful induction of  specific CTLs 
in vitro, a clinical response to adoptive immunotherapy 
can be expected even in patients with advanced CRC[82]. 
Moreover, injection of  IFN promotes the MHC class Ⅰ-
peptide on the cell surface, thus antitumor immune 
responses are augmented. However, there are several 
drawbacks to ACT that should be considered, including 
a potential lack of  immune memory, poor persistence 
of  activated effector cells in patients, the prohibitive ex-
pense, and the time required to expand the cells.

A new approach using T cells genetically modified to 
express receptors that recognize TAAs with high speci-
ficity to tumor cells may provide significant clinical ben-
efits, especially for large solid tumors[83]. Recently, several 
clinical trials have demonstrated the therapeutic potential 
of  this approach, which lead to impressive tumor regres-
sion in cancer patients[84]. A phase I trial in CRC patients 

examined human T cells engineered to express a high-
avidity CEA-specific TCRs[85]. In this study, autologous 
T cells genetically engineered to express a murine TCR 
against human CEA were administered to three patients 
with metastatic colorectal cancer that was refractory to 
standard treatments. All patients experienced profound 
decreases in serum CEA levels (74%-99%), and one pa-
tient had an objective regression of  cancer metastatic to 
the lung and liver. However, all three patients developed 
severe transient inflammatory colitis.

ANTIBODY-BASED CANCER 
IMMUNOTHERAPY
Monoclonal antibodies (mAbs) that target surface anti-
gens expressed on tumor cells are clinically effective as 
cancer therapeutics[86]. Three mAbs (Cetuximab, Bevaci-
zumab and Panitumumab) are approved for the treatment 
of  CRC in the United States, and many other mAbs are 
being tested in clinical trials[87]. Treatment with mAbs can 
induce tumor cell death by several mechanisms, includ-
ing interference with vital signaling pathways. Moreover, 
it is becoming apparent that innate immune effector 
mechanisms that engage the Fc portion of  the antibody 
via Fc receptors are equally important[88]. The immune 
cytotoxicity includes ADCC, complement-mediated cy-
totoxicity, and antibody-dependent cellular phagocytosis. 
Bevacizumab, a recombinant humanized monoclonal 
antibody that selectively binds to human VEGF, is effec-
tive in KRAS wild-type CRC patients[89]. Recent evidence 
has also shown clinical benefits from treatment with anti-
EGFR, Cetuximab and Panitumumab in KRAS wild-type 
CRC patients[90].

CYTOKINE THERAPY
Cytokines are substances proteins and glycoproteins that 
are secreted by immune cells. They have autocrine and 
paracrine functions and function locally or at a distance 
to enhance or suppress antitumor immunity. To date, 
IL-2 and IFN-α are two cytokines approved by the FDA 
for cancer therapy. Cytokines may be useful for treating 
hematologic malignancies (hairy cell leukemia and chron-
ic myelogenous leukemia) or immunogenic tumors (mela-
noma and renal cell carcinoma). The major cytokines 
currently in use or under evaluation for cancer therapy 
are IFN-α, IL-2, GM-CSF, and IL-12.

COMBINED IMMUNOTHERAPY
It is well known that even if  CRC appears to have been 
eradicated by chemotherapy and radiation, a small cancer 
stem cell (CSC) fraction that can self-propagate and sus-
tain tumor growth frequently persists, leading to relapse 
and therapeutic failure. Although CSC is often resistant 
to a variety of  treatments, including chemotherapy and 
radiotherapy, immunotherapy may still be effective[8-10]. A 
combined approach that uses conventional chemotherapy 
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or radiation to kill the bulk of  cancer cells and immuno-
therapy to keep residual CSCs and differentiated cancer 
cells in check may abrogate the replenishing pool of  CRC 
cells[91]. In addition, treatment with chemotherapy such 
as cyclophosphamide or gemcitabine can augment the 
antitumor effects of  cancer immunotherapy by deplet-
ing Treg, potentially enhancing antitumor immune re-
sponses[92]. Therefore, chemotherapy can kill cancer cells 
and boost antitumor immune responses all at the same 
time[93,94]. A recent study reported that immune check-
point blockade with monoclonal antibodies targeting the 
inhibitory immune receptors cytotoxic T-lymphocyte-
associated antigen 4 (CTLA-4), PD-1, and PD-L1 can be 
used to successfully treat patients with advanced melano-
ma (Figure 3)[95-98]. Combined, these approaches have the 
potential to significantly improve patient outcomes com-
pared to treatment with conventional cancer therapies 
such as chemotherapy, radiation, monoclonal antibodies, 
hormonal therapy, and photodynamic therapy.

FUTURE PERSPECTIVE
Improved treatment options that selectively target 
cancer-dependent pathways with little or no toxicity to 

normal tissues are urgently needed. Work in our labora-
tory focuses on these key aspects by combining the use 
of  DCs pulsed with MHC class Ⅰ and Ⅱ peptides and 
conventional chemotherapy. Immunotherapy may be 
combined with conventional therapy to reduce Tregs 
and enhance CTL responses. Knockdown of  PD-L1 and 
PD-L2 on monocyte-derived DCs and tumor cells may 
help decrease tolerance (Figure 3). DCs electroporated 
with PD-L small-interfering RNAs are highly effective in 
enhancing T cell proliferation and cytokine production 
and are therefore attractive candidates for improving the 
efficacy of  DC vaccines in cancer patients[99]. Moreover, 
combined blockade of  PD1 and CTLA-4, which play 
key roles in inhibiting T-cell activation, enhances antitu-
mor immune responses compared to either agent alone 
(Figure 3)[100]. Combining immunotherapies, particularly 
agents that target different immune checkpoints, may be 
a promising approach. Preliminary clinical findings indi-
cate that combined targeted therapies and simultaneous 
blockade of  multiple immune checkpoints could promote 
therapeutic synergy and long-term antitumor immunity 
to improve clinical outcomes for melanoma patients[101]. 
In the metastatic CT26 CRC mouse model, simultaneous 
blockade of  CTLA-4 and PD-L1 enhanced antitumor 
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T cell
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T cell
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Figure 3  Immune regulatory checkpoints in cancer immunotherapy. Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) and programmed cell death protein 
1 (PD1) are two well-described co-inhibitory molecules that are expressed on naïve or memory T cells and decrease antitumor immune responses. The CTLA-4-
mediated immune checkpoint is induced in T cells at the initial response to antigen (early activation phase). After the T cell receptor (TCR) is triggered by antigen en-
counter, CTLA-4 is transported to the surface of naïve or memory T cells. In contrast, the major role of the PD1 pathway is not at the initial T cell activation stage but 
rather the regulation of inflammatory responses by effector T cells that recognize antigen in peripheral tissue cells. Thus, PD-1 is highly expressed by antigen-specific 
cytotoxic T lymphocytes (CTLs) in malignancies and is associated with impaired T-cell function. The best-characterized signal for PD1 ligand 1 (PD-L1) induction is 
interferon-γ (IFN-γ), which is predominantly produced by Th1 cells. Although PD-L2 expression is limited to dendritic cells (DCs) and macrophages, PD-L1 is broadly 
expressed in tissues and is considered a molecular shield that protects cells from auto-reactive attack. In some tumors, PDL1 is not constitutively expressed but is 
induced in response to inflammatory signals that are produced by an active antitumor immune response. Loading DCs with soluble PD1 decreases their function. 
Therefore, antibodies can be used to block inhibitory ligand:receptor interactions by acting on tumor cells, DCs (e.g., anti-PD-L1) or T cells (e.g., anti-CTLA-4 or anti-
PD1). Combining the blockade of multiple inhibitory pathways synergistically decreases T cell anergy and improves T cell responsiveness against tumors.
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activity in an interleukin-15-dependent manner[102].

CONCLUSION
The limitations of  surgery and adjuvant chemo/radio/
antibody therapies in treating CRC patients necessitate 
the development of  novel approaches, including immu-
notherapy. Despite tremendous progress in basic immu-
nological research, effective immunotherapies for most 
types of  cancer, including CRC, are still lacking. Immu-
notherapy alone may be insufficient for treating advanced 
CRC patients. The most promising therapeutic approach 
for activating antitumor immunity in cancer patients may 
be blockade of  inhibitory immune regulatory proteins 
such as immune checkpoint ligands and receptors. There-
fore, it is important to develop cancer vaccines that do 
not express inhibitory molecules such as PD-L1, but do 
express high levels of  molecules that enhance CTL prim-
ing, such as CD80 and 4-1BBL. The blockade of  multiple 
immune regulatory checkpoints combined with immuno-
therapy and/or conventional therapy may be effective in 
treating patients with advanced CRC.
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Abstract
During the past several decades, early rehabilitation 
programs for the care of patients with colorectal sur-
gery have gained popularity. Several randomized con-
trolled trials and meta-analyses have confirmed that 
the implementation of these evidence-based detailed 
perioperative care protocols is useful for early recovery 
of patients after colorectal resection. Patients cared for 
based on these protocols had a rapid recovery of bowel 
movement, shortened length of hospital stay, and fewer 
complications compared with traditional care programs. 
However, most of the previous evidence was obtained 
from studies of early rehabilitation programs adapted 
to open colonic resection. Currently, limited evidence 
exists on the effects of early rehabilitation after laparo-
scopic rectal resection, although this procedure seems 
to be associated with a higher morbidity than that re-
ported with traditional care. In this article, we review 
previous studies and guidelines on early rehabilitation 
programs in patients undergoing rectal surgery. We 
investigated the status of early rehabilitation programs 
in rectal surgery and analyzed the limitations of these 

studies. We also summarized indications and detailed 
protocol components of current early rehabilitation 
programs after rectal surgery, focusing on laparoscopic 
resection.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Colorectal cancer; Enhanced recovery after 
surgery; Early rehabilitation; Fast-track; Laparoscopy; 
Rectal

Core tip: Several randomized trials and meta-analyses 
have confirmed that the implementation of early reha-
bilitation programs for perioperative care is useful for 
recovery of patients after colorectal resection. However, 
most of the previous evidence is obtained from studies 
of early rehabilitation programs adapted to open co-
lonic resection. Currently, early rehabilitation combined 
with laparoscopic rectal surgery can be a feasible alter-
native in some selected patients, but indications are not 
established. Current evidence fails to support the safety 
of early rehabilitation combined with laparoscopic rectal 
surgery compared to that reported for laparoscopic co-
lon surgery.

Kim DW, Kang SB, Lee SY, Oh HK, In MH. Early rehabilitation 
programs after laparoscopic colorectal surgery: Evidence and 
criticism. World J Gastroenterol 2013; 19(46): 8543-8551  Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i46/8543.htm  DOI: http://dx.doi.org/10.3748/wjg.v19.i46.8543

INTRODUCTION
Previously, patients undergoing colorectal surgery re-
ceived traditional perioperative care, which comprised 
sufficient mechanical bowel preparation, insertion of  a 
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nasogastric tube, preoperative fasting, postoperative fast-
ing for up to 1 wk, and multiple intra-abdominal drains. 
Eventually, early rehabilitation programs were developed 
to decrease postoperative pain, perioperative physiologi-
cal stress, and organ dysfunction, and to promote patient 
motivation, leading to enhanced recovery after surgery; 
decreased postoperative morbidity, length of  hospital 
stay, and health care resources; and improved overall out-
comes[1]. Since their first introduction in the mid-1990s, 
early rehabilitation programs, also known as fast-track 
pathways or enhanced recovery after surgery (ERAS), 
have become increasingly popular in the care for patients 
with colorectal surgery[2].

During the past several decades, many studies have 
reported the results of  early rehabilitation programs in 
colorectal surgery. Several randomized controlled trials 
and meta-analyses have indicated that the implementa-
tion of  these evidence-based detailed perioperative care 
protocols is useful for early recovery of  patients after 
colorectal resection[3-7]. Patients who underwent these 
programs showed rapid recovery of  bowel movement, 
shortened length of  hospital stay, and fewer complica-
tions compared with traditional care programs. However, 
most evidence from previous studies corresponded to 
patients undergoing colonic surgery for various diseases. 
Currently, the strongest evidence for early rehabilitation 
programs was adopted from open colonic resection[8]. At 
present, early rehabilitation programs in rectal surgery 
require standardization and can be adopted only after 
validation with high-level evidence from well-designed 
randomized controlled trials.

In this review, we summarized early rehabilitation pro-
grams reported in previous studies and guidelines includ-
ing patients undergoing rectal surgery, and we analyzed 
the limitations of  these studies. We also summarized 
indications and details of  current early rehabilitation 
programs after rectal surgery, focusing on a laparoscopic 
resection perspective.

EARLY REHABILITATION PROGRAMS 
AFTER RECTAL SURGERY: STATUS QUO
Early rehabilitation and laparoscopic colonic surgery
Laparoscopic colorectal surgery has been established as a 
comparable alternative to open surgery with respect to its 
feasibility, safety and long-term outcomes. For malignant 
diseases, laparoscopic colonic resection performed by an 
experienced surgeon involves adequate lymph node har-
vest, sufficient surgical margins, and reduced operative 
time and intraoperative blood loss[8]. A previous study 
suggested that laparoscopic surgery could reduce the 
prevalence of  postoperative immunosuppression[9]. Pro-
spective randomized trials have shown that laparoscopic 
surgery for colon cancer can achieve earlier recovery in 
organ function and long-term oncological results equal to 
those for open colonic resection[10-12]. However, these tri-
als did not apply early rehabilitation programs. Both lapa-
roscopic surgery and early rehabilitation programs focus 

on minimizing surgical pain and perioperative stress, and 
enhancing recovery after surgery. Many cohort series, 
meta-analyses, and several prospective randomized stud-
ies showed early rehabilitation programs and laparoscopic 
surgery can have a synergistic effect in enhancing recov-
ery after laparoscopic surgery for colon disease[9,13,14]. 
Recently, the Laparoscopy and/or Fast-track Multimodal 
Management Versus Standard Care (LAFA) study, the 
largest multicenter randomized controlled trial thus far, 
reported comparative results between laparoscopic and 
open colectomy[9]. The total length of  hospital stay was 2 
d less than that after laparoscopic surgery. Furthermore, 
laparoscopic surgery was the only predictive factor as-
sociated with reduced hospital stay and morbidity. The 
results from the LAFA study also indicated that early oral 
intake, early mobilization, and laparoscopic surgery were 
independent determinants of  early recovery[9,15]. In a pre-
vious study, we evaluated the efficacy of  a rehabilitation 
program after laparoscopic colon surgery in the context 
of  a randomized controlled trial. We found that the 
recovery time was shorter in the early rehabilitation pro-
gram group than in the conventional care group, without 
differences in complication rates, quality of  life, and 
pain[13]. Previous studies representative of  laparoscopic 
colon surgery with early rehabilitation are summarized in 
Table 1. As early rehabilitation programs became more 
popular in the management of  patients undergoing colon 
surgery, an international collaborative research group pro-
posed a set of  guidelines for perioperative care in elec-
tive colonic surgery, with the participation of  the ERAS 
Society for Perioperative Care, The European Society for 
Clinical Nutrition and Metabolism, and The International 
Association for Surgical Metabolism and Nutrition[16]. 
These guidelines recommend detailed protocols for each 
component ranging from patient selection to hospital 
discharge, and provide additional consideration points in 
the setting of  laparoscopic surgery.

Early rehabilitation and laparoscopic rectal surgery
Laparoscopic rectal resection for various benign and 
malignant diseases, including total mesorectal excision, 
is considered technically challenging and has not gained 
popularity compared to laparoscopic colon resection. 
However, several studies have demonstrated that it is a 
feasible and safe alternative to open rectal surgery; some 
authors have reported that the short- and long-term 
oncological results were equal to those with open sur-
gery[17-20]. We also reported the results of  our multicenter 
study comparing open vs laparoscopic surgery for mid-
rectal and low rectal cancer after neoadjuvant chemora-
diotherapy (COREAN trial), which showed that lapa-
roscopic surgery was safe and had short-term benefits, 
including earlier recovery of  bowel function, shorter time 
to resume a normal diet, shorter time to first defecation, 
and less requirement for morphine, compared with open 
surgery[21]. Similarly, the quality of  oncological resection 
was equivalent. Patients enrolled in the COREAN trial 
received postoperative management consisting of  tradi-
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vestigated factors that may have affected the results of  the 
enhanced recovery program combined with laparoscopic 
rectal surgery. As designated by their program, patients 
were scheduled to be discharged on postoperative day 5. 
The criteria of  discharge included absence of  fever or 
tachycardia, successful passage of  flatus or stool, tolerance 
of  three meals per day, pain relief  with oral nonopioid 
analgesics, and independent ambulation. They reported 
a success rate of  52.5%, and this failure was related to 
low rectal lesion sites (< 7 cm from the anal verge) and 
surgery-related complications, with a rate of  13.8%. The 
authors concluded that the enhanced recovery program 
for laparoscopic rectal surgery is feasible but is not ad-
vised for all cases requiring laparoscopic rectal surgery.

Previously, we had designed a prospective, random-
ized, controlled parallel group trial to compare the out-
comes of  an early rehabilitation program vs conventional 
care after laparoscopic low anterior resection in patients 
with mid-rectal or low rectal cancer (≤ 10 cm from the 
anal verge)[30]. The primary endpoint was recovery within 
4 postoperative days and the criteria for recovery were as 
follows: tolerable diet for 24 h, safe ambulation, analgesic-

and 1 urinary tract infection). Readmission was required 
in three patients (8%) because of  medical illness. The 
authors suggested that laparoscopy in conjunction with 
modern perioperative care allows rapid recovery with ef-
ficient use of  hospital resources.

In contrast, two cohort studies by Stottmeier et al[28] 
and Chen et al[27] highlighted that postoperative morbid-
ity remains substantial after laparoscopic rectal surgery 
combined with early rehabilitation program, even though 
performed by experienced surgeons. Stottmeier et al[28] 
reported a median hospital stay of  5 d and a postoperative 
complication rate of  25% among 102 consecutive patients 
who had undergone elective fast-track laparoscopic rectal 
cancer surgery. Although about 40% of  the patients had a 
diverting colostomy or ileostomy, reoperation was needed 
in 15% owing to anastomotic leakage, colonic ischemia, 
intra-abdominal abscess, or mechanical obstruction. Post-
operative mortality (< 30 d) occurred in 3% of  the pa-
tients; one with postoperative septicemia and pneumonia, 
one with postoperative multiorgan failure, and one with 
intraoperative splenic bleeding. Chen et al[27] calculated the 
success rate of  their enhanced recovery program and rein-

  Ref. Country Study design Inclusion 
period

Patients (n ) Operations Clinical effectiveness 
(LOS and complications)

  Lindsetmo et al[22], 2009 United 
States 

Prospective 
cohort study

2005-2007 37
Cancer: 17 (46)

Polyp: 4 (11)
Others: 16 (43)

SPS: 37 (100)
Diverting ileostomy: 7 (19)

Mean LOS: 3.0 d (range 1-8 d)
Overall complications: 6 (16)

UTI: 1; SSI: 2
Readmission < 30 d: 3 (8)

  Chen et al[27], 2011 Taiwan Prospective 
cohort study

2007-2009 80
Cancer: 76 (95)

Benign: 4 (5)

APR: 15 (19)
SPS: 65 (81)

Diverting ileostomy: 32 (49)

Mean LOS: 5.0d (range 3-22)
Overall complications: 11 (14)
AL: 1; pelvic abscess 2; ileus: 1

Readmission < 30 d: 7 (9)
  Stottmeier et al[28], 2012 Denmark Prospective 

cohort study
2006-2009 102

Cancer: 102 (100)
APR: 19 (19)

Hartmann: 6 (6)
SPS: 77 (75)

Diverting colostomy: 38 (37)
Diverting ileostomy: 3 (3)

Median LOS: 5 d (range 2-42 d)
Overall complications: 25 (25)

AL: 3; intra-abdominal abscess: 3
Readmission < 30 d: 15 (15)

  Huibers et al[29], 2012 Nether-
lands

Retrospective 
case-control 

study

2004-2009 76 (ERP: 43, CC: 33)
Cancer: 76 (100)

APR: 24 (32)
ERP: 16 (37)
CC: 8 (24)

SPS: 52 (68)
ERP: 27 (63)
CC: 25 (76)

Median LOS: (P = 0.042)
ERP: 7 d (range 2-83 d)
CC: 10 d (range 4-74 d)
Overall complications:

ERP: 17 (40)
AL: 5; intra-abdominal abscess: 7

CC: 9 (27)
AL: 4; intra-abdominal abscess: 3
Readmission < 30 d: (P = 0.421)

ERP: 5 (12)
CC: 6 (18)

  Lee et al[30], 2013 South 
Korea

RCT 2007-2011 98 (ERP: 52, CC: 46)
Cancer 98 (100)

SPS: 98 (100)
Diverting ileostomy: 98 

(100)

Median recovery time1: (P = 0.47)
ERP: 137 h (range 107-188 h)
CC: 146.5 h (range 115-183 h)

Overall complications: (P = 0.054)
ERP: 22 (42)

AL: 1; POI: 15; acute voiding difficulty: 9
CC: 11 (24)

AL: 1; POI: 6; acute voiding difficulty: 2
Readmission < 30 d: 0 (0)

Table 2  Summary of previous studies that evaluated early rehabilitation programs after laparoscopic rectal surgery 

1Defined by tolerable diet for 24 h, safe ambulation, analgesic-free and afebrile without complication. LOS: Length of hospital stay; SPS: Sphincter preserv-
ing surgery; UTI: Urinary tract infection; SSI: Surgical site infection; APR: Abdominoperineal resection; AL: anastomosis leakage; ERP: Early rehabilitation 
program; CC: Conventional care; RCT: Randomized controlled trial; POI: Postoperative ileus.
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free, and afebrile status without major complications. The 
sample size was based on a superiority design. All patients 
were between 20 and 80 years of  age and had undergone 
temporary loop ileostomy with laparoscopic low anterior 
resection. Protocols for perioperative care programs and 

interventions were modified from previously described 
protocols for colonic surgery (Table 3). Ninety-eight pa-
tients were randomized on a 1:1 basis to an early rehabili-
tation or conventional care program. The recovery rates 
were no different in both groups; however, more com-

  Protocols Lindsetmo et al [22], 
2009

Chen et al [27], 2011 Stottmeier et al [28], 2012 Huibers et al [29], 2012 Lee et al [30], 2013

  Preoperative stage
     General 
     considerations

Patient education Patient education and 
ERP explanation

Thorough information
Establishing a contract

ND Operative risk 
assessment

Counseling, informed 
consent

     Oral bowel 
     preparation

Yes Yes No (enema for left-sided 
tumors)

No (2 enemas) Yes

     NPO ND 8 h before surgery Fluid until 2 h before surgery 2 h before surgery 8 h before surgery
     Oral carbohydrate 
     solution

No No No Yes No

     Epidural analgesia No No Yes Yes No
     Prophylactic 
     antibiotics

ND Single dose Single dose (ampicillin + 
metronidazole + gentamicin)

Single dose (cefalozine + 
metronidazole)

ND

     DVT prophylaxis ND ND LMWH 2 h before surgery
Compression stockings

LMWH until discharge ND

  Perioperative stage
     Operation approach Laparoscopic Laparoscopic Laparoscopic Laparoscopic Laparoscopic
     Anesthesia ND Short-acting 

anesthetics
Propofol, remifentanyl and 

muscle relaxant
ND ND

     Fluid ND Perioperative fluid 
restriction

Avoid both hypovolemia and 
fluid overload

ND ND

     Urinary drainage Urethral catheter Urethral catheter Suprapubic or urethral catheter Urethral catheter Urethral catheter
     Nasogastric tube Yes (orogastric tube, 

removed before 
extubation)

No No No No

     Intra-abdominal 
     drain

Rarely Yes No Yes (one) Yes (one)

  Postoperative stage
     Pain control IV PCA (12-18 h)

Ketorolac
Oral analgesia

Oral NSAIDs 
immediately
after surgery

Opioid for 1 d if 
needed

Epidural analgesia
Paracetamol, ibuprofen

Opioid if needed

Epidural analgesia
Paracetamol, diclofenac

Opioid avoided

IV PCA till POD 2

     Sipping water Immediately after 
surgery

Immediately after 
surgery

Immediately after surgery Immediately after 
surgery

Immediately after 
surgery

     Oral food intake POD 1 POD 1 Evening of the day of surgery Liquid diet in the 
evening

Semi-fluid diet, POD 1

     Removal of urinary 
     catheter

POD 1 POD 1 Immediately after surgery POD 2 POD 3

     Removal of intra-
     abdominal drain

No drain POD 4 No drain POD 2 ND

     Mobilization As soon as possible Immediately after 
surgery

Two hours after surgery POD 1 POD 1

     Regular laxatives ND Sennoside MgSO4 1 g two dimes daily MgO MgO
     Routine discharge ND POD 5 POD 3 ND ND
     Discharge criteria Tolerance of fluids and 

solid diet, adequate 
oral analgesia, 

passage of flatus or 
stool, adequate home 

support

No fever, no 
tachycardia, 

successful passage of 
flatus/stool, tolerance 

for 3 meals/d, 
comfort in taking oral 
non-opioid analgesics, 

independent 
ambulation, adequate 

self-care ability

Adequate bladder and bowel 
function, ability to drink, 

eat, walk without problems, 
manageable pain

No remaining lines or 
catheters, toleration of 
solid food, passage of 

stool, controllable pain, 
self-care ability

ND (Recovery: 
tolerance of diet for 24 
h, analgesic-free, safe 
ambulation, afebrile 
status without major 

complications)

Table 3  Protocols used in previous studies for evaluating early rehabilitation programs after laparoscopic rectal surgery

ERP: Early rehabilitation program; DVT: Deep vein thrombosis; LMWH: Low-molecular-weight heparin; NSAID: Non-steroidal anti-inflammatory drug; 
PCA: Patient-controlled analgesia; POD: Postoperative day; ND: Not described.
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plications were observed in the rehabilitation program 
group (42.3% vs 24.0%, P = 0.054), which were related 
to postoperative ileus (28.8% vs 13.0%, P = 0.057), and 
acute voiding difficulty (19.6% vs 4.7%, P = 0.032). Our 
randomized trial did not show that an early rehabilitation 
program was beneficial after laparoscopic low anterior re-
section. These results support those of  previous studies in 
that postoperative morbidity might be a major obstacle to 
the ERAS in rectal cancer surgery.

CURRENT EVIDENCE-BASED 
RECOMMENDATIONS FOR EARLY 
REHABILITATION AFTER RECTAL 
SURGERY
Consideration points for adopting early rehabilitation 
program in rectal surgery
For the successful application of  early rehabilitation pro-
grams to patients undergoing laparoscopic rectal resec-
tion, we need to recognize that colon surgery is entirely 
different from rectal surgery, which requires a deep pelvic 
dissection and is frequently accompanied by higher com-
plication rates, longer hospital stay, and associated with 
unique complications such as sexual dysfunction, urinary 
retention, and pelvic organ injury (e.g., hypogastric nerves 
and ureters) not seen in intra-abdominal colonic resec-
tion. Compared with colonic segmental resection, rectal 
surgery has higher technical complexity, longer operative 
times, and use of  retraction known to increase periopera-
tive morbidity[8]. Therefore, previous studies involving 
early rehabilitation programs excluded patients under-
going rectal resection[1,3,4,8]. In some studies, the results 
of  rectal resection were mixed in the overall analysis of  
the application of  early rehabilitation program proto-
cols[23,24,26,31]. 

The available guidelines for perioperative care in rec-
tal surgery are currently limited[2,8]. Recently, guidelines 
for perioperative care in elective rectal surgery were pub-
lished by the ERAS Society, which had also published 
colonic guidelines[8,16]. In these guidelines, the authors 
remarked that they specifically considered the applica-
tion of  ERAS principles to a special population of  rectal 
resection patients, because of  the differences between 
colonic and rectal surgery. Until now, ERAS Society 
recommendations seem to be the best evidence-based 
guidelines for each item of  the perioperative treatment 
pathway. These recommendations were derived from ex-
tensive review of  meta-analyses, randomized controlled 
trials, and large prospective cohorts. However, these 
guidelines are basically intended for open rectal surgery, 
and are not focused on laparoscopic surgery. ERAS So-
ciety recommendations assess the quality of  evidence 
(“high”, “moderate”, “low”, “very low”), and decide the 
strength of  recommendations as follows: strong recom-
mendations indicate that the panel is confident that the 
desirable effects of  adherence to a recommendation 
outweigh the undesirable effects; and weak recommenda-

tions indicate that the desirable effects of  adherence to 
a recommendation probably outweigh the undesirable 
effects, but the panel is less confident[8]. Many items in 
the recommendations are based on low or moderate level 
of  evidence. Some items are recommended by a high 
level of  evidence, such as prophylaxis against thrombo-
embolism or preoperative bowel preparation; however, 
studies on these items are based on the results of  patients 
undergoing open surgery or in a population undergoing 
both open and laparoscopic surgery. Specific validation 
for these items in patients undergoing laparoscopic rectal 
resection remains insufficient.

Currently, no early rehabilitation protocol perfectly fits 
all patients undergoing laparoscopic rectal surgery[2]. For 
each individual patient, these guidelines, which are sugges-
tions on the basic concept for early rehabilitation, should be 
modified to optimize perioperative care, minimize postop-
erative morbidity, and improve overall patient outcomes. 

Patient selection, counseling and risk assessment
The first step is selecting patients. Extensive discussion 
with candidate patients on the entire surgical procedure 
followed by early rehabilitation program may be the 
most important step. This step can give patients the best 
insight into the benefits and risks and motivate them to 
make an effort to enhance their recovery after surgery 
because the success of  early rehabilitation is affected by 
the active participation of  the enrolled patient[2]. Previ-
ous studies and guidelines recommended direct interview, 
leaflets, or multimedia as information-providing meth-
ods[8]. Generally, patients who are bedridden, severely 
malnourished, and with an American Society of  Anesthe-
sia (ASA) score ≥ 3, who are planning to receive emer-
gency rectal surgery are excluded, and any healthy pa-
tients with ASA 1-2 are included[8,32]. It is also important 
to improve the patient’s medical condition by correcting 
anemia, malnutrition, or hyperglycemia, and promoting 
cessation of  smoking and alcohol consumption at least 4 
wk before surgery[33].

Bowel preparation
Mechanical bowel preparation (MBP) is considered a 
necessary step before colorectal surgery, and it is believed 
to decrease the risk of  infectious complications and anas-
tomotic leakage. However, several studies, including large 
meta-analyses, showed no difference between the MBP 
and no MBP groups on infection rates or anastomotic 
leakage after colorectal surgery[8,34-36]. Some studies sug-
gested that MBP increased dehydration and electrolyte 
imbalance[37]. On the contrary, a recent multicenter ran-
domized trial showed that overall and infectious com-
plications were higher in the no MBP group compared 
with the MBP group in patients undergoing low anterior 
resection. In this study, a non-significant trend to a two-
fold higher risk of  anastomotic leak (19% in no MBP vs 
11% in MBP) was also observed[38]. Current guidelines 
support omitting MBP in colonic surgery but indicate 
insufficient evidence supporting this omission in rectal 
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surgery[8,39,40]. There has been no study on MBP efficacy 
in the context of  early rehabilitation programs. The So-
ciety of  American Gastrointestinal and Endoscopic Sur-
geons Guidelines comments that MBP may be helpful in 
laparoscopic colorectal surgery, because it can make lapa-
roscopic colorectal manipulation easier[40]. Further studies 
comparing MBP with no MBP in patients undergoing 
laparoscopic rectal surgery are necessary.

Postoperative pain
Postoperative analgesia is critical to enhance patient re-
covery because it directly affects early ambulation and 
patients comfort. Postoperative analgesia requires a mul-
timodal approach consisting of  the collaboration of  the 
patient, surgeon, nurse, anesthesiologist and pain special-
ist[2]. Patient-controlled opioid analgesia (PCA) usually 
shows satisfactory result after rectal surgery[41]. However, 
PCA has some side effects influencing early recovery of  
patients, such as nausea, vomiting, and prolongation of  
postoperative ileus as well as sedation and respiratory 
suppression[2].

Two recent guidelines recommended continuous 
epidural analgesia (CEA) for open rectal surgery during 
48-72 h, with intravenous administration of  lidocaine in 
view of  the superior efficacy of  pain relief  compared 
with systemic opioids[2,8,42]. CEA has the benefit of  deliv-
ering a combination of  local and opioid analgesia directly 
to the dorsal horn of  the spinal cord, thus providing pain 
relief  without systemic opioid effects[43]. However, this 
method involves an invasive procedure for catheter inser-
tion and has some side effects, including pruritus, urinary 
retention, and arterial hypotension[44]. Some authors have 
advocated CEA use in the context of  early rehabilitation 
in patients without contraindications[45,46]. They have sug-
gested that the superiority of  CEA seems to be greatest 
in the first 2-3 d postoperatively, and thus, routine remov-
al of  CEA after 2 or 3 d postoperatively may be a useful 
strategy. Some studies have shown that, in laparoscopic 
approaches that use only several small incisions instead 
of  a single, large vertical incision from the umbilicus 
down, continuous intravenous infusion of  lidocaine or 
PCA, as alternatives for CEA, also provide good pain re-
lief  in the first 24 h with a similar time to return of  bowel 
function or length of  hospital stay[8,47].

Pelvic drainage
The use of  pelvic drainage after low anterior resection 
has been a controversial issue in rectal surgery. Some 
surgeons still prefer insertion of  a drain into the pelvic 
cavity to prevent bloody ascites and its adverse effect on 
anastomosis. Several randomized trials and meta-analyses 
have shown that the routine use of  a pelvic drain does 
not affect the anastomotic leakage or overall complica-
tions[48-50]. However, the use of  a drain should be con-
sidered in cases of  clinical indications, such as high-risk 
individuals or suspicion of  tenuous anastomosis[8].

Prevention of ileus
Prevention of  postoperative ileus is a crucial element not 

only for success of  early rehabilitation, but also postop-
erative morbidity, readmission, and overall outcomes. To 
promote bowel motility after abdominal surgery, several 
methods have been evaluated, including gum chewing, 
oral magnesium oxide, and bisacodyl suppositories[51-54]. 
These methods have been reported to reduce time to 
bowel movement by 1-2 d, but there was no effect in the 
length of  hospital stay or overall outcomes. However, 
the association of  these medications with anastomotic 
dehiscence has not been addressed in a randomized trial 
of  sufficient size. Furthermore, anastomotic leakage and 
temporary stoma should be considered in the use of  
stimulant laxatives after rectal surgery. Ileostomy has been 
reported as an independent risk factor for postoperative 
ileus, which developed in 22.8% of  patients[55]. Our previ-
ous randomized controlled trial to evaluate the efficacy 
of  an early rehabilitation program after laparoscopic 
rectal surgery also indicated a similar result, showing that 
a rehabilitation program introducing an early oral diet 
could increase postoperative ileus. Thus, further studies 
are necessary[30].

CONCLUSION
Early rehabilitation combined with laparoscopic rectal 
surgery is a feasible alternative in some selected patients, 
but indications have not been established. Current evi-
dence fails to support the safety of  early rehabilitation 
combined with laparoscopic rectal surgery compared to 
that reported for laparoscopic colonic surgery. Long-
term outcomes, which might be affected by postopera-
tive complications, in patients with malignant disease are 
unknown after laparoscopic rectal surgery followed by 
an early rehabilitation program. More data from well-de-
signed clinical trials should be accumulated for widening 
the adoption of  early rehabilitation programs to patients 
undergoing laparoscopic rectal surgery.
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Abstract
Cystic fibrosis (CF) causes chronic infections in the re-
spiratory tract and alters the digestive tract. This paper 
reviews the most important aspects of drug treatment 
and changes in the digestive tract of patients with CF. 
This is a review of the literature, emphasizing the dis-
coveries made within the last 15 years by analyzing sci-
entific papers published in journals indexed in the Sci-
entific Electronic Library Online, Sciences Information, 
United States National Library of Medicine and Medical 
Literature Analysis and Retrieval System Online data-
bases, both in English and Portuguese, using the key 
words: cystic fibrosis, medication, therapeutic, absorp-
tion, digestion. Randomized, observational, experimen-
tal, and epidemiological clinical studies were selected, 
among others, with statistical significance of 5%. This 
review evaluates the changes found in the digestive 
tract of CF patients including pancreatic insufficiency, 
constipation and liver diseases. Changes in nutritional 
status are also described. Clinical treatment, nutritional 
supplementation and drug management were classified 
in this review as essential to the quality of life of CF pa-

tients, and became available through public policies for 
monitoring and treating CF. The information gathered 
on CF and a multi professional approach to the disease 
is essential in the treatment of these patients. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Cystic fibrosis; Medication; Therapeutic; 
Absorption; digestion

Core tip: Cystic fibrosis (CF) has been studied in Brazil 
and in many other countries. digestive manifestations 
may significantly compromise the nutritional status of 
CF patients, leading to numerous symptoms. Supple-
mentation with enzymes, vitamins and nutrients is usu-
ally necessary. When infections are present, antibiotics 
are necessary, and these infections are often multisys-
temic, involving the digestive tract. The pharmaceutical 
assistance included in public policies, especially those 
which are financed, and the constant incentive to study 
the digestive manifestations in CF patients are essen-
tial, as without them, there would be infinite clinical 
changes which would compromise patient survival.
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INTRODUCTION
Cystic fibrosis (CF) is a chronic progressive disease, it 
exists in every ethnic group and it is equally common in 
both sexes. The CF gene has been isolated, cloned and 
sequenced, enabling the study of  biochemical mecha-
nisms responsible for the physiopathogenesis of  the 
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disease. It also enables easier treatment of  the patient’s 
complications, such as the thick and viscous fluids which 
obstruct the lungs, the pancreas and the biliary duct[1,2].

The prevalence of  CF varies according to ethnic-
ity, from 1/1800 to 1/5000 in Caucasians born alive in 
Europe, in the United States and in Canada, 1/14000 in 
Afro-Americans, and 1/40000 in Finland. It is considered 
a rare disease among Asians and Africans. In Brazil, local 
studies show variable statistical data which suggest an ap-
proximate incidence of  1/7000. The average lifetime of  
CF patients has increased in the last few years, which is 
the result of  early diagnosis and specialized treatment in 
the early stages of  the disease[1,3,4].

The treatment of  CF aims to clear the lungs using 
aerosols and respiratory physiotherapy, and to maintain 
nutritional status with nutrient supplementation and pan-
creatic enzymes. Recent medical advances have improved 
survival, but with increased costs, especially when the dis-
ease has progressed and when hospitalization is required. 
When infections are present, antibiotics are necessary, 
usually due to clinical complications which are often 
multisystemic, and involve the digestive tract[5,6]. Due to 
many involved systems and the variety and chronicity of  
the disease, a multitask approach is essential to help the 
patients and their families to comprehend the disease and 
undergo medical treatment[7].

The current therapy for CF includes the maintenance 
of  nutritional status, clearance of  the pulmonary tract, 
utilization of  antibiotics and other medication, treatment 
and monitoring of  gastric, pancreatic and hepatobiliary 
changes, in addition to dietary supplementation with hy-
percaloric and hyperproteic foods, and the utilization of  
enzymes, minerals and vitamins[1,8,9].

When chronic CF is diagnosed, with many clinical 
manifestations, the continuous use of  medication (antibi-
otics, bronchodilators, mucolytics) and related procedures 
(respiratory physiotherapy, oxygen therapy, lung trans-
plantation, digestive enzyme replacement and nutritional 
support) are required[8,10]. Due to the chronicity and the 
need for precautions in CF, the development of  a Refer-
ence Center and the establishment of  an organization 
that involves family members is crucial, together with an 
increase in cooperation between groups of  CF patients 
and other organizations[4,11,12].

CF requires the continuous use of  medication which 
increases the average cost of  treatment, and is too ex-
pensive for families. For that reason, CF patients and 
their families have the right to receive government help 
under the Unique Health System. The clinical record of  
the Health Ministry guarantees access to alpha dornase 
for pulmonary complications and pancreatic enzymes in 
patients with pancreatic insufficiency[3]. There are many 
deeds in every unit of  the federation, including the Dis-
trito Federal, to promote early diagnosis and even pro-
vide special formulas such as the alimentary supplements 
provided by Ordinance number 94/1809, published at 
the Distrito Federal in 2009[13].

In Brazil, the dedication to diagnosing CF during 

infancy is significant, with the use of  programs for new-
born screening or sweat testing. It is known that early 
treatment, including drug treatment, contributes to the 
prognosis and survival of  CF patients[14-17].

The objective of  this study was to review the most 
important aspects of  drug treatment and changes in 
the digestive tract of  patients with CF. We also aimed 
to assess the pharmaceutical monitoring offered to CF 
patients undergoing treatment by public agents from the 
public health care system.

REVIEW OF LITERATURE 
This review focused on CF literature over the last 15 
years, and included scientific papers indexed in the data-
bases of  Scientific Electronic Library Online, Sciences 
Information, United States National Library of  Medicine 
and Medical Literature Analysis and Retrieval System 
Online, using the key words: cystic fibrosis, medication, 
therapeutic, absorption, digestion. Studies in English and 
Portuguese were selected.

The survey focused on the major advances in the 
understanding of  CF during this period, both in under-
standing the disease and its treatment.

Articles that included at least one of  the mentioned 
key words were selected. Controlled clinical studies were 
included, as well as observational epidemiological studies 
and meta-analyses, among others. Papers which did not 
include information on the diagnosis of  CF or adherence 
to treatment were excluded as were experimental animal 
studies and gene therapy studies and those published in 
languages other than English and Portuguese.

RESULTS AND DISCUSSION
Physiopathology of the disease: overall symptoms
The manifestation of  CF is very changeable and may ap-
pear in the neonatal period or later in life. Some patients 
are completely asymptomatic for several years. The most 
common clinical signs of  CF include a chronic cough, 
chronic diarrhea and malnutrition; however, the disease 
can appear in other ways, and can affect multiple systems 
and organs[18].

Mutation of  the CF gene causes absence or dysfunc-
tion of  the cystic fibrosis transmembrane conductance 
regulator (CFTR) protein, which works as a chloride ca-
nal in the apical membranes of  epithelial cells. The CFTR 
also affects the production of  mucus, secretory granules 
and intracellular organelles. This defect affects cells in 
many organs, not all organs have similar clinical respons-
es, and different organs may be affected. Involvement of  
the respiratory tract is associated with a higher death rate 
and leads to death in 90% of  patients[18-20].

The most common and important symptom which 
affects the digestive tract is exocrine pancreatic insuffi-
ciency, characterized by chronic diarrhea with undigested 
food present. A decrease in the secretion of  sodium 
bicarbonate reduces the efficacy of  pancreatic enzymes 
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and the precipitation of  bile salts, which results in a more 
acidic pH in the duodenum, contributing to malabsorp-
tion[18].

The obstruction of  pancreatic canaliculi by mucous 
plugs prevents the release of  enzymes into the duode-
num, which causes poor digestion of  fat, proteins and 
carbohydrates. Malabsorption is caused by pre-epithelial 
dysfunction, which occurs after the rejection of  non-hy-
drolysable nutrients in the lumen. Therefore, malnutrition 
occurs due to inadequate food digestion and increased 
energy needs (dietary recommendations) that are rarely 
achieved by CF patients due to anorexia and recurrent 
respiratory disease among other diseases[18,21-23].

The endocrine pancreas also undergoes changes and 
the prevalence of  CF related to glucose intolerance has 
increased proportionally with the rate of  survival. The 
main cause of  diabetes is damage caused to the pancreas, 
leading to a decrease in insulin secretion. Diabetes in CF 
patients results from microvascular and macrovascular 
complications associated with accelerated lung deteriora-
tion, consequently increasing the death rate. Since nutri-
tion is critical in CF patients, blood glucose should be 
monitored and the insulin dose should be adapted, with a 
focus on adequate intake of  nutrients[24].

Symptomatic vitamin A and vitamin E deficiency has 
been reported in patients with CF presenting with deficit 
nutrient consumption and absorption[25,26]. 

Many newly diagnosed infants have low levels of  one 
or more fat-soluble vitamins[27,28] and due to the preva-
lence of  fat-soluble vitamin deficiency, all infants with CF 
should receive standard, age-appropriate non-fat-soluble 
vitamins and vitamins A, D, E, and K as recommended 
in the CF Foundation Consensus Report on Nutrition 
for Pediatrics[29]. 

  Most patients who are vitamin deficient can be 
treated adequately with the doses of  fat-soluble vitamins 
recommended in the CF Foundation Consensus Report 
on Nutrition for Pediatric Patients[30].

  Figure 1 shows relevant information on the nutri-
tional care of  CF patients[7].

Among other events related to CF, meconium ileus, 
obstruction of  the terminal ileum by thick meconium, is 
the first signal of  pancreatic insufficiency, which affects 

15% of  babies. Therefore, treating patients with meco-
nium ileus is very important until proved otherwise[31].

Early diagnosis and the treatment of  complications 
of  the respiratory and gastrointestinal tract in CF can 
lead to an improvement in the survival rate of  CF pa-
tients. Those who live beyond the fourth decade have a 
higher risk of  developing additional diseases associated 
with chronic manifestations; hence, patients with a higher 
risk of  chronic diseases should be monitored closely to 
improve the chances of  early diagnosis[32].

  Figure 2 summarizes the majority of  abnormalities 
observed in the digestive tract of  patients diagnosed with 
CF from intrauterine life to adulthood.  

Gastrointestinal disease
In CF patients gastrointestinal symptoms, such as nausea, 
vomiting, malnutrition and indigestion are frequent. In 
addition, gastroesophageal reflux disease, esophageal ade-
nocarcinoma, distal intestinal syndrome and cholelithiasis 
are often seen in CF patients[33-35].

There is increasing evidence to suggest that chronic 
inflammation is present in the gastrointestinal tract of  CF 
patients. Some CF patients continue to have many severe 
gastrointestinal symptoms despite conventional CF treat-
ment[36].

A recent publication indicated the presence of  eo-
sinophilic esophagitis (EoE) in CF patients aged from 
4, 12 and 15 years. Patients with CF may have clinically 
persistent emesis, food aversion and failure to thrive. It is 
possible that EoE has been underappreciated in CF due 
to symptom overlap with other common gastrointestinal 
disorders, including gastroesophageal reflux disease, in-
fections, medication side effects or others conditions[37]. 

Because the symptoms in EoE are non-specific and 
are also common in CF, when a patient with CF presents 
with food avoidance, regurgitation, heartburn or dyspha-
gia, EoE should be considered, particularly if  symptoms 
do not respond to empiric treatment and if  endoscopic 
evaluation is contemplated[38-40]. 

Secretory cells of  CF patients show modification in 
their absorptive-digestive function in the gastrointestinal 
tract and the entire digestive process is altered, which 
results in malabsorption of  nutrients, malnutrition and 
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Nutritional intervention in 
cystic fibrosis

Nutrients > energetic
density 2 or 3 times daily

NaCl: < 1 yr: 500 mg
         1-7 yr: 1 g
         >7 yr: 2-4 g

Provides 
Fatty acids w-3 

and w-6 

MCT, vegetable oils 1-2 
mL/kg per day 

Pancreatic enzymes 
500 to 2000 units lipase/
kg/meal or 5000 to 10000 

units lipase/kg per day 

Supplements
Vitamins A, d, E, K, 
Calcium, Iron, Zinc

Energy 
120% to 150%

Proteins 
15% of  total calories 

Fats
35% to 40% of 
total calories

Figure 1  Macronutrients and micronutrients essential for the recovery and maintenance of nutritional status in cystic fibrosis patients[7]. MCT: Medium 
chain triglycerides.
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in the terminal ileum and one of  the precipitant factors 
for obstruction is dehydration. This obstruction can be 
total or partial, and may cause symptoms such as abdomi-
nal distention, constipation, anorexia, vomiting, and early 
satiety, which result in weight loss[45]. 

Fibrosing colonopathy is another characteristic of  CF, 
and includes a change in the colon submucosa, inflamma-
tion, and progressive fibrosis associated with managing 
the high doses of  pancreatic enzymes. The clinical symp-
toms are pain and abdominal distention after ingesting 
food, anorexia, difficulty in gaining weight and digestive 
bleeding[34,46].

Pancreatic disease
The pancreas is one of  the main organs affected by dys-
function of  the CFTR. The exocrine pancreas is respon-
sible for producing enzymes for food digestion in the 
intestinal lumen and exocrine pancreatic insufficiency is 
a well-known complication of  CF and leads to fat loss in 
feces. Loss of  function of  the pancreas is associated with 
every genotype of  CFTR mutation, leading to pancreatic 
insufficiency[47-49].

Pancreatic exocrine insufficiency (PEI) is considered 
the main cause of  intestinal malabsorption in CF, affect-
ing 85% to 90% of  patients[50], and if  inadequately treated 
high stool energy losses will occur, which is an important 
determinant of  energy imbalance and malnutrition[51].

Intestinal malabsorption is usually of  early onset: 
signs and symptoms of  maldigestion are often present 
at birth, and in the majority of  patients, during the first 
years of  life. At the time of  diagnosis, at least 50% of  in-

several gastrointestinal tract-related symptoms[34,41].
Abdominal pain is a common complaint in CF pa-

tients, and distal bowel obstruction syndrome and fibros-
ing colonopathy are characteristics of  gastrointestinal 
complications in CF patients. The main causes of  epigas-
tric pain in patients with CF are gastroesophageal reflux 
disease, biliary tract disease, pancreatitis and gastritis[42,43].

Among the frequently observed gastrointestinal mani-
festations, gastroparesis has been diagnosed by a variety 
of  methods and has been described by CF patients. Gas-
troparesis is a frequent complication of  lung or heart-lung 
transplantation. It is predominantly found in children and 
individuals with severe deterioration of  the pulmonary 
tract[43,44]. 

After meconium ileus, the main area affected by distal 
bowel obstruction syndrome (DIOS) is the right colon. 
DIOS is more common in patients with pancreatic insuf-
ficiency. Several factors can trigger the syndrome, such as 
dehydration, the use of  medicines which interfere with 
intestinal motility and pancreatic enzyme replacement. 
The most common signs and symptoms of  DIOS are 
decreased defecation and colic pain in the right lower 
quadrant. During clinical examination, a reduction in 
intestinal peristalsis can be observed, with the possibility 
of  cessation at some point. In some cases, a mass in the 
lower right quadrant can be palpated, which is related to 
distention of  the cecum and right colon[45]. 

Intestinal obstruction syndrome is similar to meconi-
um ileus; however, one of  the differences between these 
conditions is patient age. Intestinal obstruction  syn-
drome is characterized by the impaction of  fecal residues 

Stages

Intrauterine                              First month                                  First 2 yr                                       Late

Abdominal distention

Intestinal obstruction

Meconium peritonitis

Meconium ileus

Cholestasis

Metabolic disorders

Insufficient weight gain

diarrhea

difficulty of digestion and 
absorption

Edema and metabolic 
disorders

Gastroesophageal reflux 
Pancreatitis
Chronic abdominal pain
distal intestinal obstruction 
syndrome
Fibrosing colonopathy
Eosinophilic esophagitis  
Rectal prolapse
Constipation
Hypovitaminosis and eating 
disorders, low weight
Hepatobiliary disease

Stages of growth and development

Figure 2  Summary of major abnormalities observed in the digestive tract of patients diagnosed with cystic fibrosis from intrauterine life to adulthood. 
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fants identified by neonatal screening have PEI, and most 
of  those carrying severe CFTR mutations on both alleles 
develop PEI during the first years of  life[52-55]. 

PEI is clinically characterized by weight loss or diffi-
culty in gaining weight, diarrhea with a greasy appearance 
and malabsorption of  fat-soluble vitamins A, D, E and K. 
Thus, the supplementation of  these vitamins is routinely 
recommended, followed by blood examinations to man-
age the dose and the correct nutrients according to the 
patient’s needs[27,56-58].

Vitamin D is of  great interest in CF due to its role in 
bone mineralization and its deficiency has been hypoth-
esized to play a role in the development of  depression. 
Hypovitaminosis is almost universal in patients with CF. 
Insufficient levels are widely reported and is associated 
with increasing age and obesity. Vitamin D screening and 
supplementation should be considered in all children with 
chronic illness, particularly those who are overweight[59-62].

Table 1 shows treatments with fat-soluble vitamin 
supplementation in CF patients[1].

Hepatobiliary disease
The primary hepatic changes in CF involve a genetic 
defect in the CFTR protein, leading to the production 
of  a thick biliary secretion, followed by biliary fibrosis[34]. 
Cirrhosis, ascites, portal hypertension, esophageal varices 
and bleeding are complications of  hepatobiliary disease 
associated with CF, and frequently affect teenagers and 
adults[33].

This dysfunction is predicted to result in defective 
(sluggish) bile flow, and is associated with a cholangio-
cyte-induced inflammatory response with activation and 
proliferation of  hepatic stellate cells, which results in 
cholangitis and fibrosis in focal portal tracts[63-66]. 

Approximately 5%-10% of  CF patients develop mul-
tilobular cirrhosis during their first decade of  life. Sub-
sequently, most tend to develop signs of  hypertension 
with complications, especially variceal bleeding. Annual 
examinations are recommended to detect hepatic disease, 
and when presymptomatic signs are present therapy with 
ursodeoxycholic acid is recommended, which can prevent 
disease progression[67,68].

Cystic fibrosis-related liver disease (CFLD) is defined 
if  at least 2 of  the following conditions are present on 
at least 2 consecutive examinations spanning a 1-year 
period: (1) Ultrasound confirmed hepatomegaly; (2) Ele-
vated serum levels of  alanine aminotransferase, aspartate 

aminotransferase, alkaline phosphatase, gamma-glutamyl-
transferase; and (3) Ultrasound abnormalities other than 
hepatomegaly (i.e., increased, heterogeneous echogenicity, 
nodularity, irregular margins, splenomegaly). An ultra-
sonographic pattern of  simple liver steatosis does not 
represent a diagnostic criterion. In the case of  distinct 
ultrasonographic signs of  liver cirrhosis (i.e., coarse nodu-
larity, presence of  portal hypertension and rarefaction of  
peripheral portal veins) and clinical signs (e.g., esophageal 
varices, splenomegaly) of  liver cirrhosis, CFLD patients 
are classified as cirrhotics[63,69].

Liver disease can only be taken into consideration 
if  the physical examination is abnormal and abnormal 
hepatic function persists, and the latter has to be proved 
using ultrasound. If  there are any doubts, a liver biopsy 
is suggested. All patients with liver disease require to be 
monitored annually to evaluate the progress of  hyperten-
sion, portal cirrhosis or liver failure. Prophylactic mea-
sures for liver disease are nutrition monitoring, bleeding 
prevention and variceal decompression. In liver trans-
plantation, deterioration of  the organ has to be taken into 
consideration, especially in children with hepatic dysfunc-
tion or advanced hypertension[68].

Treatment
Treatment with pancreatic enzymes in patients with pan-
creatic insufficiency is associated with an increase in the 
coefficient of  fat absorption, a decrease in bowel move-
ment frequency, an improvement in the consistency of  
feces and weight gain. One of  the aims of  pancreatic 
enzyme replacement therapy is to abolish unpleasant gas-
trointestinal symptoms[45].

The response to treatment is individually evaluated, 
and doses are adjusted according to nutritional status. 
The use of  antacids is recommended in patients taking 
enzymes to increase bioavailability, although, there is 
insufficient evidence to indicate whether there is an im-
provement in quality of  life or survival[1,70].

In young children whose fat intake is known to vary 
with age, particular attention needs to be paid to fat mal-
absorption during pancreatic enzyme supplementation. 
More importantly, young children often have difficulty 
swallowing the available enzyme formulations, which may 
lead to suboptimal compliance and treatment effects[71].

The initial dose of  pancreatic enzymes can be cal-
culated based on the weight of  the patient taking into 
consideration the dietary fat intake. 500 to 1000 U of  li-
pase/kg is administered per main meal, the dosage can be 
increased according to clinical signs, and the maximum 
daily dose should not exceed 2500 U/kg per meal or 
10000 U/kg per day of  lipase[3].

Figure 1 summarizes pancreatic enzyme dosage[7].
The guidelines recommend that if  dose increases are 

required, they should be increased with careful monitor-
ing of  body weight and stool fat content. When con-
trolled clinical trials are designed to assess the safety and 
efficacy of  pancreatic enzyme replacement therapy, the 
dose in terms of  lipase units is usually limited to a level 

Table 1  Fat-soluble vitamins used for supplementation in 
cystic fibrosis patients[1]

Vitamins Dosage Dosage

A 400-10000 UI (approximately 2240 µg) Daily
D 400-1800 UI (approximately 18 µg) Daily
E 50 mg (1 yr) Daily

100 mg (1- 10 yr)
180 mg (adolescents and  adults)

K 0.3-0.5 mg Daily

Haack A et al . Pathophysiology of cystic fibrosis
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within the recommended range. However, in everyday 
clinical practice it is possible that maldigestion is not 
adequately controlled by the recommended doses in a 
proportion of  CF patients: these patients may, therefore, 
require higher lipase doses[72-74].

  The United Kingdom Cystic Fibrosis database in-
dicates that lipase dose often exceeds 10000 U/kg per 
day for extended periods in clinical practice, both with 
standard-dose and high-dose pancreatic enzyme prepa-
rations. These high-dose regimens appear to have good 
safety and tolerability profiles, and fibrosing colonopa-
thy has not been reported in recent years. However, it 
is essential that the safety and efficacy of  higher doses 
of  pancreatic enzyme replacement therapy are fully ex-
plored, particularly in the long-term, clinical practice set-
ting[74,75]. 

There are several options for the treatment of  EoE, 
including pharmaceutical agents and dietary elimination. 
Consensus recommendations advocate first-line treatment 
with oral corticosteroids (e.g., fluticasone, budesonide) or 
dietary therapy depending on patient preference and ill-
ness severity[38].

Dietary therapy can be very effective in children if  
culprit food allergens are identified, and recent data show 
this to be effective including the elimination of  offend-
ing agents (targeted elimination diet), or an allergen-free 
diet consisting only of  an elemental formula (elemental 
diet)[76-78].

The correction of  steatorrhea is essential in CF. In the 
past, diets low in fat were recommended to try to reduce 
steatorrhea. Currently, restrictive diets have been replaced 
by hypercaloric diets rich in fat, which is a source of  
energy, are more economical and their intake should be 
encouraged[79]. The dose and timing should be followed 
very strictly, and patients should adhere to treatment. For 
infants, apple juice or small quantities of  milk are con-
sumed, and meals should be carried out in block in order 
to benefit from the bioavailability of  the entire quantity 
of  administered enzyme[49].

Medium chain triglyceride fats should be included in 
the standard dietary regimen used in the management of  
any child with CF and failure to thrive. Their use is fully 
justified due to clinical improvement and alleviation of  
steatorrhoea[80].

In clinical practice, probiotics have been frequently 
prescribed for patients suffering from diarrhea to protect 
the body against pathogens[81].

A probiotic is a “live microbial food ingredient that, 
when ingested in sufficient quantities, exerts health ben-
efits on the consumer”. Probiotics exert their benefits 
through several mechanisms; they prevent colonization, 
cellular adhesion and invasion by pathogenic organisms. 
The strongest evidence for their clinical effectiveness has 
been in their use for the prevention of  symptoms of  lac-
tose intolerance, treatment of  diarrhea, and attenuation 
of  antibiotic-associated gastrointestinal side effects[81].

Probiotics reduce the rate of  pulmonary exacerba-
tions in patients and may have preventive potential for 

pulmonary deterioration in CF patients[82-84]. 
To ensure a continuous effect, probiotics and prebi-

otics need to be ingested daily. Favorable changes in the 
composition of  intestinal microbiota were observed at 
doses of  100 g of  food product containing 109 colony 
forming units (cfu) of  probiotic microorganisms and 
doses of  5 to 20 g inulin and/or oligofructose, usually 
during the administration period of  15 d. Thus, to be 
of  physiological importance to the consumer, probiotics 
must reach populations greater than 106 to 107 cfu/g or 
mL bioproduct[85].

The goal of  nutritional therapy is to maintain the 
ideal weight, reduce malabsorption and digestion and 
control the intake of  vitamins and minerals[1]. CF patients 
require diets with a high energetic rate (120% to 150% of  
the regular daily need for weight, height and age), hyper-
caloric, high-fat and high protein, divided into 5-6 meals 
a day and supplemented with vegetable oils such as me-
dium chain triglycerides. In cases where dietary treatment 
does not result in weight gain, the diet can be offered in 
small volumes, several times a day or administered in the 
evening of  through a nasogastric tube or gastrostomy. 
Enteral tube feeding has been evaluated in pediatric and 
mixed child and adult populations with CF, demonstrat-
ing positive outcomes post-insertion. The diet may be ad-
ministered through an infusion pump or gravitational and 
it is recommended that the night diet reaches 40%-50% 
of  the daily energy requirements so that there will be re-
covery or maintenance of  the nutritional state[7,86,87]. 

CF may include intestinal inflammation and CF pa-
tients have altered fatty acid metabolism characterized 
by an imbalance in the arachidonic/docosahexaenoic 
acid ratio in favor of  the former, which can contribute 
to an increase in inflammation. Recent studies indicate 
that changes in fatty acid metabolism are responsible for 
abnormalities, and dietary supplementation with fish oils 
high in the omega-3 fatty acids, eicosapentaenoic acid 
and docosahexaenoic acid may have an anti-inflammatory 
effect[88-91].

Various anti-inflammatory therapies, including dietary 
omega-3 polyunsaturated fatty acids supplementation, 
have been investigated in CF patients. The composition 
of  dietary omega-3 and omega-6 influenced the inflam-
matory markers in CF and dietetic integration seems to 
improve clinical condition and the inflammatory pul-
monary and intestinal state in patients suffering from 
CF[92,93].

With a partial bowel obstruction, intestinal disim-
paction is stimulated by hypertonic solutions, such as 
N-acetylcysteine, polyethylene glycol or hypertonic 
contrast, orally or by using probes. In cases of  total ob-
struction the disimpaction is performed through enemas, 
while keeping the patient hydrated. After the disimpac-
tion, pancreatic enzyme treatment should be included 
in the preventive treatment in obstructive conditions, 
administering lactulose, mineral oil, polyethylene glycol or 
N-acetylcysteine to the patient. Prokinetic drugs may also 
be helpful[34].

Haack A et al . Pathophysiology of cystic fibrosis
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It is recommended that, in the case of  fibrosing colo-
nopathy, there is a reduction in the enzyme dose associ-
ated with nutritional support with either semi-elemental 
or elemental formulas according to the evaluation by the 
nutritionist for nutritional enteral therapy, and if  neces-
sary, associated with parenteral nutrition in the most 
severe cases. In the case of  digestive bleeding, a surgical 
procedure is prescribed[34,46].

The treatment of  liver diseases focuses mainly on pre-
venting disease progression which follows the sequence 
of  cholestasis, fibrosis and cirrhosis. The maintenance 
of  nutritional status is a part of  this treatment, and aims 
to achieve and maintain the ideal weight of  the patient, 
reduce malabsorption and maldigestion and control the 
intake of  vitamins and minerals. However, nutritional 
treatment consists of  enzyme replacement therapy, hy-
percaloric, high fat and micronutrient supplementation 
diets[1].

Supplementation with taurine has also been suggested 
to improve the solubilization of  lipid micelles by bile 
acids. Taurine is a conditionally essential amino acid that 
possibly improves the micellar phase of  fat digestion. Pa-
tients with CF and severe steatorrhea, despite appropriate 
enzyme therapy, showed a significant improvement in the 
absorption of  triglycerides, total fatty acids, and linoleic 
acid while receiving taurine supplements. Taurine supple-
mentation could be a useful adjunct in the management 
of  patients with CF with ongoing fat malabsorption and 
essential fatty acid deficiency[94,95].

If  CF patients also have taurine deficiency, this will 
result in malabsorption of  bile acid and will require treat-
ment with ursodeoxycholic acid (UDCA). The use of  
UDCA can increase the need for taurine administration 
for conjugation of  bile acid[33].

UDCA is the drug currently used in CF patients and 
aims to slow the progression of  liver disease. UDCA is a 
hydrophilic drug and is not significantly concentrated in 
bile. It has a hepatoprotective effect with rare collateral 
effects reported[33] and is frequently used in CF. UDCA 
inhibits the hepatic synthesis of  cholesterol and pro-
motes the synthesis of  bile acids, thereby restoring the 
necessary balance between cholesterol and bile salts. The 
suggested dose is 14-18 mg/kg per day, 2 to 3 times a day 
up to 30 mg/kg per day[3,96].

Although it is one of  the therapeutic options current-
ly used for early changes in the liver, the use of  UDCA 
as a preventive method requires further investigation as 
there are insufficient data on its long-term use, although 
adverse effects are rarely reported[97].

Liver transplantation may be necessary in patients 
with progressive liver failure and/or evidence of  major 
portal hypertension in the absence of  significant pulmo-
nary involvement[98,99].

Careful monitoring and treatment should be offered 
to patients with CF associated liver disease (CFALD) and 
portal hypertension as they may require supplemental 
feeding by gastrostomy. However, this could lead to the 
development of  stomal varices, which is an unwanted 

complication. A recent study evaluated the risk of  gas-
trostomy in a series of  seven children with CFALD and 
portal hypertension. The research concluded that gas-
trostomy placement for poor nutrition in children with 
CFALD and portal hypertension is safe and contributes 
to improved nutritional and pulmonary outcome[100].

CF is a multisystem disease and therefore requires dif-
ferent input from different professional reference centers 
for the treatment and monitoring of  CF, supported by 
public health policies.

CONCLUSION
CF has been extensively studied in Brazil and many other 
countries. Digestive manifestations significantly com-
promise the nutritional status of  the patient and lead to 
numerous symptoms, organ deterioration, the need for 
transplantation and resections which can worsen the mul-
tisystem disease.

Reference Centers with up-to-date medical teams to 
monitor and treat CF patients and initiatives such as the 
Brazilian Cystic Fibrosis Research Group can contribute 
to the dissemination and standardization of  information, 
in addition to improving the quality of  treatment.

The scientific literature contains an important variety 
of  drugs, including many that are available without charg-
es through programs from the Unique Health System, 
Brazil.

The pharmaceutical assistance and the constant in-
centive to study digestive manifestations in CF patients 
are essential, as without them, there would be infinite 
clinical changes that would compromise patient survival.
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Abstract
Celiac disease (CD) is an autoimmune disease of the 
small bowel induced by ingestion of wheat, rye and 
barley. Current guidelines indicate histological analy-
sis on at least four duodenal biopsies as the only way 
to diagnose CD. These indications are based on the 
conception of the inability of standard endoscopy to 
make diagnosis of CD and/or to drive biopsy sampling. 
Over the last years, technology development of endo-
scopic devices has greatly ameliorated the accuracy 
of macroscopic evaluation of duodenal villous pattern, 
increasing the diagnostic power of endoscopy of CD. 
The aim of this paper is to review the new endoscopic 
tools and procedures proved to be useful in the di-
agnosis of CD, such as chromoendoscopy, Fujinon 
Intelligent Chromo Endoscopy, Narrow Band Imaging, 
Optical Coherence Tomography, Water-Immersion 
Technique, confocal laser endomicroscopy, high-res-
olution magnification endoscopy, capsule endoscopy 
and I-Scan technology.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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coherence tomography; Water-immersion technique; 
Confocal laser endomicroscopy; High-resolution mag-
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Core tip: Celiac disease (CD) is an autoimmune dis-
order induced, in genetically predisposed people, by 
the ingestion of proteins rich in proline and glutamine.  
The aim of this review is to focus on the new endo-
scopic tools and techniques developed over the last 
years which can be useful in the diagnosis and the 
follow-up of CD.

Ianiro G, Gasbarrini A, Cammarota G. Endoscopic tools for the 
diagnosis and evaluation of celiac disease. World J Gastroenterol 
2013; 19(46): 8562-8570  Available from: URL: http://www.wjg-
net.com/1007-9327/full/v19/i46/8562.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i46.8562

INTRODUCTION
Celiac disease (CD) is an autoimmune disorder induced, 
in genetically predisposed people, by the ingestion of  
proteins rich in proline and glutamine. It occurs in adults 
and children with an average prevalence of  about 1% 
of  the population. CD is characterized by an inflamma-
tory reaction, primarily in the upper small intestine, with 
features of  infiltration of  the lamina propria and the 
epithelium with chronic inflammatory cells and progres-
sive villous atrophy[1,2]. At the state of  the art the role of  
serology is becoming more and more important, so that, 
according to the European Society for Paediatric Gastro-
enterology, Hepatology, and nutrition guidelines, diagno-
sis of  celiac disease can be performed without histology 
in some selected situations-such as the presence, in chil-
dren, of  human leukocyte antigen-DQ2, high titers of  
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anti-tissue transglutaminase antibodies and the positivity 
of  anti-endomysial antibodies[3]. However, current guide-
lines indicate histological analysis as the gold standard 
for the diagnosis of  CD: specific pathological features 
are infiltration of  the lamina propria, crypt hyperplasia 
and villous atrophy, classified according to the Marsh 
classification and its modifications[4-8] (Figure 1). To per-
form a correct diagnosis, biopsy specimens have to be 
well oriented, and of  good quality. From 4 to 6 duodenal 
biopsies, including a bulb biopsy, are required to make 
diagnosis of  CD, even because villous atrophy can be 
unequally distributed -that is the so-called “patchy atro-
phy”[7,9-13]. 

Anyway, the diagnosis of  CD can also be missed if  
the disease is not suspected and biopsy sampling not per-
formed. So, in such situations, the role of  the endosco-
pist becomes crucial, because of  the strong importance 
of  the macroscopic appearance of  the duodenum[14-16].

STANDARD ENDOSCOPIC FINDINGS
A number of  macroscopic endoscopic markers of  CD 
has been identified over the years, and they include the 
following: “scalloping” -that is a dented aspect- of  the 
duodenal folds; an absence or a reduction in number of  
duodenal folds; evidence of  submucosal vascular pattern; 
the so-called “mosaicism”, which is a micronodular look 
of  the mucosa; finally, grooves and fissurations of  the 
mucosa[9-10,14,15]. Results about the value of  these mark-
ers, however, are conflicting: among different studies, 
the overall specificity and sensitivity sways from 83% to 
100%, and from 6% to 94%, respectively[14,15,17-26].

This happens probably because endoscopic markers 
cannot be present in milder degrees of  the disease. (such 
as partial villous atrophy) and absent in case of  patchy 
disease[12,18,19]. On the other hand, scalloped feature of  
duodenal folds has a positive predictive value of  69% 
for celiac disease and 96% for any duodenal mucosal 
disease[27]. So, the contradictory evidences and the low 
sensitivity of  endoscopic markers implicates that bioptic 
sampling should always be performed when the disease 
is suspected, because their absence does not exclude the 
diagnosis[16].

WATER-IMMERSION TECHNIQUE
The water-immersion technique is a easy, prompt and 
safe procedure of  enhancement of  duodenal villous 
pattern during a conventional upper endoscopy. Our 
group developed this technique as a method to em-
phasize the visualization of  duodenal villi[28], and then 
modified it to make it helpful in clinical practice[29]. The 
mechanism of  the water-immersion technique is very 
simple, comprising, at first, the removal of  air from 
the duodenal lumen by suction, quickly followed by 
the injection of  90-150 mL of  water[29]. The procedure 
requests about 25-30 s more than a standard upper 
endoscopy, resulting very fast. Our group proved the 
high accuracy of  the water-immersion technique in 
highlighting the duodenal villous pattern in patients 
undergoing upper endoscopy for the investigation of  
dyspepsia[29]. This procedure was also trialed in the 
follow-up of  celiac patients after gluten-free diet[30], 
and also in cases with patchy villous atrophy or vil-
lous abnormality limited to the duodenal bulb[11,30], and 
moreover in children with suspected CD, achieving the 
same optimal diagnostic accuracy for in vivo prediction 
of  areas of  the duodenum with villous damage[31]. The 
water-immersion technique has the potential to reduce 
the number of  biopsy specimens, because of  his power 
of  enhancing visualization of  areas with villous atrophy 
(Figure 2A, B); moreover, in patients strongly suspect-
ed from CD and with total villous atrophy at water-
immersion visualization during upper endoscopy, the 
high specificity of  the procedure could allow to avoid 
biopsy sampling, with a considerable cost saving[32]. 
Furthermore, water-immersion technique shows excel-
lent results in terms of  operator learning curve, safety, 
tolerability, and diagnostic accuracy[11,29-32]. In conclu-
sion, for its facility and quickness of  performance, and 
because of  its high reliability in evaluating the duo-
denal villous pattern, the water-immersion technique 
could potentially be used as a routine procedure during 
conventional upper gastrointestinal endoscopy, poten-
tially pulling down the number of  misdiagnosis of  CD, 
especially when not suspected. Trials with the water-
immersion technique has not been replicated by other 
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Figure 1  Histological appearance respectively. A: Normal duodenal pattern; B: Celiac disease.
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groups: therefore, further data, with larger population 
trials, including large multicenter studies, are required 
to strengthen this evidence.

CHROMOENDOSCOPY AND HIGH-RESO-
LUTION MAGNIFICATION ENDOSCOPY
The efficacy of  dye-staining chromoendoscopy with 
indigo carmine or methylene blue in enhancing the 
visualization of  the mucosal surface is nowadays well 
known[33,34]. The usefulness of  chromoendoscopy with 
indigo carmine for the evaluation of  celiac disease was 
proved yet in 1976[35]. However, this evidence was not 
confirmed in a latter study[36]. A new generation of  endo-
scopic tools-the ‘‘magnification’’ or ‘‘zoom’’ endoscopes-

can produce magnified, high-resolution images (up to 
100-135 ×), enhancing details compared to conventional 
endoscopy[33,37]. They own charged computed device 
chips with a density of  more than 850000 pixels; stan-
dard instruments, instead, have charged computer device 
chips with a density of  100000-300000 pixels. Video en-
doscopes can provide more and more details about the 
mucosal surface than conventional ones[38]. The associa-
tion of  indigo carmine-chromoendoscopy and magnifi-
cation endoscopy in the evaluation of  duodenal villous 
pattern was experienced by Siegel et al[39]: this combina-
tion showed a sensitivity and specificity of  94% and 
88%, respectively for the detection of  any villous altera-
tion, and was especially helpful in documenting partial 
villous atrophy. In a following study, neither this combi-
nation technique nor each technology alone showed ad-
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Figure 2  Evaluation of duodenal villous pattern with the water-immersion technique, Fujinon intelligent chromo endoscopy system, capsule endoscopy, 
I-scan technology. A: Presence of villi with the water-immersion technique; B: Total villous atrophy with the water-immersion technique; C: Presence of villi with Fuji-
non intelligent chromo endoscopy (FICE) system; D: Total villous atrophy with FICE system; E: Presence of villi with capsule endoscopy; F: Total villous atrophy with 
capsule endoscopy; G: Duodenal villous pattern with I-scan technology.
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vantage compared to standard endoscopy in identifying 
duodenal lesions such as polyps or hyperplastic Brunner’
s glands, but anyway authors recognized the role of  
this combination in case of  suspected CD[40]. The role 
of  zoom endoscopy, with a total immersion technique 
(instillation of  10 mL of  water), in the diagnosis of  CD 
was analyzed in 2005[41]: a sensitivity of  90.7%, specific-
ity of  62.9%, a positive predictive value of  83% and a 
negative predictive value of  77.2% for the diagnosis of  
any degree of  villous atrophy resulted; diagnosis of  total 
villous atrophy was better performed than diagnosis of  
partial villous atrophy. Cammarota et al[42] investigated 
the combination of  magnification endoscopy and water-
immersion technique in subjects with suspected duode-
nal disease, showing a concordance of  100% with histo-
pathology for detecting the absence or the presence of  
villi. The sensitivity, specificity, positive predictive value 
and negative predictive value for the detection of  total 
villous atrophy were all 100%, and quite lower for the 
diagnosis of  partial villous atrophy and normal villous 
patterns. According to other reports, magnification en-
doscopy could play a role in the detection of  patchy vil-
lous atrophy[43,44]. In conclusion, enhanced magnification 
endoscopy, a technique that combines use of  acetic acid 
instillation with magnification endoscopy, has showed a 
better accuracy in the evaluation of  duodenal mucosal 
pattern than conventional endoscopy[45].

FUJINON INTELLIGENT CHROMO EN-
DOSCOPY SYSTEM
Fujinon intelligent chromo endoscopy system or opti-
mal band imaging (also known as multiband imaging) is 
able to assure the same contrast enhancement power of  
the standard chromoendoscopy, but in a virtual manner. 
This technology is based on the selection of  particular 
wavelengths from a reflected light signal, resulting in an 
establishment of  digitally created, enhanced images[46]. 
The usefulness of  FICE technology has been success-
fully proved in Barrett’s metaplasia, early gastric cancer, 
small colorectal tumors[47-49]; moreover, it has showed a 
great accuracy (100%) for the evaluation of  duodenal 
villi and for the depiction of  duodenal villous patterns in 
CD[50] (Figure 2C, D).

NARROW BAND IMAGING
Narrow-band imaging (NBI) is a new endoscopic 
technique that allows evaluation of  minimal mucosal 
alterations. NBI uses a narrowed wavelength of  light, 
deriving from the narrowing of  the bandwidths of  
the blue and green filters. This particular wavelength 
of  light is greatly absorbed by hemoglobin, enhancing 
the visualization of  microvascular pattern. It also has a 
quite deeper superficial penetration than standard white 
light[51,52]. The efficacy of  NBI has been proved in the 
endoscopic evaluation of  a number of  diseases, among 
which also in CD[53,54]. According to Singh et al[54], NBI 
technique is able to detect and grade villous atrophy, 

with a sensitivity and specificity in detecting villous at-
rophy of  93.3% and 97.8% respectively, and a sensitivity 
and specificity in grading villous atrophy of  83.3% and 
100%.

OPTICAL COHERENCE TOMOGRAPHY
Optical coherence tomography (OCT) had its debut in 
medicine in 1991, and nowadays is a cornerstone in oph-
thalmology, for the usefulness in the evaluation of  the 
retina and atheromasic plaques[55]. The mechanism of  
OCT is very similar to that of  B-mode ultrasonography: 
OCT detects the echo time delay and the magnitude 
of  back-scattered light waves from various structural 
tissue features, using interferometry to measure back-
scattered light because the delays of  reflected light are 
too little for a direct electronic measurement[55-57]. The 
images performed by OCT resemble those generated 
by B-mode ultrasound and endoscopic ultrasonography; 
however, the resolution of  OCT is better (5-10 mm)-
because of  the use of  light instead of  sound waves-, 
closer to the histological images[55,56,58]. So, OCT allows 
the study of  the proximal layers of  gastrointestinal (GI) 
wall, and may be helpful in the early diagnosis of  neo-
plasms[57]. The usefulness of  OCT has been proved yet 
in the study of  GI malignancies[59,60], Barrett’s esophagus 
and dysplasia[61-67], pancreatic and biliary ducts[68,69], and 
other diseases. Preliminary reports from Masci et al[70-72], 
the use of  OCT in vivo during real-time endoscopic im-
aging generated promising results for the evaluation of  
duodenal villous morphology. These authors, in fact, 
found total concordance between OCT and histology 
results for the evaluation of  villous morphology in both 
patients with CD and healthy individuals, also in chil-
dren, exactly identifying, furthermore, different degrees 
of  villous atrophy.

CONFOCAL LASER ENDOMICROSCOPY
Confocal laser endomicroscopy, or confocal endomicros-
copy, is a novel technology that allows an in-vivo micros-
copy of  the human gastrointestinal mucosa during up-
per or lower endoscopy[73,74]. Endomicroscopy has been 
applied in a number of  gastrointestinal diseases, and also 
in CD[73-77]. In particular, in the experience of  Zambelli 
et al[76], the images obtained by confocal endomicroscopy 
and histology were similar, both for negative subjects 
and for celiac patients; moreover, in celiac patients con-
focal endomicroscopy was able to identify moderate-to-
severe villous atrophy, but quite less to visualize the crypt 
hyperplasia and flogistic infiltration. In a case report, CD 
was diagnosed in vivo by confocal endomicroscopy on 
the basis of  the presence of  complete villous atrophy 
and a rise of  intraepithelial lymphocytes[77].

VIDEOCAPSULE ENDOSCOPY
Capsule endoscopy is a useful, patient-friendly method 
for the evaluation of  the whole small bowel. Obscure 
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gastrointestinal bleeding is the strongest indication for 
capsule endoscopy[78]; however, recent evidences point 
out new, intriguing purposes and indications: in particu-
lar, regarding the object of  this review, the role of  cap-
sule endoscopy in the diagnosis and follow-up of  CD is 
growing up quickly[79-91]. The optical system of  the cap-
sule possesses a 8-folds magnification power, that allows 
to easily evaluate the duodenal villous pattern (Figure 
2E, F). Moreover, it allows an evaluation of  the small in-
testine along its whole length. Capsule endoscopy seems 
to be able to recognize the endoscopic markers of  celiac 
disease described in the literature, such as scalloping and 
reduction in number of  duodenal plicae, nodularity and 
mosaic pattern of  mucosa[81,82,86,87].

In an initial multicenter trial, capsule endoscopy had 
an excellent reported sensitivity and specificity of  87.5% 
and 90.9%, respectively, for the detection of  villous atro-
phy as compared with the criterion standard of  duode-
nal histology[84], but such promising data have not been 
confirmed in the series presented by the same group[85]. 
Summarizing the most important studies about the role 
of  capsule endoscopy in CD, it counts a high sensitiv-
ity (range, 70%-95.2%), a quite less high specificity 
(range, 63.6%-100%) and high positive predictive value 
(96.5%-100%), but a lower negative predictive value 
(71.4%-88.9%)[82,83,85,88]. These results are cheerful, but 
the relatively low negative predictive value indicates that 
CD can’t be surely excluded by a negative evaluation at 
capsule endoscopy. 

It should be noted that there is not an overall high de-
gree of  agreement between investigators (range 0.41-0.87), 
and it probably denotes a difficulty in evaluating correctly 
villous atrophy even if  operators are well-experienced in 
video capsule enteroscopy.

However, the use of  capsule endoscopy could be con-
sidered in patients with positive tissue transglutaminase 
or anti-endomysial antibodies who are unable or unwill-
ing to perform an upper endoscopy[89], and also for the 
evaluation of  the whole small bowel in patients with 
positive antibodies and duodenal histology negative 
for CD, even if  regarding evidences don’t confirm this 
hypothesis[90]. More realistically, capsule endoscopy can 
be very useful in case of  suspected refractory or com-
plicated CD. In particular, capsule endoscopy can detect 
alterations such as malignancy or ulcerative jejunitis in 
refractory celiac disease (RCD) type Ⅱ, but evidences 
are not so bright regarding RCD type Ⅰ[91]. 

I-SCAN TECHNOLOGY
I-scan technology is an image enhanced endoscopy tech-
nology recently developed by Pentax Medical®, Japan[92]. 
It can be classified among digital contrast methods. It 
allows three different modalities of  image enhance-
ment: surface enhancement (SE), contrast enhancement 
(CE), and tone enhancement (TE). SE enhances light-
dark contrast by obtaining luminance intensity data for 
each pixel. CE digitally adds blue color in relatively dark 

areas, enhancing minute irregularities on the mucosal 
depressed areas. Both enhancement functions work in 
real time without impairing the original color of  the or-
gan. TE separates and analyzes the individual red, green 
and blue components of  a normal image; the algorithm 
then alters the color frequencies of  each component, re-
combining the components to a single, new color image. 
For SE and CE, it is possible to switch among three en-
hancement levels (low, medium and high). At now, three 
types of  TE are available: TE-e (for esophagus), TE-g (for 
stomach) and TE-c (for intestine). Switching the levels 
or modes of  enhancements can be done on a real-time 
basis, without any time lag, by pushing a relevant button.

I-scan technology has been applied to several field of  
interest in gastrointestinal endoscopy, such as colorectal 
lesions[93-97], Whipple’s disease[98], gastroesophageal reflux 
disease[99-101], Barrett’s esophagus[102]. Recently, our group 
has experienced I-scan technology for the evaluation of  
duodenal villous pattern[103], with the following results: 
I-scan system was demonstrated to have great accuracy 
(100%) in the detection of  marked villous atrophy pat-
terns and quite lower accuracy in determining partial 
villous atrophy or normal villous patterns (respectively, 
90% for both items) (Figure 2G).

Therefore, I-scan technology seems to be a reliable 
tool also for the diagnosis of  CD. Obviously, further, 
larger studies are needed to confirm this feeling.

CONCLUSION
The recent advances in terms of  technology and tech-
niques of  endoscopy, reviewed above, can certainly im-
prove our diagnostic possibilities in the evaluation of  CD, 
and should not be ignored, but accepted with wisdom. 
Surely, it is important to perform these tools in appro-
priate endoscopic centers, owning good equipment and 
enough expertise. Moreover, in a hypothetic world with-
out biopsy sampling, but with a virtual histological analy-
sis, a gastroenterologist can not absolutely brush aside a 
solid histological training. Therefore the most realistic sce-
nario is not a replacement, but an interaction between en-
doscopic and histological analysis: a similar “joint-venture” 
might knock down misdiagnoses and reduce overall costs 
of  diagnostic course of  CD: large, randomized trials, also 
with cost analyses and clinical outcome evaluations, are 
needed to carry out this concept.
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Abstract
Inflammatory bowel diseases (IBDs), including Crohn’s 
disease (CD) and ulcerative colitis, not only affect the 
intestinal tract but also have an extraintestinal involve-
ment within the oral cavity. These oral manifestations 
may assist in the diagnosis and the monitoring of dis-
ease activity, whilst ignoring them may lead to an inac-
curate diagnosis and useless and expensive workups. 
Indurated tag-like lesions, cobblestoning, and muco-
gingivitis are the most common specific oral findings 
encountered in CD cases. Aphthous stomatitis and pyo-
stomatitis vegetans are among non-specific oral mani-
festations of IBD. In differential diagnosis, side effects 
of drugs, infections, nutritional deficiencies, and other 
inflammatory conditions should also be considered. 
Treatment usually involves managing the underlying 
intestinal disease. In severe cases with local symptoms, 
topical and/or systemic steroids and immunosuppres-
sive drugs might be used.

© 2013 Baishideng Publishing Group Co., Limited. All rights 

reserved.

Key words: Inflammatory bowel disease; Crohn’s dis-
ease; Ulcerative colitis; Extra-intestinal manifestations; 
Pyostomatitis vegetans; Aphthous stomatitis; Cobble-
stoning; Mucogingivitis; Oral manifestation

Core tip: Although the gastrointestinal tract is the pri-
mary site of involvement in inflammatory bowel disease 
(IBD) patients, some cases might present with non-
intestinal manifestations, such as oral lesions. These 
oral manifestations may aid in the diagnosis and the 
monitoring of disease activity, whilst ignoring them may 
lead to an inaccurate diagnosis and useless and expen-
sive workups. Indurated tag-like lesions, cobblestoning, 
mucogingivitis, aphthous stomatitis, and pyostomatitis 
vegetans are the main oral presentations of IBDs. With 
the growing incidence of IBDs and the increased likeli-
hood of encountering these particular manifestations, 
this review summarizes various oral findings seen in 
IBD cases by describing their unique morphologic de-
scription, treatment recommendations, and probable 
differential diagnosis.

Lankarani KB, Sivandzadeh GR, Hassanpour S. Oral manifesta
tion in inflammatory bowel disease: A review. World J Gastroen-
terol 2013; 19(46): 85718579  Available from: URL: http://www.
wjgnet.com/10079327/full/v19/i46/8571.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i46.8571

INTRODUCTION
Inflammatory bowel diseases (IBD), including Crohn’s dis-
ease (CD) and ulcerative colitis (UC), are chronic inflam-
matory diseases with primary intestinal involvement[1-5]. 
Although the exact underlying pathogenesis of  IBD has 
not been clearly elucidated, it is postulated that dysregu-
lated immunity is its basis[4,6-12]. Generally, it is assumed 
that IBD is a multifactorial disease in which immune 
system, genetics, and environmental factors all have a 
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role[2,8,13-17]. Other than the expected symptoms of  gastro-
intestinal involvement, IBD patients may exhibit a wide 
range of  non-intestinal signs and symptoms known as ex-
traintestinal manifestations (EIMs), with prevalence rates 
ranging from 6%-47%[2,8,18,19]. Approximately one third 
of  IBD patients develop EIMs in the course of  their 
disease[1,20-25]. Joints, skin, eyes, and the biliary tract are 
among the most common organs involved in EIMs[22,26-28]. 
Oral involvement with different presentations may also 
be seen in IBD. Oral manifestations could also occur in 
these patients due to other causes, such as drug reactions, 
infections, and unrelated diseases[1,2,6,8,20,21]. Patients with 
IBD may present with these oral manifestations years be-
fore the appearance of  intestinal disease[1,6]. Recognizing 
these patterns may assist physicians and other care giv-
ers in making a timely diagnosis of  IBD while avoiding 
unnecessary workups[29]. The scope of  this review is to 
describe various oral presentations in IBD and their dif-
ferential diagnosis and treatment. 

EPIDEMIOLOGY OF ORAL 
MANIFESTATIONS IN IBD
In 1969, Dyes and colleagues initially described oral le-
sions in two patients with CD[7,30]. This was followed in 
the same year by Dudeney’s report of  another patient 
suffering from CD who had oral manifestation[31]. Oral 
lesions in the absence of  intestinal findings in CD were 
initially described in 1972 by Varley[32], and there have 
since been various reports on the incidence of  oral le-
sions in CD[1-3,23,30,33-39]. The highest rate was reported 
from a study in a pediatric age group, indicating a rate of  
48%[33]. The prevalence rate is estimated to be between 
50% and 20% in most publications[1,33,38]. 

This variation in rate might be related to the different 
ages of  patients studied, their ethnicity and genetic 
background, whether they were receiving treatment while 
being investigated, the experience level of  the examiners, 
and the variation in definition of  specific lesions[34]. 

In the majority of  cases, intestinal involvement pre-
cedes the oral lesion[1]. Oral lesions are more common in 
CD compared to UC, more prevalent in children com-
pared to adults, and with a male dominance[1,8,21,33,34,37,40,41]. 
The prevalence is also higher in CD patients with proximal 
gastrointestinal tract and/or perianal involvement[2,33,42]. 

Oral lesions may be the primary presenting signs pre-
ceding gastrointestinal symptoms[43,44] in 5%-10% of  af-
fected patients[39]. This figure has been reported to be as 
high as 60% in patients with CD[37].

Although the lesions might be more severe at the time 
of  active disease, the correlation is not universal, and up 
to 30% of  affected patients may continue to manifest 
oral lesions (especially in the pediatric age group) despite 
disease control[34,45].

ORAL LESIONS IN CROHN’S DISEASE
Dudeney’s report of  oral Crohn’s disease in 1969 de-

scribed it as a raised, edematous, pink granulation tissue 
in the buccal mucosa[31]. It is now known that the lips are 
the most frequent site of  oral Crohn’s disease (OCD) le-
sions[37]. Oral lesions may be painful, impair proper oral 
function, or lead to psychological disorders due to disfig-
urement[8,46]. Oral manifestations of  CD can be specific 
or non-specific, based on the presence of  granulomas 
noted on the histopathology reports[1].

SPECIFIC ORAL CROHN’S DISEASE 
LESIONS
These specific lesions contain granulomatous changes 
noted upon histopathological examination. They are less 
common than non-specific lesions, and can occur either 
concomitantly with intestinal symptoms or before gut 
presentation by several years[47,48]. The most affected por-
tions in the mouth are the buccal mucosa, gingiva, lips, 
vestibular, and retromolar areas[32]. There are four main 
lesions, as described below and shown in Table 1.

INDURATED TAG-LIKE LESIONS
These are white reticular tags[35] referred to as mucosal 
tags, epithelial tags, or folds[49]. These lesions are mostly 
discovered in the labial and buccal vestibules, and in the 
retromolar regions[21]. Up to 75% of  these lesions may 
show non-caseating granulomas on histopathology[33,42]. 
There has been no specific direct association of  these 
lesions with intestinal CD activity reported[1]. Treatment 
is described in the later section on general treatments of  
OCD lesions.

COBBLESTONING
Fissured swollen buccal mucosa with corrugation and 
hyperplastic appearance of  the mucosa are called cobble-
stoning[1,42,50,51]. These lesions are usually seen in the 
posterior buccal mucosa and may be associated with 
succulent mucosal folds with normal epithelium[21]. The 
lesions usually consist of  mucosal-colored papules that 
produce firm plaques on the buccal mucosa and palate. 
Such lesions may cause pain and make speaking and eat-
ing normally difficult[52]. These lesions, along with mu-
cosal tags, are considered pathognomonic for CD[35], but 
are not associated with intestinal CD activity[1]. Treatment 
consists of  topical steroids in addition to the treatment 
of  intestinal involvement. In more severe presentations, 
systemic steroids could be used[53]. 

MUCOGINGIVITIS
The gingiva may become edematous, granular, and hy-
perplastic in Crohn’s disease, with or without ulceration. 
The whole gingiva up to the mucogingival line might be 
involved[7,30]. As with other specific lesions of  the oral 
cavity, this lesion has no association with intestinal CD 
activity. Treatment is discussed in the section on general 
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treatments of  OCD lesions below.

OTHER SPECIFIC LESIONS
Lip swelling with vertical fissures, deep linear ulcerations 
(usually in the buccal sulci with hyperplastic folds), and 
midline lip fissuring may also occur in CD[1,2,7,8,22,30,33,35,39,42,

49,54]. These lesions also have no association with intestinal 
CD activity[1].

While these lesions may be very incommodious for 
patients, they can be treated with topical tacrolimus at 
low concentration (0.5 mg/kg) and intra-lesional steroid 
injection with or without mandibular blockade[34,55,56]. 
In more severe cases with persistent pain and cosmetic 
disfigurement, more aggressive therapy with immunosup-
pressive agents is recommended[34]. 

NON-SPECIFIC ORAL LESIONS IN CD
Table 1 provides details of  various non-specific oral le-
sions that occur with Crohn’s disease.

APHTHOUS STOMATITIS
Aphthae are shallow round ulcerations with central fi-

brinous exudate and an erythematous border[23,57]. These 
lesions may occur in 20%-25% of  the general popula-
tion[3,58], up to 10% of  patients with UC, and 20%-30% 
of  those with CD that have oral aphthosis[4]. In a survey 
conducted in Iran, oral aphthous lesions were found in 
approximately 13% of  CD vs 6% of  UC patients[13]. The 
association of  oral aphthosis and disease activity is not 
clear. While it may become more severe in active disease, 
its presence does not correlate with disease activity. 

Patients with IBD and other EIMs may suffer re-
current aphthous stomatitis more often than others[4]. 
Aphthous stomatitis has been associated with ankylosing 
spondylitis, uveitis, peripheral arthritis, and erythema no-
dosum[59]. Aphthous eruptions are not specific for IBD 
and may be observed in several other disorders including 
celiac sprue, HIV/AIDS, Behçet’s disease, and Reiter’s 
syndrome, as well as common aphthae seen in the normal 
population[23,60-66]. 

Management of  CD is usually sufficient for control 
of  oral aphthosis. For control of  pain, topical agents 
(such as lidocaine) and/or topical steroids (such as tri-
amcinolone 0.1%) up to three times per day can be used. 
Dexamethasone elixir (0.5 mg/5 mL spit or swish) or 
ointment up to three times per day is also efficacious. 
Non-steroidal anti-inflammatory pastes are effective in 
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Table 1  Summary of specific and non-specific oral lesions in Crohn’s disease

Lesion Relation with CD activity Frequency Treatment options

  Specific oral 
  lesions

Indurated tag-like lesions No specific direct 
association reported

Common in OCD patients See general points on the treatment of OCD in the 
text 

Cobblestoning No specific direct 
association reported

Common in OCD patients Topical steroids for less severe cases and systemic 
steroids for others

Mucogingivitis No specific direct 
association reported

Common in OCD patients See general points on the treatment of OCD in the 
text 

Others:  
Lip swelling with vertical 
fissures

No specific direct 
association reported

Topical tacrolimus, intra-lesional injection of 
steroids, immunosuppressive agents

Deep linear ulcerations Topical analgesics, 5-ASA, or steroids, intra-lesional 
steroids, topical tacrolimus, other medications used 
in PV treatment

  Non-specific 
  oral lesions

Aphthous stomatitis No specific direct 
association reported

10% of patients with UC and 
20%-30% of those with CD

Topical agents (lidocaine 2%, triamcinolone 
0.1%, dexamethasone elixir), non-steroidal anti-
inflammatory pastes, systemic steroids, intra-
lesional steroids

Pyostomatitis vegetans Associated with active 
CD

Rare Antiseptic mouthwashes/topical steroids (though 
less effective), systemic steroids, azathioprine and 
sulfamethoxypyridazine, dapsone, cyclosporine A, 
injections of infliximab pursued by maintenance 
therapy with MTX, adalimumab, surgical colectomy 
in UC 

Others:
Angular cheilitis No specific direct 

association reported
Unknown 5-ASA mouthwashes, topical steroids (1% 

hydrocortisone), vitamin supplements, intra-lesional 
steroids

Persistent submandibular 
lymphadenopathy

See general points on the treatment of OCD in the 
text 

Recurrent buccal abscesses Antibiotics, infliximab, methotrexate, thalidomide
Perioral erythema with 
scaling
Glossitis

CD: Crohn’s disease; OCD: Oral Crohn’s disease; MTX: Methotrexate; UC: Ulcerative colitis.
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troduced by McCarthy in 1949[38], but its association 
with IBD was not initially recognized[38]. PV is a chronic 
mucocutaneous ulcerative disorder consisting of  multiple 
miliary white or yellow pustules with an erythematous 
and edematous mucosal base[1,23,77,79]. The pustules can 
rupture and coalesce to form linear or “snail-track” ul-
cers[1,23,38,77,78,80]. The most frequently involved regions of  
the oral cavity are the labial gingiva, labial, and buccal 
mucosa[78]. The least damaged portions are the tongue 
and floor of  the mouth[1], but pustules can involve almost 
all parts of  the oral cavity[78]. 

PV can be seen at any age, but is more prevalent in 
patients aged between 20 and 59 years, with an average 
age of  34 years. Males are affected more frequently than 
females, with a ratio of  2:1-3:1[81,82]. PV is considered 
to be the oral equivalent of  pyodermatitis vegetans on 
the skin[77,78]. There is a strong association between PV 
and IBD, and the former is a specific marker of  disease 
activity in UC[1,2,38,39,78,83,84]. Intestinal involvement usually 
predates the onset of  PV in IBD, although this could be 
asymptomatic and mild[23,85]. Despite every effort, no bac-
terial, fungal, or viral cause has yet been found for this 
manifestation and its pathogenesis remains obscure[77]. 
The principal histological features on microscopy are in-
tra-epithelial and/or sub-epithelial micro-abscesses with 
neutrophils and eosinophils. Furthermore, hyperkeratosis, 
acanthosis, and acantholysis are seen in histology exami-
nation[1,38,40,78,86]. Direct immunofluorescence in PV is neg-
ative for deposits of  IgA, IgG and C3 and this result is 
helpful in distinguishing PV from pemphigus vulgaris[1,87]. 
Clinically, the patient may have fever, enlarged and tender 
submandibular lymph nodes, and pain. Pain intensity is 
variable; some patients with extensive oral lesions may 
not have any pain[78]. Peripheral eosinophilia is seen in 
up to 90% of  cases and is the main laboratory finding in 
many patients[87]. 

The diagnosis of  PV is based on a constellation of  
clinical features that include concurrent IBD, peripheral 
eosinophilia, histological study, and negative culture re-
sults of  the lesion exudate. As mentioned above, a nega-
tive immunofluorescence study is also helpful[1,77,78]. 

The main differential diagnoses of  PV include vesicu-
lar disorders involving both the skin and oral cavity; simi-
lar to pemphigus vulgaris in particular, as well as other 
diseases like bullous pemphigoid, acquired epidermolysis 
bullosa, bullous drug eruptions, herpetic infection, Be-
hçet’s disease, and erythema multiforme[1,77,80,88]. Herpetic 
infections should be excluded by Tzanck smear, antigen 
detection, and culture of  the virus, or PCR for HSV 
virus[23]. The mainstay in the management of  PV is the 
treatment of  underlying IBD. Topical steroids and anti-
septic mouthwashes alone are effective in only a few in-
stances. Systemic steroids are usually prescribed for these 
patients and are considered as the treatment of  choice. 
Azathioprine and sulfamethoxypyridazine can be used in 
parallel with steroids as sparing agents[3,21,23,38,77,78]. Dap-
sone is another option, but should be used as a second 
line agent, especially in relapsing cases. Hemolytic ane-

relieving pain and promoting healing. Systemic or intra-
lesional steroids should be reserved for severe refractory 
and/or persistent cases[4,13,21,32,67-70].

PYOSTOMATITIS VEGETANS AND 
OTHER NON-SPECIFIC LESIONS
Pyostomatitis vegetans can occur in both UC and CD, 
but is more common in the former and will be discussed 
in more detail in the later section addressing oral mani-
festations of  UC.

Other non-specific oral findings of  CD include angu-
lar cheilitis, persistent submandibular lymphadenopathy, 
sicca syndrome and reduced salivation, halitosis, dental 
caries and periodontal involvement, candidiasis, odyno-
phagia, dysphagia, minor salivary gland enlargement, peri-
oral erythema with scaling, recurrent buccal abscesses, 
glossitis, mucosal discoloration, lichen planus, and metal-
lic dysgeusia[2,7,21,32,34,35,40,54,71]. For the management of  an-
gular cheilitis, 5-ASA mouthwashes, topical steroids (1% 
hydrocortisone), vitamin supplements, and intra-lesional 
steroids may be effective. Antibiotics are the first step 
in treating recurrent buccal abscesses. For more severe 
cases, immunomodulating agents including chimeric anti-
tissue necrosis factor (TNF) alpha monoclonal antibody-
infliximab, methotrexate, and thalidomide have been 
used[7,21].

GENERAL POINTS ON THE TREATMENT 
OF OCD
In the majority of  patients with OCD, the oral findings 
are asymptomatic and clinically silent. In these patients, 
no peculiar treatment is needed for oral lesions and the 
latter will resolve over time in association with the treat-
ment of  gastrointestinal disease using anti-inflammatory 
drugs (5-ASA), immunosuppressive agents, and finally 
biological agents, whichever are indicated[8,21,34,40,72]. 

The treatment armamentarium includes topical and 
systemic steroids, 5-ASA compounds, immunosuppres-
sive agents, biologic treatments, and even antibiotics such 
as tetracycline[2,73].

The first and foremost step in treating oral lesions is 
to control colonic disease[74]. Food restriction, which is 
discussed later in the management of  orofacial granulo-
matosis (OFG), could also be tried in OCD[75,76].

ORAL LESIONS IN UC
There are many similarities between the oral manifesta-
tions of  CD and UC. Although oral lesions are more 
common in CD, almost all of  the so-called non-specific 
oral lesions described in CD can also occur in UC. 
Among these lesions, pyostomatitis vegetans occurs more 
commonly in UC than in CD and will be discussed here 
in more detail[1,2,74,77,78].

The term pyostomatitis vegetans (PV) was first in-
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mia, hepatitis, agranulocytosis, and drug-induced allergic 
reactions are the major side effects of  dapsone requiring 
attention[3,78]. 

Calcineurin blockers like cyclosporine A have been 
successfully used, as described in case reports in the 
treatment of  PV[89]. Injections of  infliximab followed by 
maintenance therapy with methotrexate have been also 
effective, especially in PV associated with CD[77]. Systemic 
use of  newer humanized anti-TNF agents like adalim-
umab has also proven effective in inducing remission of  
both oral and gastrointestinal manifestations[77]. Surgical 
colectomy produces promising results in PV associated 
with UC[3,78,90].

Other non-specific findings in UC include oral aph-
thae, glossitis, cheilitis, stomatitis, lichen planus, mucosal 
ulcers, diffuse pustules, and non-specific gingivitis[1-3,23,42]. 

In a report of  patients with UC, 4.3% had aphthous 
stomatitis during intestinal disease flare-ups[2], thus the 
presence of  this non-specific manifestation may have 
some correlation with disease activity in UC.

DIFFERENTIAL DIAGNOSES
Because CD is a granulomatous disorder, all other dis-
eases capable of  inducing granulomatous reaction in 
the oral cavity are included in the differential diagnosis 
(DDX) list. The most common cause of  developing oral 
granulomas is a response to foreign bodies, primarily 
dental materials such as retained amalgams or endodontic 
sealers[91]. The second important DDX to be considered 
is tuberculosis bacilli. Special staining processes for acid-
fast bacilli, PPD skin test, sputum culture, and chest X- 
ray are often used to diagnose oral tuberculosis[2,80,92]. 

Fungal infections such as candidiasis, histoplasmosis, 
cryptococcosis, paracoccidioidomycosis, and blasto-
mycosis can all trigger granulomatous involvement of  
the mouth. The presence of  these infections could be 
confirmed by special stains including applying PAS or 
Gömöri trichrome stain and, more specifically, with mo-
lecular studies[2,21,80].

Oral sarcoidosis should always be considered in 
DDX, and an appropriate workup should include mea-
suring serum angiotensin converting enzyme, IL-2 
receptor level, IL-8 level, and chest X-ray in suspected 
cases[2,6,21,39,93]. 

Leprosy, cat scratch disease, tertiary syphilis, orofacial 
granulomatosis, T-cell lymphoma, and Wegener’s disease 
can all produce a granulomatous reaction in the oral cav-
ity, but are much rarer and usually have other prominent 
features leading to diagnosis[21,39]. 

Considering the role of  nutritional deficiencies is of  
utmost importance as stomatitis, glossitis, aphthous ul-
cers, cheilitis, or perioral dermatitis may occur with nutri-
ent deficiencies resulting from an insufficient supply of  
the vitamin B family, albumin, iron, folate, zinc, niacin, 
and/or other essential elements[8,41,94-97]. Nutrient deficien-
cies may be the result of  intestinal involvement or may 
be caused by the medications used in the treatment of  

IBD[98,99]. Sulfasalazine and azathioprine, for instance, 
may cause folate and niacin deficiency, respectively[2]. 

Other non-specific oral manifestations may also be 
related to the side effects of  drugs. As an example, oral 
aphthosis has been reported in association with non-
steroidal anti-inflammatory agents, nicorandil[100], and 
bupropion[101]; gingival hyperplasia with cyclosporine[102], 
amlodipine[103], and anticonvulsants such as phenytoin[104]; 
and reversible lichen planus with sulfasalazine[54].

OROFACIAL GRANULOMATOSIS
Gibson et al[40] used the term OFG in 1985 to define a 
constellation of  oral signs similar to those seen in OCD, 
but in the absence of  evidence of  intestinal CD. In this 
rare syndrome, chronic swelling of  the lips and lower half  
of  the face is prominent, in association with oral ulcers 
and hyperplastic gingivitis. Granulomatous cheilitis is the 
most common sign seen in OFG[105]. The most frequent 
sites of  involvement in OFG are the lips, which may be 
individually or both involved[80]. Lip swelling usually leads 
to painful vertical fissures[2]. Three forms of  ulcers are 
found in OFG: deep buccal ulcers with raised peripheral 
mucosa, aphthous-type ulcers, and micro-abscesses locat-
ed commonly on the gingival margin or soft palate[21]. In 
general, the ulcers are mainly superficial and the gingivae 
are erythematous with patchy distribution, mostly affect-
ing the anterior portion. These alterations extend from 
the free gingival margin to the non-keratinized mucosa of  
the sulci, developing a full-thickness gingivitis pattern[40].

In the largest series of  studies involving OFG re-
ported to date, the mean age of  those affected at presen-
tation was 20 years with no gender predilection. With the 
pathogenesis unknown, allergic, infectious, and genetic 
causes have also been postulated[40,106]. Unlike OCD in 
which Th1 CD4+ lymphocytes are the dominant popula-
tion, in OFG the overstimulation of  Th2 CD4+ lympho-
cytes is detected in biopsy specimens, where it is shown 
as infiltrating cells[21].

Granulomas noted upon histology examination are 
the hallmark in both OFG and OCD. The only way to 
exclude CD is by clinical presentation[21]. As mentioned 
previously, oral manifestations may precede gastroin-
testinal involvement in CD for many years. Thus, cases 
labeled as OFG may later progress to being diagnosed 
as CD[21,34]. Recently, it has been reported that 4 out of  6 
children with OFG in early childhood were reported as 
having developed CD on follow-up[34]. 

A rare presentation of  OFG seen in adults is Melk-
ersson-Rosenthal syndrome; a triad of  orofacial swelling, 
intermittent facial paralysis, and a fissured tongue[21,34,107].

Observational studies in pediatric patients with OFG 
have demonstrated that dietary elimination of  some trig-
gering elements (encompassing cinnamaldehyde, benzo-
ate additives, carnosine, monosodium glutamate, cocoa, 
and sunset yellow) are effective in the treatment of  oral 
lesions[75,76]. Analgesia and topical agents like beclometha-
sone mouthwash and 5-ASA spray or ointments can be 
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used as basic therapies. In unresponsive cases, treatment 
with systemic steroids and immunosuppressive medica-
tions can be used[21]. Clofazimine, a drug used in the 
treatment of  leprosy, is occasionally effective in OFG[37].

CONCLUSION
Oral manifestations of  inflammatory bowel diseases are 
diverse. Although they are generally more common in 
patients with Crohn’s disease, specific manifestations like 
PV occur more commonly in ulcerative colitis, which is 
associated with disease activity in most instances. Most 
other manifestations have no correlation with disease 
activity. In differential diagnosis of  these oral manifesta-
tions, side effects of  drugs, nutritional deficiencies, infec-
tions, as well as other granulomatous diseases with oral 
involvement should all be considered. There is usually no 
need for specific treatment for these lesions, but when 
indicated it may comprise topical and systemic steroids, 
immunosuppressive drugs, antibiotics, and even biologi-
cal treatment in more severe cases. 
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Abstract
Endoscopic papillary large balloon dilation (EPLBD) 
with endoscopic sphincterotomy (EST) has been widely 
used as the alternative to EST along with endoscopic 
mechanical lithotripsy (EML) for the removal of large or 
difficult bile duct stones. Furthermore, EPLBD without 
EST was recently introduced as its simplified alternative 
technique. Thus, we systematically searched PubMed, 
Medline, the Cochrane Library and EMBASE, and ana-
lyzed all gathered data of EPLBD with and without EST, 
respectively, by using a single standardized definition, 
reviewing relevant literatures, published between 2003 
and June 2013, where it was performed with large-
diameter balloons (12-20 mm). The outcomes, includ-
ing the initial success rate, the rate of needs for EML, 
and the overall success rate, and adverse events were 
assessed in each and compared between both of two 
procedures: “EPLBD with EST” and “EPLBD without 
EST”. A total of 2511 procedures from 30 published ar-
ticles were included in EPLBD with EST, while a total of 
413 procedures from 3 published articles were included 
in EPLBD without EST. In the results of outcomes, the 

overall success rate was 96.5% in EPLBD with EST and 
97.2% in EPLBD without EST, showing no significant 
difference between both of them. The initial success 
rate (84.0% vs  76.2%, P  < 0.001) and the success 
rate of EPLBD without EML (83.2% vs  76.7%, P  = 
0.001) was significantly higher, while the rate of use 
of EML was significantly lower (14.1% vs  21.6%, P  
< 0.001), in EPLBD with EST. The rate of overall ad-
verse events, pancreatitis, bleeding, perforation, other 
adverse events, surgery for adverse events, and fatal 
adverse events were 8.3%, 2.4%, 3.6%, 0.6%, 1.7%, 
0.2% and 0.2% in EPLBD with EST and 7.0%, 3.9%, 
1.9%, 0.5%, 0.7%, 0% and 0% in EPLBD without EST, 
respectively, showing no significant difference between 
both of them. In conclusion, recent accumulated results 
of EPLBD with or even without EST suggest that it is a 
safe and effective procedure for the removal of large or 
difficult bile duct stones without any additional risk of 
severe adverse events, when performed under appro-
priate guidelines.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Balloon dilation; Endoscopic sphincteroto-
my; Common bile duct gallstones; Lithotripsy; Compli-
cations; Assessment; Patient outcomes

Core tip: We systematically analyzed all gathered data 
of endoscopic papillary large balloon dilation (EPLBD) 
with and without endoscopic sphincterotomy (EST), re-
spectively, by using a single standardized definition, to 
evaluate their outcomes, reviewing relevant literatures. 
Thirty studies involving 2511 procedures of EPLBD with 
EST and 3 studies involving 413 procedures of EPLBD 
without EST were enrolled in this review. The results 
of EPLBD with or even without EST suggest that it is a 
safe and effective procedure for the removal of large or 
difficult bile duct stones without any additional risk of 
severe adverse events, when performed under appro-
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INTRODUCTION
Ever since its introduction in 1974[1,2], endoscopic sphinc-
terotomy (EST) has become the standard procedure 
for the removal of  common bile duct stones. However, 
it still runs the risk of  various adverse events, such as 
bleeding, perforation, pancreatitis and cholangitis[3-6], and 
large bile duct stones may require endoscopic mechanical 
lithotripsy (EML) as an adjunctive procedure to facilitate 
stone clearance[7-11]. Endoscopic papillary balloon dila-
tion (EPBD) was first proposed as an alternative to EST 
in 1982[12]. Initially it was widely performed in the belief  
that it had more advantages over EST such as the reduc-
tion of  bleeding and perforation risks and functional 
preservation of  the biliary sphincter[13-17]. However, it has 
been proven that EPBD is significantly less successful 
in removing bile duct stones compared to EST, because 
dilating balloons with a range of  6- to 10-mm in diameter 
are inadequate in achieving an ampullary opening wide 
enough[18,19]. More importantly the risk of  pancreatitis 
is significantly higher than EST to the extent of  an in-
creased mortality rate[7,18,20].

Endoscopic papillary large balloon dilation (EPLBD) 
combined with EST was initially introduced to facilitate 
in the removal of  large bile duct stones in 2003[21], where 
large-diameter balloons (12- to 20-mm balloon) are used 
to remove large or difficult bile duct stones[22-26]. It was 
initially presumed that this new technique would cause 
higher incidence rates of  potential serious adverse events 
such as pancreatitis and bile duct perforation[27-31]. How-
ever, recent results on EPLBD with EST have quashed 
these presumptions[32-36], therefore it is rapidly and widely 
being adopted as a useful technique for the removal of  
large or difficult bile duct stones[37-50]. As an alternative 
technique, EPLBD without EST was formally incorpo-
rated as a simplified technique in 2009[51]. A number of  
studies have recently been conducted in South Korea 
and Taiwan[43,45,52,53], concurring that it is also as safe and 
effective in patients with large bile duct stones without 
any additional risk of  severe pancreatitis or perforation. 
Nevertheless, it was very difficult to get a precise analysis 
of  the outcomes of  EPLBD, because the results from 
each article were based on different definitions. Thus, we 
analyzed all gathered data of  EPLBD with and without 
EST, respectively, by using a single standardized defini-
tion, reviewing relevant literatures.

LITERATURE SEARCH AND REVIEW
A search of  literatures on EPLBD was initially performed 

under title and abstract with the search terms “large bal-
loon”, “balloon dilation”, “sphincteroplasty” and “en-
doscopic papillary large balloon dilation” by means of  
the commonly used online databases; PubMed, Medline, 
the Cochrane Library and EMBASE. After reviewing the 
corresponding abstracts of  the retrieved articles, those 
that showed relevance to this review were downloaded in 
full text. Additional articles were then searched by tracing 
back on their references. Details of  literature search and 
evaluation process are shown in Figure 1.

The following inclusion criteria were employed in this 
review: (1) original articles about clinical trials in humans 
published between 2003 and 2013 June, since EPLBD 
was first reported on in 2003[21]; (2) the language filtering 
system was not used in online databases; (3) EPLBD per-
formed with large-diameter balloons (12-20 mm) whether 
preceding EST was done or not; and (4) EPLBD per-
formed when the standard balloon and basket techniques 
after EST failed even though the stone size was under 
10 mm. Exclusion criteria of  patients or articles were as 
follows: (1) review articles[54-58], editorial letters[59-63], case 
reports[64-68], case series[69] and preliminary reports[70]; (2) 
articles which included EPBD with a dilating balloon less 
than 12 mm in diameter[52,53,71-76]; (3) articles about clinical 
trials on only patients with surgically altered anatomy of  
the upper gastrointestinal tract, such as Billroth II surgery 
and Roux-en-Y anastomosis[77-82]; (4) articles where data 
extraction were not possible[83-86]; and (5) articles which 
contained duplicated patient data from another publica-
tion[87].

Patient data from the relevant articles was indepen-
dently extracted by two reviewers and is as follows; 
baseline clinical characteristics of  the patients, study 
design, study inclusion criteria, a history of  gastrointes-
tinal surgery, periampullary diverticulum, largest stone 
size, range of  stones, number of  stones, treatment naïve, 
performance of  EST, size of  EST, prior EST, balloon 
diameter, time duration of  inflated balloon, initial success 
rate, success rate of  EPLBD without EML, rate of  use 
of  EML, overall success rate, number of  sessions needed 
for complete stone removal, rates of  adverse events and 
rate of  surgery and mortality due to adverse events. An 
article of  a large scaled multicenter study[43], that included 
our institute, where the data of  both the patients who 
had EPLBD with EST and those without EST were cal-
culated as one, was re-analyzed using its raw data in order 
to re-group both of  them separately. Any discrepancies 
between the two reviewers’ results were resolved through 
discussion.

DEFINITION
Because data from each article, such as size of  EST, initial 
success rate, success rate of  EPLBD without EML, rate 
of  use of  EML, overall success rate, and rate of  adverse 
events, was based on different definitions, we re-analyzed 
all gathered data by using a single standardized definition, 
in order to get a precise analysis of  the outcomes. The 
size of  the EST used before performing EPLBD was 
classified into 2 groups based on the extent of  ampullary 
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incision: (1) “large” if  EST was completed to anywhere 
between two-thirds of  the total length of  the ampulla 
and up until the major horizontal fold crossing the intra-
mural portion of  the bile duct or if  the extent of  EST was 
described under such terms as “full incision EST”[40,46], “full-
EST”[43], “maximum EST”[23], “major EST”[49], “complete 
EST”[29], “standard EST”[30,36] or “normal EST”[44]; and 
(2) “limited” if  EST was made from the orifice of  the 
ampulla proximally up to, but no exceeding two-thirds 
of  the ampulla or if  the extent of  EST was described under 
such terms as “mid-incision EST”[22,28,38], “medium EST”[28], 
“middle EST”[48], “mid-EST”[43], “small EST”[24,42], “minor 
EST”[25] or “limited EST”[41,47,48].

Initial success was defined as complete bile duct 
stone clearance when only one session of  EPLBD was 
performed whether EML as an adjunctive procedure was 
used or not. Overall success was defined as overall com-
plete bile duct stone clearance by using EPLBD whether 
EML as an adjunctive procedure was used or not, with 
the exception of  using other lithotripsies such as elec-
trohydraulic lithotripsy and laser lithotripsy, irrespective 
of  the number of  EPLBD sessions. Success of  EPLBD 
without EML was defined as complete stone clearance 
without the assistance of  EML by using EPLBD irre-
spective of  the number of  EPLBD sessions. The rate 
of  use of  EML was defined as the rate for using EML 
as an adjunctive procedure to remove bile duct stones in 
all cases irrespective of  the number of  EPLBD sessions. 
Adverse events were classified and graded according to 
the consensus criteria proposed by Cotton et al[3].

STATISTICAL ANALYSIS
Statistical analyses were done using SPSS version 18.0 
software (SPSS Inc., Chicago, Illinois, United States). The 

significance of  difference for categorical variables was de-
termined using either chi-square test or Fisher’s exact test 
and a logistic regression analysis was performed for mul-
tiple comparisons in the statistically significant categorical 
variables that have more than two subgroups. Quantita-
tive data were analyzed by either unpaired Student’s t test 
or Mann-Whitney test, and presented as the mean ± SD. 
A P value below 0.05 was regarded as statistically significant.

EPLBD COMBINED WITH EST
A total of  2511 procedures in 2503 patients were includ-
ed in this review from 30 published original articles, made 
up of  23 retrospective studies, 4 prospective studies and 
3 prospective randomized controlled studies. The base-
line clinical characteristics of  the patients are described in 
Table 1. Periampullary diverticulum, which was provided 
in 25 studies, was noted in 36.7%. Prior EST, which was 
provided in 28 studies, was done in 20.2%. Patients with 
surgically altered anatomy of  the upper gastrointestinal 
tract, such as Billroth Ⅰ or Ⅱ surgery and Roux-en-Y 
anastomosis were included in 2.4% from 20 studies.

Patient outcomes 
Based on the size of  EST, EPLBD was performed in 10 
studies mainly when stone removal had failed with the 
standard techniques after a large EST, in 13 studies after 
a limited EST mainly if  it is speculated that the stone size 
is too large to be removed using the standard techniques, 
in 4 studies without additional EST if  they had a previ-
ous history of  EST, and in one multi-center study after 
variable sizes of  EST. Twenty four studies described time 
duration of  inflated balloon using a dilating balloon with 
a diameter of  12 to 20 mm which varied from 10 to 180 
s, most of  which were less than 60 s with the exception 
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Potentially relevant articles identified through online database 
searching (n  = 357)

Irrelevant titles or abstracts were excluded 
(n  = 290)

Articles retrieved for evaluation 
(n  = 67)

Excluded (n  = 35):
  Review articles, editorial letters (n  = 10)
  Case reports, case series, preliminary reports (n  = 7)
  Articles included EPBD with a balloon < 12 mm in diameter (n = 8)
  Clinical trials on only patients with surgically altered anatomy (n  = 6)
  Data extraction not possible (n  = 3)
  Articles which were duplicated publications (n  = 1)

Articles included in this review 
(n  = 321)

Figure 1  Flow-chart of literature 
search and evaluation.1Data from 
one article of a large scaled multi-
center study was re-grouped into two; 
endoscopic papillary large balloon 
dilation with and without endoscopic 
sphincterotomy, and the outcomes 
were re-analyzed separately.
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fatal cases, were reported in 4 studies[29,30,36,43]; two were 
successfully managed with angiography and surgery, re-
spectively, and the other two had expired due to post-
EPLBD massive bleeding. Perforation occurred in 0.6% 
(0%-2.8%). Six problematic perforations (5 duodenum 
and 1 cystic duct), including 3 severe and 3 fatal cases, 
were reported in 3 studies[30,43,45]; two with duodenal 
perforation were successfully managed with surgery and 
one with cystic duct perforation with percutaneous drain-
age, and the other three expired due to septic shock and 
multi-organ failure (2) and cardiogenic shock (1). Other 
adverse events were noted in 1.7% (0%-14.8%), includ-
ing cholangitis (14), hypotension (10), pain (4), intramural 
dissection (3), pneumonia (3), basket impaction (2), sepsis 
(2), cholecystitis (1), injured bile duct (1), and hypoxia (1). 
All of  these cases were successfully managed with con-
servative treatment, except for all basket impaction cases 
who received surgery.

EPLBD WITHOUT EST
A total of  413 patients who each received EPLBD with-
out EST were included in this review from 3 published 

of  3 studies[27,43,49] (Table 2). The initial success rate was 
84.0% (range 61.9%-100%), which was provided in only 
24 studies, thirteen of  which studies were designed to 
include cases where EML was performed along with the 
first session of  EPLBD. The mean number of  EPLBD 
sessions for complete stone clearance was 1.2. The suc-
cess rate of  EPLBD without EML, the rate of  use of  
EML, and the overall success rate, which were provided 
from all 30 studies, were 83.2% (59.6%-100%), 14.1% 
(0%-38.6%) and 96.5% (79.7%-100%), respectively (Table 2).

Adverse events
The overall rate of  adverse events following EPLBD 
with EST was 8.3% (0%-17.0%), the majority of  which 
were of  mild to moderate severity. Adverse events were 
classified as pancreatitis, bleeding, perforation, and oth-
ers (Table 3), and graded accordingly to severity as found 
in Table 4. Pancreatitis occurred in 2.4% (0%-13.2%), all 
cases of  which were of  mild to moderate severity (98.4%), 
except for one fatal case who had had a history of  severe 
pancreatitis[46]. Bleeding occurred in 3.6% (0%-8.6%), 
but it mostly was of  mild to moderate severity (94.5%). 
Four problematic bleedings, including 2 severe and 2 

  Ref. Study 
design

No. of procedures, 
No. of patients

Mean age, 
year

No. of periampullary 
diverticulum

Mean size of 
largest stone, mm

Range of 
stone size, mm

Prior 
EST

Altered 
anatomy

  Ersoz et al[21] R   58 NA   4 (6.9) NA 12-28 14 0
  Hwang et al[22] R   30   71.3     6 (20.0) 21.6 15-35   0 NA
  Maydeo et al[23] P   60   58.0   0 (0.0) 16.0 12-20   0 0
  Minami et al[24] R   88    74.01 NA 14.0 > 12   0 NA
  Heo et al[25] RCT 100  64.4   49 (49.0) 16.0 NA   0 0
  Lee et al[26] R   55 70.8   16 (29.1) 20.8 15.4-35.5   0 B-Ⅱ:2
  Kim et al[27] R   35 66.9     9 (25.7) 26.1 12-50 14 NA
  Lee et al[28] R   41 72.2   21 (51.2) 18.2 10-45   0 B-Ⅱ:2, R-Y:2
  Misra et al[29] R   50 40.1 NA NA < 15-25   0 NA
  Attasaranya et al[30] R         107, 103 70.1   36 (35.0) 13.01 10-30 50 B-Ⅱ:6
  Espinel et al[31] P   93 76.5   30 (32.2) 13.4 5-30 42 B-Ⅱ:4
  Itoi et al[32] R   53 75.3   25 (47.2) 14.8 10-28   0 0
  Kim et al[33] RCT   27 70.3     9 (33.3) 20.8   15-38.3   0 0
  Itoi et al[34] R   18 79.1     9 (50.0) 16.7 13-21   0 B-Ⅰ:1
  Kurita et al[35] R   24  82.01   18 (75.0)  16.51 12-33 24 NA
  Ghazanfar et al[36] P   84 48.4 NA 14.7 10-32   0 NA
  Kim et al[37] R   70 68.7   24 (34.3) 12.5 5-30 70 NA
  Youn et al[38] R 101 69.1   12 (11.9) 21.8 7-52    0 B-Ⅰ:2, B-II:3
  Kim et al[39] R   72 69.3   41 (56.9) NA > 10    0 0
  Stefanidis et al[40] RCT   45 69.4 NA NA 12-20    0 0
  Rebelo et al[41] R   30 68.0     7 (23.3)  17.01 12-30   4 NA
  Sakai et al[42] R   59 76.7   27 (45.8) 15.0 10-28 21 B-Ⅰ:3, B-Ⅱ:2
  Park et al[43] R 633 72.7               246 (39.1) 15.4    10-38.4 NA2 B-Ⅱ:20
  Poincloux et al[44] R         64, 62 77.0   15 (24.2) NA NA   0 NA
  Hwang et al[45] R   69 68.2   33 (47.8) 16.5 NA   0 0
  Paspatis et al[46] RCT 124 74.9   21 (16.9) 15.7 NA NA2 0
  Rosa et al[47] R   68 70.8 NA 16.8 NA   0 0
  Yang et al[48] R          171, 169 69.3   73 (43.2)  15.01 10-45 32 B-Ⅱ:1
  Yoon et al[49] P 52 68.1   19 (36.5) 20.1 12-40 52 0
  Harada et al[50] R 30 78.0   23 (76.7) 18.0 10-39 30 NA
 Total          2511, 2503 773 (36.7)   5-45 353 (20.2) 48 (2.4)

Table 1  Baseline clinical characteristics of the patients undergoing endoscopic papillary large balloon dilation with endoscopic 
sphincterotomy  n  (%)

1Median value; 2Studies that included patients with a history of prior endoscopic sphincterotomy, but their exact numbers were not described. EST: Endo-
scopic sphincterotomy; R: Retrospective; P: Prospective; RCT: Randomized controlled trial; NA: Not available; B-Ⅰ: Billroth-Ⅰ anastomosis; B-Ⅱ: Billroth-
Ⅱ anastomosis; R-Y: Roux-en-Y anastomosis.

Kim JH et al . Endoscopic papillary large balloon dilation
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original articles, all of  which were retrospective studies. 
The baseline clinical characteristics of  the patients are de-
scribed in Table 5. Mean age was 71.8, periampullary di-
verticulum was noted in 33.2% of  the patients, the mean 
size of  the largest stone was 15.4 mm, the range of  stone 
size was 10 mm up to 37 mm, and patients with Billroth 
Ⅱ surgery were included in 2.7%. 

Patient outcomes
EPLBD without EST was performed using a dilating 
balloon with a diameter of  12 to 20 mm in all 3 stud-
ies with time duration of  inflated balloon of  30 s up to 
180 s. The initial success rate was 76.2% (74.1%-91.9%), 
but two of  the 3 studies were designed to include cases 
where EML was performed along with the first session 
of  EPLBD. The mean number of  EPLBD sessions for 
complete stone clearance was 1.27. The success rate of  
EPLBD without EML, the rate of  use of  EML, and the 
overall success rate were 76.7% (76.0%-80.6%), 21.6% 
(19.4%-21.7%), and 97.2% ( 96.8%-97.4%), respectively 
(Table 6).

Adverse events
The overall rate of  adverse events following EPLBD 
without EST was 7.0% (2.6%-7.7%), the majority of  
which were of  mild to moderate severity. Adverse events 
were classified as pancreatitis, bleeding, perforation, and 
others (Table 7), and graded accordingly to severity as 
found in Table 4. No cases of  severe or fatal adverse 
events were reported. Pancreatitis and bleeding occurred 
in 3.9% (2.6%-6.4%) and 1.9% (0%-2.6%), respectively, 
all cases of  which were of  mild to moderate severity. 
Perforation occurred in two cases, 0.5% (0%-0.6%), both 
of  which were of  moderate severity, which were success-
fully managed with conservative management. As other 
adverse events, only 3 cases of  mild cholangitis were re-
ported from one multicenter study[43].

COMPARISON BETWEEN EPLBD WITH 
EST AND EPLBD WITHOUT EST
Comparison between patients who received EPLBD with 

  Ref. Size of EST Balloon 
size, mm

Duration of inflated  
balloon, s

Initial success No. of
sessions, mean

Success without 
EML

Use of EML Overall success

  Ersoz et al[21] Large 12-20 20-45     48 (82.8) 1.17    54 (93.1)       4 (6.9)       58 (100)
  Hwang et al[22] Limited 15-18 30-60 NA NA      30 (100.0)       0 (0.0)       30 (100)
  Maydeo et al[23] Large 12-20 30     57 (95.0) 1.05    57 (95.0)       3 (5.0)       60 (100)
  Minami et al[24] Limited 20 NA     87 (98.9) 1.00    87 (98.9)       1 (1.1)       88 (100)
  Heo et al[25] Limited 12-20 60          83 (83.0) 1.12            90 (90.0)       8 (8.0)        97 (97.0)
  Lee et al[26] Limited 15-20 30-60 NA NA    52 (94.5)       3 (5.5)       55 (100)
  Kim et al[27] Limited 12-20 60-90 NA NA    22 (63.1)         9 (25.7)        31 (88.6)
  Lee et al[28] Limited 13-20 20-60     35 (85.3) 1.20    37 (90.3)       4 (9.8)       41 (100)
  Misra et al[29] Large 15-20 30-45 NA NA    45 (90.0)         5 (10.0)       50 (100)
  Attasaranya et al[30] Large 12-18 NA        102 (95.3)1 1.00            78 (72.9)       29 (27.1)      102 (95.3)
  Espinel et al[31] Large 12-20 30-45        93 (100.0)1 1.00    90 (96.8)       3 (3.2)       93 (100)
  Itoi et al[32] Large 15-20 15-30      51 (96.2)1 1.04    50 (94.3)       3 (5.7)       53 (100)
  Kim et al[33] Limited 15-18 NA      23 (85.2)1 1.27    18 (66.7)         9 (33.3)       27 (100)
  Itoi et al[34] Large 15-18 10     17 (94.4) 1.06    14 (77.8)         4 (22.2)       18 (100)
  Kurita et al[35] Prior 15-20 30     23 (95.8) 1.00    23 (95.8)       1 (4.2)        23 (95.8)
  Ghazanfar et al[36] Large 15-18 NA     52 (61.9) 1.28    67 (79.7)       0 (0.0)        67 (79.7)
  Kim et al[37] Prior 12-18 20-60     68 (97.1) 1.02    69 (98.6)       1 (1.4)       70 (100)
  Youn et al[38] Limited 15-20 30-60      93 (92.1)1 1.08            94 (93.1)       7 (6.9)     101 (100)
  Kim et al[39] Limited 12-20 30      63 (87.5)1 1.14    64 (88.9)       6 (8.3)        70 (97.2)
  Stefanidis et al[40] Large 15-20 10-12     44 (97.7) 1.00    44 (97.7)       0 (0.0)        44 (97.7)
  Rebelo et al[41] Limited 12-18 60      25 (83.3)1 1.14    23 (76.7)         6 (20.0)        29 (96.7)
  Sakai et al[42] Limited 12-20 NA      49 (83.1)1 1.30    51 (86.4)         8 (13.6)        57 (96.6)
  Park et al[43] Variable 12-20 30-180   3573 (65.4)1 1.46         4844 (78.4)        1234 (19.9)     6024 (97.6)
  Poincloux et al[44] Large 15-20 30-60     62 (96.9) 1.05    61 (95.3)       3 (4.7)        64 (100)
  Hwang et al[45] Limited 12-20 60      65 (94.2)1 1.02    51 (73.9)       18 (26.1)        66 (95.7)
  Paspatis et al[46] Large 15-20 30-60 NA NA          102 (81.8)       4 (3.2)      106 (85.0)
  Rosa et al[47] Limited 12-18 60      56 (82.4)1 1.10    55 (80.9)       10 (14.7)        65 (95.6)
  Yang et al[48] Limited 12-18 NA    163 (95.3)1 1.00          102 (59.6)       66 (38.6)      163 (95.3)
  Yoon et al[49] Prior 12-20 60-120 NA 1.70    36 (69.2)       12 (23.1)        48 (92.4)
  Harada et al[50] Prior 15-20 30      29 (96.7)1 1.00    27 (90.0)             3 (10.0)        29 (96.7)
  Total 12-20 10-180 1745 (84.0)  1.202        2077 (83.2)     353 (14.1)    2407 (96.5)

Table 2  Procedure characteristics and outcomes of endoscopic papillary large balloon dilation with endoscopic sphincterotomy  
n  (%)

1Studies which were designed to include cases where endoscopic mechanical lithotripsy was performed along with the first session of endoscopic papillary 
large balloon dilation; 2Calculated by dividing total number of procedures into total number of sessions which was calculated by multiplying each mean 
number of session with each number of procedures; 3Total number of procedures was 546 due to missing data; 4Total number of procedures was 617 due to 
missing data. EST: Endoscopic sphincterotomy; EML: Endoscopic mechanical lithotripsy; Prior: Prior endoscopic sphincterotomy; NA: Not available.
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EST and those who received EPLBD without EST were 
summarized in Table 4. Mean age and the rate of  peri-
ampullary diverticulum showed no significant difference 
between both procedures. Mean number of  EPLBD 
session and the overall success rate were not significantly 
different between both procedures, but the initial success 
rate (84.0% vs 76.2%, P < 0.001) and the success rate of  

EPLBD without EML (83.2% vs 76.7%, P = 0.001) were 
significantly higher in patients who received EPLBD with 
EST than in those who received EPLBD without EST, 
while the rate of  use of  EML (14.1% vs 21.6%, P < 0.001) 
were significantly lower in patients who received EPLBD 
with EST. Overall adverse events, pancreatitis, bleeding, 
perforation, other adverse events, the rate of  surgery for 

  Ref. Overall 
AEs

Pancreatitis Bleeding Perforation Others AE-related 
surgery

AE-related 
death

  Ersoz et al[21]      9 (15.5)       2 (3.4)   5 (8.6) 0 (0.0)   2 (3.4)    0 (0.0)   0 (0.0)
  Hwang et al[22]    1 (3.3)       0 (0.0)   1 (3.3) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Maydeo et al[23]    5 (8.3)       0 (0.0)   5 (8.3) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Minami et al[24]    15 (17.0)       1 (1.1)   1 (1.1) 0 (0.0)   13 (14.8)   0 (0.0)   0 (0.0)
  Heo et al[25]   5 (5.0)       4 (4.0)   0 (0.0) 0 (0.0)   1 (1.0)  0 (0.0)   0 (0.0)
  Lee et al[26]    2 (3.6)       0 (0.0)   2 (3.6) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Kim et al[27]    1 (2.8)       0 (0.0)   0 (0.0) 1 (2.8)   0 (0.0)   0 (0.0)   0 (0.0)
  Lee et al[28]    3 (7.2)       2 (4.8)   1 (2.4) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Misra et al[29]      7 (14.0)       4 (8.0)   3 (6.0) 0 (0.0)   0 (0.0)   1 (2.0)   0 (0.0)
  Attasaranya et al[30]    6 (5.6)       0 (0.0)   2 (1.9)            1 (0.9)   3 (2.8)   1 (0.9)   0 (0.0)
  Espinel et al[31]    2 (2.2)       1 (1.1)   1 (1.1) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Itoi et al[32]    2 (3.8)       1 (1.9)   0 (0.0) 0 (0.0)   1 (1.9)   0 (0.0)   0 (0.0)
  Kim et al[33]    0 (0.0)       0 (0.0)   0 (0.0) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Itoi et al[34]    0 (0.0)       0 (0.0)   0 (0.0) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Kurita et al[35]    0 (0.0)       0 (0.0)   0 (0.0) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Ghazanfar et al[36]    6 (7.1)       3 (3.6)   3 (3.6) 0 (0.0)   0 (0.0)   0 (0.0)   1 (1.2)
  Kim et al[37]    1 (2.3)       1 (2.3)   0 (0.0) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Youn et al[38]    7 (6.9)       2 (2.0)   2 (2.0)            1 (1.0)   2 (2.0)   0 (1.0)   0 (1.0)
  Kim et al[39]    6 (8.3)       5 (6.9)   0 (0.0) 0 (0.0)   1 (1.4)   0 (0.0)   0 (0.0)
  Stefanidis et al[40]    2 (4.4)       1 (2.2)   1 (2.2) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Rebelo et al[41]      4 (13.3)       1 (3.3)   0 (0.0) 0 (0.0)     3 (10.0)   0 (0.0)   0 (0.0)
  Sakai et al[42]    4 (6.8)       0 (0.0)   1 (1.7) 1 (1.7)   2 (3.4)   0 (0.0)   0 (0.0)
  Park et al[43]    71 (11.2)     13 (2.1)         48 (7.6)            7 (1.1)   3 (0.4)   2 (0.3)   4 (0.6)
  Poincloux et al[44]      9 (14.1)       2 (3.1)   5 (7.8) 0 (0.0)   2 (3.1)   0 (0.0)   0 (0.0)
  Hwang et al[45]    5 (7.2)       3 (4.3)           0 (0.0)            1 (1.4)   1 (1.4)   2 (2.9)   0 (0.0)
  Paspatis et al[46]    17 (13.7)       4 (3.2)   6 (4.8)            2 (1.6)   5 (4.1)   0 (0.0)   1 (0.8)
  Rosa et al[47]    10 (14.7)         9 (13.2)   0 (0.0) 0 (0.0)   1 (1.5)   0 (0.0)   0 (0.0)
  Yang et al[48]    8 (4.7)       2 (1.2)   4 (2.4)            1 (0.6)   1 (0.6)   0 (0.0)   0 (0.0)
  Yoon et al[49]    0 (0.0)       0 (0.0)   0 (0.0) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Harada et al[50]    1 (3.3)       0 (0.0)   0 (0.0) 0 (0.0)   1 (3.3)   0 (0.0)   0 (0.0)
  Total             809 (8.3)     61 (2.4)         91 (3.6)          15 (0.6)        42 (1.7)             6 (0.2)   6 (0.2)

Table 3   Adverse events of endoscopic papillary large balloon dilation with endoscopic sphincterotomy  n  (%)

AE: Adverse event.
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EPLBD with EST No. of studies EPLBD without EST No. of studies P  value

  No. of procedures 2511 30 413 3
  Mean of mean age, yr 69.6 ± 8.61 29 70.3 ± 2.31 3    0.808
  Periampullary diverticulum   773 (36.7) 23 122 (33.2) 2    0.186
  Initial success  1745 (84.0) 24 285 (76.2) 3 < 0.001
  Success without EML 2077 (83.2) 30 306 (76.7) 3    0.001
  Use of EML   353 (14.1) 30   86 (21.6) 3 < 0.001
  Overall success 2407 (96.5) 30 388 (97.2) 3    0.432
  Overall adverse events 209 (8.3) 30 29 (7.0) 3    0.370
  Pancreatitis, total; M/Mod/S/F    61; 51/9/0/1 (2.4) 30 16; 14/2/0/0 (3.9) 3    0.089
  Bleeding, total; M/Mod/S/F       91; 75/11/2/2 (3.6)2 30 8; 7/1/0/0 (1.9) 3    0.079
  Perforation, total; M/Mod/S/F 15; 3/6/3/3 (0.6) 30 2; 0/2/0/0 (0.5) 3    1.000
  Other adverse events 42 (1.7) 30 3; 3/0/0/0 (0.7) 3    0.148
  AE-related surgery   6 (0.2) 30 0 (0) 3    1.000
  AE-related death   6 (0.2) 30 0 (0) 3    1.000

Table 4  Comparison between endoscopic papillary large balloon dilation with and without endoscopic sphincterotomy  n (%)

1mean ± SD; 2One case of bleeding was not graded for severity. M: Mild; Mod: Moderate; S: Severe; F: Fatal; EPLBD: Endoscopic papillary large balloon di-
lation; EST: Endoscopic sphincterotomy; EML: Endoscopic mechanical lithotripsy; AE: Adverse event.
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adverse events, and fatal adverse events were not signifi-
cantly different between both procedures.

We compared the rates of  adverse events among 3 
kinds of  EPLBD procedures which we classified based 
on the extent of  ampullary incision of  the EST; large 
EST, limited EST and no EST (Table 8). There were no 
significant differences among the 3 EPLBD procedures 

in the rates of  the overall adverse events, pancreatitis, 
perforation, other adverse events, and adverse events re-
lated to surgery and death, but the rate of  bleeding was 
significantly higher in EPLBD with large EST, compared 
with EPLBD with limited EST (P < 0.001, OR = 3.33) 
or without EST (P = 0.049, OR = 2.17), but no signifi-
cant difference between EPLBD with limited EST and 

  Ref. Overall 
AEs 

Pancreatitis Bleeding Perforation Others AE-related 
surgery 

AE-related 
death 

  Jeong et al[51]     1 (2.6)      1 (2.6)   0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Hwang et al[45]     4 (6.4)      4 (6.4)   0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Park et al[43]   24 (7.7)    11 (3.5)   8 (2.6)   2 (0.6)  3 (1.0)   0 (0.0)   0 (0.0)
  Total   29 (7.0)    16 (3.9)  8 (1.9)   2 (0.5)  3 (0.7)   0 (0.0)   0 (0.0)

Table 7  Adverse events of endoscopic papillary large balloon dilation without endoscopic sphincterotomy  n  (%) 

AE: Adverse event.

EPLBD with large EST EPLBD with limited EST EPLBD without EST P  value

  No. of procedures 756 946 413
  Overall adverse event 65 (8.6)  71 (7.5) 29 (7.0) 0.568
  Pancreatitis 18 (2.4)  29 (3.1) 16 (3.9) 0.349
  Bleeding 31 (4.1)  12 (1.3)   8 (1.9)  0.0011

  Perforation   3 (0.4)    5 (0.5)   2 (0.5) 1.000
  Other adverse events 13 (1.7)  25 (2.6)   3 (0.7) 0.054
  AE-related surgery   2 (0.3)    2 (0.2)   0 (0.0) 0.832
  AE-related death   2 (0.3)    0 (0.0)   0 (0.0) 0.166

Table 8  Comparison of adverse events among endoscopic papillary large balloon dilation with large, limited and without endoscopic 
sphincterotomy  n  (%)

1EPLBD with large EST vs EPLBD with limited EST, P < 0.001; EPLBD with large EST vs EPLBD without EST, P = 0.049; EPLBD with limited EST vs EPLBD 
without EST, P = 0.35. EPLBD: Endoscopic papillary large balloon dilation; EST: Endoscopic sphincterotomy; AE: Adverse event.
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  Ref. Balloon 
size, mm

Duration of 
inflated balloon, s

Initial success No. of sessions, 
mean

Success without EML Use of EML Overall success

  Jeong et al[51] 15-18 60      25 (65.8) 1.20      29 (76.3)     9 (23.7)      37 (97.4)
  Hwang et al[45] 12-20 60       57 (91.9)1 1.05     50 (80.6)   12 (19.4)      60 (96.8)
  Park et al[43] 12-20 30-180    2033 (74.1)1 1.33  2274 (76.0)  654 (21.7)   2914 (97.3)
  Total 12-20 30-180    285 (76.2)  1.272   306 (76.7)   86 (21.6)    388 (97.2)

Table 6  Procedure characteristics and outcomes of endoscopic papillary large balloon dilation without endoscopic sphincterotomy  n  (%)

1Studies which were designed to include cases where endoscopic mechanical lithotripsy was performed along with the first session of endoscopic papillary 
large balloon dilation; 2Calculated by dividing total number of procedures into total number of sessions which was calculated by multiplying each mean 
number of session with each number of procedures; 3Total number of procedures was 274 due to missing data; 4Total number of procedures was 299 due to 
missing data. EML: Endoscopic mechanical lithotripsy.

  Ref. Study design No. of
procedures

Mean age, yr No. of periampullary 
diverticulum

Mean size of largest 
stone, mm

Range of stone 
size, mm

Altered anatomy

  Jeong et al[51] R   38 68 NA 17.7 12-31 0
  Hwang et al[45] R   62    70.4   16 (25.8) 15.7 12-26 0
  Park et al[43] R 313    72.6 106 (34.6) 15.0 10-37 B-Ⅱ:11
  Total 413     71.81 122 (33.2)  15.42 10-37 11 (2.7)

Table 5  Baseline clinical characteristics of the patients on endoscopic papillary large balloon dilation without endoscopic 
sphincterotomy  n  (%) 

1Calculated by dividing total number of procedures into total number of the parameter which was calculated by multiplying each mean value with each 
number of procedures; 2A retrospective multicenter study where missing data are present in each analyzed variable. R: Retrospective; B-Ⅱ: Billroth-Ⅱ 
anastomosis.
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without EST (P = 0.35).

DISCUSSION
Standard basket and balloon techniques after EST are 
most commonly used for the removal of  bile duct stones 
with overall success rates of  more than 80% to 90%[88-92]. 
When it fails due to the stone size being larger than the 
widened ampullary orifice by performing EST or the 
distal common bile duct, additional endoscopic proce-
dures, mainly EML, are usually required for complete 
stone clearance[93-97]. However, EML proved to be a time-
consuming and challenging technique[11,98,99]. EPLBD has 
been widely used as the alternative to EST with EML for 
the removal of  large or difficult bile duct stones. EPLBD 
was initially performed when the standard techniques 
failed after a large EST[21,23], but recently it has been per-
formed after a limited EST or sometimes without EST, 
even before attempting trials the standard technique with 
a large EST. Such procedure is usually performed when it 
is speculated that the size of  the stone is too large for it 
to be removed using the standard techniques after a large 
EST and on the assumption that it would reduce the in-
cidence rate of  potential serious adverse events of  a large 
EST such as bleeding and bile duct perforation.

The initial success rate and the overall success rate 
were 84.0% and 96.5%, respectively, in EPLBD with EST 
in this review, while the results showed 80.9% and 95.3% 
in EST alone and 73.5% and 90.1% in EPBD alone, re-
spectively, in a previous meta-analysis[18] (Table 9). When 
we compared these results, the initial success rate was sig-
nificantly lower in EPBD alone than EPLBD with EST 
(P < 0.001, OR = 1.89) and EST alone (P = 0.013, OR 
= 1.53), but showing no significant differences between 
EPLBD with EST and EST alone (P = 0.131); the overall 
success rate was also significantly lower in EPBD alone 
than EPLBD with EST (P < 0.001, OR = 2.72) and EST 
alone (P = 0.001, OR = 2.03), and showing also no sig-
nificant differences between EPLBD with EST and EST 
alone (P = 0.141). However, a comparison between these 
meta-analysis results and ours is somewhat contradictory 

because their meta-analysis was of  relatively small bile 
duct stones. Furthermore, the initial success rate in this 
review was statistically flawed, because studies included 
were designed heterogeneously based on different defi-
nitions, some of  which included cases where EML was 
performed along with the first session of  EPLBD. There 
were only 4 comparison studies, including 2 prospective 
randomized studies[25,33] and 2 retrospective studies[32,39], 
done for the evaluation of  outcomes between EPLBD 
with EST and EST alone with the assistance of  EML in 
patients with large or difficult bile duct stones. However, 
these studies failed to show any differences in the initial 
success rate and the overall success rate between both 
procedures, except one retrospective study[32], where 
EPLBD with EST was superior to EST alone only in the 
initial success rate, not the overall success rate[32]. The 
initial success rate in EPLBD without EST in this review 
was significantly lower, compared with that in EPLBD 
with EST, most likely due to the opening of  the orifice 
retracting almost immediately back to its original size 
which is commonly seen in EPBD alone. However, the 
overall success rate showed no significant difference be-
tween both of  them.

The intended purpose of  EPLBD was to simplify 
removing large or difficult bile duct stones without ad-
ditional adverse events to EST alone or EPBD alone, and 
contemplated major advantages were that it would reduce 
both the need of  EML and the procedure time, increasing 
the success rates of  stone removal, compared with EST 
alone and EPBD alone. This is believed to be because 
the wider ampullary orifice, made when using EPLBD, 
would facilitate in the easier extraction of  relatively large 
bile duct stones. In addition, it may also reduce potential 
EML-related adverse events, such as basket impaction 
and bile duct injury. However, the frequency of  EML use 
in EPLBD might be related to various factors, such as the 
diameter of  dilating balloon used, discrepancy in the size 
between the stone and the ampullary orifice or the distal 
bile duct, and the shape of  the stone and the bile duct. 
The rate of  use of  EML was 14.1% in EPLBD with 
EST with a wide range of  0% to 38.6% in this review. It 

P- Reviewers  Bener A    S- Editor  Wen LL    L- Editor  Cant MR    E- Editor  Li JY  

P- Reviewers  Bener A    S- Editor  Song XX    L- Editor  Stewart GJ    E- Editor  Li JY

EST1 EPBD1 No. of studies EPLBD with EST No. of studies P  value

  No. of procedures 890 878 15 2511 30
  Mean age, range, yr 47-71 49-75 15 40-82 29
  Mean stone size, range, mm        7.3-16.9     7-15.6 15 5-45 25
  Initial success     322 (80.9) 285 (73.5)   7    1745 (84.0) 24 < 0.001
  Use of EML     121 (13.3) 162 (19.6) 13      353 (14.1) 30 < 0.001
  Overall success     776 (95.3) 733 (90.1) 13    2407 (96.5) 30 < 0.001
  Overall adverse events     113 (12.7) 106 (12.1) 15     209(8.3) 30 < 0.001
  Pancreatitis     36 (4.3) 71 (8.6) 14      61 (2.4) 30 < 0.001
  Bleeding     33 (4.8)   1 (0.1) 12      91 (3.6) 30 < 0.001
  Perforation       3 (0.5)   2 (0.3)   9      15 (0.6) 30    0.941
  AE-related death       2 (0.3)   4 (0.7)   7          6 (0.24) 30    0.152

Table 9  Comparison among endoscopic sphincterotomy, endoscopic papillary balloon dilation, and endoscopic papillary balloon 
dilation with endoscopic sphincterotomy  n (%)

1Results of a meta-analysis by Weinberg et al[18]. EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilation; EPLBD: Endoscopic papil-
lary large balloon dilation; EML: Endoscopic mechanical lithotripsy. 
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showed similar results in EST alone of  13.3% in a previ-
ous meta-analysis[18], but significantly lower than EPLBD 
without EST of  21.6% from this review and EPBD alone 
of  19.6% in a previous meta-analysis[18]. In 4 comparison 
studies between EPLBD with EST and EST alone, there 
were conflicting results concerning the use of  EML for 
the removal of  large or difficult bile duct stones; two 
prospective randomized studies reported no significant 
difference in the use of  EML[25,33], on the contrary to two 
retrospective studies[32,39]. These studies overlooked one 
important fact that the rate of  use of  EML when tallied 
against the number of  patients requiring EML, could not 
help but be similar between both procedures, because 
EML was still needed in patients where the size of  the 
stones exceeded the size of  the widened ampullary orifice 
even after EPLBD. However, the need for repeated EML 
would be reduced due to a wider ampullary orifice, if  the 
stones were fragmented mostly by one session of  EML 
following EPLBD. Thus, for a more accurate evaluation 
about the rate of  use of  EML, it should be calculated 
based on the frequency of  EML use in each patient who 
underwent EPLBD, not the number of  patients requir-
ing EML. Mean procedure time was evaluated in two of  
these 4 comparison studies; one prospective randomized 
study failed to show any difference between EPLBD 
with EST and EST alone[33], while the other retrospective 
study showed a shorter procedure time in EPLBD with 
EST[32]. Large-scale, prospective multicenter comparison 
studies will be needed to confirm advantages of  EPLBD 
in the frequency of  EML use and procedure time.

In results of  adverse events following EPLBD in 
this review, adverse events in EPLBD without EST 
showed no significant difference compared with those in 
EPLBD with EST. The most common adverse event in 
each procedure was bleeding with a mean rate of  3.6% 
in EPLBD with EST and pancreatitis with a mean rate 
of  3.9% in EPLBD without EST. Our results showed 
definite evidence that EPLBD with and even without 
EST, did not increase the risk of  serious pancreatitis, as 
more frequently seen in EPBD using small-diameter bal-
loons (≤ 10 mm)[18-20]. It is no doubt that the mechanism 
of  pancreatitis would be different in EPLBD, compared 
with EPBD, although its mechanism still remains unclear, 
a major etiologic factor of  pancreatitis. The most serious 
adverse event was bile duct perforation in EPLBD with 
EST. The following shows the comparison of  adverse 
events between results of  a previous meta-analysis[18] in 
EST alone and EPBD alone and those of  our review in 
EPLBD with EST (Table 9); the rate of  overall adverse 
events was significantly lower in EPLBD with EST than 
EST alone (P < 0.001, OR = 1.60) and EPBD alone (P 
= 0.001, OR = 1.51); the rate of  pancreatitis was signifi-
cantly lower in EPLBD with EST than EST alone (P = 
0.006, OR = 1.80) and EPBD alone (P < 0.001, OR = 
3.77); the rate of  bleeding was not significantly different 
between the EPLBD with EST and EST alone (P = 0.164) 
and was significantly lower in EPBD alone than EPLBD 
with EST (P = 0.001, OR = 25.27) and EST alone (P = 

0.001, OR = 33.75); the rate of  perforation and the rate 
of  adverse event-related death showed no significant 
differences among the 3 procedures (P = 0.941 and P = 
0.152, respectively). However, within 4 comparison stud-
ies on adverse events between EPLBD with EST and 
EST alone, each study showed no significant differences 
between both of  them [25,32,33,39].

Major risk factors which are related to adverse events 
include procedure-related factors such as size of  balloon, 
size of  EST, and time duration of  inflated balloon, and 
patient-related factors such as the existence of  bile duct 
strictures, periampullary diverticulum, surgically altered 
anatomy, and a bleeding tendency. Park et al[43] reported 
that larger stone size more than 16mm in diameter, 
underlying cirrhosis, and full-length EST were indepen-
dently associated with an increase in adverse events. The 
size of  the balloon is the most important major factor in 
ensuring a success of  EPLBD and a reduction of  adverse 
events[53]. As the ampullary orifice becomes wider as a 
result of  balloon dilation, stone removal becomes easier. 
However, choosing an inappropriately oversized balloon 
increases the risk of  adverse events, such as perforation 
or bleeding due to blood vessel injury[53]. Interestingly, a 
multicenter study by Park et al[43] reported that balloons 
larger than 14 mm in diameter were independently as-
sociated with a decreased risk of  pancreatitis, projecting 
that only simple stretching of  the ampullary orifice or 
direct blockage of  the pancreatic orifice by compression 
of  large-diameter balloons is not a major etiologic factor 
of  pancreatitis following EPLBD.

The intended maximal target diameter of  a dilating 
balloon for EPLBD should be determined based on the 
size of  the stone and the size of  the distal bile duct proxi-
mal to the tapered segment[26,55,100], but must never exceed 
the diameter of  the distal bile duct to prevent bile duct 
perforation[43,53]. A 12- to 20-mm diameter balloon for 
pyloric use (CRETM wire-guided balloon dilator, Boston 
Scientific, Natick, Massachusetts, United States) is mostly 
used to dilate the duodenal ampulla during EPLBD, each 
of  which gradually inflates in 3 different diameter steps 
by increasing balloon inflation pressure. The balloon used 
should be selected with the 2nd or the 3rd diameter step 
being the intended maximal target diameter, and be in-
flated gradually, starting from a smaller diameter step of  
the balloon than the intended maximal target diameter. 
The balloon is slowly dilated until it reaches its 1st diam-
eter step with gradual increment of  balloon pressure to 
prevent sudden tearing of  the ampullary roof. If  the bal-
loon is dilated without any difficulty with the disappear-
ance of  its central waist, it is then dilated gradually to its 
2nd diameter step and then further up to its 3rd diameter 
step till its diameter reaches the intended maximal target 
diameter. If  the central waist of  the balloon does not 
disappear against the marked resistance of  the bile duct 
or the patient indicates severe pain during balloon infla-
tion at any step, further balloon inflation must be ceased 
for the prevention of  bile duct perforation[43]. Lee et al[55] 
recommended based on personal experience that balloon 
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inflation should be discontinued if  the balloon waist does 
not disappear even once it reaches 75% of  the recom-
mended maximal inflation pressure. In patients who are 
known to have obvious distal bile duct strictures, EPBLD 
should be avoided to prevent bile duct perforation[43,55]. 
If  there is a suspicion of  strictures, based on personal 
experience, we recommend pulling back a large retrieval 
balloon, that should be inflated up to approximately the 
same size as the distal bile duct, just up until the inside of  
the ampullary orifice. If  there is no existence of  a stric-
ture, the suspected site of  stricture should easily expand 
allowing the balloon to pass through without any resis-
tance.

The extent of  ampullary incision is another important 
major factor to prevent adverse events, such as bleeding 
and perforation. Theoretically, EPLBD with limited EST 
would have combined advantages to minimize major ad-
verse events of  both EST alone and EPBD alone, such as 
bleeding and perforation mainly in a large EST and pan-
creatitis mainly in EPBD[54]. In comparison of  the 3 dif-
ferent EPLBD procedures based on the extent of  ampul-
lary incision of  the preceding EST, which were classified 
into large, limited and no EST, it showed no significant 
differences among them in the rates of  overall adverse 
events, pancreatitis, perforation and other adverse events. 
However, the rate of  bleeding was significantly higher 
in EPLBD with large EST than in EPLBD with limited 
EST or without EST, but there was no significant dif-
ference between EPLBD with limited EST and without 
EST. Delayed fatal bleeding was noted in 2 patients who 
underwent a full-incision EST before EPLBD in this re-
view. Delayed serious bleeding may occur if  a large blood 
vessel located at the proximal part of  the ampullary roof  
is severed during full-incision EST, not injury caused by 
stretching of  the ampullary orifice using a large-diameter 
balloon. Therefore, EPLBD with large, especially full-
incision EST should be avoided to prevent serious bleed-
ing. In patients with prior EST, it is known that extended 
incision of  the previous EST site can increase the risk of  
adverse events such as bleeding or perforation[3,6,8]. There-
fore, almost all patients with prior EST did not receive 
repeated EST in this review. There were 3 retrospective 
studies and one prospective study about clinical trials 
of  EPLBD using 12- to 20-mm large balloons on only 
patients with prior EST but without repeated EST, show-
ing similar results in stone clearance and adverse events, 
compared with their counterpart studies in which all pa-
tients underwent no prior EST[35,37,49,50].

The main purpose of  EST during EPLBD is not to 
make an incision of  the duodenal ampulla long, but to 
control the direction of  tearing during balloon dilation. 
A probable mechanism of  a reduced pancreatitis rate in 
EPLBD with EST is believed to be that the radial force 
exerted by the dilating balloon shifts along the cutting 
direction made during EST toward the bile duct away 
from the pancreatic orifice, resulting in less periampullary 
injury around the pancreatic duct with a decreased risk 
of  pancreatitis[21,24,43,101]. However, EST may be a limited 

role in preventing pancreatitis in EPLBD, because there 
was no evidence that EPLBD without EST increased 
the risk of  pancreatitis in this review. So to explain this, 
we suggest the following hypothesis surrounding the 
mechanism of  pancreatitis after EPLBD; manipulation 
of  Dormia basket and retrieval balloon catheter as well 
as the frequency of  EML in EPLBD with, or even with-
out, EST, may be reduced due to a sufficiently widened 
ampullary orifice, resulting in less periampullary trauma 
or edema that occurs during stone extraction and eventu-
ally leading to a low risk of  pancreatitis. On the contrary, 
its frequency in EPBD using small-diameter balloons 
is increased due to the ampullary orifice not widening 
enough, increasing the risk of  pancreatitis[100].

Time duration of  inflated balloon of  the duodenal 
ampulla during EPLBD is mostly around 1 min in this 
review, after the intended maximal target diameter of  the 
balloon was reached. One prospective randomized study 
revealed that 30 s of  duration of  inflated balloon was not 
different in adverse events, including pancreatitis, bleed-
ing and perforation, to 60 s in EPLBD with EST[46]. The 
longer the time duration of  inflated balloon did not seem 
to be related to an increase of  the risk of  adverse events, 
and the shorter the time duration of  inflated balloon 
seems to be related to an increase of  the risk of  serious 
bleeding, due to insufficient compression by the balloon. 
Further studies are warranted to determine the optimal 
time duration of  inflated balloon during EPLBD.

The patient-related factors related to adverse events 
include periampullary diverticulum, surgically altered 
anatomy, and a bleeding tendency. Patients with peri-
ampullary diverticulum were suitable for EPLBD. A 
retrospective comparison study in patients between with 
and without periampullary diverticulum, showed similar 
stone clearance rates and adverse events in both, follow-
ing EPLBD with limited EST[76], and several studies re-
ported that the presence of  a periampullary diverticulum 
was not associated with a significant increased rate of  
adverse events such as pancreatitis, bleeding, or perfora-
tion[43,46,48,86]. There were 6 studies about clinical trials of  
EPLBD on only patients with surgically altered anatomy, 
such as Billroth Ⅱ surgery (5)[77-81] and Roux-en-Y anas-
tomosis (1)[82], resulting in complete stone clearance in all 
patients with a low incidence of  pancreatitis and bleed-
ing. In patients with coagulopathy, EPLBD without EST 
may be useful, but should be undertaken cautiously[43,100], 
even though further studies are warranted. Park et al[43] 
reported that the size of  the bile duct stone (≥ 16 mm) 
and presence of  cirrhosis might be independent factors 
of  bleeding. If  serious bleeding from the ampulla occurs 
after balloon deflation, compression of  the ampulla with 
re-ballooning can be done for several minutes till the 
bleeding stops.

Our recommendations for a successful EPLBD are 
as follows, based on the results in this review and per-
sonal experiences: (1) EPLBD with large, especially full-
incision EST should be avoided to prevent serious bleed-
ing; (2) EPLBD with limited EST is recommended to be 
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performed to reduce the risk of  bleeding and perforation 
even before attempting trials of  a standard technique 
with large EST, when the stone is seen to be too large 
on cholangiogram; (3) EPLBD without EST may be use-
ful in some patients with coagulopathy, periampullary 
diverticulum, or surgically altered anatomy to reduce the 
risk of  serious bleeding and perforation; (4) In patients 
with obvious distal bile duct strictures, EPBLD should 
be avoided to prevent perforation. If  there is a suspicion 
of  strictures, using the pulling method of  a large inflated 
retrieval balloon through the site is recommended to 
confirm an existence; (5) The intended maximal target 
diameter of  the balloon should be determined based on 
the diameter of  the largest stones, but should not exceed 
the diameter of  the distal bile duct to reduce the risk of  
perforation; (6) The balloon should always be inflated 
gradually, starting from a smaller diameter step of  the 
balloon than the intended maximal target diameter; and 
(7) Further balloon inflation must be ceased to prevent 
perforation, if  the central waist of  the balloon does not 
disappear or the patient indicates severe pain during bal-
loon inflation at any step (Table 10).

There are several limitations to this review. It was 
very difficult to analyze systematically the outcomes of  
EPLBD, because the results from each relevant article 
were based on different definitions. So we re-analyzed 
all gathered data by using a single standardized defini-
tion. An article of  a large scaled multicenter study[43] that 
included our institute, where the data of  the patients un-
dergoing EPLBD with and without EST were calculated 
as one, was re-analyzed using its raw data in order to re-
group both of  them separately. Another limitation is that 
most articles included in this review are not prospective 
controlled studies, but retrospective studies. Therefore, 
further large-scale prospective randomized controlled 
studies will be needed not only to confirm our claims on 
effectiveness of  EPLBD with or without EST, compared 
with both of  EST alone and EPBD alone, but to assess 
the facts which affect the outcome and adverse events 
of  EPLBD. In conclusion, recent accumulated results 
of  EPLBD with or even without EST suggest that it is a 
safe and effective procedure for the removal of  large or 
difficult bile duct stones without any additional risk of  

severe adverse events, when performed under appropri-
ate guidelines.
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Abstract
Intraductal papillary neoplasm of the bile duct (IPNB) 
is a variant of bile duct carcinoma that is characterized 
by intraductal growth and better outcomes compared 
with common cholangiocarcinoma. IPNBs are mainly 
found in patients from Far Eastern areas, where hepa-
tolithiasis and clonorchiasis are endemic. According 
to the immunohistochemical profiles of the mucin 
core proteins, IPNBs are classified into four types: 
pancreaticobiliary, intestinal, gastric, and oncocytic. 
Approximately 40%-80% of IPNBs contain a compo-
nent of invasive carcinoma or tubular or mucinous ad-
enocarcinoma, suggesting that IPNB is a disease with 
high potential for malignancy. It is difficult to make 

an accurate preoperative diagnosis because of IPNB’s  
low incidence and the lack of specificity in its clinical 
manifestation. The most common abnormal preopera-
tive imaging findings of IPNB are intraductal masses 
and the involvement of bile duct dilation. Simultaneous 
proximal and distal bile duct dilation can be detected 
in some cases, which has diagnostic significance. 
Cholangiography and cholangioscopy are needed to 
confirm the pathology and demonstrate the extent of 
the lesions. However, pathologic diagnosis by biopsy 
cannot reflect the actual stage in many cases because 
different foci may be of different stages and because 
mixed pathologic findings may exist in the same lesion. 
Surgical resection is the major treatment. Systematic 
cholangioscopy with staged biopsies and frozen sec-
tions is recommended during resection to ensure that 
no minor tumors are left and that curative resection is 
achieved. Staging, histologic subtype, curative resec-
tion and lymph node metastasis are factors affecting 
long-term survival.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: In this review, we have provided a more com-
prehensive understanding of “intraductal papillary neo-
plasm of the bile duct” than in other research articles. 
We found that preoperative pathologic diagnosis by 
biopsy could not reflect the actual stage in many cases 
because different foci might be of different stages 
and because mixed pathologic findings might exist in 
the same lesion. Staging, histologic subtype, curative 
resection and lymph node metastasis were factors af-
fecting long-term survival.
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INTRODUCTION
In the biliary system there is a class of  tumor that is charac-
terized by predominant intraductal papillary growth, which 
can occur anywhere along the biliary tree. Growths are 
usually multifocal, with or without macroscopically vis-
ible mucin secretion, and can be of  any type of  patho-
logical transformation, from low-grade dysplasia to 
invasive carcinoma. According to these features, these 
growths used to be identified by various names such 
as biliary papillomatosis, mucin-producing cholangio-
carcinoma, mucin-hypersecreting bile duct tumor, and 
biliary intraductal papillary mucinous neoplasm. They 
share common phenotypic changes in tumorigenesis or 
tumor-progression and show more favorable prognoses 
compared with non-papillary cholangiocarcinoma. The 
clinical entity intraductal papillary neoplasm of  the bile 
duct (IPNB) was added to the 2010 World Health Orga-
nization (WHO) classification, and it includes intraductal 
papillary cholangiocarcinoma and its precursor lesions[1]. 
Previous studies have usually focused on one or several 
aspects of  this disease and have added to our knowledge 
about their clinicopathological features. This review aims 
to summarize this knowledge and provide a more com-
prehensive understanding of  IPNB.

EPIDEMIOLOGY
IPNB is mainly found in patients in Far Eastern areas, 
such as Taiwan, Japan, and Korea, where hepatolithiasis 
and clonorchiasis are endemic. It is a rare disease, and 
papillary cholangiocarcinoma accounts for approxi-
mately 4%-38% of  all bile duct adenocarcinomas. Cur-
rent reports are of  sporadic cases without a tendency to 
familial aggregation. IPNB most commonly develops in 
patients between 50 and 70 years of  age and shows dif-
ferent sex preponderances in different regions such that 
the male-to-female ratio is nearly 1:2 in Taiwan, 1:1 in 
Japan, and 2:1 in Korea and Western countries[2-5].

ETIOLOGY AND PATHOGENESIS
Although the specific etiology and pathogenesis are 
unclear, IPNB is known to have two major risk factors: 
hepatolithiasis and clonorchiasis. Yeh et al[6] reported that 
nearly 87% of  patients with IPNB had hepatolithiasis in 
Taiwan. Another study[7] from Korea suggested that 31% 
of  IPNB patients had hepatolithiasis and 18% had clo-
norchiasis, but there was no such association in Western 
countries[2]. This phenomenon suggests that racial and 
environmental factors may play a role in the develop-
ment of  IPNB in addition to the two major risk factors.

The time lag between the development of  hepatoli-
thiasis and IPNB is 6-8 years, and intraductal carcinoma 

in situ can take 1-2 years to evolve into an invasive lesion. 
Considering the findings of  mixed pathologic types in 
each case, as well as papillary adenocarcinoma in the 
background of  papillary adenoma, a process of  inflam-
matory cell-repair dysplasia and malignant transforma-
tion is likely[6,8,9] (Figure 1). Approximately 40%-80% 
of  IPNBs contain a component of  invasive carcinoma 
or tubular or mucinous adenocarcinoma, suggesting 
that IPNB is a disease with a high potential for malig-
nancy[2,3,6,8,9]. Immunohistochemical study of  surgically 
removed specimens shows that almost all IPNBs express 
CK7, CK20, and mucin (MUC)5AC, which are markers 
of  biliary, intestinal, and gastric epithelium, respectively. 
This finding indicates that IPNB tumor cells retain a 
biliary immunophenotype and obtain intestinal and gas-
tric immunophenotypes during carcinogenesis. MUC1 
expression is frequently associated with the development 
of  invasive lesions[2,4,6,10-14], especially tubular adenocar-
cinoma, while mucinous carcinoma is usually associated 
with negativity for MUC1 but positivity for MUC2. Sasa-
ki et al[15] found that overexpression of  enhancer of  zeste 
homolog 2 might be associated with malignant behavior 
in IPNB, in parallel with up-regulated MUC1 expression 
and down-regulated MUC6 expression. Recently Na-
kanuma et al[16] provided evidence that peribiliary glands 
(PBGs) contain cells implicated in the origin of  IPNB. 
Cardinale et al[17] suggested that IPNB might arise from 
biliary tree stem/progenitor cells (BTSCs) located in 
PBGs. In response to risk factors such as inflammation, 
BTSCs might undergo a series of  genetic changes and 
progress from dysplasia to invasive carcinoma. 

PATHOLOGY
IPNB usually appears as singular or multiple grayish-
tan to yellow, friable, papillary masses anywhere along 
the biliary tree, and small lesions may at times be remote 
from the main tumor. Histologically, IPNB is defined by 
tumors that show papillary proliferation of  neoplastic 
biliary epithelial cells with delicate fibrovascular stalks 
within the bile duct, the macroscopic or microscopic 
existence of  mucin, and dilation of  the proximal or re-
mote bile duct. Hematoxylin and eosin staining and im-
munohistochemical profiling of  the mucin core proteins 
are used to classify IPNB into four types[7](Table 1). The 
pancreaticobiliary type consists of  columnar cells with 
eosinophilic cytoplasm and round nuclei. This type is 
often positive for MUC1 but negative for MUC2. The 
intestinal type resembles an intestinal villous neoplasm, 
and the neoplastic cells consistently express MUC2 and 
MUC5AC but not MUC1. The gastric type consists of  
columnar cells resembling gastric foveae that express 
MUC5AC but are negative for MUC1 and MUC2. The 
oncocytic type consists of  cells with abundant, intensely 
eosinophilic cytoplasm that consistently express MU-
C5AC with focal expression of  MUC1 and/or MUC2. 
The pancreaticobiliary type is the most common and is 
usually associated with invasive lesions, while the onco-
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Table 1  Histologic subtypes classified by mucin core protein 
and cytokeratins

cytic and gastric types are rare. According to the degree 
of  dysplasia and depth of  invasion, IPNB is classified 
into four stages: IPNB with low-to-intermediate grade 
dysplasia; IPNB with high-grade dysplasia; intraductal 
growth-type cholangiocarcinoma, AJCC stage T1; and 
intraductal growth-type cholangiocarcinoma, AJCC stage 
T2 or higher.

CLINICAL MANIFESTATION
The most common clinical manifestations of  patients 
with IPNB are right hypochondralgia (35%-88.5%), 
repeated episodes of  acute cholangitis (5%-59%), and 
obstructive jaundice (20%-36%). Anemia and loss of  
body weight are relatively less common. Some patients 
are asymptomatic[2,3,5-9]. Acute cholangitis, which is not 
a common presentation of  conventional cholangio-
carcinoma, is the second most common manifestation 
of  IPNB. First, friable tumor emboli can easily detach 

from their origins, leading to acute obstruction of  the 
bile duct. Second, more patients are diagnosed with bili-
ary stones in IPNB than in typical cholangiocarcinoma. 
Third, macroscopic mucin hypersecretion can be ob-
served in nearly one third of  IPNB patients. Theoreti-
cally, abundant mucin discharge into the bile duct may 
intermittently impede bile flow, leading to obstructive 
jaundice and cholangitis, which can also cause volatile 
jaundice. The majority of  IPNBs are found in the hilum 
and left liver; however, despite these variable locations, 
the primary site does not affect the course of  the disease 
or prognosis[2].

LABORATORY TESTS
Laboratory data show common manifestations of  ob-
struction of  the bile duct such as elevation of  alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), total bilirubin, direct bilirubin, gamma-glutamyl 
transpeptidas, alkaline phosphatase, etc. Yeh et al[18] found 
that an increased ALT level (> 36 U/L, P = 0.022) in 
IPNB was the only independent factor that could differ-
entiate it from conventional cholangiocarcinoma. How-
ever, the specific relationship was not clearly elaborated, 
and this finding has not been supported by any other 
reports. Lee et al[8] observed elevation of  CA19-9 in 20 
of  50 IPNB patients, and the mean level was higher in 
patients with mucin hypersecretion. Yeh et al[6] found 
that an elevated serum CA19-9 level was detected in 
35% of  benign lesions, while 61% of  malignant lesions 
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Figure 1  A representative case of intraductal papillary neoplasm of the bile duct with macroscopically visible mucin secretion. Within a single tumor (A), 
the coexistence of adenoma (B), borderline lesion (C), and adenocarcinoma (D) was found (hematoxylin and eosin stain, × 200 ).

Histologic subtype Profile of MUCs Cytokeratin

MUC1 MUC2 MUC5AC CK7 CK20
Pancreaticobiliary + - + + +
Intestinal - + + + +
Gastric - - + + +
Oncocytic Focal+ Focal+ + + +

MUC: Mucin core proteins; CK: Cytokeratin.
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had elevated levels; however, there was no significant 
difference. Thus, the elevation of  CA19-9 may be due to 
common cholestasis or cholangitis associated with mu-
cin overproduction[19-22]. Additionally, an elevated CEA 
level was detected in nearly 25% of  malignant IPNBs, so 
CEA may be of  some value in differentiating intraductal 
papillary cholangiocarcinoma from its precursor lesions.

IMAGING FEATURES
The most common abnormal preoperative imaging find-
ings for IPNB are intraductal masses and the involve-
ment of  bile duct dilation. Simultaneous proximal and 
distal bile duct dilation can be detected in some cases, 
which has diagnostic significance. Imaging patterns can 
be specifically classified into five subtypes[7,23] (Figure 2). 
Type 1 shows diffuse duct dilation with a grossly vis-
ible intraductal mass (45.4%). Type 2 shows diffuse and 
marked duct ectasia as in type 1 but without a grossly 
visible mass (23.7%). Type 3 shows an intraductal papil-
lary mass with localized duct dilation (19.6%). Type 4 
shows mild ductal dilation filled with intraductal cast-like 
lesions (4.1%). Type 5 shows a focal stricture-like lesion 
with mild proximal duct dilation (7.2%).

Ultrasound and ultrasonography
Ultrasound is sensitive for the detection of  bile duct di-
lation, but it is only able to detect a low-echoic mass in 
nearly 41.2% of  cases[8]. Although it helps to differenti-

ate a stone from a tumor in most cases, the accuracy of  
ultrasound depends on the skill of  the investigator. In 
addition, the presence of  mucin cannot be detected on 
ultrasound because it is equally anechoic as bile. Endo-
scopic ultrasonography (EUS) and intraductal ultraso-
nography (IDUS) are useful for assessing the depth of  
invasion and involvement of  the lymph nodes even in 
the presence of  thick mucin, which is important to judge 
the resectability and predict prognosis. Therefore, it is 
difficult to distinguish between inflammatory wall thick-
ness and the superficial spread of  a tumor using EUS or 
IDUS[24,25].

Computed tomography and magnetic resonance image
Computed tomography (CT) can detect tumors larger 
than 1 cm and dilated bile ducts, and its sensitivity is 
50%. The enhancement pattern of  a tumor is related to 
the tumoral blood volume and blood flow as well as the 
prevalence of  stromal space. IPNB is usually confined 
to the mucosa of  the bile duct and suspended on small 
fibrovascular stalks, so it more often shows washout in 
enhancement scanning rather than the gradually persis-
tent or progressive enhancement observed for conven-
tional cholangiocarcinoma. IPNB appears as a slightly 
lower signal than hepatic parenchyma in T1WI and as 
a slightly higher signal in T2WI on magnetic resonance 
image (MRI) axial scanning. The enhancement pattern 
on MRI is similar to CT scan[26-28]. Neither CT nor MRI 
can detect the presence of  mucin.
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Figure 2  Schematic drawings of intraductal papillary neoplasms of the bile duct showing the five imaging patterns. A: Type 1: Diffuse duct ectasia with a 
grossly visible papillary mass; B: Type 2: Diffuse duct ectasia without a visible mass; C: Type 3: An intraductal polypoid mass within localized duct dilation; D: Type 4: 
Intraductal cast-like lesions; E: Type 5: A focal stricture-like lesion with mild proximal ductal dilation.
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Table 2  Major utility of different imaging techniques

Cholangiography
IPNB often involves the biliary epithelium either diffusely 
or multifocally, and the actual extent of  the lesions usu-
ally exceeds CT, MRI and other conventional imaging 
findings. Cholangiography, including indirect (magnetic 
resonance cholangiography, MRC) and direct [endoscopic 
retrograde cholangiography (ERC), percutaneous transhe-
patic cholangiography (PTC)] cholangiography, is useful 
for showing the entire bile duct to define the extent of  the 
IPNB[5,25]. MRC is noninvasive and can demonstrate the 
extent of  narrowing or dilation of  the bile duct and multi-
focal intraductal tumors, but it cannot detect the presence 
of  overproduced mucin. ERC and PTC can show mul-
tiple small irregular filling defects in the bile duct wall. In 
patients with mucin overproduction, hypersecreted mucin 
draining through the ampulla and a patulous ampulla are 
the characteristic findings. On cholangiography, diffuse 
bile duct dilation and amorphous filling defects in the 
bile duct are characteristic[5] (Figure 3). However, a large 
amount of  mucin secretion and obstruction by the tumor 
may prevent the complete opacification of  the entire bili-
ary system to locate the tumors. Cholangiography cannot 
detect multiple small tumors or lesions confined to the 

mucosa, and it cannot differentiate tumors from stones or 
benign strictures of  the bile duct.

Cholangioscopy
Peroral cholangioscopy (POCS) and percutaneous tran-
shepatic cholangioscopy (PTCS) can visualize the bile duct 
directly and confirm the histology and extent of  the le-
sions to ensure that appropriate treatment is provided. In 
a study by Lee et al [8], PTCS revealed additional lesions in 
nearly one third of  IPNB patients after radiologic imaging 
examinations including ERC and MRC. Therefore, preop-
erative cholangioscopy has been suggested to be essential. 
If  the papillary orifice is dilated with or without mucin se-
cretion, POCS can be performed immediately after ERC, 
resulting in an accurate early diagnosis of  IPNB. This ap-
proach avoids the complications caused by PTCS, such as 
catheter dislodgement, hemobilia, and tumor seeding of  
the sinus tract[25,29].

Position-emission tomography/computed tomography
Malignant IPNB with a large mural nodule will present 
an increased fludeoxyglucose uptake. FDG PET has ad-
vantages in the detection of  unsuspected distant metas-
tases and in patients with renal dysfunction[24,30,31].

DIAGNOSIS AND DIFFERENTIAL 
DIAGNOSIS
It is difficult to make an accurate diagnosis preopera-
tively because of  IPNB’s low incidence and lack of  a 
specific clinical manifestation. The combined applica-
tion of  different imaging techniques is very helpful 
(Table 2). Noninvasive imaging modalities such as CT 
and MRI usually fail to detect minor tumors and mucin; 
thus, cholangiography and cholangioscopy are needed 
to confirm pathology and demonstrate the extent of  the 
lesions. Kang et al[32] reported that the accuracy of  pre-
dicting macroscopic multiplicity based on preoperative 
radiologic imaging findings was 53.5%, with a false posi-
tive rate of  25.8% and a false-negative rate of  37.7%. 
In multifocal IPNB, different foci may be of  different 
stages, and mixed pathologic findings may exist within 
the same lesion. This phenomenon suggests that patho-
logic diagnosis by biopsy cannot reflect the actual stage 
in many cases[8].

The differential diagnoses of  IPNB includes recur-
rent pyogenic cholangitis with bile duct stones[31], mass-
forming cholangiocarcinomas[18,27], and biliary mucinous 
cystic neoplasms (MCNs) (cystadenoma/cystadenocar-
cinoma)[33-36]. Both IPNB and recurrent pyogenic chol-
angitis with bile duct stones involve intermittent and 
incomplete biliary obstruction and intraluminal masses 
or filling defects on imaging. Mucin plugs or sloughed 
masses may be confused with stones. Invasive methods 
such as ERC or cholangioscopy may be necessary to 
differentiate these diseases. Mass-forming cholangio-
carcinoma often appears as a single intrahepatic mass 
with upstream bile duct dilation and gradually persistent 
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Figure 3  Endoscopic retrograde cholangiography showing an amorphous 
filling defect, suggesting the presence of mucobilia.

Techniques Utility

Ultrasound Detection of bile duct dilation
Differentiation from a stone

EUS/IDUS Assessing the depth of invasion and lymph node 
involvement

CT/MRI Detect tumors larger than 1 cm and bile duct 
dilation

Differentiation from conventional 
cholangiocarcinoma

Cholangiography Define the extent of tumors
Detection and drainage of mucin in ERC and PTC

Cholangioscopy Confirm the histology and extent of lesions
Adjuvant treatments

PET/CT Detection of unsuspected distant metastases

EUS: Endoscopic ultrasonography; IDUS: Intraductal ultrasonography; 
ERC: Endoscopic retrograde cholangiography; PTC: Percutaneous tran-
shepatic cholangiography; CT: Computed tomography; MRI: Magnetic 
resonance image; PET: Positron emission tomography.
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or progressive enhancement on CT and MRI imaging. 
However, IPNB usually appears as multifocal papillary 
lesions with both upstream and downstream bile duct 
dilation with or without visible mucin overproduction 
that shows washout on enhancement scanning. The vast 
majority of  MCN patients are female; 90% of  cases are 
histologically benign but have the potential to recur and 
undergo malignant transformation. Multilocular cysts 
with separation or a cyst-in-cyst appearance are distinc-
tive. Mucin produced by MCNs is confined and does not 
enter the biliary duct. Ovarian-like stroma is the char-
acteristic microscopic finding. On the contrary, there is 
no such sex preponderance in IPNB, and 40%-80% of  
IPNBs are malignant. IPNBs communicate with the bile 
duct, and there is no ovarian-like stroma pathologically.

TREATMENTS
Surgical resection 
Patients without distant metastasis are considered for 
surgical resection[37-39]. Preoperative IDUS or EUS is 
used for extrahepatic bile duct assessment and to look 
for the presence of  lymph nodes. Cholangioscopy 
should be performed to determine the extent of  the le-
sions and to draw up the optimal surgical strategy. Dur-
ing resection, systematic cholangioscopy is performed 
with staged biopsies and frozen sections. Patients with 
IPNBs localized to the intrahepatic bile duct are treated 
with hepatectomy. Patients with IPNBs involving one of  
the two intrahepatic bile ducts are treated with resection 
of  the affected hemiliver and the common bile duct. For 
IPNBs localized to the extrapancreatic portion of  the 
bile duct, complete resection of  the bile duct from the 
biliary confluence to the intrapancreatic portion with 
extended lymphadenectomy is recommended. In cases 
of  positive distal frozen sections, resection of  the bile 
duct is performed with or without pancreatic resection 
(transduodenal resection). A partial liver resection can be 
performed when a proximal frozen section is positive in 
a single intrahepatic duct. Hilar lymphadenectomy has 
been suggested to be essential for tumors localized to 
the hilum or common bile duct, but a policy of  selective 
application of  caudate lobectomy and portal vein resec-
tion can be applied when it is necessary to achieve tumor 
clearance[40].

Liver transplantation
Surgical resection may remain incomplete due to the 
high risk of  recurrence given positive margins in cases 
with superficial mucosal spread or recurrence on the 
remnant bile duct because of  the high incidence of  mul-
tifocal involvement. Resection of  the entire biliary tree 
by liver transplantation and duodenopancreatectomy can 
be theoretically regarded as the only curative treatment. 
So far, case reports[41-44] on this approach indicate that 
patients with positive lymph nodes or major tumor inva-
sion or associated severe comorbidities have not been 
eligible for liver transplantation. However, the preopera-
tive assessment is usually insufficient for the majority 

of  IPNBs. Thus, a strategy of  initial resection to select 
patients without positive lymph nodes or advanced tu-
mor invasion by definitive analysis of  the specimen who 
would actually benefit from a subsequent liver transplan-
tation seems to be reasonable[37]. 

Palliative treatment
In case major surgery is not indicated, palliative treat-
ments are recommended[34]. Palliative intrahepatic tub-
ing or percutaneous transhepatic biliary drainage can 
alleviate jaundice and cholangitis to prolong survival. 
Recently, new approaches such as percutaneous cholan-
gioscopic laser ablation, cholangioscopic electrocoagula-
tion, iridium-192 intraluminal therapy, and argon plasma 
coagulation are also useful for improved survival[45].

PROGNOSIS AND FOLLOW-UP
The prognosis of  patients with IPNB has been consis-
tently better than of  those with conventional bile duct 
cholangiocarcinoma[40,46-49], and this finding may be re-
lated to the inherent biology of  IPNB or its primarily 
intraductal growth pattern. Likewise, there is significant 
heterogeneity among these tumors. We summarize sev-
eral factors affecting IPNB patient survival below.

Staging 
There was no uniform staging system for IPNB before 
the 2010 WHO classification. However, it seems to be 
clear that the overall survival and recurrence-free sur-
vival of  patients with IPNB is worse as one progresses 
from low-grade dysplasia to invasive carcinoma on the 
pathological scale[5,6]. Rocha et al[2] found that both depth 
of  invasion and percentage of  invasive carcinoma com-
ponents correlated with survival (Figure 4). The depth 
of  invasion, graded as ≥ 5 mm, < 5 mm, or none, was 
associated with survivals of  39, 128, and 144 mo, respec-
tively (P < 0.007). In addition, the percentage of  invasive 
carcinoma components, graded as ≥ 10%, < 10%, or 
none, was associated with survivals of  42 mo, 128 mo 
and 144 mo, respectively (P < 0.03).

Histologic subtypes
Kim et al[7] studied a group of  97 patients with IPNB 
and found that the histologic subtypes of  IPNB were 
associated with different clinicopathologic features and 
prognoses. Specifically, the pancreaticobiliary type was 
distinct from the gastric and intestinal types with respect 
to higher histologic grades, more lymph node metasta-
ses, more postoperative recurrences, and worse clinical 
outcomes. The MUC1-high expressing group showed a 
shorter disease-specific and recurrence-free survival than 
the MUC1-low expressing group. In addition, patients 
with mucinous carcinoma showed a better prognosis 
compared with patients with tubular adenocarcinoma[3,13].

Curative resection
Lee et al[8] reported that the disease-free survival rate for 
patients who underwent curative resection was 81% at 5 
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years in a group of  58 cases of  IPNB, and the mean sur-
vival period was 60.87 ± 5.86 mo (95%CI: 49.38-72.36), 
while it was 36.72 ± 6.61 mo (95%CI: 23.77-49.67) in 
patients who underwent palliative treatments such as 
percutaneous transhepatic biliary drainage (PTBD). Ro-
cha et al[2] found that R0 resection was associated with 
an improved median survival time of  82 mo compared 
with 36 mo in the R1 resection group (Figure 4). Positive 
resection margins were strongly associated with shorter 
overall and recurrence-free survival rates, even for low-
to-intermediate grade dysplasia[3].

Lymph node metastasis
Lymph node metastasis is rare in early-stage IPNB. Even 
in patients with invasive carcinoma, it is relatively less com-
mon than conventional cholangiocarcinoma. Yeh et al[5] 
found that the mean survival times with malignant IPNB 
with and without lymph node metastasis were 12.1 ± 
5.1 mo (95%CI: 2.0-22.0) and 39.0 ± 6.7 mo (95%CI: 
25.9-52.1), respectively.

A high rate of  recurrence after surgical resection has 
been noticed. Incomplete preoperative assessment of  
the extent of  IPNB might be an important contribut-
ing factor. Because small papillary tumors may not be 
detected by conventional radiologic methods, these un-
detected lesions, which are usually remote from the main 
tumor, may be the foci of  recurrence[50,51]. In addition, 
positive margins related to the superficial spreading pat-
tern of  IPNB may be the reason for recurrence in many 
cases[8]. The recurrence rate at 5 years in benign IPNBs 

has been reported at nearly 20%, which rises to 60% in 
malignant cases, and most recurrences are locoregion-
al[2,7]. Therefore, to improve the prognosis, full preopera-
tive evaluation of  the extent of  disease is essential; and 
to detect recurrences, follow-up appointments scheduled 
every 3 mo for the first year and every 6 mo beginning 
in the second year are recommended. MRC is the opti-
mal imaging method, while cholangioscopy can also be 
performed percutaneously or through the jejunal loop[34]. 

DISCUSSION
Recent studies[2,4,12,13,16,52] have revealed striking similari-
ties between IPNB and pancreatic intraductal papillary 
mucinous neoplasm (IPMN). In both organs, these neo-
plasms arise within the duct system and show a predomi-
nantly intraductal growth pattern macroscopically and 
papillary proliferation with delicate fibrovascular cores 
and four types of  tumor cells microscopically, occasional 
association with multiple lesions, possible progression 
to tubular adenocarcinoma and mucinous carcinoma, 
and more favorable biological behaviors and clinical out-
comes. Based on these similarities, IPNB is recognized 
as a biliary counterpart of  IPMN and can be differenti-
ated from conventional cholangiocarcinoma. However, 
there are several differences between IPNB and IPMN. 
The most frequent phenotype is intestinal in IPMN but 
pancreaticobiliary in IPNB, which is more often associat-
ed with invasive carcinoma. The other important differ-
ence between IPNB and IPMN is with respect to mucin 
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Figure 4  Kaplan-Meier survival estimates of overall survival (A) and disease-specific survival (B) according to the depth of extraductal invasion (none, < 5 
mm, and ≥ 5 mm) and resection type (R0 vs R1). P < 0.05 was considered significant.
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hypersecretion. Mucin is macroscopically identifiable in 
most cases of  IPMN but only in one third of  IPNB cas-
es. Considering the existence of  goblet cells (one of  the 
mucin-producing cells) and the expression of  secretory-
type mucin core proteins such as MUC2 and MUC5AC, 
this difference might be caused by the amount of  mucin 
production. 

Ohtsuka et al[9] separated IPNB with or without hy-
persecretion of  mucin into two groups, and found that 
they were similar in terms of  clinical features but some-
what different in pathological findings. IPNB without 
mucin hypersecretion showed a tubulopapillary growth 
pattern and uniform degree of  cytoarchitectural atypia 
throughout the neoplasm, which was different from the 
mixed pathologic transformations in IPNB with mucin 
hypersecretion. Therefore, whether IPNB with and with-
out mucin hypersecretion are different subtypes or they 
are distinct clinical entities needs further study. 

In conclusion, intraductal papillary neoplasm of  the 
bile duct is a rare biliary tumor with a better progno-
sis than conventional cholangiocarcinoma. Its specific 
mechanism of  pathogenesis and progression has not 
yet been well defined[14,15,53-55], and its clinicopathologic 
features are similar to IPMN. Curative resection is the 
major treatment and an important favorable factor for 
long-term survival, especially in patients with early-stage 
IPNB.
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Abstract
Irritable bowel syndrome (IBS) is a common disorder, 
reported to be found in 5%-20% of the general popu-
lation. Its management accounts for up to 25% of a 
gastroenterologist’s workload in the outpatient depart-
ment, and the main symptoms are abdominal pain, 
bloating, and altered bowel habits. Despite a great 
amount of available pharmacological treatments aimed 
at a wide variety of gastrointestinal and brain targets, 
many patients have not shown adequate symptom 
relief. In recent years, there has been increasing evi-
dence to suggest that psychological treatments, in par-
ticular cognitive-behavioral therapy (CBT), are effective 
for the management of IBS. This review discusses CBT 
for the management of IBS. CBT has proved to be ef-
fective in alleviating the physical and psychological 
symptoms of IBS and has thus been recommended as 
a treatment option for the syndrome. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Cognitive-behavioral therapy; Irritable bow-
el syndrome; Psychological treatment

Core tip: There is increasing evidence to suggest that 
cognitive-behavioral therapy (CBT) is effective for the 
management of irritable bowel syndrome (IBS). CBT 
can alleviate the physical and psychological symptoms 
of IBS, and has thus been recommended as a treat-
ment option for the syndrome.

Tang QL, Lin GY, Zhang MQ. Cognitive-behavioral therapy 
for the management of irritable bowel syndrome. World J 
Gastroenterol 2013; 19(46): 8605-8610  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i46/8605.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i46.8605

INTRODUCTION
The prevalence of  irritable bowel syndrome (IBS), a 
functional gastrointestinal (GI) disorder defined as dis-
comfort or pain specifically associated with an abnormal 
bowel habit without structural or anatomical explanation, 
is reported to be between 5% and 20% in the general 
population[1], and its management accounts for up to 
25% of  a gastroenterologist’s workload in the outpatient 
department[2]. IBS affects 10%-20% of  the population in 
developed countries[3]. It also poses a huge burden to so-
ciety due to direct and indirect costs, and reduced social 
functioning[4-6]. The cost of  health care utilization and 
financial loss because of  work absenteeism as a result of  
IBS is enormous in developed countries[5,7-9]. IBS is one 
of  the most common diseases seen in primary care and 
specialty GI practices[10]. An estimated 12% of  primary 
care patients and up to half  of  consultations in second-
ary gastroenterology practices are due to IBS-related 
symptoms[11,12]. It was observed by a tertiary care center 
that 38% of  IBS patients had considered suicide because 
of  their symptoms, highlighting the severe effect of  IBS 
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on those patients[13]. Most patients with IBS suffer from 
coexistent mood disorder, anxiety, and neuroticism, and 
are reported to have a lower quality of  life than other 
patients with serious chronic medical conditions such 
as diabetes mellitus or end-stage renal disease[14,15]. The 
diagnosis of  IBS can be made on the basis of  a series of  
symptoms fulfilling Rome Ⅲ criteria, but in clinical prac-
tice it is still frequently made by exclusion of  an organic 
disorder after investigation[16]. There is a multifactorial eti-
ology[17], altered pain perception, involvement of  altered 
gut reactivity and motility, and alteration of  the brain-gut 
axis in IBS[18]. Psychological and social factors can influ-
ence digestive function, symptom perception, illness be-
havior, and outcome[19]. Therefore, effective therapies for 
IBS are required in order to alleviate symptoms, and to 
reduce consultation behavior and consumption of  other 
valuable medical resources. 

Although pharmacological therapies can temporarily 
relieve symptoms, they are often costly and may result 
in negative side effects[20]. A substantial proportion of  
patients with IBS do not attain adequate relief  through 
conventional medical approaches[21]. In recent years, there 
has been increasing evidence to suggest that psychologi-
cal treatments, in particular cognitive-behavioral therapy 
(CBT), are effective for the management of  IBS[22]. The 
cognitive-behavioral model was developed in the 1960s 
by the American psychiatrist and psychotherapist Rush et 
al[23], who applied it first to depression and then to anxi-
ety disorders[24]. The model aims to identify patterns of  
thinking and behavior which deal with problems leading 
to negative emotions and hindering progress towards 
goals. When it is applied to physical health problems, it 
can reduce physical symptoms by addressing behavior 
patterns and physiological responses. There is excellent 
evidence for the efficacy of  CBT in reducing symptoms 
in patients with IBS[25]. 

This review provides clinicians with an updated and 
predominantly evidence-based review of  CBT for the 
management of  IBS. Several systematic reviews and me-
ta-analyses recently published in high impact factor jour-
nals and some randomized controlled trials are included. 
A better understanding of  the recommended therapeutic 
approaches can lead to increased patient satisfaction, as 
well as reduced health-care costs.

CBT AND APPLICATION TO IBS 
The idea that emotions can influence the sensorimotor 
function of  the GI tract emerged at the beginning of  
the 19th century, and evidence from research conducted 
during that period is still valid[26]. Psychological distur-
bance, especially in referred patients, includes psychiatric 
disorders (e.g., panic disorder, generalized anxiety disor-
der, mood disorder, and post-traumatic stress disorder), 
sleep disturbance, and dysfunctional coping[27]. A history 
of  childhood abuse is common[19]. It has been indicated 
that up to two-thirds of  patients with IBS in tertiary care 
centers have demonstrable psychiatric illness[28-30], and 

that these patients have a worse prognosis than those 
who are psychologically normal[31]. Approximately 50% 
of  patients with a psychiatric disorder develop the condi-
tion before the onset of  gastrointestinal symptoms, and 
psychiatric symptoms start at the same time in most of  
the remaining 50%[27]. Recently, it has been demonstrated 
that psychosocial factors, as an indication of  the process 
of  somatization, are independent risk markers for the 
development of  IBS in a group of  subjects previously 
free of  IBS[32], and that the effect of  psychosocial fac-
tors is strongest in severely affected IBS patients[33]. On 
the whole, IBS patients have been reported to have more 
psychological disturbance than control groups with or-
ganic gastrointestinal disease or general populations[24]. 

There is an increasing evidence for the effectiveness 
of  CBT in alleviating the physical and psychological 
symptoms of  IBS[2,25,34,35] and it has thus been recom-
mended as a treatment option for the syndrome[17,19]. 
CBT has matured into a creative and rigorous synergy 
from empirical evidence and clinical innovation[36]. In the 
1970s, a group of  cognitive therapists in Philadelphia led 
by Aaron T Beck listened cautiously to what their clients 
were saying and turned to learning theory and the cogni-
tive revolution to formulate a new theoretical account 
and therapeutic approach to depression[23]. CBT, from its 
inception growing out of  basic and applied research[37], 
remains closely tied to ongoing research[38], and is used 
to deal with IBS. It was designed to educate participants 
about physical, cognitive, and behavioral factors which 
contribute to IBS; thus teaching them methods of  en-
hancing self-control over stress, anxiety, and IBS symp-
toms; to correct dysfunctional thoughts and to prevent 
symptom relapse[39]. This is helpful for refractory IBS, as 
it blocks the vicious circle between psychological factors 
and symptoms. Thus, CBT that targets psychological dis-
turbance may alleviate IBS symptoms[40].

COMPONENTS OF CBT FOR IBS
CBT is an extremely broad concept and the psychother-
apy methods described in the literature have differed in 
their composition. However, each of  the following com-
ponents are generally included. 

Education about IBS 
IBS is presented as a functional bowel disorder, which 
is more ordinary than it appears, associated with bowel 
function, and as a distinct disorder with real physical 
symptoms, including abdominal pain, distress, anxiety, 
disruption to lifestyle, and embarrassment. Information 
is provided about intestinal function in general, such as 
the range of  normal bowel frequency, the negative effects 
of  straining to pass a motion or ignoring the urge, ways 
of  dealing with constipation and diarrhea, pathogenesis, 
and treatment and clinical efficacy of  IBS. IBS is consid-
ered a biopsychological disorder in which an association 
between life stress described as a normal part of  life and 
an interaction between individuals and their environment, 
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and physiological changes leading to bowel irregularity 
is present. The impact of  life stress on the gastrointes-
tinal tract is characterized, with reference to the roles 
of  central and autonomic nervous systems and the idea 
of  “fight or flight” responses, including bowel muscle 
spasm[24]. The effect of  psychological factors is discussed, 
which clarifies that pain signals from the site of  physi-
ological disturbance or damage passing through a special 
mechanism to the brain, which then interprets them by 
combining information from various stems. Abdominal 
pain is experienced, and this experience is influenced by 
current physiological arousal, focus of  attention, mood, 
and beliefs about abdominal pain. For example, a patient 
who believes that eating food in a public place will always 
produce diarrhea symptoms might lead to an avoidance 
of  social interactions, as well as anxiety when dining 
in a restaurant. The anxiety caused by this maladaptive 
thought may trigger diarrhea. The therapist aims to help 
the patient to recognize that a maladaptive idea adversely 
affects normal life functioning and symptom experience.

Good maintenance of a physician-patient relationship
Effectiveness of  the therapy depends on maintaining 
a good relation between patients and medical person-
nel, forming a good working relationship. Experienced 
physicians know that maintaining a positive therapeutic 
physician-patient relationship for patients with IBS is of  
great importance; patients who experience this positive 
interaction with their physician have fewer IBS-related 
follow-up visits than patients who do not have this inter-
action[41]. Patients are encouraged to speak out about their 
own doubts and fears, and communicate with physicians; 
according to the patients’ problems, physicians should 
be able to give a detailed answer in simple terms. In fact, 
most patients are conscious of  the origin which has 
caused the symptoms of  IBS, but the lack of  proper cog-
nitive meaning with symptoms is common. Patients are 
often organized to participate in discussions, and good 
experiences can be shared and improves their confidence 
in beating IBS. During the period, physicians and nurses 
can detect the patient’s cognitive errors, correct them in 
an appropriate manner, and ensure smooth treatment 
progression.

Stress management
It is necessary for patients with IBS to understand that it 
is normal that the stress response appears when people 
meet stress. Identifying sources of  stress for the individ-
ual concerned, working with them, and developing more 
helpful strategies for coping with them are prerequisite. 
Behavioral strategies made to ease the psychological pres-
sure caused by cognitive behavioral efforts made in the 
face of  stress. Positive behavior can mitigate stress and be 
beneficial to health, while a negative response will have 
the opposite effect. 

Planning activities and training
An increased level of  planning activity, including where 

and when certain foods should be eaten, also lifts mood 
and provides more distraction from the symptoms of  
IBS. Self-discipline training is an effective integrated 
relaxation technique, as there are some physiological 
changes in training in accordance with wishes.

EVIDENCE FOR TREATMENT EFFICACY 
OF CBT 
Khan et al[17] provide a useful review of  the literature. Of  
the three controlled studies of  patients with severe IBS, 
they noted that those in the CBT group showed reduced 
gastrointestinal symptoms and psychological distress to a 
greater extent than those in the control group. More de-
tails are given in Table 1.

A systematic review and meta-analysis carried out by 
Ford et al[2] was not included in this review. There were 
seven studies which compared CBT with control therapy 
or physicians’ “usual management” in 491 patients[44-50]. 
IBS symptoms persisted in 118 of  279 individuals as-
signed to CBT, compared to 130 of  212 allocated to con-
trol therapy or physicians’ “usual management”. There 
was statistically significant heterogeneity and evidence 
among those studies, with small-sample studies showing 
no effect of  CBT on IBS symptoms. When three stud-
ies conducted in the same center were excluded from 
the meta-analysis, the beneficial effect of  CBT on IBS 
symptoms disappeared. More details are given in Table 2. 
Finally, they demonstrated that a range of  different psy-
chological therapies could significantly improve physical 
symptoms in IBS patients, with studies on CBT provid-
ing the greatest evidence.

For IBS, CBT has been studied more than any other 
form of  psychological intervention in randomized con-
trolled trials. In a recent review by Palsson et al[51], CBT 
outcomes for IBS treatment were compared with control 
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Table 1  Randomized controlled trials reviewed by Khan et al [17]

Ref. Country Sample size Psychological therapy used

Lackner et al[35] United States   75 CBT
Lackner et al[42] United States   71 CBT
Reme et al[43] United States 149 CBT

CBT: Cognitive-behavioral therapy.

Table 2  Randomized controlled trials reviewed by Ford et 
al [2] (not including the trials described in Table 1)

Ref. Country Sample size Psychological therapy used

Greene et al[45] United States   20 CBT
Payne et al[46] United States   22 CBT
Vollmer et al[48] United States   34 CBT
Boyce et al[50] Australia 105 CBT
Drossman et al[44] United States 169 CBT
Tkachuk et al[47] Canada   28 CBT
Kennedy et al[49] England 149 CBT

CBT: Cognitive-behavioral therapy. 
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Table 3  Randomized controlled trials reviewed by Palsson et 
al [51] (not including the trials described in Tables 1 and 2)
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will not feel able to make this commitment. Several prob-
lematic factors are a lack of  trained therapists, high costs 
of  delivering the treatment, and the practical difficulties 
for patients of  scheduling weekly visits at a clinic[62,63]. 
Some modifications to the traditional CBT format have 
been evaluated by researchers, and these studies have 
demonstrated that CBT-based interventions can be de-
livered in different, and more cost-effective, formats[63,64]. 
Some clinicians have conducted studies investigating 
CBT for IBS where participants had a therapist contact 
via the internet (ICBT), defined as a web-based biblio-
therapy with an online therapist contact. ICBT proved to 
be a promising cost-effective treatment modality for IBS, 
as it can be offered to IBS patients on a much larger scale 
than conventional psychological treatments[58,65]. Among 
gastroenterologists, development and testing of  a CBT 
program for IBS has the potential to make it more widely 
available for IBS.

CONCLUSION
IBS is a prevalent chronic relapsing condition that is reg-
ularly associated with significant disability and has a con-
siderable financial burden for the health service due to 
the consumption of  resources including physician time, 
investigations, and costs of  treatment[66]. The presence of  
clinically significant psychiatric symptoms in patients with 
IBS is an indication for psychotherapy, especially CBT. 
Although the availability of  therapists who are trained 
in CBT and have specialist experience in IBS is limited, 
even when specialist referral is not an option, CBT has 
implications for gastroenterologists’ own clinical practice. 
There is increasing evidence for the efficacy of  CBT in 
alleviating the physical and psychological symptoms of  
IBS, and it has been recommended that it should be con-
sidered as a treatment option for the syndrome[28]. CBT is 
most appropriately offered to patients who have already 
had reasonable medical investigations but still have signif-
icant physical discomfort and psychological distress, and 
are interested in taking an active part in achieving greater 
control over their symptoms. 
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Abstract
AIM: To investigate the relationship of solitary lymph 
node metastasis (SLNM) and age with patient survival 
in gastric cancer (GC).

METHODS: The medical records databases of China’s 
Beijing Cancer Hospital at the Peking University School 
of Oncology and Shanghai Tenth People’s Hospital af-
filiated to Tongji University were searched retrospec-
tively to identify patients with histologically proven GC 
and SLNM who underwent surgical resection between 
October 2003 and December 2012. Patients with dis-
tant metastasis or gastric stump carcinoma following 
resection for benign disease were excluded from the 

analysis. In total, 936 patients with GC + SLNM were 
selected for analysis and the recorded parameters 
of clinicopathological disease and follow-up (range: 
13-2925 d) were collected. The Kaplan-Meier method 
was used to stratify patients by age (≤ 50 years-old, n  
= 198; 50-64 years-old, n  = 321; ≥ 65 years-old, n  = 
446) and by metastatic lymph node ratio [MLR < 0.04 
(1/25), n  = 180; 0.04-0.06 (1/25-1/15), n  = 687; ≥ 
0.06 (1/15), n  = 98] for 5-year survival analysis. The 
significance of intergroup differences between the sur-
vival curves was assessed by a log-rank test. 

RESULTS: The 5-year survival rate of the entire GC 
+ SLNM patient population was 49.9%. Stratification 
analysis showed significant differences in survival time 
(post-operative days) according to age: ≤ 50 years-
old: 950.7 ± 79.0 vs  50-64 years-old: 1697.8 ± 65.9 vs  
≥ 65 years-old: 1996.2 ± 57.6, all P  < 0.05. In addi-
tion, younger age (≤ 50 years-old) correlated signifi-
cantly with mean survival time (r  = 0.367, P  < 0.001). 
Stratification analysis also indicated an inverse rela-
tionship between increasing MLR and shorter survival 
time: < 0.04: 52.8% and 0.04-0.06: 51.1% vs  ≥ 0.06: 
40.5%, P  < 0.05. The patients with the shortest sur-
vival times and rates were younger and had a high MLR 
(≥ 0.06): ≤ 50 years-old: 496.4 ± 133.0 and 0.0% 
vs  50-65 years-old: 1180.9 ± 201.8 and 21.4% vs  ≥ 
65 years-old: 1538.4 ± 72.4 and 37.3%, all P  < 0.05. 
The same significant trend in shorter survival times and 
rates for younger patients was seen with the mid-range 
MLR group (0.04-0.06), but the difference between 
the two older groups was not significant. No significant 
differences were found between the age groups of pa-
tients with MLR < 0.04. Assessment of clinicopathologi-
cal parameters identified age group, Borrmann type, 
histological type and tumor depth as the most impor-
tant predictors of the survival rates and times observed 
for this study population.

CONCLUSION: GC patients below 51 years of age 
with MLR of SLNM above 0.06 have shorter life expec-
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tancy than their older counterparts.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Among patients with gastric cancer and single 
lymph node metastasis, younger patients (≤ 50 years-
old) tend to have less and shorter survival than their 
older counterparts; in particular, younger patients with 
the highest metastatic lymph node ratio have the worse 
prognosis.
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INTRODUCTION
Gastric carcinoma (GC) is one of  the most commonly 
diagnosed cancers in China. The elderly (65 years and 
older) represent over one-half  of  these cases, and oc-
currence of  GC in individuals younger than 40-years-
old is relatively rare (approximately 5% of  total reported 
cases)[1,2]. Studies of  age-related GC progression and 
prognosis have yielded inconsistent findings. The collec-
tive data in the literature indicate both distinctly unfavor-
able outcomes for the younger patient population (citing 
more advanced disease at diagnosis and/or faster disease 
progression) and a seemingly paradoxical favorable over-
all survival (with early disease stage cases possibly provid-
ing a confounding subgroup effect); in addition, other 
studies have demonstrated a lack of  age-related impact 
on GC prognosis[3-8]. 

Regardless of  patient age, lymph node metastasis is a 
well-established critical prognostic factor and predictor 
of  recurrence in GC. Histological detection of  metastatic 
lymph nodes (MLNs) is strongly correlated with a high 
risk of  recurrence, and this is an especially critical clinical 
finding for patients diagnosed in the early stages of  GC 
to help design effectively robust, but safe, clinical man-
agement strategies[9-12]. While calculation of  the metastatic 
lymph node ratio (MLR; single positive lymph nodes per 
total number of  lymph nodes harvested) improves the 
sensitivity of  predicting GC recurrence, minimizing the 
number of  lymph node dissection is necessary to reduce 
the corresponding side effects, such as lymphedema[13-15]. 

A major clinical challenge in GC evaluation is deter-
mining the appropriate extent of  lymph node dissection 
that is capable of  detecting single lymph node metastasis 
(SLNM). The gastric lymphatic drainage system is par-
ticularly complex, and not all cases of  SLNM are local-
ized to the perigastric node area and are detectable by 

standard D2 lymphadenectomy. MLR, however, can help 
to overcome this limitation. 

In this study, the differential prognostic features of  
younger and older GC patients with SLNM were investi-
gated using MLR to gain further insights into the particu-
lar clinicopathological features and surgical outcomes of  
these two patient populations. 

MATERIALS AND METHODS
Patients
The clinical records databases of  two large metropolitan 
hospitals - Beijing Cancer Hospital of  the Peking Univer-
sity School of  Oncology, and the Shanghai Tenth People’
s Hospital Affiliated to Tongji University - were searched 
retrospectively to identify patients with histologically 
proven GC and SLNM who underwent resection sur-
gery between October 2003 and December 2012. Patient 
records were selected for study inclusion according to 
the following eligibility criteria: available histological and 
pathological data related to diagnosis, including total 
number of  resected lymph nodes. Of  the 965 patients 
identified, 29 were excluded from analysis according to 
the presence of  distant metastasis or development of  
gastric stump tumors following resection for benign dis-
ease. 

In total, 936 patients with GC + SLNM were selected 
for analysis and the recorded parameters of  clinicopatho-
logical disease and follow-up were collected. The patients 
were stratified by age (≤ 50, 50-64, and ≥ 65 years-
old) and by MLR [< 0.04 (1/25) with > 25 lymph nodes 
sampled, 0.04-0.06 (1/25-1/15) with 15-25 lymph nodes 
sampled, and ≥ 0.06 (1/15) with ≥ 15 lymph nodes 
sampled]. 

Statistical analysis
All statistical analyses were carried out by the SPSS statis-
tical software package, version 13.0 (SPSS Inc., Chicago, 
IL, United States). The Kaplan-Meier method, deter-
mined the overall and subgroups’ 5-year survival rates, 
with the “event” endpoint being defined as death by any 
cause. The significance of  differences between the vari-
ous survival curves was assessed by a log-rank test. The 
chi-square test was used to evaluate differences between 
the clinicopathological disease and follow-up categorical 
variables. A P-value of  < 0.05 was set as the threshold 
for statistical significance. 

RESULTS
Characteristics of GC + SLNM patients
The study population’s demographic and clinicopatholog-
ical characteristics related to diagnosis and treatment, and 
stratified by age, are presented in Table 1. The median 
age was 68.6 years old (range: 26-86 years), with a rela-
tively similar representation among the three age groups 
(20.5%, ≤ 50 years-old; 33.3%, 50-64 years-old; 46.2%, 
≥ 65 years-old) but with a remarkably high proportion 

8612 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

Chen CQ et al . Metastasis-related gastric cancer prognosis



in the mid MLR (0.04-0.06) group (71.2%). The median 
number of  dissected lymph nodes was 24.3 (range: 5-71) 
and almost all patients received postoperative chemo-
therapy (with similar representation among the three age 
groups). The three age groups also showed statistically 
similar (P > 0.05) patient distribution for sex and tumor 
location, gross (Borrmann) type, histological (differentia-
tion) type and status. 

GC + SLNM patient outcome and predictors of survival
The study population’s demographic and clinicopatho-
logical characteristics related to follow-up, stratified by 
age, are presented in Table 2. Twenty-nine of  the patients 
were lost to follow-up and were excluded from further 
analysis. For the remaining overall study population, the 
median follow-up was 957 d (range: 13-2925 d) and the 
5-year survival rate was 49.9%. Comparative analysis 
of  the survival curves indicated significant differences 
among groups according to age (all three categories), 
Borrmann type (Ⅰ vs Ⅱ vs Ⅲ vs Ⅳ), histological type (high 
vs moderate vs low), and tumor depth (T1 vs T2 vs T3 vs 
T4) (all P < 0.0001); thus, all four of  these variables were 
characterized as important predictors of  survival. 

Correlation of age with survival of GC + SLNM patients
Comparative analysis of  the cumulative survival rates 

between the age categories (≤ 50 years-old: 950.7 ± 
79.0, 50-64 years-old: 1697.8 ± 65.9, and ≥ 65 years-old: 
1996.2 ± 57.6) showed statistically significant differences 
among all three (≤ 50 vs 50-64, P < 0.001; ≤ 50 vs ≥ 
65 P < 0.001; 50-64 vs ≥ 65, P = 0.020) (Figure 1). The 
group of  patients ≥ 65 years old had the best survival, 
and younger age (≤ 50 years-old) was found to correlate 
significantly with mean survival time (r = 0.367, P < 0.001) 
(Figure 2). 

Correlation of MLR with survival of GC + SLNM patients
Comparative analysis of  the cumulative survival rates 
between the MLR categories (< 0.04: 1527.0 ± 67.6, 
0.04-0.06: 1851.1 ± 1527.0, and ≥ 0.06: 1352.1 ± 111.8) 
indicated that high MLR was associated with shorter 
survival (0.04-0.06 vs ≥ 0.06, P = 0.030; < 0.04 vs ≥ 0.06 
P = 0.028). Comparison of  the lower MLR categories 
showed no significant difference between the two (< 
0.04 vs 0.04-0.06, P = 0.681). The high MRL group also 
showed a significantly lower 5-year survival rate than the 
other two groups (< 0.04: 52.8%, 0.04-0.06: 51.1%, and 
≥ 0.06: 40.5%) (Figure 3). 

Age-based stratification analysis of  the MLR catego-
ries indicated that the younger patients with higher MLR 
had the shortest survival rate (Figure 4). In particular, the 
cumulative survival curves for patients with MLR of  ≥ 
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Table 1  Characteristics of gastric cancer + solitary lymph node metastasis during clinical management, stratified by age  n  (%)

Parameter Age (yr) All patients (n  = 965)

≤ 50 (n  = 198) 50-64 (n  = 321) ≥ 65 (n  = 446)

Sex
   Male 117 (59.1) 207 (64.5) 272 (61.0) 596 (61.8)
   Female   81 (40.9) 114 (35.5) 174 (39.0) 369 (38.2)
Tumor location
   Upper stomach 15 (7.6) 28 (8.7) 40 (9.0) 83 (8.6)
   Middle stomach   79 (39.9) 131 (40.8) 183 (41.0) 393 (40.7)
   Lower stomach 104 (52.5) 162 (50.5) 223 (50.0) 489 (50.7)
Gross type (Borrmann)
   Ⅰ   5 (2.5) 10 (3.1) 19 (4.3) 34 (3.5)
   Ⅱ   51 (25.8)   59 (18.4) 103 (23.1) 213 (22.1)
   Ⅲ   78 (39.4) 182 (56.7) 205 (45.9) 465 (48.2)
   Ⅳ   64 (32.3)   70 (21.8) 119 (26.7) 253 (26.2)
Histological type
   High differentiation   1 (0.5)   2 (0.6)   4 (0.9) 7 (0.7)
   Moderate differentiation   27 (13.6)   79 (24.6) 119 (26.7) 225 (23.3)
   Low differentiation 170 (85.9) 240 (74.8) 323 (72.4) 733 (76.0)
Tumor status
   T1 16 (8.1) 29 (9.1) 42 (9.4) 87 (9.0)
   T2   36 (18.2)   53 (16.5)   87 (19.5) 176 (18.2)
   T3   75 (37.9) 125 (38.9) 194 (43.5) 394 (40.8)
   T4   71 (35.8) 114 (35.5) 123 (27.6) 308 (32.0)
Metastasis lymph node ratio
   ≥ 0.06 12 (6.1)   32 (10.0)   54 (12.1)   98 (10.2)
   0.04-0.06 155 (78.3) 230 (71.7) 302 (67.7) 687 (71.2)
   < 0.04   31 (15.6)   59 (18.3)   90 (20.2) 180 (18.6)
Postoperative chemotherapy 
   No   4 (2.0) 11 (3.4) 29 (6.5) 43 (4.5)
   Yes 194 (98.0) 310 (96.6) 417 (93.5) 922 (95.5)
Surgery
   Subtotal gastric resection 113 (57.1) 181 (56.4) 238 (53.4) 532 (55.1)
   Total gastrectomy   85 (42.9) 140 (43.6) 208 (46.6) 433 (44.9)
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DISCUSSION
Some studies have indicated that a younger age of  di-
agnosis may correspond to worse prognosis of  GC[16]. 
From a histological perspective, GC in younger patients is 
more likely to be diffuse type, rather intestinal or mixed, 
and with disseminated morphology[17-19]. These features 
may underlie a more aggressive behavior of  GC in this 
patient population or merely reflect a trend in diagnosis 
being made at a later disease state[4]; nevertheless, both 
of  these issues are associated with poorer prognosis and 
may help to explain a key pathological difference between 
younger and older GC patients. 

As cited in the Introduction, the collective research 
to date has yet to define the precise age-related epide-
miological and clinicopathological characteristics of  GC. 
For example, in a study of  old and young GC patients 
matched by tumor stage, Moreira et al[20] found that 
younger age was associated with a more favorable out-

0.06 (≤ 50: 496.4 ± 133.0, 50-65: 1180.9 ± 201.8, and 
≥ 65: 1538.4 ± 72.4) were significantly different among 
the three age categories (≤ 50 vs 50-65, P = 0.03; ≤ 50 vs 
≥ 65, P = 0.000; 50-65 vs ≥ 65, P = 0.005). The 5-year 
survival rates followed a similar trend: ≤ 50, 0.0%; 50-65, 
21.4%; > 65, 37.3% (Figure 4A). The cumulative survival 
curves for patients with MLR of  0.04-0.06 (≤ 50: 847.3 
± 85.1, 50-65: 1410.1 ± 53.4, and ≥ 65: 2140.7 ± 68.1) 
were also significantly different from the lowest age cat-
egory (≤ 50 vs 50-65, P = 0.000; ≤ 50 vs ≥ 65, P = 0.000); 
however, no difference was observed between the two 
older groups. The 5-year survival rates followed a similar 
trend: ≤ 50, 23.9%; 50-65: 60.0%; ≥ 65: 66.0%) (Fig-
ure 4B). The cumulative survival curves of  patients with 
MLR of  < 0.04 showed no significant differences among 
the age categories, and the 5-year survival rates were also 
similar (≤ 50: 50.8%, 50-65: 56.3%, and ≥ 65: 46.0%) 
(Figure 4C). 

Table 2  Characteristics of gastric cancer + solitary lymph 
node metastasis during follow-up, stratified by age

Parameter All patients 
(n  = 936)

5-yr survival P  value

Age (yr) < 0.0001
   ≤ 50 188   29.10%
   50-64 311   55.00%
   ≥ 65 437   56.60%
Borrmann type < 0.0001
   Ⅰ   33   92.40%
   Ⅱ 208   90.00%
   Ⅲ 455   40.40%
   Ⅳ 240   19.20%
Histological type < 0.0001
   High differentiation     7 100.00%
   Moderate differentiation 215   74.60%
   Low differentiation 714   42.00%
Tumor status < 0.0001
   T1   84   94.80%
   T2 170   82.10%
   T3 382   40.20%
   T4 300   30.40%

100.0

80.0

60.0

40.0

20.0

0.0

Cu
m

 s
ur

vi
va

l (
%

)

All of gastric cancer patients survival graph

≤ 50   5 yr = 29.1%
50-64  5 yr = 55.0%
≥ 65   5 yr = 56.6%

≤ 50 vs  50-64  P  = 0.000
≤ 50 vs  ≥ 65   P  = 0.000
50-64 vs  ≥ 65  P  = 0.020

0     500    1000   1500  2000  2500   3000
                 Days after operation

Figure 1  Cumulative survival of patients with gastric cancer + solitary 
lymph node metastasis according to age category. 
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Figure 2  Correlation between age (≤ 50 years-old) and mean survival 
days after surgery in patients with gastric cancer + solitary lymph node 
metastasis (r = 0.367; P < 0.001). 
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come. Similarly, in a study of  elderly and middle-aged GC 
patients matched for tumor extension, Kitamura et al[21] 
found that older age was associated with poorer overall 
survival and death within 30 d after surgery. Indeed, the 
increased risk of  complications and death from surgery 
in general is well recognized, and a study of  surgically-
treated GC patients showed markedly better 5-year post-

operative survival at all tumor stages[22]. 
It has been reported that younger (middle-aged) pa-

tients have better prognosis following curative resection 
of  stage I tumors than their elderly counterparts[6]. Other 
reports, however, have demonstrated that younger age 
provides no benefit to survival when the GC is present 
in more advanced stages and that the most important 
prognostic factor in young patients is advanced nodal 
involvement[23-25]. Regardless of  whether or not there is 
a distinctive malignant trait related to age, a key means 
towards improving survival rates is early diagnosis and 
timely application of  curative resection.

The results from the current study confirmed the 
view that the relationship between GC prognosis and 
patient age is complicated. In general, the mean age of  
GC diagnosis falls within the 5th decade of  life and cases 
younger than 50 years old are relatively rare[26,27]; how-
ever, by searching a large patient database we were able 
to analyze a patient population that equally represented 
young and old GC sufferers. The current study popula-
tion showed a poorer prognosis for younger (≤ 50 years 
old) patients, as evidenced by both cumulative and 5-year 
survival rates. Moreover, the younger patients had fewer 
surgery-related complications (data not shown) that may 
have benefited their recovery and prognosis. 

Another important finding for the current study’s 
population of  patients with GC + SLNM was the rela-
tionship between age and mean survival days after sur-
gery. The younger patients, who also had more aggressive 
tumors by histological analysis, survived for a significantly 
shorter duration following the resection treatment. This 
finding agrees with another study of  GC patients that 
found diffuse cancers more likely to occur in younger pa-
tients and to be associated with poorer prognosis.

Depth of  invasion and presence of  MLNs are well-
established and essential prognostic factors of  GC[28], and 
nodal involvement is considered an especially significant 
clinical finding in early GC. Ten-year overall survival in 
node-positive patients has been reported at 27%, com-
pared to the estimated 92% for node-negative patients[29]. 
Incomplete removal of  MLNs, which harbor residual 
tumor cells, represents an increased risk of  disease spread 
or recurrence. Indeed, studies of  post-gastrectomy 
survival in GC patients have shown that survival rates 
improve in conjunction with number of  lymph nodes re-
moved for examination[30-32].

The benefit of  lymphadenectomy was related to 
extent; however, it remains to be precisely determined. 
Both the Union for International Cancer Control and 
the American Joint Commission for Cancer have recom-
mended that at least 15 lymph nodes be examined for 
correct assessment node metastatic status in GC (7th edi-
tion TNM system). Moreover, dissection of  ≥ 15 lymph 
nodes in resections with curative intent has been reported 
to significantly improve prognosis of  patients with GC 
+ MLN[33]. Yet, while the useful prognostic impact of  
this lower-limit criteria has been validated in several large 
clinical studies[34,35], no study to date has systematically 
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Figure 4  Cumulative survival of patients with gastric cancer + solitary 
lymph node metastasis and different metastatic lymph node ratio accord-
ing to age category. A: P < 0.05 for comparisons among all three groups; B: 
Younger patients have significantly worse survival than the two older patient 
groups (P < 0.01); C: There are no significant differences among the three 
groups. Cumulative survival of patients with metastatic lymph node ratio (MLR) 
≥ 0.06 (A), 0.04-0.06 (B), and < 0.04 (C) by age. 
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evaluated the risk to benefit ratio of  precise numbers of  
lymph nodes for GC or its myriad of  histological param-
eters.

The association of  SLNM with depth of  tumor 
invasion and its prognostic significance in GC are well 
established. Furthermore, it is generally accepted that 
GC patients with SLNM have a worse survival rate 
than those without SLNM (zero positive lymph nodes). 
The estimates of  GC cases with single nodal metasta-
sis distributed beyond the perigastric area range from 
12.6%-29.0%, and it is hypothesized that this feature may 
be related to (caused by) complicated lymphatic drainage 
from the stomach[36-38]. However, a comparative study of  
patients with and without skip metastasis after standard 
D2 lymphadenectomy found no significant difference in 
survival between the two groups[39]. Sentinel node map-
ping with a visible tracer or radio-guided approach has 
limited accuracy in GC patients. Therefore, the current 
study evaluated the age-related 5-year survival rates of  
follow-up GC + SLNM patients using an array of  clini-
copathological parameters, and found that Borrmann 
type, histological type, and tumor status were significantly 
different among the groups and were related to patient 
survival.

 MLR calculation is considered a simpler and (possibly) 
more effective method for prognosing patients with GC 
who undergo curative or radical resections[40-42], compared 
to the conventional lymph node staging systems. In par-
ticular, MLR could supplement the conventional N stag-
ing system when a limited number of  lymph nodes are 
obtained, thus providing more accurate prognostic strati-
fication in advanced GC[40,43-45]. Herein, as in some related 
previous studies, MLR was shown to be a better prognos-
tic factor than the other clinicopathological parameters 
examined; however, no consensus has been made on the 
optimal categorization of  MLR, as each study has used 
different standardization. In the current study, the GC + 
SLNM patients were categorized according to the num-
ber of  harvested lymph nodes, and the data indicated 
that 5-year survival rates were associated with SLNM per 
lymph node harvested. Specifically, younger patients with 
MLR ≥ 0.06 and 0.06-0.04 had lower survival than older 
patients. 

As discussed above, young adults may be more likely 
to present for diagnosis at an advanced disease stage. In 
the absence of  an effective predictive marker, surveil-
lance endoscopy of  patients with positive family histo-
ries seems to be the only way to detect early stage GC. 
Such patients should also be educated on the signs and 
symptoms of  GC, and more attention should be paid to 
younger patients with upper gastrointestinal symptoms, 
to improve their rate of  early diagnosis. Multivariate 
analyses have indicated that younger patients undergoing 
curative resection have longer survival[46]. As D2 lymph-
adenectomy leads to the examination of  more nodes, 
and improves prognostic accuracy in patients with or 
without MLNs[47], wider use of  D2 lymphadenectomy 
may be essential for patients with GC, especially those 

of  younger age.  
In conclusion, among the GC + SLNM patients 

examined in this study, younger patients tended to have 
shorter survival than their older counterparts. In par-
ticular, younger patients with the highest MLR had the 
worst prognosis. Thus, the field should strive towards 
improving earlier detection rates for GC patients to help 
improve prognosis of  these patients. For younger pa-
tients, who may be at greater risk of  disease-related mor-
tality but at less risk of  surgery-related morbidities, D2 
lymphadenectomy may be considered because it allows 
sampling of  many more lymph nodes.
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Abstract
AIM: To investigate the role of P115 in the proliferation 
of gastric cancer cells and the mechanism involved. 

METHODS: The RNA and protein level of P115 and 
macrophage migration inhibitory factor (MIF) in gastric 
cancer and normal gastric tissue/cells were measured 
and the effect of P115 on cell proliferation was as-
sessed. The role of P115 in cell cycle checkpoints was 
investigated and the related proteins and signaling 
pathways, such as cyclin D1, Mcm2, p53, PCNA as well 
as the MAPK signaling pathway were determined. The 
interaction between P115 and MIF and the effect of 
P115 on MIF secretion were examined. The data were 
analyzed via  one-way ANOVA comparisons between 
groups and P  < 0.05 was considered significant. 

RESULTS: P115 and MIF were both specifically ex-
pressed in gastric cancer tissues compared with nor-
mal gastric mucosa (both P  < 0.01). The mRNA and 
protein levels of P115 and MIF in gastric cancer cell 
lines MKN-28 and BGC-823 were higher than in the hu-
man gastric epithelial cell line GES-1 (both P  < 0.01). 

In MKN-28 and BGC-823 cell lines, P115 promoted 
cell proliferation and G0-G1 to S phase transition. In 
addition, several cell cycle-related regulators, includ-
ing cyclin D1, Mcm2, PCNA, pERK1/2 and p53 were 
up-regulated by P115. Furthermore, the interaction 
between P115 and MIF was confirmed by co-immuno-
precipitation assay. ELISA showed that P115 stimulated 
the secretion of MIF into the culture supernatant (P  < 
0.01) and the compensative expression of MIF in cells 
was observed by Western blotting. 

CONCLUSION: P115 promotes proliferation of gastric 
cancer cells through an interaction with MIF. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Gastric cancer; P115; Migration inhibitory 
factor; Proliferation; Protein interaction

Core tip: Gastric cancer is one of the most common 
cancers. P115 is a tether protein which plays a key role 
in cell proliferation through combination with binding 
partners, including migration inhibitory factor (MIF). 
The present study showed that P115 and MIF were 
specifically expressed in gastric cancer tissues and 
cells. P115 promoted cell proliferation and G0-G1 to S 
phase transition. Cell cycle regulators, including cyclin 
D1, Mcm2, PCNA, pERK1/2 and p53 were up-regulated 
by P115. P115 interacted with MIF and stimulated the 
secretion of MIF into the culture supernatant. In sum-
mary, P115 promotes proliferation of gastric cancer 
cells through an interaction with MIF. 
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INTRODUCTION
Gastric cancer is one of  the most common cancers 
worldwide with a significant impact on human health[1]. 
Despite significant developments in the diagnosis and 
treatment of  gastric cancer, the prognosis remains poor. 
Extensive surgery combined with chemotherapy is the 
most common therapy choice in the early stages of  gastric 
cancer[2], while additional treatment options, such as gene 
therapy are desperately needed. With significant advances 
in genomics and proteomics, the discovery of  a novel on-
cogene for therapeutic intervention remains a future chal-
lenge.

Cancer growth is a highly complex process involving 
alterations in gene expression and the interaction of  many 
proteins. Golgi-vesicular transport protein P115 is a tether 
protein that plays an important role in many signal path-
ways required for cell proliferation[3] and has been exten-
sively studied[4-6]. Macrophage migration inhibitory factor 
(MIF) was one of  the first cytokines to be described and 
extensively studied[7]. More recently, MIF has been report-
ed to be overexpressed in a number of  cancers, including 
esophageal squamous cell carcinoma[8], glioblastoma[9], 
neuroblastoma[10], colonic cancer[11] and colorectal can-
cer[12]. The ability of  MIF to promote tumor progression 
has been demonstrated and MIF has been shown to be 
a potential target for anti-cancer therapy. Hudson et al[13] 
and Jung et al[14] reported that MIF antagonized the activ-
ity of  p53, which led to cancer progression. It was shown 
that the binding partner of  MIF was JAB1/CSN5[15] 
which is known to be involved in the differentiation and 
morphogenesis of  cells[16]. Furthermore, it is well known 
that upon binding to one of  its receptors-CD74, MIF can 
increase the phosphorylation of  Akt, ERK, MAPK and 
Stat3 which are all necessary for tumor proliferation.

Recently, a yeast two-hybrid interaction was examined 
to identify the intracellular proteins which might bind 
to MIF and mediate its secretion, and it was shown that 
P115 was a binding partner of  MIF[17]. Previous research 
in our laboratory also demonstrated the same result. The 
objective of  the present study was to evaluate the expres-
sion, the function in cell proliferation and the biological 
mechanism of  P115 in gastric cancer.

MATERIALS AND METHODS
Cell culture
Human gastric cancer cell lines BGC-823 and MKN-28 
were obtained from the American Type Culture Collec-
tion (Manassas, VA, United States). The human gastric 
epithelial cell line GES-1 was obtained from the cell 
bank of  the Fourth Military Medical University. The cells 
were cultured in RPMI 1640 medium (Gibco, Maryland, 
United States) supplied with 10% FBS (Gibco, Maryland, 
United States), 100 units/mL penicillin and 100 μg/mL 
streptomycin at 37 ℃ in humidified 5% CO2.

Immunohistochemistry
Thirty gastric cancer and 30 normal gastric mucosa speci-

mens were obtained from the Department of  Pathology, 
the First Affiliated Hospital, Chongqing Medical Univer-
sity from September 2008 to November 2009. Normal 
gastric mucosa specimens were obtained from normal 
tissues adjacent to the cancer tissue, and were pathologi-
cally confirmed as non-cancerous. The procedure was 
approved by the Ethics Committee. Samples were incu-
bated with anti-P115 and anti-MIF rabbit polyclonal an-
tibody (Cell Signaling Technology, United States) at 4 ℃ 
overnight, and then incubated with biotinylated goat anti-
rabbit antibody (Santa Cruz Biotechnology, TX, United 
States) at room temperature for 15 min. DAB substrate 
was then used in the chromogenic reaction. 

Construction of plasmids and transfection
The pCD-shRNA was reconstructed from pGPU6/
GFP/Neo. Four shRNAs targeting P115 and shNC were 
designed as shown in Table 1. ShRNAs were ligated into 
the BamH I and Bbs I-digested pGPU6/GFP/Neo vec-
tor. The P115 expressing plasmid, pEGFP-N1-P115, was 
obtained from Jikai Company (Shanghai, China). Cells 
were seeded in 6-well plates and were transfected with 2 
μg plasmids after reaching 70%-80% confluence using 
Lipofectamine 2000 (Invitrogen, Carlsbad, United States) 
following the manufacturer’s instructions.

Reverse transcription-polymerase chain reaction and 
quantitative real-time polymerase chain reaction
RT-PCR was carried out using the AccessQuickTM One-
Step reverse transcription-polymerase chain reaction 
[RT-PCR kit (Promega Co., Madison, United States)] 
according to the manufacturer’s protocol. The oligo-
nucleotide primers used were as follows: P115 sense: 
5’-AACCTGGTGGCTGAACGGCAAG-3’, P115 anti-
sense: 5’-AGAAGCTTCACACCAGGCCAGC-3’. MIF 
sense: 5’-CGGGTTCCTCTCCGAGCTCACC3’, MIF 
antisense: 5’-TGATGTAGACCCTGTCCGGGCTGA-3’. 
β-actin sense: 5’-GACCCAGATCATGTTTGAGACC-3’, 
β-actin antisense: 5’-GCCAGGATAGAGCCACCAAT-3’. 
Total RNA was reverse transcribed to synthesize cDNA 
at 45 ℃ for 45 min. PCR was performed in a single reac-
tion volume of  25 μL. The schedule consisted of  incuba-
tion for 5 min at 94 ℃ followed by 30 cycles of  94 ℃ for 
30 s, 56 ℃ for 45 s and 72 ℃ for 1 min, then incubation 
for 10 min at 72 ℃. The PCR products were subjected 
to 1.5% agarose gel electrophoresis. Quantitative real-
time RT-PCR was performed using specific sense and 
antisense primers in a 25 μL reaction volume contain-
ing 12.5 μL of  Absolute™ QPCR SYBR Green mix 
(Invitrogen), 0.25 pmol of  each primer, and 0.5 μg of  
mRNA. Oligonucleotide primers were as follows: P115 
sense: 5’-GGAGGGGAACAGTGATGGAG-3’, P115 
antisense: 5’-CAAAGCTGCTGCAATAACCC-3’. β-actin 
sense: 5’-CGGGAAATCGTGCGTGAC-3’, β-actin 
antisense: 5’-TGGAAGGTGGACAGCGAGG-3’. The 
number of  amplification cycles was 35, and the reaction 
were performed for 3 min at 50 ℃, 20 s at 95 ℃, and 30 s 
at 60 ℃, with an initial step at 95 ℃ for 3 min.
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Western blotting analysis
Cells were lysed in 100 μL RIPA lysis buffer (50 mmol/L 
Tris-HCl, pH 7.5, 1% NP-40, 150 mmol/L NaCl, 1 mg/
mL aprotinin, 1 mg/mL leupeptin, 1 mmol/L Na3VO4, 
1 mmol/L NaF) at 4 ℃ for 30 min. Cell debris was re-
moved by centrifugation at 12000 × g for 20 min at 4 ℃. 
Protein concentrations were determined by the Bradford 
assay. An equal amount of  lysate (40 μg) was resolved 
by SDS-polyacrylamide gel electrophoresis and trans-
ferred to a PVDF membrane (Millipore, Bedford, United 
States). The membranes were blocked with 5% nonfat 
milk at room temperature for 1 h and then incubated 
for 2 h with primary antibodies. The membranes were 
then incubated for 1 h with an appropriate horseradish 
peroxidase-linked secondary antibody (Santa Cruz Bio-
technology, TX, United States). Antibodies to P115, MIF, 
cyclin D1, Mcm2, PCNA, p53 and β-actin were obtained 
from Cell Signaling Technology (MA, United States). 
Electrochemiluminescence was performed according to 
the manufacturer’s instructions using a Bio-Rad imaging 
system. Quantity One software was used to quantify the 
density of  bands. 

Cell proliferation assay
Cells were seeded in 96-well plates at a density of  2000 
cells/well and allowed to proliferate for 24 h, 48 h and 72 
h. Cell proliferation ability was assessed by MTT assay. 
Briefly, MTT (5 mg/mL) was added to each well and the 
plate was incubated for a further 4 h before removal of  
the media. DMSO was then added to each well to solubi-
lize the formazan crystals. The absorbance was read at a 
wavelength of  595 nm using a microtiter plate reader. All 
experiments were carried out in triplicate. 

Flow cytometric analysis of cell cycle distribution
Flow cytometric analysis was performed as previously 
described[18]. Forty-eight hours after transfection, cells 

were harvested and fixed with 75% ethanol at -20 ℃ 
overnight. Cells were stained with propidium iodide (25 
mg/mL) and RNaseA (200 mg/mL) at 37 ℃ for 30 min. 
The DNA content was analyzed using a FACScan flow 
cytometer (Beckman Coulter, Germany). 

Co-immunoprecipitation of P115 and MIF
Cells were lysed in lysis buffer at 4 ℃ for 30 min. Cell 
debris was removed by centrifugation at 14000 × g for 5 
min at 4 ℃. To remove non-specific binding, protein G 
sepharose beads containing mouse IgG were added to 
200 μL protein and shaken slowly for 2 h at 4 ℃. The 
sample was then centrifuged at 2500 × g for 5 min at 4 ℃ 
and the supernatant was carefully removed for immuno-
precipitation. 1 μg MIF antibody was incubated with the 
supernatant overnight and 42 μL protein G Sepharose 
beads were then added. The mixture was incubated for 
3 h at 4 ℃ on a tube roller to precipitate protein com-
plexes. The beads were obtained by centrifugation at 
1000 × g for 60 s and washed twice with PBS. Finally, 20 
μL loading buffer was added for SDS-polyacrylamide gel 
electrophoresis to assess P115.

ELISA assay
MIF level in the culture supernatant was determined by 
ELISA according to the manufacturer’s recommenda-
tions. A polyclonal anti-MIF antibody was used as the 
capture antibody, and absorbance was measured at 450 
nm in a microplate reader. The concentration of  MIF in 
each sample was obtained by comparing absorbance val-
ues against the standard curve using r-MIF. Each experi-
ment was performed in triplicate.

Statistical analysis
The data were expressed as mean ± SD of  three inde-
pendent experiments. The data were analyzed via one-
way ANOVA comparisons between different groups with 
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Table 1  Sequences of shRNA

shRNA name Target site Sequences

P115-shRNA1 1117 bp S 5'-CACCGCAGCTTTGTACTATCCTAATTTCAAGAGA
ATTAGGATAGTACAAAGCTGCTTTTTTG-3'

A 5'-GATCCAAAAAAGCAGCTTTGTACTATCCTAAT
TCTCTTGAAATTAGGATAGTACAAAGCTGC-3'

P115-shRNA2 1318 bp S 5'-CACCGCGCTGTGCTGTTCTCTATTGTTCAAGAGA
CAATAGAGAACAGCACAGCGCTTTTTTG-3'

A 5'-GATCCAAAAAAGCGCTGTGCTGTTCTCTATTG
TCTCTTGAACAATAGAGAACAGCACAGCGC-3'

P115-shRNA3 1578 bp S 5'-CACCGCAACCCTCCAGTTTCTTTACTTCAAGAGA
GTAAAGAAACTGGAGGGTTGCTTTTTTG-3'

A 5'-GATCCAAAAAAGCAACCCTCCAGTTTCTTTAC
TCTCTTGAAGTAAAGAAACTGGAGGGTTGC-3'

P115-shRNA4 1777 bp S 5'-CACCGCAGTTGGTCCAAGGCTTATGTTCAAGAGACATAAGCCTTGGACCAACTGCTTTTTTG-3'
A 5'-GATCCAAAAAAGCAGTTGGTCCAAGGCTTATG

TCTCTTGAACATAAGCCTTGGACCAACTGC-3'
NC-shRNA - S 5'-CACCGTTCTCCGAACGTGTCACGTTTCAAGAGA

ACGTGACACGTTCGGAGAACTTTTTTG-3'
A 5'- GATCCAAAAAAGTTCTCCGAACGTGTCACGT

TCTCTTGAAACGTGACACGTTCGGAGAAC-3'
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significance value set at P < 0.05.

RESULTS
P115 and MIF were specifically expressed in gastric 
cancer tissues
To examine whether P115 and MIF were specifically ex-
pressed in gastric cancer, the protein levels of  P115 and 
MIF in human gastric tissue were first measured by im-
munohistochemistry (Figure 1A). It was shown that P115 
was expressed in Golgi and cytoplasm near the nucleus, 
there were 12 positive samples (40.0%) in normal gastric 
mucosa and 22 positive samples (73.3%) in gastric cancer 
with 63.6% showing a strong positive rate (14 cases). MIF 
was expressed in cytoplasm and sparsely in membrane, 
there were 14 positive samples (46.7%) in normal gastric 
mucosa and 24 positive samples (80%) in gastric cancer 
with 66.7% showing a strong positive rate (16 cases).

Furthermore, the tissue homogenates of  normal gas-

tric mucosa and gastric cancer were lysed to measure 
P115 and MIF levels. Semi-quantitative RT-PCR analysis 
showed that P115 and MIF mRNA in gastric cancer (0. 
694 ± 0. 046 and 0. 814 ± 0. 040, respectively, n = 3) were 
1.377 and 1.326 times that in normal mucosa (0.504 ± 
0.646 and 0.614 ± 0.054, respectively, n = 3) (Figure 1B, 
both P < 0.01). As shown in the semi-quantitative analy-
sis of  Western blotting results (Figure 1C), compared 
with normal gastric mucosa, the expression of  P115 and 
MIF increased by 2.085- and 1.391-fold in gastric cancer 
(0.759 ± 0.058 vs 0.364 ± 0.037; 0.715 ± 0.040 vs 0.514 ± 
0.044, respectively, n = 3; both P < 0.01).

P115 and MIF were specifically expressed in gastric 
cancer cell lines 
P115 and MIF mRNA in different cell lines are shown 
in Figure 1D. P115 mRNA in the MKN-28 (0.391 ± 
0.042, n = 3) and BGC-823 (0.513 ± 0. 038, n = 3) cell 
lines was 1.836- and 2.408-fold that in the normal gastric 
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Figure 1  P115 and macrophage migration inhibitory factor were specifically expressed in gastric cancer. A: Immunohistochemistry showed that in gastric can-
cer tissue, P115 was expressed in Golgi and cytoplasm near the nucleus, and macrophage migration inhibitory factor (MIF) was expressed in cytoplasm and sparsely 
in membrane. In normal gastric mucosa tissue, P115 and MIF were negatively expressed (DAB stained, × 200). Real-time reverse transcription-polymerase chain re-
action (RT-PCR) (B) and Western blotting (C) showed that mRNA and protein levels of P115 and MIF in gastric cancer tissue were higher than those in normal gastric 
mucosa tissue. RT-PCR (D) and Western blotting (E) showed that mRNA and protein levels of P115 and MIF in MKN-28 and BGC-823 cells were higher than those 
in the normal gastric mucosa epithelial cell line GES-1. β-actin was used as a loading control for RT-PCR and Western blotting. Data are mean ± SD of three experi-
ments.
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mucosa epithelial cell line GES-1 (0.213 ± 0.036, n = 3), 
respectively (both P < 0.01). Moreover, in the poorly dif-
ferentiated cell line, BGC-823, it was 1.312 times that in 
MKN-28 cells (P < 0.01). Correspondingly, MIF mRNA 
in MKN-28 (0.683 ± 0.046, n = 3) and BGC-823 (0.895 
± 0.104, n = 3) cells was 1.453 and 1.904 times that in 
GES-1 (0.470 ± 0.052, n = 3) and BGC-823 cells was 
1.310 times that in MKN-28 cells (all P < 0.01). 

Similar to the results of  RT-PCR, the protein levels 
of  P115 and MIF were markedly higher in MKN-28 
and BGC-823 cells than in GES-1 cells (Figure 1E), and 
were higher in BGC-823 cells. Semi-quantitative analysis 
showed that the expression of  P115 in MKN-28 (0.507 
± 0. 020, n = 3) and BGC-823 (0.547 ± 0. 015, n = 3) 
cells was 3.229- and 3.484-fold that in GES-1 cells (0.157 
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± 0.010, n = 3), and in BGC-823 it was 1.079-fold that 
in MKN-28 cells (all P < 0.01). The expression of  MIF 
in MKN-28 (0.601 ± 0.017, n = 3) and BGC-823 (0.687 
± 0.015, n = 3) cells was 1.154- and 1.319-fold that in 
GES-1 cells (0.521 ± 0.020, n = 3), and in BGC-823 it 
was 1.143-fold that in MKN-28 cells (all P < 0.01). 

P115-shRNA inhibited cell proliferation
To explore the biological function of  P115, P115-shRNA 
plasmids expressing siRNA were constructed. First, 
the silencing efficiencies of  4 different P115-shRNAs 
were tested using Western blotting (Figure 2A) and real-
time PCR (Figure 2B), which showed that the level of  
P115 was down-regulated most by 2 μg P115-shRNA2 
plasmids (protein: 0.259 ± 0.034, n = 3; mRNA: 0.211 
± 0.010, n = 3) after 36 h transfection in BGC-823 cells 
(expression of  P115 was relatively high) compared with 
control cells (protein: 0.727 ± 0.018, n = 3; mRNA: 1.041 
± 0.086, n = 3) and NC-shRNA (protein: 0.735 ± 0.010, 
n = 3; mRNA: 1.054 ± 0.094, n = 3), with silencing effi-

cacy up to 76.8%. Therefore, P115-shRNA2 was selected 
for subsequent study. The proliferation rate of  BGC-823 
cells was then determined by MTT assay 24 h, 48 h and 
72 h after transfection, and showed that the growth rate 
of  P115-shRNA treated BGC-823 cells was obviously 
decreased (Figure 3A) compared with NC-shRNA. 

P115-shRNA inhibited G0-G1 to S phase transition
The role of  P115 in the cell cycle checkpoints was inves-
tigated (Figure 3B). FACS analysis revealed that P115-
shRNA resulted in an 11.3% and 11.18% increase in cell 
number at G0-G1 phase compared with control and NC-
shRNA in BGC-823 cells. 

P115-shRNA inhibited expression of cyclin D1, Mcm2, 
PCNA, pERK1/2 and p53
As P115-shRNA caused cell cycle arrest, it was sup-
posed that P115 could lead to a change in G0-G1 phase-
related proteins and signaling pathways, such as cyclin 
D1, Mcm2, p53, PCNA as well as the MAPK signaling 
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pathway. Therefore, the above proteins and phosphoryla-
tion of  ERK1/2 were assessed. It was shown that cyclin 
D1, Mcm2, PCNA and pERK1/2 were significantly 
decreased by P115-shRNA in BGC-823 cells, which 
explained the effect of  P115 on cell cycle phase. In addi-
tion, p53 was up-regulated by P115-shRNA (Figure 3C).

Interaction between P115 and MIF was detected by co-
immunoprecipitation assay
MIF in BGC-823 cells was extracted through protein pre-
cipitation with a multiple clone antibody and the protein 
complex was detected by Western blotting. As shown in 
Figure 4A, P115 was detected in the protein complex, 
indicating that there was an interaction between MIF and 
P115 protein.

P115-shRNA inhibited expression of MIF in cells and 
secretion of MIF into supernatant 
Considering that MIF is a secretory protein, the level of  
MIF in the culture supernatant was assessed by ELISA. 
This assay showed that the secreted concentration of  
MIF in the culture supernatant in P115-shRNA treated 
BGC-823 cells was markedly reduced (1173.67 ± 63.47 
pg/mL, n = 3) compared with control (1535.62 ± 77.25 
pg/mL, n = 3) and NC-shRNA treated cells (1517.69 ± 
102.51 pg/mL, n = 3), this difference was statistically sig-
nificant (P < 0.01, Figure 4B). In addition, MIF mRNA 
and protein in cells were also detected. As shown in Fig-
ure 4C, P115-shRNA decreased the level of  MIF mRNA 
in BGC-823 cells, and Western blotting showed the same 
trend as real-time PCR, in that P115-shRNA decreased 
the expression of  MIF (Figure 4D).

pEGFP-N1-P115 promoted cell proliferation, G0-G1 to 
S phase transition, expression of G0-G1 phase-related 
proteins and secretion of MIF into supernatant
The role of  P115 in gastric cancer cells was assessed 
from another point of  view. It was shown that after 
transfection with 2 μg pEGFP-N1-P115 for 24, 48 and 
72 h, the proliferation rate of  MKN-28 cells (expres-
sion of  P115 was relatively low) was markedly increased 
(Figure 5A) and the transition of  G0-G1 phase to S phase 
in MKN-28 cells was accelerated by 13.71% and 13.9%, 
respectively, compared with control and pEGFP-N1-NC 
(Figure 5B), suggesting that stimulation of  cell growth 
by P115 was associated with the distribution of  cell 
cycle phase. Correspondingly, cyclin D1, Mcm2, PCNA 
and pERK1/2 were significantly increased by pEGFP-
N1-P115 in MKN-28 cells (Figure 5C).

ELISA showed that the secreted concentration of  
MIF in the culture supernatant in pEGFP-N1-P115 
treated MKN-28 cells was markedly increased (1696.38 
± 107.95 pg/mL, n = 3) compared with control (1227.64 
± 90.58 pg/mL, n = 3) and pEGFP-N1-NC treated cells 
(1208.63 ± 101.78 pg/mL, n = 3), and the difference was 
statistically significant (P < 0.01, Figure 6A). As shown in 
Figure 6B, MIF mRNA in pEGFP-N1-P115 treated cells 
was increased and Western blotting also indicated that 
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pEGFP-N1-P115 increased the expression of  MIF (Fig-
ure 6C).

DISCUSSION
The complicated molecular mechanisms of  carcinogen-

esis and the interaction of  multiple oncogenes in gastric 
cancer challenge our ability to identify novel and rational 
molecular therapeutic targets. The present study dem-
onstrates that P115 may be a potential tumor biomarker 
and therapeutic target which is overexpressed in human 
gastric cancer. Interaction with MIF may be involved in 
its molecular mechanism. 

P115 has been demonstrated to be involved in intra-
Golgi transport[6] and can bind to the Golgi-associated 
proteins, GM130[19] and giantin[20], which both play an 
important role in mitosis, that is, P115 is essential for 
biogenesis of  the Golgi apparatus[21,22]. MIF is a secretary 
protein which plays an important upstream role in the 
regulation of  diverse cellular responses[23-25]. The role of  
MIF has been emphasized by the finding that high ex-
pression of  MIF is associated with the incidence or the 
severity of  oncologic diseases[26-28]. The data from this 
study showed that overexpression of  P115 significantly 
enhanced the secretion of  MIF, which indicated that 
P115 might be one of  the stimuli inducing MIF secretion 
through direct interaction. Merk et al[29] reported that MIF 
was co-secreted with P115, indicating that P115 had a 
specific role in MIF export, which is consistent with our 
results. MIF lacks a signal sequence and is secreted by an 
unconventional route for protein export. Stimuli induce 
the rapid release of  MIF from preformed and cytoplas-
mic pools, which is followed by an upregulation of  MIF 
mRNA expression and a replenishment of  intracellular 
protein content[30,31]. Therefore, the protein and mRNA 
expression of  MIF in cells was detected. As expected, 
when P115 was overexpressed or silenced, MIF protein 
and mRNA in cells were also enhanced or reduced com-
pensatively.

The biological mechanism of  MIF on tumor growth 
includes the induction of  growth-related protein expres-
sion and inhibition of  apoptosis-related protein expres-
sion[32]. Jung et al[14] demonstrated that MIF interacted 
with p53 in vivo and directly promoted tumorigenesis by 
inhibiting p53 accumulation. Our data demonstrated that 
P115 knockdown enhanced the expression of  p53, which 
was considered a result of  MIF reduction. It is known 
that p53 is a classic tumor suppressor gene that can pro-
mote cell cycle arrest and apoptosis in response to DNA 
damage. Absence or down-regulation of  p53 can inter-
fere with these important checkpoints for maintaining 
genetic stability and allows cells to survive and proliferate. 
This may explain our results where knockdown of  P115 
led to the inhibition of  cell proliferation and apoptosis 
(results not shown). 

To further explore the molecular mechanism of  P115 
influencing cell growth, key proteins involved in the 
G0-G1 phase relevant signaling pathway were determined. 
It was reported that the ERK1/2 pathway was neces-
sary for transcriptional induction of  cyclin D1 which 
promoted progression from G1 to S phase[33]. In addition, 
Mcm2 and PCNA are both important proteins for initia-
tion of  DNA synthesis[34]. As shown in our results, cyclin 
D1, Mcm2 and PCNA, as well as pERK1/2 were mark-
edly reduced by P115-shRNA, which was consistent with 
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G0-G1 arrest. Researchers have reported that recombinant 
MIF can activate the ERK-MAP kinase pathway, and 
subsequently increase cell proliferation rate in fibroblasts 
and a colon cancer cell line[35]. Therefore, it is concluded 
that MIF is the key factor in the biological function of  
P115 in cell proliferation.

In conclusion, our study demonstrates that P115 is 
overexpressed in gastric cancer tissue and cells. Knock-
down of  P115 blocks cell proliferation in vitro, and the 
mechanism involves P115 stimulating the secretion of  
MIF directly by interacting with MIF, subsequently, lead-
ing to progression of  cell cycle through relevant proteins. 
Although additional functional studies are required, P115 
as well as the interaction between P115 and MIF may be 
a potential therapeutic target for the treatment of  gastric 
cancer. 
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Abstract
AIM: To assess the clinicopathological and biological 
significance of cripto  in human colorectal cancer.

METHODS: Real-time reverse-transcription polymerase 
chain reaction (PCR) was used to examine cripto  mRNA 
levels in primary colon cancer and normal colon tissues 
as well as normal and metastatic lymph nodes from 
colon cancers. Human colon cancer LS-174T cells were 
transfected with cripto  small interfering RNA (siRNA), 
and mRNA and protein levels were evaluated using 
real-time PCR and western blot analysis, respectively. 
The growth of cancer cells was evaluated using the 
MTT assay and colony formation in soft agar. Invasion 
was examined using a Transwell assay, and the expres-
sions of matrix metalloproteinase (MMP)-7 and MMP-9 
were determined using western blot assay.

RESULTS: Cripto was significantly overexpressed in 

primary colon cancer and metastatic lymph nodes. 
Silencing cripto  gene expression with cripto  siRNA re-
sulted in a significant decrease in colony formation in 
soft agar in the colon cancer cell line LS-174T. Cripto 
siRNA treatment decreased the migration and invasion 
capabilities of the colon cancer cell line LS-174T in vi-
tro . Furthermore, cripto  siRNA treatment inhibited the 
expression of matrix MMP-7 and MMP-9. 

CONCLUSION: The results provide evidence that 
cripto  siRNA could be an effective approach for the in-
hibition of cancer cell invasion and migration and thus 
has potential for use in devising novel preventive and 
therapeutic strategies for colon cancer metastasis. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Colon cancer; Invasion; Metastasis; Cripto; 
Small interfering RNA; Matrix metalloproteinases

Core tip: To assess the clinicopathologic and biological 
significance of cripto  as a novel target for colon cancer 
gene therapy, pathological and in vitro  studies were 
carried out. Cripto  was significantly overexpressed in 
primary colon cancer and metastatic lymph nodes. In 
vitro  studies found that cripto  siRNA resulted in a sig-
nificant reduction in colony formation in soft agar and 
in the migration and invasion abilities of colon cancer 
cells. Furthermore, cripto  siRNA led to an inhibition 
of MMP-7  and MMP-9 . These results suggest that the 
cripto  gene be useful for devising novel preventive and 
therapeutic strategies for colon cancer.
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INTRODUCTION
The cripto gene is a member of  the epidermal growth 
factor-CFC family of  signaling proteins first cloned from 
the human teratocarcinoma cell line NTERA2[1]. Cripto is 
overexpressed in most malignant solid tumors, including 
colon, breast, lung, ovarian, and pancreatic cancers[2-7]. In 
contrast, crypto is generally absent from or found at low 
levels in normal tissues. In vitro, cripto exhibits many of  
the properties of  an oncogene, including transformation 
of  immortalized cells, induction of  cell migration, and 
stimulation of  branching morphogenesis[8]. These find-
ings suggest that cripto serves an important function in 
carcinogenesis and in the development of  some tumors. 

Recent reports show that cripto overexpression may 
be closely related to invasion and metastasis in some hu-
man cancers[9,10]. Ertoy et al[9] evaluated cripto expression 
in matched sets of  non-neoplastic cervical epithelium, 
primary cervical carcinoma, and metastatic tumors in the 
lymph nodes using immunopositivity staining. Strong 
cripto immunopositivity was found to be significantly 
correlated with tumor size and lymphovascular space 
involvement (P < 0.05). More importantly, the level of  
cripto expression increased in metastatic lymph nodes 
compared with their primary tumors. Despite the clear 
association between cripto overexpression and human 
breast cancer, the clinicopathological and biological sig-
nificance of  cripto overexpression in human colon cancer 
remains undiscovered. 

Colorectal cancer is the third most common malig-
nant neoplasm worldwide[10] and the second leading cause 
of  death attributed to cancer[11]. Despite recent advances 
in diagnostic and therapeutic measures, the prognosis of  
colorectal cancer patients with distant metastasis remains 
poor. Enhanced understanding of  the signaling mecha-
nisms that regulate the metastasis of  colon cancer may 
provide important insights with which to establish im-
proved therapeutic strategies.

In this study, we demonstrate that cripto is highly 
overexpressed in primary and metastatic colon cancer tis-
sues. In addition, we demonstrate that RNA interference 
(RNAi) cripto gene expression decreases the proliferation, 

migration, and invasion capability of  colon cancer cell 
lines in vitro. To define the mechanisms underlying cripto 
invasion inhibition, we investigate the effect of  cripto 
small interfering RNA (siRNA) transfection on the ex-
pression levels of  mRNA and proteins of  matrix metal-
loproteinase (MMP)-7 and MMP-9. Based on the results 
of  this study, we conclude that cripto is a potential novel 
target of  gene therapy for colon cancer metastasis. 

MATERIALS AND METHODS
Tissue specimens and treatment
Thirty-nine paired samples of  colon cancer and distant 
normal colon tissue were obtained from 39 inpatients 
who had undergone surgery from 2009 to 2010 in the Af-
filiated People’s Hospital of  Jiangsu University. Eighteen 
metastasized lymph nodes were obtained from patients 

undergoing surgical therapy for the treatment of  colon 
cancer. Tumor histotype and grade of  differentiation were 
defined according to WHO criteria. Clinical and patho-
logical stages were defined according to Dukes Staging’ 
criteria. Inpatients did not receive any chemotherapy or 
radiotherapy prior to surgery. Eleven normal lymph nodes 
without evidence of  cancer were obtained from patients 
undergoing carotid endarterectomy. None of  these pa-
tients had any history or clinical evidence of  cancer.

To facilitate real-time reverse-transcription polymerase 
chain reaction (RT-PCR) analysis, the specimens were 
identified and bisected. One portion was processed for 
real-time RT-PCR, whereas the other portion was sent for 
routine pathology analysis. All specimens were immedi-
ately snap-frozen in liquid nitrogen to prevent RNA deg-
radation. The specimens were then stored at -70 ℃ until 
total RNA processing could be performed. This study was 
conducted with approval from the Medical Ethical Com-
mittee, and all patients provided written informed consent 
to participate in the study (Table 1). 

Cell lines
The human colon cancer cell lines LS-174T and GEO 
were obtained from the Institute of  Cell Biology, Shang-
hai, China. Cells were maintained in RPMI 1640 supple-
mented with 10% fetal bovine serum (FBS) at 37 ℃ 
under a 5%CO2 atmosphere. For 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, cells 
were plated in 96-well plates at a density of  2 × 103 cells/
well. For real-time RT-PCR, cells were seeded in 6-well 
plates at a density of  1 × 105 cells/well. 

RNA isolation and complementary DNA synthesis
Total cellular RNA was isolated from colon cancer cell 
lines, normal lymph nodes, and lymph nodes from prima-
ry colon cancer patients using Trizol. Final RNA pellets 
were dissolved in 20 µL of  diethyl pyrocarbonate-treated 
water. RNA yield was determined by spectroscopy. For 
complementary DNA (cDNA) synthesis, 5 µg of  total 
RNA was transcribed with cDNA transcription reagents 
using 0.5 µg of  oligo(dT)18 primer for subsequent quan-
titative, RT-PCR. 
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Table 1  Clinicopathologic characteristics of colon cancer 
patients  n  (%)

Characteristic No. of patients

Sex
   Male 21 (53.8)
   Female 18 (46.2)
Age (yr), mean (range)    62 (35–81)
   ≤ 65 20 (51.3)
   > 65 19 (48.7)
Dukes staging
   A + B 12 (30.8)
   C + D 27 (69.2)
Tumor differentiation
   Well 0
   Moderate 29 (74.4)
   Poor 10 (25.6)



Real-time RT-PCR 
Real-time RT-PCR analyses were performed on an ABI 
Prism 7700 sequence detection system (Applied Biosys-
tems, CA, United States). Primers and TaqMan probes were 
designed using Primer ExpressTM 1.0 (Applied Biosystems) 
software, and probes were labeled at the 5’ end with the 
reporter dye molecule FAM (6-carboxy-fluorescein) and 
at the 3’ end with the quencher dye molecule TAMARA 
(6-carboxytetramethyl-rhodamine). Real-time PCR was 
conducted in a total volume of  50 µL with 1 × TaqMan 
Master Mix (Applied Biosystems) and primers. Thermal 
cycler parameters included one cycle at 95 ℃ for 3 min, 45 
cycles involving denaturation at 95 ℃ for 30 s, annealing at 
52 ℃ for 45 s, and extension at 72 ℃ for 45 s, followed by 
a final extension at 72 ℃ for 10 min. The relative amount 
of  cDNA in each sample was calculated by dividing the 
CT value with the corresponding value of  the house-
keeping gene glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH). All reactions were performed in triplicate. The 
data were normalized to the internal control gene, GAP-
DH, to control for RNA preparation. Real time RT-PCR 
results were analyzed using Q-Gene software[12], which 
expresses data as mean normalized expression (MNE). 
MNE is directly proportional to the amount of  RNA of  
the target gene (cripto and MMPs) relative to the amount 
of  RNA of  GAPDH. 

Primer design 
Primers for cripto, MMP-7, and MMP-9 were designed us-
ing Perkin-Elmer Primer Express software. The primer 
sequences are presented in Table 2. 

Cripto siRNA sequence
Cripto siRNAs corresponding to cripto mRNA with 
dTdT on 3’-overhangs were designed and chemically 
synthesized according to the recommendation of  the 
manufacturer (Dharmacon Research, United States). Six 
SiRNAs targeting the coding sequence of  cripto mRNA 
(S1-S6) were used in the current experiment. Informa-
tion on the cripto siRNAs is provided in Table 3. The 
scrambled siRNA served as a control and its sequences 
were 5’-UUCUCCGAACGUGUCACGUTdTd-3’ and 
5’-ACGUGACACGUUCGGAGAATdTdT-3’.

In vitro transfection
Transfection of  siRNA was performed using a commer-
cial reagent, oligofecamine (Invitrogen, United States), in 
6-well plates following the manufacturer’s instructions. 
Briefly, the day before transfection, confluent layers of  

cells were trypsinized, counted, and resuspended. There-
after, 1 × 105 of  cells were plated into each well of  the 
6-well plates, such that approximately 70% confluence 
could be achieved the next day at the time of  transfec-
tion. Oligofecamine was diluted in serum-free RPMI 
1640 and mixed with siRNA at a 1:2 ratio (4 µL of  20 
µmol/L of  siRNA formulated with 8 µL of  oligof-
ecamine). The cells were then incubated for another 48 
h. Cell numbers were determined using a hemocytometer 
before subsequent assays. 

MTT assay
Cells plated in 96-well plates were grown in their respec-
tive media for 48 h after the addition of  siRNA. At each 

time point, cells were checked visually for growth and 
proliferation. MTT (Sigma) was then added to the wells, 
and the cells were incubated at 37 ℃ for 4 h. MTT solu-
bilization solution (10% Triton X-100 in acidic isopropa-
nol, 0.1 mol/L HCl) was added to the wells, and the cells 
were incubated overnight. Colorimetric measurements 

were performed using a microplate reader (Molecular 
Devices) at 560 nm, and the background at 650 nm was 
subtracted. 

Anchorage-independent growth assay 
For the anchorage-independent growth experiments, LS-
174T cells (1 × 104 cells/well) were seeded in 0.3% FBS 
supplemented with complete culture medium. This sus-
pension was layered over 0.5 mL of  0.8% agar-medium 
base layer in 24-well plates. After 15 d, the colonies were 
stained with nitroblue tetrazolium, and colonies larger 
than 50 µm were acquired using a micro-Scopeman 
camera system (Moritex Europe Ltd.) and analyzed with 
Image-Pro Plus (Media Cybernetics) software.

In vitro invasion/migration assay
Transwell migration and invasion assays were performed 
using LS-174T cells cultured in 12-well plates containing 
either 8 µm pore Biocoat® control inserts (migration as-
says) or Matrigel-coated inserts (invasion assays) accord-
ing to the manufacturer’s instructions (Becton Dickinson, 
Bedford, MA, United States). The membranes were rehy-
drated with warm serum-free Dulbecco’s modified Eagle’
s medium (1.0 mL/chamber) for 2 h. The upper chamber 
was filled with 1 × 105 cells in L-15 medium containing 
5% FBS. The lower chamber was filled with L-15 me-
dium containing 25% FBS as a chemoattractant. After 
the chambers were incubated for 24 h at 37 ℃ under a 5% 
CO2 atmosphere, the non-invading cells were removed 
from the upper surface of  the membrane by scrubbing, 
and invading cells on the lower surface of  the membrane 
were fixed and stained with hematoxylin and eosin. 

The number of  cells that penetrated the filter was 
counted by a technician blinded to the experimental set-
tings in four microscopic fields of  each filter under × 20 
magnification. The percentage of  invasion was expressed 
as the ratio of  the mean cell number from the inva-
sion chamber to the mean cell number from the control 
chamber according to the manufacturer’s recommenda-
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Table 2  Primers of cripto , matrix metalloproteinase-7 and 
matrix metalloproteinase-9

Genes Forward(5'-3') Reverse(5'-3')

Cripto CAATTCGGCCTCGGTCTTC TTCAGGCAGCAGGTTCTGTTT
MMP-7 AACTCCCGCGTCATAGAAAT GATACGATCCTGTAGGTGAC
MMP-9 CGGAGTGAGTTGAACCAG GTCCCAGTGGGGATTTAC

MMP: Matrix metalloproteinase.
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expression in cancer tissue was approximately 150-fold 
higher; P < 0.001) than that in normal lymph nodes. 

Screening of cripto siRNA 
The capability of  siRNA to inhibit cripto expression was 
quantified by real-time RT-PCR analysis 48 h following 
siRNA exposure. S1-S6 (targeting the coding sequence 
of  cripto mRNA) showed various suppressant effects on 
cripto mRNA expression in LS-174T cells which express 
high levels of  cripto mRNA[13,14]. Among them, S1, which 
targets nucleotides 175-195, exhibited the strongest ef-
fect. At a concentration of  100 nmol/L, S1 reduced the 
cripto mRNA level by 89% 48 h after the start of  transfec-
tion (Figure 1). In contrast, the control-scrambled siRNA 
treatment showed no effect on cripto mRNA levels, thus 
supporting the specificity of  cripto siRNA. To characterize 
the potency of  S1 further, the dose and time dependency 
of  its effects on cripto mRNA in LS-174T cells were ex-
amined, and results indicated that S1 downregulated the 
cripto mRNA level in a dose-dependent manner (Figure 2).

Effects of cripto siRNA on proliferation in LS-174T cells 
in vitro
We then evaluated the biological effects of  cripto sup-
pression on colon cancer LS-174T cells using different 
types of  assays. The MTT assay showed that cellular 
proliferation in the monolayer culture was unaffected by 
either siRNA (Figure 3A). However, colony formation in 
soft agar was strongly inhibited by treatment with cripto 
siRNA but not by control siRNA (Figure 3B). Figure 3B 
shows that treatment with cripto siRNA induced signifi-
cant anchorage-independent growth inhibition in a dose-
dependent manner (Figure 3). 

Downregulation of cripto decreased cancer cell invasion 
and migration capabilities of colon cancer cell lines in 
vitro
Colony formation in soft agar is a property closely as-
sociated with malignancy. Given the known role of  cripto 
siRNA in the downregulation of  anchorage-independent 
growth of  LS-174T cells, we attempted to determine 
whether or not the cripto gene contributes to cell invasion 
and migration in colon cancer. Cell migration and inva-
sion studies were performed using Matrigel matrix assays. 
Tumor cells require both migration and invasion proper-
ties to invade through the Matrigel matrix. Two indepen-
dent experiments were performed. The results showed 
that S1 treatment, but not scrambled siRNA treatment, 

tion. The percentage of  migration was expressed as the 
ratio of  the mean cell number in control inserts contain-
ing S1 siRNA transfected cells to mean cell numbers in 
control inserts containing untreated cells (untreated cells 
were given a value of  100%). 

Western blot assay for MMP-7 and MMP-9
Seventy-two hours after transfection, cells were washed 
twice in PBS, and total protein was extracted in 150 
mmol/L NaCl, 50 mmol/L Tris·HCl (pH 7.5), 1% 
sodium deoxycholate, 0.1% SDS, 1% Triton X-100, 5 
mmol/L EDTA, 10 mg/mL leupeptin, 1% aprotinin, and 
2 mmol/L PMSF. Ten micrograms of  protein sample 
was loaded onto a 10% SDS-PAGE and electroblotted 
onto a PVDF nylon membrane (Millipore, Bedford). 
Membranes were blocked in 0.05% Tween 20 (v/v) PBS 
containing 5% skimmed milk and then incubated with 
MMP-7, MMP-9, and β-actin antibodies (Santa Cruz 
Biotechnology). Membranes were then incubated with 
a HRP-linked goat anti-rabbit IgG secondary antibody 
(Santa Cruz Biotechnology). Finally, the membrane was 
reacted with DAB reagent and washed with PBS once 
protein bands had appeared. 

Statistical analysis
Statistical analyses included the independent t-test and 
analysis of  variance. Statistical analyses were performed 
using SPSS 11.5 software (SPSS Inc., Chicago, IL, United 
States. 

RESULTS
Cripto is highly expressed in primary colon cancer
To determine whether or not cripto was expressed in hu-
man colon cancer, real-time RT-PCR was conducted on 
39 paired samples to determine cripto mRNA expression 
levels in clinical tissues. The results showed that cripto 
expression in primary colon cancer samples was signifi-
cantly higher (mean expression in cancer tissue was more 
than 16-fold higher; P < 0.001) than that in normal tis-
sues.

Cripto is significantly overexpressed in lymph nodes 
containing metastatic colon cancer
Real-time RT-PCR analysis was performed on 11 normal 
lymph nodes and 18 lymph nodes containing metastatic 
colon cancer. The results indicated that cripto expression 
in metastatic lymph nodes was significantly higher (mean 

Table 3  Cripto  siRNA sequence

siRNA Sense (5' →  3') Antisense (5' →  3') MW Position

S1 UUCGGCCUCGGUCUUCCCATT UGGGAAGACCGAGGCCGAATT 13347.2 175-195
S2 CAGAACCUGCUGCCUGAAUTT AUUCAGGCAGCAGGUUCUGTT 13317.2 236-256
S3 CUGUGAGCACGAUGUGCGCTT GCGCACAUCGUGCUCACAGTT 13347.2 314-334
S4 GAGAACUGUGGGUCUGUGCTT GCACAGACCCACAGUUCUCTT 13332.2 336-356
S5 UGCUGGCACGGUCAGCUCCTT GGAGCUGACCGUGCCAGCATT 13362.2 396-416
S6 CUACCACCGUCUGCACGUATT UACGUGCAGACGGUGGUAGTT 13332.2 495-515 
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resulted in a significant low level of  migration and inva-
sion potential of  LS-174T cells (Figure 4). 

Effects of cripto siRNA on MMP-7 and MMP-9 expression 
in colon cancer cells 
To explore whether or not the invasiveness of  transfected 
cells was associated with MMP induction, real-time PCR 
and western blot assays were conducted to detect altera-
tions in the expression level of  MMP-7 and MMP-9. 
As illustrated in Figure 5, cripto suppression resulted in 
decreases in both mRNA and MMP-7 and MMP-9 pro-
tein levels compared with those in control cells. Another 

experiment on transfection with cripto siRNA in the colon 
cancer cell line GEO also exhibited invasion inhibition 
and downregulation of  MMP-7 and MMP-9 expression 
(data not shown). These results indicate that cripto sup-
pression by RNAi could inhibit invasion and migration 
capabilities by reducing MMP-7 and MMP-9 expression 
in human colon cancer cells.

DISCUSSION
The primary modalities for colon cancer therapy are sur-
gery, radiotherapy, and chemotherapy. One of  the main 
limitations of  current treatment modalities is that sys-
temic therapies for metastatic disease are not curative. To 
improve the choice of  therapeutic strategy, the mecha-
nism of  invasion and metastasis of  colon cancer must be 
clarified.

The cripto gene is known to be overexpressed in nu-
merous solid cancers, and its overexpression appears to 
be associated with enhanced proliferation and malignant 
potential[1,2,5]. We found that cripto was significantly over-
expressed in primary and metastatic colon cancer tissues 
through real-time RT-PCR. To determine whether or not 
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cripto was a potential target for colon cancer gene therapy, 
the colon cancer cell line LS-174T was treated with cripto 
siRNA, and anchorage-independent growth and the 
capacity for invasion and migration were determined us-
ing different assays. The results showed that cancer cells 
transfected with cripto siRNA inhibited the anchorage-
independent growth, invasive capacity, and migration ca-
pability of  colon cancer cells. Finally, our results provide 
mechanistic insight into the function of  cripto in the regu-
lation of  invasion and migration through the suppression 
of  MMP-7 and MMP-9 expression, which suggests that 
cripto may serve as a novel tumor marker for colon cancer 
metastasis. 

The mechanisms by which cripto regulates invasive 
potential and migration capability remain unclear. Nor-
manno et al[15] recently showed that crypto overexpres-
sion enhanced invasion capability by inhibiting anoikis 
in breast cancer. The process of  metastasis is complex, 
occurring in a series of  steps, including cell invasion and 
degradation of  the basement membranes and stromal 
extracellular matrix, ultimately leading to tumor cell in-
vasion and metastasis. MMPs are critically involved in 
the processes of  tumor cell invasion and metastasis[16-19]. 
The MMPs comprise a family of  related enzymes that 
degrade the extracellular matrix and are considered to be 
important factors in facilitating tumor invasion. Among 
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the MMPs, MMP-7 and MMP-9 have been considered 
important factors in facilitating invasion and metasta-
ses in human colon cancer[20-24]. We further investigated 
whether or not cripto-induced invasion of  LS-174T cells 
is mediated through MMP-7 and MMP-9. Real-time RT-
PCR and Western blot analysis were performed to detect 
MMP expression in the colon cancer cell line LS-174T. 
Cripto siRNA-transfected cells showed significantly low 
levels of  mRNA and MMP-7 and MMP-9 proteins. Data 
from these results show that the downregulation of  cripto 
expression after siRNA treatment decreases MMP ex-
pression. To the best of  our knowledge, this study is the 
first to report on the primary mechanism responsible for 
the decrease in invasion potential observed after cripto 
siRNA treatment. 

Based on our studies, we speculate that transfection 
with cripto siRNA decreases invasion and metastasis in 
human colon cancer through MMP downregulation. 
Thus, targeting cripto for molecular intervention may be 
an attractive therapeutic strategy for colon cancer. Many 
studies have proven that RNAi technology siRNA can be 
used successfully for gene silencing in vivo[25,26]. Thus, the 
application of  RNAi mediated by siRNA to knock down 
cripto expression in colon cancer may prove to be a valu-
able strategy for patients with advanced colon cancer. 
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may be useful for devising novel preventive and therapeutic strategies for colon 
cancer.
Innovations and breakthroughs
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Abstract
AIM: To compare efficacy and complications of par-

tially covered self-expandable metal stent (pcSEMS) 
to plastic stent (PS) in patients treated for malignant, 
infrahilar biliary obstruction.

METHODS: Multicenter prospective randomized clini-
cal trial with treatment allocation to a pcWallstent® 
(SEMS) or a 10 French PS. Palliative patients aged ≥ 
18, for infrahilar malignant biliary obstruction and a 
Karnofsky performance scale index > 60% from 6 par-
ticipating North American university centers. Primary 
endpoint was time to stent failure, with secondary 
outcomes of death, adverse events, Karnofsky perfor-
mance score and short-form-36 scale administered on 
a three-monthly basis for up to 2 years. Survival analy-
ses were performed for stent failure and death, with 
Cox proportional hazards regression models to deter-
mine significant predictive characteristics.

RESULTS: Eighty-five patients were accrued over 37 
mo, 42 were randomized to the SEMS group and 83 
patients were available for analyses. Time to stent 
failure was 385.3 ± 52.5 d in the SEMS and 153.3 ± 
19.8 d in the PS group, P  = 0.006. Time to death did 
not differ between groups (192.3 ± 23.4 d for SEMS vs  
211.5 ± 28.0 d for PS, P  = 0.70). The only significant 
predictor was treatment allocation, relating to the time 
to stent failure (P  = 0.01). Amongst other measured 
outcomes, only cholangitis differed, being more com-
mon in the PS group (4.9% vs  24.5%, P  = 0.029). The 
small number of patients in follow-up limits longitu-
dinal assessments of performance and quality of life. 
From an initially planned 120 patients, only 85 patients 
were recruited.

CONCLUSION: Partially covered SEMS result in a 
longer duration till stent failure without increased com-
plication rates, yet without accompanying measurable 
benefits in survival, performance, or quality of life.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
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Core tip: This randomized trial is one of very few com-
paring partially covered self-expandable metal stent 
(SEMS) to 10 French plastic stent (PS) in the contem-
porary palliation of malignant biliary obstruction. In 85 
patients, time to stent failure was significantly longer 
(385.3 ± 52.5 d) in SEMS vs  PS (153.3 ± 19.8 d), P  = 
0.006. Time to death did not differ (192.3 ± 23.4 d for 
SEMS vs  211.5 ± 28.0 d for PS, P  = 0.70). Amongst 
other measured outcomes, only cholangitis differed 
and was more common in PS (4.9% vs  24.5%, P  = 
0.029). 

Moses PL, AlNaamani KM, Barkun AN, Gordon SR, Mitty RD, 
Branch MS, Kowalski TE, Martel M, Adam V. Randomized trial 
in malignant biliary obstruction: Plastic vs partially covered metal 
stents. World J Gastroenterol 2013; 19(46): 8638-8646  Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i46/8638.htm  DOI: http://dx.doi.org/10.3748/wjg.v19.i46.8638

INTRODUCTION
Malignant obstructive jaundice is associated with many 
symptoms that negatively impact quality of  life such as 
anorexia, pruritus and malabsorption[1-3]. Endoscopic 
retrograde cholangio-pancreaticography (ERCP) with 
placement of  a biliary stent is the procedure of  choice 
for palliation of  infrahilar common bile duct (CBD) ma-
lignant biliary obstruction[4].

Both plastic and self-expandable metallic stents can 
palliate malignant biliary obstruction, and although ran-
domized trial data have shown uncovered metallic stents 
to remain patent for longer periods compared to plastic 
stents[3], the latter remain widely utilized[3,5,6] at least in 
part due to their lower upfront costs. The more recently 
introduced covered self-expandable metallic stents re-
main poorly studied in a randomized clinical trial setting, 
and may be associated with added complications such as 
pancreatitis and cholecystitis, as well as stent migration. 
This holds true for both fully covered and partially cov-
ered stents[7-15].

The primary aim of  our study was thus to compare 
the stent patency’s of  a partially covered metal stent and 
a commonly used plastic stent in a randomized con-
trolled trial for patients with low to mid-CBD malignant 
biliary obstruction. We additionally sought to better 
characterize the safety of  the partially covered metal 
stent and attempted to identify clinical variables that 
would allow clinicians to choose a metallic or plastic bili-
ary stent. 

MATERIALS AND METHODS
Study design and randomization
The study was a randomized clinical trial. Randomization 

was performed using sealed envelopes in which patients 
were allocated in a 1:1 proportion to either a partially 
covered Wallstent® Endoscopic Biliary Endoprosthesis 
with Permalume™ covering comprised of  two compo-
nents: the implantable metallic stent and the Unistep™ 
Plus Delivery System, (Boston Scientific, Natick, MA, 
United States) (self-expandable metal stent, SEMS), or 
a 10 French (Fr) Amsterdam-type polyethylene plas-
tic stent (PS) biliary stent. The sealed envelopes were 
opened only at the time of  intent of  stent insertion in 
the ERCP suite after confirmation that all selection cri-
teria had been fulfilled. The allocation sequence was per-
formed centrally and patient enrolment and participant 
assignment was carried out by a third party not directly 
involved with the patient’s care or the measurement of  
outcomes. Neither patient, treating team, or the evalua-
tors of  outcomes were blinded to treatment allocation 
due to the nature of  the intervention and follow-up care 
required. Each investigator received written approval for 
the study from his respective Institutional Review Boards 
prior to study initiation and patient enrollment. The trial 
did not require prior registration as it was started before 
2004 and both stents are FDA approved. 

Study population
Inclusion criteria were age 18 or older, and the provi-
sion of  a signed written voluntary informed consent 
form approved by the Institutional Review Boards at 
participating centers. All patients demonstrated labora-
tory, imaging and/or histological evidence of  malignant 
biliary obstruction. The cause of  obstruction could be 
any intrinsic or extrinsic malignancy extending no more 
proximal than 1cm below the common hepatic ductal 
bifurcation. A Karnofsky performance scale was applied. 
A Karnofsky score > 60% is a validated measure of  
patient function, previously used in Pancreatico-biliary 
cancer patients[16]. Patients were required to haven antici-
pated life expectancy that would allow for completion of  
full follow-up. Exclusion criteria were jaundice related to 
intrahepatic cholestasis or obstruction, or a prior attempt 
at a curative surgical resection for the biliary obstructing 
lesion. There were 6 participating North American uni-
versity centers (Fletcher Allen Health Care at the Uni-
versity of  Vermont, McGill University Health Centre, 
St. Elizabeth’s Medical Center, Dartmouth Hitchcock 
Medical Center, Duke University Medical Center, and 
Thomas Jefferson University). 

Outcome measures
The primary endpoint of  the trial was the time to oc-
currence of  stent failure as defined by the appearance 
of  one or more cholestatic symptoms accompanied by 
a 50% increase in bilirubin from the lowest post-stent 
insertion value recorded prior to this follow-up event, 
and/or cholangitis (defined as the new onset of  pain, 
fever, and jaundice) whether associated with a stent re-
placement or not. Repeat ERCP for stent replacement or 
suspected obstruction using a stent of  any type was con-
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sidered to represent a stent failure. Secondary outcomes 
were death, cholestatic symptoms, laboratory data, 
technical success (defined as the successful delivery and 
deployment of  the initial stent to the desired location in 
the biliary tree) measured at the time of  the procedure, 
the presence of  adverse events, and the Karnofsky per-
formance score. We also administered the short form 
(SF)-36 general quality of  life measurement scale, which 
is a questionnaire measuring patient’s perceptions about 
functional health and well-being previously administered 
to bilio-pancreatic cancer patients[1].

Interventions and follow-up management
ERCP was performed by experienced endoscopists; 
stents were placed with or without prior dilatation or 
sphincterotomy after sealed-envelope randomization to 
stent type was done after confirmation of  obstruction 
meeting inclusion criteria. The patient then received 
either the SEMS or the PS. The length of  each type of  
stent was determined by the biliary anatomy and left to 
the discretion of  the endoscopist as part of  the medical 
effectiveness philosophy of  the trial thereby enhanc-
ing generalizability of  the results. A cholangiogram was 
performed to document stent patency and position. No 
prophylactic antibiotics were used. Each patient had 
one- and three-month follow-up, followed by quarterly 
scheduled follow-up sessions up to 2 years following 
stent insertion. 

Failed plastic stents were replaced with covered metal 
stents, while failed covered metal stents were replaced 
with either one or more plastic or metal stent(s) inserted 
through the metal stent. The decision for the choice of  
stent type following stent failure was left to the discre-
tion of  the endoscopist and recorded.

Data collection
Dedicated, standardized electronic case report forms 
were completed by trained research assistants and down-
loaded into a web-based remote data entry repository. 
Internal validity of  recorded data and missing data qual-
ity checks were performed centrally by trained research 
personnel. At baseline, investigation variables included 
any significant medical history, the tumor type, stage, and 
location, the date of  diagnosis, the length and maximum 
diameter of  stricture, and administration of  any prior 
anticancer treatment, as well as the Karnofsky Score. 
Variables assessed at baseline and at periodic follow-up 
visits (months 1, 3, 6, 9, 12, and if  the patient survived, 
3-monthly up to month 24) following the index proce-
dure included a cholestatic symptom assessment, the 
use of  any adjuvant treatment such as radiation and/or 
chemotherapy, laboratory test results (chemistry, hema-
tology), and the Karnofsky index. All adverse events 
were recorded, including the occurrences of  cholangitis, 
pancreatitis, and cholecystitis using standardized defini-
tions[17].

Sample size calculation
The planned enrollment was 120 patients. Sample size 

predictions were calculated using a model of  binomial 
proportions and independent samples. Assuming a 25% 
improvement in stent patency duration with expandable 
metallic stenting and using a 1-sided type Ⅰ error rate of  
5% and a type Ⅱ error rate of  20%, approximately 60 
patients were thought to be needed in each group. 

Statistical analysis
Amongst descriptive variables, continuous variables are 
reported as means and standard deviations as well as 
medians where appropriate, and categorical variables 
as proportions. Inferential testing was carried out using 
t-tests for continuous and χ 2 for categorical variables. 
Karnofsky scores and quality of  life scores were assessed 
for both intra- and between-group differences compar-
ing baseline values to the last visit on record at the 1-mo, 
the 3-mo visit, and the 6-mo visits; both within and 
across groups. We used a t-test with either the pooled or 
Satterthwaite method, depending on the results of  the 
equality of  variances test at each follow-up period. 

Survival analyses were performed for both stent 
failure and patient survival using both intention-to-treat 
(ITT) and per protocol (PP) analyses. In the first group, 
only subjects who had at least a 50% drop in bilirubin 
at 1 mo were included. In the second, all subjects were 
included as originally randomized. Kaplan-Meier curves 
were created for the SEMS and PS groups, and com-
pared with a log-rank test. Cox proportional hazards 
regression models were also used to determine if  sig-
nificant covariates were associated with either time-to-
stent failure or time-to-death. The proportional hazards 
assumption was tested with the use of  a Kolmogorov-
Smirnov Supremum test. The following covariates were 
included for these analyses in addition to stent random-
ization group: obstruction (for prediction of  mortality), 
tumor type, known metastatic cancer, chemotherapy 
or radiation therapy, and the baseline Karnofsky score. 
Covariates that were associated with the outcome with 
a P-value of  0.15 or less in a univariate model were en-
tered into a multivariable model. There was no planned 
interim analysis.

RESULTS
Patient population
A total of  85 patients were accrued over 37 mo. The 
study was closed prior to completion of  enrollment 
of  the estimated 120 patients due to a marked slowing 
of  patient accrual (trial fatigue). Of  the 85 patients in-
cluded, 42 were randomized to the SEMS group, and 43 
to the PS group. Three patients had evaluable baseline 
patient data but were excluded from further analyses 
because of  inclusion protocol violations (2 were never 
stented, and one received a metal covered stent when 
in fact randomized to plastic stent). Of  the 82 patients 
with analyzable outcomes data, 41 received a SEMS and 
41 a PS; the CONSORT diagram is shown in Figure 1. 
Population characteristics at baseline for both groups are 
shown in Table 1.
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Twenty-nine point eight percent were inpatients; 
amongst these, the mean hospital stays related to the 
procedure were 2.5 ± 1.6 d in the SEMS group, and 4.9 
± 4.7 d in the PS group.

The mean length of  Wallstents used was 61.4 ± 11.2 
mm (median: 60 mm, range: 40-80 mm); 95.1% patients 
received a 10Fr diameter and 4.9% an 8F diameter. In 
the PC group, the stent length was 76.0 ± 18.2 mm 
(median: 70, range: 50-120 mm); all patients had a 10Fr 
diameter.

Primary outcome results
In ITT analysis, the time to stent failure was 385.3 ± 
52.5 d in the SEMS and 153.3 ± 19.8 d in the PS group (P 
= 0.006) (Figure 2A). Corresponding results were 396.5 
± 56.8 d and 164.3 ± 24.1 d, respectively (P = 0.025) 
using a PP approach. After adjustment for possible con-
founding variables, in ITT analysis, the only independent 
significant predictor of  a failed stent was the stent group 
allocation (HR = 0.29, 95%CI: 0.12-0.75, P = 0.011); 
similar findings were noted with the PP analysis (HR = 
0.22, 95%CI: 0.06-0.80, P = 0.013)

Secondary outcome 
Procedural outcomes: No differences in intra-procedur-
al events were noted. Overall, 69.4% of  all stent inser-
tions were carried out in an out-patient setting. Optimal 
stent insertion and positioning was noted in 95.3% of  
patient with in the SEMS and 97.4% of  patients in the PS 
groups, respectively. The length of  the SEMS used was 
61.4 ± 11.2 mm (median: 60 mm, range: 40-80 mm) and 
a diameter of  59.64 ± 11.2 mm (median: 60 mm, range: 
40-80 mm); 95.1% patients received a 10Fr diameter and 
4.9% a 8F diameter. In the PC group, the stent length was 
76.0 ± 18.2 mm (median: 70 mm, range: 50-120 mm); All 
patients had a 10Fr diameter. Sphincterotomy was car-
ried out prior to stent insertion in 18.8% of  cases, and 
balloon dilatation in 3.5%. The distal end of  the stent 
was positioned outside the CBD into the duodenum in 

93.0%. Some form of  tissue sampling was carried out at 
the time of  ERCP in 56.0% of  patients.

Time to death: The time to death did not differ between 
both groups: 192.3 ± 23.4 d for SEMS vs 211.5 ± 28.0 
d for PS (P = 0.70) using an ITT approach (Figure 2B). 
Similar conclusions were reached using the PP approach 
248.5 ± 26.8 d vs 251.3 ± 32.5 d, respectively (P = 0.66). 
After adjustment for possible confounding variables, no 
significant predictor of  time to death was found in ITT or 
PP analysis. 

Additional secondary outcomes: Complications includ-
ing the development of  pancreatitis, cholangitis, and cho-
lecystitis are (2.4% vs 2.4%, P = 1.0000; 4.9% vs 24.5%, P 
= 0.029; 4.8% vs 0.0%, P = 0.4741). Only cholangitis dif-
fered, with a greater frequency in the PS group. 

The percentage reduction in bilirubin value from 
baseline to the 1-mo visit was no different in SEMS than 
in the PS group [74.0%, (95%CI: 60.0-87.9) vs 63.7% 
(95%CI: 45.5-81.9), respectively, P = 0.37]. No statistical 
differences in Karnoksy performance scores were noted 
between the two treatment groups when comparing the 
differences in scores for the last, 1, 3, and 6 mo visits 
compared to baseline. In the pre-planned paired analysis 
to assess intra-group differences, patients receiving the 
SEMS, showed significant improvements noted at 6 mo 
and at the last available visit (P = 0.015, and P = 0.022, 
respectively). There were also significant improvements 
noted for patients in the PS group compared to baseline 
both at 1 mo and at the last available date of  follow-up (P 
= 0.045, and P = 0.0014, respectively; full data available 
upon request).

Overall, 29.4% of  patients had one or more choles-
tatic symptoms at follow-up, 24.3% for the SEMS group 
and 33.3% for the PS group (P = 0.213). Additional 
symptom reporting showed no difference between both 
groups with regards to individual cholestatic symptoms 
(data not shown). 
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85 patients enrolled

82 patients with 
evaluable outcomes 

data

41 randomized to receive a 10French 
amsterdam-type plastic stent

41 randomized to receive a partially 
covered SEMS

Excluded: 1 patient was never stented 
and 1 patient randomized to the plastic 
stent group, received a partially covered 

SEMS

39 received a 10French amsterdam-type 
plastic stent

Excluded: 1 patient were never stented

40 received a partially covered SEMS

Figure 1  Consolidated standards of reporting trials diagram. SEMS: Self-expandable metal stent.
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Quality of  life-SF-36 measures: Seventy-four patients 
answered the quality of  life questionnaires over a total of  
174 visits during a 12-mo follow-up (31 patients answered 
only once to the SF-36 questionnaire, 17 answered to 
two questionnaire and 13 responded to 3 question-
naires). Among these, 38 had received a SEMS and 36 
a PS. At baseline, patients in the SEMS group exhibited 
lower means than those in the PS group for all 8 sum-
mary scores, indicating worse quality of  life parameters; 
the differences however were not statistically significant 
except for physical functioning (46.4 vs 63.9, P = 0.008). 
The SEMS group scores improved gradually such that, by 
9 mo, most were arithmetically greater than scores from 
the PS group although without significant differences. 
There remained, however, only a very small number of  
patients able to complete the questionnaires in follow-up 
(9 patients at 9 mo, and 5 at 12 mo). In paired analysis, 
statistical significant improvements were noted amongst 
SEMS patients in physical functioning (6 mo vs baseline), 
and vitality (1 mo vs baseline). Significant bettering of  
quality of  life was noted amongst PS patients at 1 month 
vs baseline for bodily pain, social functioning, and men-
tal health, as well as in vitality for the 9 mo vs baseline 
comparison (full quality of  life scores are available upon 
request). 

DISCUSSION
Stenting for malignant biliary obstruction remains prin-

cipally a palliative procedure[6,7]; temporary stenting until 
the time of  exploratory or potentially curative surgery 
is performed (with the advent of  useful adjuvant treat-
ment methods), although the efficacy of  this approach 
remains unproven and may in fact be harmful[18-20]. RCT 
data have suggested the superiority of  uncovered metal 
over plastic biliary stenting3 owing to the larger internal 
luminal diameter, thus preventing premature blockage 
from bacterial biofilm encrustation and sludge forma-
tion[21]. Indeed, a Cochrane meta-analysis of  5 trials by 
Moss et al[7] concluded that uncovered metal stents had 
a lower risk of  recurrent biliary obstruction than plastic 
stents (RR = 0.52, 95%CI: 0.39-0.69), with no difference 
in technical or therapeutic success, complications or 
30-d mortality. An additional trial performed since, also 
confirmed the superiority of  uncovered SEMS over Tan-
nenbaum plastic stents[22], a plastic stent variant without 
side holes that may contribute to prolonged plastic stent 
patency. 

Although these trials assessed uncovered metal bili-
ary stents, these conclusions were largely presumed to be 
generalizable to (partially and completely) covered metal 
stents, and probably is the reason for a paucity of  stud-
ies examining this latter comparison. This assumption, 
however, can be questioned and is of  contemporary sig-
nificance for two reasons: (1) plastic biliary stents remain 
very commonly inserted as initial method of  stenting 
in the face of  increasing use of  covered and uncovered 
metal stents for non hilar biliary obstruction[6]; and (2) 
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Figure 2  Survival analysis. A: Time to stent failure for partially covered self-expanding metal stent and plastic stent patient groups; B: Time to death for partially cov-
ered self-expanding metal stent and plastic stent patient groups. 
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Table 1  Patient characteristics at baseline

covered metal stents are reported to exhibit greater rates 
of  migration, and perhaps other complications (such as 
cholecystitis and pancreatitis) compared to uncovered 
metal stents[5,11,23]. Both these realizations justify the aims 
of  the current trial.

Only two randomized controlled trials have com-
pared plastic to covered metal stents. In the multicenter 
trial by Isayama et al[24], investigators compared a covered 
metal biliary stent to a rarely used type of  plastic stent 
with a double lumen (found to be superior to polyeth-
ylene stents with regards to stent patency[25]) in patients 

with lower biliary malignant obstruction attributable 
to pancreatic head cancer. In the Isayama multicentric 
trial[24], the cumulative stent patency was significantly 
greater in the covered metal stent group: the respec-
tive mean and median stent patency durations were 285 
and 419 d, vs 202 and 133 d observed for the plastic 
stent group patients respectively (P = 0.0072). Interest-
ingly, the covered metal stent group experienced more 
frequent cholecystitis (4 vs 0), pancreatitis (1 vs 0), and 
migration (5 vs 1), although these differences did not, 
at least taken separately, achieve statistical significance. 

8643 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

Characteristic Partially covered SEMS (n  = 42) 10-French polyethylene plastic stent (n  = 43) P  value

Gender (male) 51.2%   50.0% 0.9119
Age (yr)   70.8 ± 12.9   73.3 ± 10.7 0.3896
Co-morbidities: Cardiovascular 53.7%   47.5% 0.5676

Respiratory 22.0%   20.0% 0.8209
Neurologic 19.5%   22.5% 0.7343

GI, liver, biliary 75.6%   77.5% 0.8362
Renal, urinary 15.0%   30.0% 0.0982

Musculoskeletal 25.0%   35.0% 0.3148
Endocrine 47.5%   30.0% 0.0976

Cholestatic symptoms 97.5% 100.0% 0.2968
Jaundice 85.4%   97.5% 0.0453

Clay-colored stools 36.6%   52.5% 0.1404
Abdominal pain Abdominal pain 53.7%   40.0% 0.2056
Pruritus 51.2%   50.0% 0.9119
Dark urine 75.6%   75.0% 0.9489
Fever Fever   9.8%     5.0% 0.3972
Constitutional symptoms

Weight Loss 73.2%   47.5% 0.0155
Anorexia 51.2%   50.0% 0.9119

Obstruction location Papilla 2.78%     7.9% 0.2951
Distal common bile duct 72.2%   47.4% 0.0198
Mid common bile duct 22.2%   39.5% 0.0845

Proximal common bile duct 2.8%     5.3% 0.5595
Type of primary tumor Ampullary carcinoma 2.6%     7.5% 0.3036

Cholangiocarcinoma 0.0%     5.0% 0.1422
Gallbladder adenocarcinoma 2.6%     2.5% 0.9767

Metastatic Cancer 10.3%     7.5% 0.6501
Pancreatic adenocarcinoma 69.2%   67.5% 0.8662

Other   0.0%     2.5% 0.3024
Unknown 15.4%     7.5% 0.2519

Metastat. cancer prim. location Colon 28.6%     0.0% 0.0002
Lung 28.6%   20.0% 0.355
Other 42.9%   80.0% 0.0004

Tumor stage T1   4.0%   19.2% 0.0292
T2 32.0%   11.5% 0.0217
T3 16.0%   42.3% 0.0077
T4 48.0%   26.9% 0.0443

Nodes N0 36.4%   61.9% 0.0187
N1 63.6%   38.1% 0.0187

Metastatic tumor M0 29.2%   36.0% 0.5038
M1 70.8%   64.0% 0.5038

Chemotherapy or radiation 11.1%   8.82% 0.7255
Laboratory data Alkaline phosphatase (IU/L)   630.5 ± 347.7   532.7 ± 331.4 0.1486

Bilirubin (mg/dL)   9.56 ± 6.99 11.33 ± 7.82 0.3082
Hematocrit   43.97% ± 50.36% 37.06% ± 5.95% 0.3280

Hemoglobin (g/dL) 12.01 ± 1.63 12.39 ± 2.09 0.3305
INR   1.17 ± 0.19   1.25 ± 0.36 0.5922

AST (IU/L) 168.64 ± 98.34   191.26 ± 149.25 0.6687
ALT (IU/L)   240.03 ± 178.35   265.03 ± 240.48 0.8926

Karnosky performance scores   81.8 ± 10.8     82.0 ± 12.03 0.9151

SEMS: Self-expandable metal stent; INR: International normalized ratio; AST: Aspartate aminotransferase; ALT: Alkaline phosphatase.
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These results validate the findings of  the current trial 
that noted, using life-table analysis, that the time to stent 
failure was 385.3 ± 52.5 d in the SEMS, and 153.3 ± 19.8 
d in the PS group (P = 0.006). Times to stent occlusion 
were all shorter, although the between-group differences 
remained, in the only other randomized trial assessing 
plastic vs covered metal stents by Soderlund et al[26]. In 
that study, 22 of  51 plastic stent and 9 of  49 covered 
metal stent group patients (P = 0.009) developed stent 
failure after medians of  1.1 and 3.5 mo (P = 0.007), with 
median patency times of  1.8 mo vs 3.6 mo (P = 0.002), 
respectively.

Even though insertion of  a plastic stent is favored 
in patients with an estimated short survival, such as 
those with large tumors (over 30 mm), liver metastases, 
younger age, or adenocarcinoma histology[27-29], sum-
mary RCT data have shown that infrahilar biliary stent-
ing, either pre-operatively or as sole palliation, does 
not improve mortality[3,18,19]. Interestingly, however, an 
observational trial and an as yet unpublished additional 
meta-analysis have suggested improvement in survival 
using expandable metal stent technologies, yet remain 
unconfirmed[30,31]. Furthermore, while other such com-
parisons have failed to demonstrate such a benefit5, two 
trials have recently suggested a patient survival benefit 
with the percutaneous insertion of  covered rather than 
uncovered metal stents for infrahilar biliary obstruction, 
due to pancreatic cancers[15] and cholangiocarcinomas[32].

Despite difficulty in accrual leading to early termi-
nation of  the study including 85 patients and not the 
projected 130 patients, the strengths of  the current trial 
include the multi-institutional participation, the medi-
cal effectiveness design, and the adopted ITT analytical 
approach that all increase the generalizability of  results. 
The a priori standardized definitions and independent 
measurements of  outcomes all strengthen the validity, 
minimizing the chance of  bias. Life table analysis and 
multivariable adjustment further ensure the clinical rel-
evance of  the findings. Other than improved stent pa-
tency, only the outcome of  cholangitis differed amongst 
both groups, occurring more frequently in the plastic 
stent group. Cholecystitis was a rare outcome, as was 
pancreatitis, and the trial was not powered to demon-
strate any differences in these less frequent endpoints. 
No differences in procedural outcomes were noted. The 
between-group quality of  life comparisons were limited 
by the small number of  survivors, yet the pre-post stent-
ing analyses within each group using paired analyses 
confirm what few trials have shown: that a number of  
quality of  life domains improve following successful bili-
ary drainage[1,33,34], and that such benefits were observed 
both with metal and plastic stents. Post-stent insertion 
improvements in functional status using Karnovsky 
scores were also noted at 1 mo and extended to the last 
available patient visit recorded. 

These results, taken as a whole, suggest that the ob-
served benefits of  the SEMS studied over the common 
type of  PS used as comparator are attributable to the 

prolonged stent patency. The resulting decreased rates 
of  cholangitis outweigh any possible risks attributable to 
increased stent migration, pancreatitis or cholecystitis. 
Further characterization of  optimal patient groups may 
relate to issues such as cystic duct involvement that pre-
dicts cholecystitis[23,35].

Perhaps just as relevant as efficacy findings are cost-
effectiveness issues that are being analyzed separately as 
part of  the current trial. Indeed, past cost-effectiveness 
modeling have suggested that the presence of  distant 
metastases, especially if  numerous, is associated with 
shorter survival time in patients with pancreatic cancer, 
and that a metallic stent should not be used in this type 
of  patients[27,36,37]. Rather, SEMS should be reserved for 
patients expected to live for at least 6 mo[38,39]. Nonethe-
less, as mentioned earlier, plastic stents remain com-
monly inserted, at least in part due to their lower upfront 
costs compared to their metal expandable equivalents.

In conclusion, the present study confirms that inser-
tion of  a partially covered SEMS for patients with infra-
hilar biliary obstructing tumors results in a longer dura-
tion until stent failure as compared to a commonly used 
plastic stent (in this case, an Amsterdam-type polyethyl-
ene stent) without increased complication rates. There 
were no measurable benefits in survival, performance, 
or quality of  life. Additional trials and meta-analytical 
evaluation are required to more confidently assess these 
important additional patient outcomes.
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Abstract
AIM: To assess adherence with the the Society for 
Healthcare Epidemiology of America (SHEA)/ the Infec-
tious Diseases Society of America (IDSA) guidelines 
for management of Clostridium difficile  (C. difficile )-
associated disease (CDAD) at a tertiary medical center.

METHODS: All positive C. difficile  stool toxin assays in 
adults between May 2010 and May 2011 at the Univer-
sity of Maryland Medical Center were identified. CDAD 
episodes were classified as guideline adherent or non-
adherent and these two groups were compared to de-
termine demographic and clinical factors predictive of 
adherence. Logistic regression analysis was performed 
to assess the effect of multiple predictors on guideline 
adherence. 

RESULTS: 320 positive C. difficile  stool tests were 
identified in 290 patients. Stratified by disease severity 

criteria set forth by the SHEA/IDSA guidelines, 42.2% 
of cases were mild-moderate, 48.1% severe, and 9.7% 
severe-complicated. Full adherence with the guidelines 
was observed in only 43.4% of cases. Adherence was 
65.9% for mild-moderate CDAD, which was significant-
ly better than in severe cases (25.3%) or severe-com-
plicated cases (35.5%) (P  < 0.001). There was no dif-
ference in demographics, hospitalization, ICU exposure, 
recurrence or 30-d mortality between adherent and 
non-adherent groups. A multivariate model revealed 
significantly decreased adherence for severe or severe-
complicated episodes (OR = 0.18, 95%CI: 0.11-0.30) 
and recurrent episodes (OR = 0.46, 95%CI: 0.23-0.95). 

CONCLUSION: Overall adherence with the SHEA/
IDSA guidelines for management of CDAD at a tertiary 
medical center was poor; this was most pronounced 
in severe, severe-complicated and recurrent cases. 
Educational interventions aimed at improving guideline 
adherence are warranted. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Clostridium difficile ; Metronidazole; Vanco-
mycin; Adherence to the Infectious Diseases Society of 
America Guidelines; Hospital Acquired Infections 

Core tip: This study assesses a tertiary care medical 
center’s adherence with updated guidelines on the 
management of Clostridium difficile  (C. difficile )-asso-
ciated diseases in adults. We found that overall adher-
ence is poor, especially in patients with severe disease. 
Factors associated with poor adherence and limitations 
of current guidelines are identified. Our data suggests 
that educational interventions aimed at improving C. 
difficile  guideline adherence are warranted. 
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INTRODUCTION 
Clostridium difficile (C. difficile) is the major infectious cause 
of  nosocomial diarrhea and can cause prolonged hos-
pital stays, renal failure, toxic megacolon, and death[1-3]. 
In 1995, the Society for Healthcare Epidemiology of  
America (SHEA) published a clinical position paper on 
C. difficile-associated disease (CDAD)[4]. Based on data 
from small, randomized, controlled studies showing no 
outcome-difference when comparing metronidazole and 
vancomycin, the 1995 position paper considered them 
equally effective; however, it stated, “metronidazole may 
be preferred to reduce the risk of  vancomycin resistance 
among other organisms in hospitals”.

Updated clinical practice guidelines for the manage-
ment of  CDAD in adults were published in 2010 by 
SHEA and the Infectious Diseases Society of  America 
(IDSA)[5]. The 15-year interval between the two sets of  
recommendations was marked by dramatic changes in 
CDAD epidemiology and outcomes, with increases in 
prevalence, severity, and therapy resistance; emergence 
of  hypervirulent strains may have contributed to these 
trends[6-8]. Additionally, new data suggested vancomycin 
might be superior for CDAD treatment in some cases. 
Zar et al[9] prospective, randomized, comparative efficacy 
study of  metronidazole vs vancomycin demonstrated 
superiority of  vancomycin for the treatment of  severe 
CDAD. These results influenced the 2010 SHEA/IDSA 
guidelines that recommended vancomycin as first-line 
treatment for severe CDAD, while maintaining a recom-
mendation for metronidazole in mild-moderate cases. 
These guidelines recommend treating an initial recurrence 
in the same manner as the initial episode, and a second 
recurrence with vancomycin in a tapering and/or pulsed 
regimen[5].

The 2010 SHEA /IDSA recommendations promote 
significant clinical practice changes. Since adherence to 
the guidelines may affect patient outcomes and infection 
control, we sought to determine adherence with the up-
dated SHEA/IDSA CDAD guidelines at a tertiary care 
medical center.

MATERIALS AND METHODS
The Institutional Review Board of  the University of  
Maryland Baltimore approved this study and waived the 
requirement for informed consent. All positive C. difficile 
stool tests (Quick Check A/B Toxin Assay; Wampole 
Laboratories, Princeton, New Jersey) in adults between 
May 2010 and May 2011 at the University of  Maryland 
Medical Center were retrospectively identified. Medical 
charts were reviewed for demographics, clinical informa-

tion, and adherence to CDAD guidelines. 
Classifications defined in the updated 2010 SHEA/

IDSA guidelines were used. These guidelines define mild-
moderate CDAD as the presence of  a white blood cell 
count ≤ 15000/mm3 and a serum creatinine level ≤ 1.5 
times the premorbid level. Conversely, severe CDAD is 
defined by the presence of  a white blood cell count ≥ 
15000/mm3 or a serum creatinine level ≥ 1.5 times the 
premorbid level. Severe-complicated CDAD is defined by 
the presence of  hypotension, shock, ileus, or megacolon. 
According to the guidelines, the correct treatment for 
mild-moderate CDAD is metronidazole 500 mg orally 
three times per day for 10-14 d. For treatment of  severe 
CDAD, recommended treatment is oral vancomycin 125 
mg four times per day for 10-14 d. For severe-complicat-
ed CDAD, the recommended treatment is oral vancomy-
cin 500 mg four times per day in addition to intravenous 
metronidazole 500 mg every eight hours. If  complete 
ileus exists, then rectal administration of  vancomycin 
should be considered. Patients with a first recurrence are 
recommended to receive the same treatment as per their 
initial episode. For a second recurrence, vancomycin in a 
tapered and/or pulsed regimen is recommended.

Specific data collected included age, gender, disease 
severity as defined by the 2010 SHEA/IDSA guidelines, 
location of  treatment (stratified into outpatient, hospital 
ward or intensive care unit), non-CDAD antibiotic treat-
ment during the month preceding diagnosis, presence of  
immunosuppression, if  the episode was a recurrence, 30 
d mortality, and agent selection and dosage of  CDAD 
treatment. CDAD episodes were classified as guideline 
adherent if  treatment provided was with the correct 
agent(s) at the correct dosage(s). If  one of  these param-
eters was not in accordance with the guidelines, then the 
treatment regimen was deemed non-adherent. Partial 
adherence was defined as the patient receiving the cor-
rect antibiotic, but at the wrong dose. Patients stratified 
into adherent and non-adherent groups were compared 
to determine demographics and clinical factors predictive 
of  guideline adherence. Logistic regression analysis was 
performed to assess the effect of  multiple predictors on 
guideline adherence (SAS, version 9.2). 

RESULTS
About 320 positive C. difficile stool tests were identified in 
290 patients (average age 57.6 years, 43.1% female). Of  
the cases, 95.9% were in hospitalized patients and 15.6% 
were identified as a recurrence. Stratified by disease se-
verity criteria set forth by the SHEA/IDSA guidelines, 
42.2% of  cases were mild-moderate, 48.1% severe, and 
9.7% severe-complicated. Most (80.6%) of  the severe-
complicated cases met this criterion due to hypoten-
sion or shock. Full adherence with the guidelines was 
observed in 43.4% of  cases; 65.9% for mild-moderate, 
which was significantly better than in severe (25.3%) and 
severe-complicated cases (35.5%) (P < 0.001) (Figure 1). 
Of  the severe CDAD cases, 55.3% were managed incor-
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rectly with metronidazole. Partial adherence, where the 
correct drug was given at the incorrect dose, occurred in 
17.8% of  mild-moderate, 24.7% of  severe, and 38.7% of  
severe-complicated cases (Figure 1).

On bivariate analysis (Table 1), factors significantly as-
sociated with adherence included disease severity, immu-
nosuppression (IS), and documented receipt of  antibiot-
ics in the preceding 30 d. There was no difference in age, 
gender, hospitalization, ICU exposure, recurrence or 30-d 
mortality between adherent and non-adherent groups. 
IS patients were classified as mild-moderate more often 
than non-IS patients (60.0% vs 32.9%, P < 0.001). A 
multivariate model controlling for disease severity, prior 
antibiotics, IS, and recurrence status revealed significantly 
decreased adherence for severe/severe-complicated epi-
sodes (OR = 0.18, 95%CI: 0.11-0.30) and recurrent epi-
sodes (OR = 0.46, 95%CI: 0.23-0.95) but no significant 

difference for prior antibiotics or IS status.

DISCUSSION
Our results reveal poor overall adherence with the 2010 
SHEA/IDSA guidelines for management of  CDAD at 
a tertiary care academic medical center. Guideline adher-
ence is worst in severe, severe-complicated, and recur-
rent CDAD. Our data suggests a lack of  familiarity with 
current guidelines, as most providers continue to treat all 
initial episodes of  CDAD with metronidazole, which was 
suggested as preferable by the 1995 SHEA clinical posi-
tion paper on CDAD management. In fact, over half  of  
our severe CDAD population, which should be treated 
with vancomycin, was incorrectly treated with metro-
nidazole. This also explains the significantly improved 
adherence observed in mild-moderate patients whose 
treatment was not changed by the updated guidelines. We 
considered other possible causes of  guideline non-adher-
ence, such as the high cost of  vancomycin and concern 
for vancomycin-resistance in other organisms, which has 
been shown to be significant in other nosocomial set-
tings[10,11]. While the cost of  branded oral vancomycin is 
approximately fifty-fold higher than oral metronidazole, 
our pharmacy routinely administers the generic intrave-
nous formulation orally, which reduces the cost-differ-
ence dramatically[12], and makes cost concerns negligible. 
This finding also suggests an increased need for more 
intensive antibiotic stewardship, as not all incidences of  
non-adherence are likely due to knowledge. Antibiotic 
stewardship has been proposed as an effective method of  
increasing compliance at medical centers[13-15]. The exact 
impact of  concerns over vancomycin resistance in other 
organisms on prescribing practices at our institution is 
unknown. We suspect this impact is small, as research on 
vancomycin use for CDAD has been conflicting with re-
gards to rates of  colonization and infection with resistant 
organisms[16-18]

. 

Partial adherence with the guidelines, where the 
correct drug was chosen but an incorrect dosage was 
administered, occurred frequently as noted in Figure 1. 
The dosage of  vancomycin chosen was often higher than 
recommended by the guidelines. While this is a form of  
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16.3%

50.0%

25.8%

65.9% 25.3% 35.5%

17.8%
24.7%

38.7%

Figure 1  Rates of adherence with the 2010 the Society for Healthcare Epidemiology of America/the Infectious Diseases Society of America guidelines 
stratified by severity of Clostridium difficile-associated disease: (A) Mild-moderate, (B) Severe, and (C) Severe-complicated. Compliance was significantly 
better in mild-moderate vs severe or severe-complicated disease, P < 0.001.

A B C Full compliance

Inappropriate dosing

Non-compliance

Guideline Guideline Unadjusted  Adjusted 
Compliant, Non-compliant, P  value P  value 
n  = 139 n  = 181

  Demographics
     Mean ± SD, yr 56.8 ± 14.1 59.4 ± 16.2 0.13
     Female    61 (44.2)    77 (55.8) 0.81
  Disease severity
     Mild-moderate    89 (65.9)    46 (34.1)  < 0.0011 < 0.0011

     Severe    39 (25.3)  115 (74.7)
     Severe-complicated    11 (35.5)    20 (64.5)
     Severe + 
     severe-complicated

   50 (27.0)  135 (73.0)

  Other factors
     Hospitalized  133 (43.3)  174 (56.7) 0.84
     ICU    60 (40.0)    90 (60.0) 0.24
     Prior antibiotics 
     (< 30 d)

   88 (39.1)  137 (60.9) 0.02 0.08

     Recurrence    17 (34.0)    33 (66.0) 0.14 0.04
     Immunosuppressed    57 (51.8)    53 (49.2) 0.03 0.49
     30-d mortality    15 (41.7)    21 (58.3) 0.82

Table 1  Comparison of demographics, disease severity, 
and other clinical factors between guideline adherent and 
guideline non-adherent groups  n  (%)

1On unadjusted analysis, mild-moderate disease is compared to both 
severe and severe complicated disease. On adjusted analysis, mild-
moderate disease is compared to the combination of severe and severe-
complicated disease.
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ciety of America (IDSA) suggesting that oral Vancomycin be preferred in cases of 
severe and severe-complicated disease, but adherence to these new guidelines 
is unclear at this time. In this study, the authors observe compliance to the new 
2010 guidelines at a tertiary medical center. 
Innovations and breakthroughs
Despite advances in health care sanitation technique, Clostridium infections 
continue to increase. In this study, the authors observed that compliance to the 
updated 2012 SHEA/IDSA guidelines is poor at the tertiary care hospital, sug-
gesting a need for increased education and antibiotic stewardship for providers. 
The authors also identified specific areas that the guidelines fail to address 
clearly; end-stage renal disease patients and patients who are significantly im-
munosuppressed. 
Applications
By recognizing poor compliance at our tertiary care facility, steps can be made to 
increase education and antibiotic stewardship at other facilities. In addition, the 
study suggests the guidelines should be updated to include the aforementioned 
patient populations with specific guidelines pertaining to their management. 
Terminology
Compliance in the study is defined as using the proper dosage (both strength 
and frequency) in the proper duration for a specific C. difficile-associated diarrhea 
(CDAD) infection. The guidelines define mild to moderate CDAD as the presence 
of a white blood cell count ≤ 15000/mm3 and a serum creatinine level ≤ 1.5 
times the premorbid level. Conversely, severe CDAD is defined by the presence 
of a white blood cell count ≥ 15000/mm3 or a serum creatinine level ≥ 1.5 times 
the premorbid level. Severe-complicated CDAD is defined by the presence of 
hypotension, shock, ileus, or megacolon. 
Peer review
The authors report the results of a study conducted to assess adherence with the 
SHEA/IDSA guidelines for management of CDAD at a tertiary medical center. The 
study is well-designed, includes sufficient number of patients and the paper is well 
written. Despite the fact that the study is single-centered, and includes only hospi-
talized patients which reduces its generalizability (as mentioned by the authors), 
the results are considerable. This is a worthy study and appears of high clinical 
interest. 
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Abstract
AIM: To investigate a classification of endocytoscopy 
(ECS) images in Barrett’s esophagus (BE) and evaluate 
its diagnostic performance and interobserver variability.

METHODS: ECS was applied to surveillance endoscop-
ic mucosal resection (EMR) specimens of BE ex-vivo . 
The mucosal surface of specimen was stained with 1% 
methylene blue and surveyed with a catheter-type en-
docytoscope. We selected still images that were most 
representative of the endoscopically suspect lesion and 
matched with the final histopathological diagnosis to 
accomplish accurate correlation. The diagnostic perfor-
mance and inter-observer variability of the new clas-
sification scheme were assessed in a blinded fashion by 

physicians with expertise in both BE and ECS and inex-
perienced physicians with no prior exposure to ECS.

RESULTS: Three staff physicians and 22 gastroenterol-
ogy fellows classified eight randomly assigned unknown 
still ECS pictures (two images per each classification) 
into one of four histopathologic categories as follows: 
(1) BEC1-squamous epithelium; (2) BEC2-BE without 
dysplasia; (3) BEC3-BE with dysplasia; and (4) BEC4-
esophageal adenocarcinoma (EAC) in BE. Accuracy of 
diagnosis in staff physicians and clinical fellows were, 
respectively, 100% and 99.4% for BEC1, 95.8% and 
83.0% for BEC2, 91.7% and 83.0% for BEC3, and 
95.8% and 98.3% for BEC4. Interobserver agreement 
of the faculty physicians and fellows in classifying each 
category were 0.932 and 0.897, respectively.

CONCLUSION: This is the first study to investigate 
classification system of ECS in BE. This ex-vivo  pilot 
study demonstrated acceptable diagnostic accuracy and 
excellent interobserver agreement.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Endocytoscopy; Barrett’s esophagus; Dys-
plasia; Esophageal adenocarcinoma; Interobserver 
agreement

Core tip: The current gold standard for surveillance of 
esophageal adenocarcioma in Barretts’s esophagus (BE) 
is endoscopic random biopsy and pathological diagno-
sis. Endocytoscopy (ECS) has the potential to provide 
a virtual histological diagnosis in vivo  and in real-time. 
However, a major issue relates to that interpretation of 
cellular and nuclear images may be subject to similar 
interobserver variability associated with conventional 
histopathological diagnosis, and there have been no 
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reliable classification systems for the endocytoscopic 
diagnosis. We presented the first study to investigate 
classification system of ECS in BE. This ex-vivo  pilot 
study demonstrated acceptable diagnostic accuracy and 
excellent interobserver agreement.
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and interobserver variability of endocytoscopy in Barrett’s 
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com/1007-9327/full/v19/i46/8652.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i46.8652

INTRODUCTION
Recent advances in endoscopic imaging may lead to im-
proved detection and facilitate therapy of  dysplasia and 
esophageal adenocarcinoma (EAC) in Barrett’s esophagus 
(BE)[1-5]. Histology is regarding as the gold standard for 
diagnosis of  dysplasia and EAC[6,7], but sampling error 
and interobserver variability among gastrointestinal pa-
thologists have been well described[8-11].

Endocytoscopy (ECS) is a probe-based technique 
which captures ultra-high magnified images of  the epi-
thelial surface, with the capability to discriminate cellular 
and subcellular features. ECS, thus, has the potential to 
provide a virtual histological diagnosis in vivo and in real-
time. ECS has been investigated throughout the gas-
trointestinal tract for the identification of  lesions in the 
esophagus[12-16], small intestine[17], and colon[18-21]. How-
ever, a major issue relates to the fact that interpretation 
of  cellular and nuclear images may be subject to similar 
interobserver variability associated with conventional 
histopathological diagnosis[22,23]. To date, there have been 
no reliable classification systems for the endocytoscopic 
diagnosis of  BE and Barrett’s EAC. Accurate diagnosis 
based on a simple and reproducible classification system 
is warranted before ECS can be implemented into clinical 
practice.

Our aim was to develop simplified scheme for the 
classification of  endocytoscopic images in BE and to 
evaluate its diagnostic performance and interobserver 
variability among experienced and inexperienced users of  
ECS in an ex-vivo setting.

MATERIALS AND METHODS
Patients and tissue specimens
ECS was performed ex-vivo on endoscopic mucosal resec-
tion (EMR) specimens obtained from patients undergo-
ing endoscopic surveillance of  BE at our institution. All 
EMR procedures were performed by a single endoscopist 
using the cap technique (EMR Kit; Olympus America, 
Center Valley, PA). Lesions targeted for EMR were en-
doscopically suspect areas, such as nodules or polyps, or 
dysplastic/neoplastic-appearing mucosa, such as irregular, 

friable, ulcerated, or villous-appearing mucosa, as seen 
under high-definition white-light imaging and narrow 
band imaging[24]. The study was approved by the Institu-
tional Review Board and a written informed consent was 
obtained from all patients. 

Endocytoscopy procedure
As soon as retrieved from the patient, the mucosal sur-
face of  each EMR specimen was immediately rinsed 
with 3-5 mL of  20% N-acetylcysteine to remove excess 
mucus, followed by the application of  1-1.5 mL of  1% 
methylene blue solution as contrast agent. Ex-vivo ECS 
imaging was performed using a flexible, catheter-type 
endocytoscope (XEC120, Olympus Medical Systems Co., 
Tokyo, Japan) which provides 1100 × magnification at a 
120 μm × 120 μm field of  view. The stained surface of  
each specimen was surveyed with the endocytoscope, and 
the area most representative of  the endoscopically sus-
pect lesion was identified. ECS imaging of  the lesion was 
videotaped for approximately one minute.

Histopathology assessment
Histopathological assessment of  the EMR specimens 
was performed according to the protocol in our BE unit, 
as previously published[25]. Patients had their pathological 
diagnosis of  EMR specimens confirmed by at least two 
experienced gastrointestinal pathologists with expertise in 
Barrett-associated neoplasia.

ECS image analysis and classification
Following histopathological diagnoses of  EMR speci-
mens, the corresponding ECS videos and images were 
reviewed by investigators uninvolved in the subsequent 
blinded image assessment. To accomplish accurate cor-
relation of  endocytoscopic images with histological find-
ings, we selected snapshots that were most representative 
of  the histopathological findings for each specimen and 
matched final histopathological findings with their respec-
tive ECS images. With consideration to the previously 
proposed esophageal endocytoscopic atypia classification 
by Inoue et al[26], we classified the endocytoscopic images 
as follows (BEC; Barrett’s EndoCytoscopy): (1) BEC1 - 
squamous epithelium; (2) BEC2-BE without dysplasia; (3) 
BEC3 - BE with dysplasia; and (4) BEC4-BE with EAC.

This classification scheme is based on the interpreta-
tion of  ECS features (Figure 1): BEC1 images consist of  
cytoplasm-rich, rhomboid cells in a regular pattern; BEC2 
images consist of  increased cell numbers and different-
sized nuclei/cells; BEC3 images consist of  increased 
nucleus-cytoplasm ratio with dense chromatin and 
prominent nuclear fission; BEC4 images consist of  cells 
of  various sizes that are irregularly arranged, with blurred 
and enlarged nuclei. Two representative endocytoscopic 
images for each classification were selected for analysis 
of  diagnostic performance and interobserver variability. 

Diagnostic performance and interobserver variability
The diagnostic performance and inter-observer variabil-
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ity of  the new classification scheme were assessed in a 
blinded fashion. Experienced physicians with expertise 

in both BE and ECS were provided with a brief  5-min 
presentation on the new classification, as shown in Figure 
1. Inexperienced physicians consisted of  clinical fellows (n 
= 22) in the Division of  Gastroenterology and Hepatol-
ogy with no prior exposure to ECS. They were provided 
with a 30 min presentation on ECS imaging and the new 
classification scheme. During the training session, fellows 
were presented with two non-study sets of  pictures rep-
resentative of  each BEC classification for learning pur-
poses. They were given the opportunity to ask questions 
and review the criteria. The training session and image 
classification by experienced and inexperienced physi-
cians were conducted separately. 

Immediately following the training session, partici-
pants were shown the randomly assigned unknown ECS 
pictures and asked to classify each image as: (1) BEC1; 
(2) BEC2; (3) BEC3; and (4) BEC4. The participants 
were blinded to patient history, endoscopic findings, and 
histopathological diagnoses. During the image classifica-
tion session, the participants were not allowed to review 
previously seen images or to change their answers.

Statistical analysis
Data analysis was performed using the SPSS (Chicago, 
Illinois, United States) statistical software program. Clas-
sification accuracy, sensitivity, specificity, and positive 
and negative predictive values were calculated to assess 
diagnostic performance. Interobserver agreement was 
determined using intraclass correlation coefficient (ICC), 
which assesses agreement beyond chance among inves-
tigators. ICC was derived from a 2-way random effects 
model because both people effects and measures effects 
were random. An ICC of  0.4-0.75 indicates fair to good 
reliability, whereas an ICC greater than 0.75 shows excel-
lent reliability.

RESULTS
A total of  20 patients were included in this study: squa-
mous epithelium (n = 2), BE without dysplasia (n = 6), 
BE with dysplasia (n = 6), and BE with EAC (n = 6). A 
total of  eight representative endocytoscopic images (two 
images per each classification) from different patients 
were utilized for this study. The overall classification ac-
curacy for each category among experienced (n = 3) and 
inexperienced (n = 22) physicians were 100% and 99.4% 
for BEC1, 95.8% and 83.0% for BEC2, 91.7% and 83.0% 
for BEC3, and 95.8% and 98.3% for BEC4, respectively. 
If  we combined BEC2 and BEC3 as diagnosis of  BE, 
the classification accuracy would be 95.8%, even in ECS 
naive observers. The sensitivities, specificities, positive 
predictive values and negative predictive values for each 
category are shown in Table 1. 

The interobserver agreements for the experienced 
and inexperienced physicians in classifying each category 
were 0.932 and 0.897, respectively. When a dichotomized 
category (BEC 1 and 2 vs BEC 3 and 4) was used, in-
terobserver agreements for the experienced and inexpe-
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Figure 1  Classification of endocytoscopic images of Barrett’s esophagus. 
A: Squamous epithelium (BEC 1) Cytoplasm-rich, rhomboid cells in a regular 
pattern; B: Barrett’s esophagus without dysplasia (BEC 2) Increased cell num-
ber and different-sized nuclei/cells; C: Barrett’s esophagus with dysplasia (BEC 
3) Increased nucleus-cytoplasm ratio, and dense chromatin and nuclear fission 
are prominent; D: Esophageal adenocarcinoma (BEC 4) Cells of various sizes, 
irregularly arranged, with blurred and enlarged nuclei (magnification × 1125). 
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tectural features for categorizing Barrett’s tissue, with 
the aim that the classification remains simple and easy to 
learn and adopt.

Overall, we had an acceptable classification accuracy 
for each Barrett tissue category when using our classi-
fication system and high accuracy was obtained for the 
differentiation of  BE without dysplasia from dysplastic 
tissue among experienced observers. Although the num-
ber of  percentage of  accuracy among staff  physicians 
appears low in BE with dysplasia, it is obvious that the 
small number of  denominator is the reason. Our group 
of  inexperienced observers (clinical fellows) classified 
squamous epithelium and EAC with high accuracy of  
99.4% and 98.3%, respectively, and BE with and without 
dysplasia with acceptable accuracy of  83.0%. These re-
sults suggest our classification scheme is reliable and easy 
to learn. Interobserver agreement regarding both experi-
enced and inexperienced groups was interpreted as excel-
lent (ICC = 0.932 and 0.897, respectively). In classifying 
into two dichotomized category (BEC 1 and 2 vs BEC 3 
and 4), interobserver agreement for the experienced phy-
sicians was still interpreted as excellent (ICC = 0.851) and 
interobserver agreement for the fellows showed good 
reliability (ICC = 0.581).

In this study, all the misdiagnoses of  BE with dys-
plasia (BEC 3) were answered as non-dysplasia (BEC 2). 
It may imply that our criteria are similar to those of  his-
tological diagnosis. Misdiagnosis for non-dysplastic BE 
occurred in the inexperienced group, and all the misdiag-
noses were answered as dysplasia. These facts probably 
reflect some of  the dilemma that exists with pathological 
interpretation of  non-dysplastic and dysplastic BE. 

The reported diagnostic accuracy and interobserver 
agreement of  ECS images should be interpreted with 
caution. In this structured pilot ex-vivo study, we intended 
to show a “classic” unambiguous image for each cat-
egory and, thus, selected representative images. In BE, 
the microscopic epithelial changes that represent transi-
tion from metaplasia to dysplasia to cancer occur on 
a continuum. We did not assess how our classification 
performs near the margins of  the transitions. The use 
of  the representative images may maximize diagnostic 

rienced physicians in classifying into this category were 
0.851 and 0.581, respectively (Table 2). 

DISCUSSION
Barrett’s esophagus (BE) is a well-established precur-
sor of  esophageal adenocarcinoma (EAC) whose inci-
dence is rising in Western countries. Patients with BE 
are therefore advised to undergo periodic surveillance to 
detect dysplastic mucosa and pre-cancerous lesions at an 
early stage at a time where intervention can be curative. 
The current gold standard for surveillance is periodic 
endoscopic random biopsy within the BE segment and 
pathological diagnosis. Due to inherent limitations of  
the gold standard, there have been considerable interests 
in advanced endoscopic imaging techniques to enhance 
dysplasia and EAC detection. Dysplasia can be patchy in 
distribution within the BE segment and sampling error 
can occur with random biopsy techniques. Novel imaging 
technologies that can reliably detect dysplasia or EAC in 
real-time would facilitate targeted biopsy and, hence, a 
reduction in sampling error.

Endocytoscopy (ECS) can provide real-time virtual 
histological images during endoscopic observation and 
potentially identify areas that harbor dysplastic or cancer-
ous cells. However, interpretation of  ECS images may 
be subject to similar interobserver variability associated 
with conventional histopathological diagnosis. A first step 
is to standardize ECS image criteria for accurate tissue 
diagnosis. To date, no studies have been conducted on 
the development and use of  a classification system for 
endocytoscopic images in BE. In this study, we proposed 
a classification scheme based on ECS cellular and archi-

Table 1  Diagnostic performance of endocytoscopy in Barrett’s esophagus

Classification Sensitivity Specificity PPV NPV

Experienced physicians (staff physician) BEC 1 1.000% 1.000% 1.000% 1.000%
BEC 2 1.000% 0.944% 0.857% 1.000%
BEC 3 0.833% 0.944% 0.833% 0.944%
BEC 4 0.833% 1.000% 1.000% 0.947%

Inexperienced physicians (clinical fellow) BEC 1 0.977% 1.000% 1.000% 0.992%
BEC 2 0.636% 0.894% 0.667% 0.881%
BEC 3 0.705% 0.871% 0.646% 0.898%
BEC 4 0.955% 0.992% 0.977% 0.985%

Both experienced and inexperienced 
(physicians staff physician and clinical fellow)

BEC 1 0.980% 1.000% 1.000% 0.993%
BEC 2 0.680% 0.900% 0.694% 0.894%
BEC 3 0.720% 0.880% 0.667% 0.904%
BEC 4 0.940% 0.993% 0.979% 0.980%

PPV: Positive predictive value; NPV: Negative predictive value. 

Table 2  Interobserver agreement of endocytoscopy in 
Barrett’s esophagus

Classification Staff physician (95%CI) GI fellow (95%CI)

BEC 1-4 0.932 (0.794-0.985) 0.897 (0.784-0.973)
BEC 1 and 2 vs 3 and 4 0.851 (0.593-0.965) 0.581 (0.358-0.856)

Tomizawa Y et al . Endocytoscopy in barrett’s esophagus
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accuracy and interobserver agreement and minimize the 
correlation of  the study findings with what will be ob-
served during real-time use in vivo. We did not evaluate 
using “real-time” images correlated with biopsy results 
using our classification. Further study is warranted in 
real scanning to validate our classification. An additional 
study limitation is related to the ex-vivo nature of  this 
preliminary study. The performance of  in-vivo catheter-
type ECS is clearly operator dependent. Challenges that 
lie ahead are the difficulty of  maintaining a long, thin, 
flexible catheter onto the esophageal surface in stable 
position and in focus. During in-vivo observations, gastro-
intestinal motility may hinder collection of  interpretable 
images. In one in-vivo study of  ECS in BE[27], 76% of  
ECS images were recognized as poor quality. The study 
also had a high false-positive rate of  43%, resulting in 
both a sensitivity and positive predictive value of  42% in 
all image sequences. Conversely, an in-vivo feasibility ECS 
study for esophageal cancer conducted in Japan reported 
that clear and interpretable images were obtained in all 
cases, with the positive predictive value and the false-
positive rate for esophageal malignancy being 94% and 
6.3%, respectively[26]. Another in-vivo feasibility study 
also presented high quality images for interpretation[12]. 
Expertise in handling the ECS device could explain the 
difference in image quality obtained, and we believe the 
technical aspects can be overcome as already reported in 
the previous two in-vivo studies. A new endoscope-type 
ECS (XGIF-Q260EC1 and XCF-Q260EC1; Olympus) 
has recently been introduced and been reported to obtain 
more sensitive, ultra-magnified images[28-30]. The new ECS 
enables easy switch from a conventional endoscopic view 
to ultra-magnification endocytoscopic view by the press 
of  a button at the top of  the endoscope. The new device 
could reduce the technical burden of  maintaining an ECS 
probe on a moving surface. 

Our classification system does not differentiate be-
tween low grade (LGD) and high grade (HGD) dysplasia. 
It is well known the reproducibility of  histopathological 
interpretation of  LGD and HGD even among skilled pa-
thologists is a challenge[10]. We still do not have definitive 
consensus about the management of  LGD in BE, and 
management is individualized. It is clear that surveillance 
of  any dysplastic lesions in BE segment is of  importance 
given the established dysplasia-carcinoma sequence in 
EAC. In this study, we aimed to assess the potential of  
ECS in enhancing surveillance of  dysplastic lesions in 
BE. We therefore proposed the two distinct criteria of  
dysplastic BE vs non-dysplastic BE instead of  LGD and 
HGD.

In conclusion, we proposed a simple diagnostic clas-
sification system for ECS in BE. In this pilot ex-vivo 
study, acceptable accuracies regarding the diagnosis of  
squamous epithelium, non-dysplastic BE, dysplastic BE, 
and EAC were demonstrated. Interobserver agreement 
in classifying each category was interpreted as excellent, 
even among observers inexperienced in ECS. The ap-
plicability of  the proposed classification scheme in the in-
vivo setting remains to be seen.
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Abstract
AIM: To investigated the molecular cause of very early-

onset ulcerative colitis (UC) in an 18-mo-old affected 
child. 

METHODS: We analysed the interleukin-10 (IL10) re-
ceptor genes at the DNA and RNA level in the proband 
and his relatives. Beta catenin and tumor necrosis 
factor-α (TNFα) receptors were analysed in the proteins 
extracted from peripheral blood cells of the proband, 
his relatives and familial adenomatous polyposis (FAP) 
and PTEN hamartoma tumor syndrome (PHTS) pa-
tients. Samples were also collected from the proband’
s inflamed colorectal mucosa and compared to healthy 
and tumour mucosa collected from a FAP patient and 
patients affected by sporadic colorectal cancer (CRC). 
Finally, we examined mesalazine and azathioprine ef-
fects on primary fibroblasts stabilised from UC and FAP 
patients.

RESULTS: Our patient was a compound heterozygote 
for the IL10RB E47K polymorphism, inherited from his 
father, and for a novel point mutation within the IL10RA 
promoter (the -413G->T), inherited from his mother. 
Beta catenin and tumour necrosis factor α receptors-
Ⅰ (TNFRI) protein were both over-expressed in periph-
eral blood cells of the proband’s relatives more than the 
proband. However, TNFRII was over-expressed only in 
the proband. Finally, both TNFα-receptors were shown 
to be under-expressed in the inflamed colon mucosa 
and colorectal cancer tissue compared to healthy colon 
mucosa. Consistent with this observation, mesalazine 
and azathioprine induced, in primary fibroblasts, IL10RB 
and TNFRII over-expression and TNFRI and TNFα un-
der-expression. We suggest that β-catenin and TNFRI 
protein expression in peripheral blood cells could repre-
sent molecular markers of sub-clinical disease in appar-
ently healthy relatives of patients with early-onset UC.

CONCLUSION: A synergistic effect of several variant 
alleles of the IL10 receptor genes, inherited in a Mende-
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lian manner, is involved in UC onset in this young child. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Inflammatory bowel disease; Ulcerative 
colitis; Interleukin 10 receptors; Tumour necrosis fac-
tor α receptors; Beta catenin

Core tip: We identified a novel point mutation within 
the interleukin-10 (IL10) receptor genes promoter (the 
-413G->T), associated with mRNA under-expression. 
We propose that this mutation has a synergistic effect 
with other variant alleles of IL10 receptor genes in very-
early ulcerative colitis (UC) onset in this young child. 
β-catenin and tumour necrosis factor α receptors-I 
(TNFRI) protein were both over-expressed in peripheral 
blood cells of proband relatives, whereas TNFRII was 
over-expressed only in the proband. We suggest that 
β-catenin and TNFRI protein expression could represent 
molecular markers of sub-clinical disease in apparently 
healthy relatives of patients with early-onset UC.

Galatola M, Miele E, Strisciuglio C, Paparo L, Rega D, Delrio 
P, Duraturo F, Martinelli M, Rossi GB, Staiano A, Izzo P, De 
Rosa M. Synergistic effect of interleukin-10-receptor variants 
in a case of early-onset ulcerative colitis. World J Gastroenterol 
2013; 19(46): 8659-8670  Available from: URL: http://www.wjg-
net.com/1007-9327/full/v19/i46/8659.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i46.8659

INTRODUCTION
Inflammatory bowel diseases (IBD) are chronic relaps-
ing inflammatory disorders thought to result from an 
inappropriate and continuing inflammatory response to 
commensal microbes in a genetically susceptible host[1]. 
Crohn’s disease (CD) and ulcerative colitis (UC) are the 
two main clinicopathological subtypes of  IBD, common 
in developed countries, affecting the quality of  life of  
approximately 1.4 million individuals in the United States 
and 2.2 million people in Europe[2-4]. 

Accumulating data suggest that these disorders result 
from an inappropriate inflammatory response to intes-
tinal microbes in a genetically susceptible host[5]. Active 
IBD is defined as an infiltration of  the lamina propria by 
innate immune cells (neutrophils, macrophages, dendritic 
and natural killer T cells) and adaptive immune cells 
(B and T cells). Increased numbers and activation of  
these cells in the intestinal mucosa enhance local levels 
of  tumour necrosis factor-α (TNFα) and several pro-
inflammatory interleukins (IL)[5-8]. 

Genome-wide association studies (GWAS) have 
been successful in IBD, identifying 99 non-overlapping 
genetic risk loci, including 28 that are shared between 
CD and UC[9,10]. Analyses of  the genes and genetic loci 
implicated in IBD show several pathways that are cru-

cial for intestinal homeostasis, including barrier func-
tion, epithelial restitution, microbial defence, innate 
immune regulation, reactive oxygen species generation, 
autophagy, adaptive immunity regulation, endoplasmic 
reticulum stress and metabolic pathways associated 
with cellular homeostasis. Early studies have suggested 
the existence of  both protective and predisposing al-
leles[11]. Again, many genetic changes might affect ge-
netic regions other than coding regions, indicating that 
allele-specific gene-expression changes contribute to 
the disease risk[12].

The relative importance of  each individual pathway 
in the pathogenesis of  IBD has not been determined. 
There is enthusiasm for a model in which mucosal in-
flammation results from defective activity of  Treg cells. 
In this model, effector T cells that react to the microbial 
flora or other GI antigens are kept in check by a popula-
tion of  regulatory cells; defects in these cells lead to GI 
inflammation. IL10 production by Treg cells appears to 
be required for suppression of  colitis[13]. 

A recent study has demonstrated that IBD with an 
early onset can be monogenic. Mutations in IL10 or its 
receptor lead to a loss of  IL10 function and cause severe 
intractable enterocolitis in infants and small children[14]. 

IL10R consists of  two α (IL10RA) and two beta (IL-
10RB) molecules. IL10RA and IL10RB genes have been 
mapped on chromosomes 11q23.3 and 21q22, respec-
tively, and many single-nucleotide polymorphisms (SNPs) 
have been identified[15]. Recently, Moran et al[16] identified 
IL10Rs polymorphisms that confer risk for developing 
very early-onset IBD. Each novel, nonsynonymous SNP 
was identified only in the heterozygous state, and none 
of  the resulting amino acid changes were predicted to be 
deleterious by SIFT or Polyphen.

The aims of  this work were to clarify the molecular 
basis of  UC in an 18-mo-old affected child. To this aim, 
we investigated the pathogenetic mechanisms of  IL10 
pathway alteration in the onset of  UC in the proband, 
and we clarified the molecular changes associated with 
them. Moreover, we propose β-catenin and tumour ne-
crosis factor α receptors-Ⅰ (TNFRI) as molecular bio-
markers of  subclinical disease among apparently healthy 
family members of  the index case. Finally, we have in-
vestigated the effect of  mesalazine and azathioprine, the 
main pharmacological therapy used for IBD treatment, 
on the expression of  IL10 receptors, TNFα and TNFα 
receptors.

MATERIALS AND METHODS
Patients
The proband, exhibiting UC, was referred by paediatric 
gastroenterologists to the laboratory for genetic analysis. 
He was admitted to the hospital for bloody diarrhoea, 
asthenia, fever and a severe anaemia (haemoglobin 3.7 
g/dL). He underwent upper and lower GI endoscopy. 
The upper GI endoscopy did not reveal any macro-
scopic and/or microscopic sign of  disease. Ileocolo-
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noscopy showed a severe ulcerative pancolitis, (E4-S1) 
according to the Paris classification[17]. The colonoscopic 
grade of  inflammation was characterised by the presence 
of  marked erythema, absent vascular pattern, friability 
erosions, associated with spontaneous bleeding and ul-
cerations, suggesting a grade 3 according to the Mayo 
endoscopic score[18]. A severe grade of  inflammation 
was confirmed histologically by the diffuse presence of  
a large number of  neutrophilic leukocytes (> 50/HPF) 
with crypt abscesses and significant acute inflamma-
tion with ulcerations in lamina propria. The presence of  
granulomas was excluded at any colonic levels, as well as 
at level of  the distal ileum. 

The child was treated with blood transfusions, antibi-
otics and steroid therapy without improvement. A rescue 
therapy with cyclosporine followed by mesalazine and 
azathioprine was then started. His following clinical his-
tory was characterised by relapsing-remitting symptoms 
and by the lack of  response to drugs. The proband’s 
mother referred episodes of  bloody diarrhoea, but she 
refused colonoscopy.

Blood samples from proband and healthy family 
members were collected at the same hospital as the pa-
tient. Normal colorectal mucosa and colorectal cancer 
tissues were sampled from patients with FAP or sporadic 
colon cancer operated on the “Istituto Nazionale dei Tu-
mori” in Naples.

Samples from all subjects who participated in the 
study were collected after being granted authorisation 
from the “Comitato etico per le attività Biomediche - 
Carlo Romano” of  the University of  Naples Federico 
Ⅱ, with protocol number 120/10. Such authorisation is 
given only once the study has received ethical approval, 
and participants’ informed and written consent has been 
obtained.

Molecular analysis of IL10RA and IL10RB messenger
Reverse transcription polymerase chain reaction of  
IL10RA and IL10RB of  full length coding regions: 
Total RNA was extracted from 3 mL of  peripheral blood 
cells of  the UC patient and his healthy family members, 
using Trizol reagent (Invitrogen, Life Technologies, CA), 
cDNA was synthesised and 1 μL of  the cDNA was am-
plified by reverse transcription polymerase chain reaction 
(RT-PCR) as previously described[19], using the follow-
ing pairs of  oligonucleotides: IL10RA-5’UTR-FP/IL-
10RA-3’UTR-RP; IL10RB-5’UTR-FP/IL10RB-3’UTR-
RP. Two fragments of  2023 bp and 1197 bp, respectively, 
were produced. The PCR products were analysed on a 
1% agarose gel in a tris-acetic acid (TAE)-EDTA stand-
ard buffer, and visualised by ethidium bromide staining 
(Table 1).

Sequence analysis of  IL10RA and IL10RB mRNA: 
Sequence analysis of  IL10RA and IL10RB full length 
coding regions was performed on amplified fragments 
from the cDNA of  the proband and his healthy fam-
ily members, using the following primer pairs, localised 

inside these regions: IL10RA-5’UTRb-FP; IL10RA-3’
UTRb-RP; IL10RA-3cFP; IL10RA-4cRP; IL10RA-
6cFP; IL10RA-7cRP; IL10RB-5’UTRb-FP; IL10RB-3’
UTRb-RP; IL10RB-4cFP; IL10RB-5cRP (Table 1). The 
analysis was performed in a 3100 Genetic Analyzer 
(Applied Biosystems, Foster City, CA). For nucleotide 
numbering, the first A of  the initiator ATG codon is 
nucleotide +1 of  IL10RA and IL10RB mRNA sequenc-
es [GenBank Accession numbers: NM_001558.3 and 
NM_000628.3, respectively]; all oligonucleotides were 
obtained with primer-BLAST Software (http://www.
ncbi.nlm.nih.gov/tools/primer-blast/).

Real time RT-PCR quantification analysis: Real time 
PCR quantification analysis was performed for IL10RA 
and IL10RB messengers. The relative expression was 
calculated with the comparative Ct method. Patient num-
bering corresponds to that adopted in Figure 1A. Three 
millilitres of  peripheral blood cells from the UC patient, 
his healthy family members and 8 healthy subjects were 
pelleted after erythrocyte lysis and resuspended in Trizol 
reagent. The mean value across all of  the healthy sam-
ples (H1-8) was used as a calibrator to measure the relative 
expression. IL10RA and IL10RB mRNA quantification 
was carried out by amplifying fragments spanning the 
junctions between exons 3-4, for IL10RA messenger 
and exons 4-5 for IL10RB messenger, compared to the 
glucuronidase transcript fragment, using the oligonucle-
otides described above: IL10RA-3cFP/IL10RA-4cRP; 
IL10RB-4cFP/IL10RB-5cRP (Table 1). The quantitative 
real time assays were performed using the iCycler iQ 
Real Time Detection System BIO-RAD as previously 
described[19]. 

Molecular analysis of IL10RA gene
Genomic PCR and sequencing: Genomic DNA was 
extracted from 3 mL of  peripheral blood cells of  UC 
patient, using Nucleon BACC2 Kit (Amersham Biosci-
ences). Genomic PCR and sequencing of  all exons was 
performed for IL10RA gene, using oligonucleotides 
complementary to intronic neighbouring boundary re-
gions of  each exon, described in Table 1. The GenBank 
Accession number of  IL10RA genomic sequence is: 
(NC_ 000011.9/gi:224589802). Mutational analysis of  
IL10RA promoter region, from bp -2159 to bp +1, was 
performed by PCR and sequencing. This region was 
amplified into three overlapping fragments of  788, 782 
and 788 bp in molecular weight, respectively, using the 
following primer pairs: IL10RAp1-FP/IL10RAp1-RP; 
IL10RAp2-FP/IL10RAp2-RP; IL10RAp3-FP/IL-
10RAp3-RP (Table 1). 

Amplification refractory mutation-PCR of  the -413G->T 
IL10-RA promoter mutation: We set up an amplification 
refractory mutation-PCR (ARMS-PCR) reaction to ana-
lyse 200 DNA extracted from blood samples of  control 
subjects apparently healthy, for the -413G->T promoter 
mutation identified in the UC proband and his mother. 
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Table 1  Oligonucleotide sequences

This ARMS reaction was performed with following oli-
gonucleotide primers: IL10RA-ARMS-FP-N; IL10RA-
ARMS-FP-M; IL10RA-ARMS-R (Table 1). 

Gene copy number quantification of  IL10RA gene: 
For the genomic quantification of  IL10RA gene, spe-
cific amplified fragments were compared to a fragment 
of  the exon 15 of  MUTYH gene. For IL10RA specific 
quantification, two short fragments, one inside exon 4 
and the other inside exon 7, were amplified, using the 
following primer pairs: IL10RA-4cFP/IL10RA-4c2RP; 
IL10RA-7cFP/IL10RA-7c2RP (Table 1). Patient num-
bering corresponds to that adopted in Figure 1A.

In silico analysis
In silico analysis of  the -413G->T point mutation was 
performed using the Patch 1.0 software. Patch is a pattern-
based program for predicting transcription factor binding 
sites (TFBS) in DNA sequences. It uses the set of  bind-
ing sites from TRANSFAC® Public 6.0 and is free online 
available at the web site: http://www.biobase-internation-
al.com/.

β-catenin, TNFRI and TNFRII protein analysis in 
peripheral blood cells of UC patients 
Western blotting assay of  β-catenin, TNFRI and TN-
FRII proteins: Total protein was extracted from 3 mL 
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RT-PCR of IL10RA and IL10RB of full length coding regions
IL10RA-5’UTR-FP: GTCCCAGCCCAAGGGTAG  [NM_001558.3; start: + 5]
IL10RA-3’UTR-RP: CACCCACATACCCTGCACTA        [NM_001558.3; start: + 2027]
IL10RB-5’UTR-FP: GTCGTGTGCTTGGAGGAAG    [NM_000628.3; start: + 57]
IL10RB-3’UTR-RP: GTGGCTAAGTCCAGGGTCTG        [NM_000628.3; start: + 1223]

Sequence analysis of IL10RA and IL10RB messenger/real time RT-PCR 
quantification analysis

IL10RA-5’UTRb-FP: TCAGACGCTCATGGGACA      [NM_001558.3; start: + 132]
IL10RA-3’UTRb-RP: CCCAGTGGACTTGCAGAAA        [NM_001558.3; start: + 1938]
IL10RA-3cFP: AACTGGACCGTCACCAACAC      [NM_001558.3; start: + 405]
IL10RA-4cRP: AATCTTCCCGAGGATGAAGC      [NM_001558.3; start: + 506]
IL10RA-6cFP: AGCTACCCAGTGTCCTGCTC      [NM_001558.3; start: + 871]
IL10RA-7cRP: CAAAAAGGCCTCCTCATCAA      [NM_001558.3; start: + 983]
IL10RB-5’UTRb-FP: CATGGCGTGGAGCCTT    [NM_000628.3; start: + 99]
IL10RB-3’UTRb-RP: GATGGTCTTGGCCCTTGTT        [NM_000628.3; start: + 1177]
IL10RB-4cFP: GTGCAATACTGGAAAAACGGT      [NM_000628.3; start: + 565]
IL10RB-5cRP: CCCTCGAACTTGAACACAATAA      [NM_000628.3; start: + 678]

Genomic PCR and sequencing
IL10RAp1-FP: GCGGTTTGAGGCTCAGC                  [NC_ 000011.9; start: + 117856447]
IL10RAp1-RP:  CAAGACGGAGGCTGAGGA                  [NC_ 000011.9; start: + 117857234]
IL10RAp2-FP: CTAGCAGGGGAAGAGCAGC                  [NC_ 000011.9; start: + 117855574]
IL10RAp2-RP: AACCTTCGTCTCCCAGGTTC                  [NC_ 000011.9; start: + 117856355]
IL10RAp3-FP: TGAGCCAAGTGACACAGAGG                  [NC_ 000011.9; start: + 117855023]
IL10RAp3-RP: TTGAACATATACCCTGCTGAAGAG                  [NC_ 000011.9; start: + 117855810]
IL10RA-1FP: CTGTCAGTCCCAGCCCAA                [NC_ 000011.9; start: + 17857104]
IL10RA-1RP: TCTCCACTGGATGGAGAACTTTA                  [NC_ 000011.9; start: + 117857327]
IL10RA-2FP: TTGGTAAAATTGGGGTCATCA                  [NC_ 000011.9; start: + 117859029]
IL10RA-2RP: GCCCTCAGGCACTCACTTC                  [NC_ 000011.9; start: + 117859328]
IL10RA-3FP: AAGCTCGTTTCCAGTGCCTA                  [NC_ 000011.9; start: + 117860120]
IL10RA-3RP: GGCAGACATGGTGAGCTATG                  [NC_ 000011.9; start: + 117860439]
IL10RA-4FP: ACAAACCTGTGGCCAAGTTT                  [NC_ 000011.9; start: + 117863822]
IL10RA-4RP: CACACAAGGGTGCTTCCAG                  [NC_ 000011.9; start: + 117864202]
IL10RA-5FP: ATCACCTCTAAAGGCCCACC                  [NC_ 000011.9; start: + 117864629]
IL10RA-5RP: GGATGCAGAGCTATGTGAAGC                  [NC_ 000011.9; start: + 117864993]
IL10RA-6FP: TTTCATGGGACCAGAGTCCT                  [NC_ 000011.9; start: + 117866223]
IL10RA-6RP: CTGGCTGGGAGGAAAAGAG                  [NC_ 000011.9; start: + 117864993]
IL10RA-7.1FP: GCTCTCCTCCTGGGCCT                  [NC_ 000011.9; start: + 117869338]
IL10RA-7.1RP: CGGCCCTCAGAGTTTTGA                  [NC_ 000011.9; start: + 117869854]
IL10RA-7.2FP: ACCTGGGAGCAACAGGTG                  [NC_ 000011.9; start: + 117869775]
IL10RA-7.2RP: CGTGCCTAACTTCTGCCC                  [NC_ 000011.9; start: + 117870445]

ARMS PCR of the -413G->T IL10-RA promoter mutation
IL10RA-ARMS-FP-N: CCGGCACGCCAGGCAAAAGCGGCTCGGTCG                  [NC_ 000011.9; start: + 117856738]
IL10RA-ARMS-FP-M: CCGGCACGCCAGGCAAAAGCGGCTCGGTCT                  [NC_ 000011.9; start: + 117856738]
IL10RA-ARMS-RP: GCCTCCAGTGCCTTCGGATCAA                  [NC_ 000011.9; start: + 117856897]

Gene copy number quantification of IL10RA gene
IL10RA-4cFP: TCCTCGGGAAGATTCAGCTA      [NM_001558.3; start: + 493]
IL10RA-4c2RP: TGCGAATGGCAATCTCATAC      [NM_001558.3; start: + 594]
IL10RA-7cFP: ACTGAAGAGCCCCAGTTCCT        [NM_001558.3; start: + 1065]
IL10RA-7c2RP: GCTGTCTGTGCTATTGCTGC        [NM_001558.3; start: + 1187]
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of  peripheral blood cells (approximately 5-7 × 103/mL 
cells) using Trizol reagent (Invitrogen, Life Technologies, 
CA) following the manufacturer’s instructions. Concen-
trations were determined and Western blotting assay 
was performed as previously described[19]. The primary 
antibody against amino-terminal β-catenin was from Cell 
Signaling Technology (Beverly, MA). Primary antibodies 
against TNFRI and TNFRII were from R&D System 
(R and D System, Minneapolis). The antibody against 
actin was from Santa Cruz (Santa Cruz, CA). H1-5 and 
H6-10 are mixes of  healthy subjects. PHTS and FAP 
are two patients affected by PTEN hamartoma tumour 
syndrome and adenomatous polyposis coli syndrome, re-
spectively. Ⅰ-1, Ⅰ-2, Ⅱ-1 and Ⅱ-2 are UC family mem-
bers as reported in Figure 1A. 

Real time PCR quantification analysis of  COX2 mRNA: 
Real time PCR quantification analysis was performed for 
COX2 messengers. Relative expression was calculated with 
the comparative Ct method and normalised against the Ct 
of  Glucuronidase (GUS) mRNA. The quantitative RNA 
real time assays were performed as described before. To 
better normalise the healthy values, we used three blood 
mixes as controls, each containing five samples collected 
from healthy subjects, for a total of  fifteen controls. H1-5, 

H6-10, H11-15 are mixes of  healthy subjects. Hm is the 
mean value among all healthy samples used as calibrator to 
measure the relative expression. Patient numbering corre-
sponds to that adopted in Figure 1A.

β-catenin, TNFRI and TNFRII proteins expression in 
colorectal mucosa
Western blotting assay of  β-catenin, TNFRI and TN-
FRII proteins: Total protein was extracted from the 
injured colorectal mucosa of  the IBD proband and from 
healthy and tumour mucosa collected from patients af-
fected by FAP and sporadic colorectal cancer using Trizol 
reagent (Invitrogen, Life Technologies, CA) following the 
manufacturer’s instructions. Western blotting analysis of  
β-catenin (amino-terminal antigen), TNFRI and TNFRII 
was performed as previously described.

Incubation with mesalazine and azathioprine of  es-
tablished colon fibroblast culture: Samples of  colorectal 
mucosa from IBD proband and one FAP patient were 
washed three times in PBS containing 300 U/mL penicillin, 
300 μg/mL streptomycin, and 2.5 μg/mL amphotericin B 
(all from Gibco BRL, Karlsruhe, Germany), finely minced 
with scissors (tissue pieces of  approximately 30 mm3) and 
digested in 2 mL 0.1% collagenase Ⅱ (Boehringer Man-
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Figure 1  Molecular characterisation of variant alleles within interleukin-10 receptor genes in the inflammatory bowel diseases family members. A: Pedi-
gree of the inflammatory bowel diseases (IBD) family and genomic single-nucleotide polymorphisms identified: interleukin-10 (IL10) RA: - 413G->T (A); IL10RA-rs.: 
2256111 Esone 4 c.549A->G (p.153Ala->Ala) (B); IL10RA-rs.:2229113 Esone 7 c.1051A->G (p.351Arg->Gly) (C); IL10RA-rs.:9610 3’UTR c.2543G->A (D); IL10RB-
rs.: 2834167 Esone 1 c.139G->A (p.47 Lys ->Glu) (E); B: Sequence analysis of IL10RA promoter region. Sequence analysis was performed on amplified fragments 
from gDNA of the patients. Reported here are the electropherogram around the identified mutation - 413G->T. The specific mutated nucleotide is shown within the 
black box; C: Gel-electrophoresis of the amplification refractory mutation-polymerase chain reaction performed for the - 413G->T IL10RA promoter mutations. Patient 
numbering corresponds to that adopted in the shown above pedigree.
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nheim, Mannheim, Germany) in DMEM-15% FBS for 2 h 
at 37 ℃, 5% CO2. The cell suspension was then collected 
by centrifugation, washed twice with serum-free DMEM 
medium, and subsequently cultured for 7 d in DMEM-15% 
FBS/CHANG C medium (1:1), 100 U/mL penicillin, 100 
μg/mL streptomycin, and 2.5 μg/mL amphotericin B (all 
from Gibco BRL, Karlsruhe, Germany). Primary fibrob-
lasts from IBD and FAP patients were stabilised, cultured 
on plates, and incubated with mesalazine (30 mmol/L) and 
azathioprine (30 mmol/L) for 12 h, alternatively. A com-
bination of  real time PCR of  IL10 receptors and Western 
blotting analysis of  TNFα and TNFα receptors were per-
formed as previously described.

RESULTS
Variant alleles of the IL10 receptor genes act in a 
synergistic manner in the onset of UC 
Molecular screening of  IL10RA and IL10RB, performed 
on the proband and his relatives, revealed the presence 
of  multiple SNPs in the patient, inherited from his par-
ents, as shown in Figure 1A. 

Specifically, the proband was heterozygous for the 
IL10RB E47K polymorphism (rs2834167, A/G geno-
type), inherited from his father, described to be associat-
ed with a low level of  specific mRNA expression (to the 
A allele). As shown in Figure 1, he was also carrier of  an 
IL10RA promoter point mutation (the -413G->T point 
mutation), inherited from his mother and not previously 
described in literature. In silico analysis of  this mutation, 
performed using the Patch 1.0 software, shows that it 
alters a binding site for the Sp1 transcription factor. This 
genomic variant represents a specific mutation of  this 
IBD family because it was not identified in 200 healthy 
subjects. The proband’s father and his brother were 
both homozygous for IL10RB E47K polymorphism (rs 
rs.:2834167 A/A genotype; 47K/K), whereas his mother 
was heterozygous A/G. Only the proband and his moth-
er were carriers of  the -413G->T point mutation identi-
fied in the promoter region of  the IL10RA gene. For the 
following SNPs of  IL10RA, the rs2256111, localised in 
the exon 4 (c.549A->G; p.153Ala->Ala), the rs.:2229113, 
localised in the exon 7 (c.1051A->G; p.351Arg->Gly) 
and the rs.:9610, localised in the 3’UTR (c.2543G->A), 
the proband was homozygous G/G, G/G and A/A, re-
spectively. These tree polymorphisms were A/G hetero-
zygous in all other family members (Figure 1A). Using 
DNA real-time PCR for gene dosage of  IL10RA gene, 
we ruled out the presence of  intragenic or whole gene 
deletion (Figure 2A).

IL10 receptor variants are associated with mRNA under-
expression
Associated with these genomic variants, we observed a 
under-expression of  IL10RA and IL10RB mRNA in the 
proband compared to the average values of  8 healthy 
subjects, which segregates with each specific variant 
among the family members. In fact, as revealed by 
mRNA real-time quantification of  both mRNAs of  IL10 
receptors shown in Figure 2B, only the proband and his 
mother, carriers of  the -413G->T promoter point muta-
tion, showed a decrease in IL10RA mRNA. In contrast, 
the proband’s father and his brother, both homozygous 
A/A for the IL10RB E47K polymorphism, show very 
low levels of  IL10RB mRNA expression (fold change 
of  approximately 0.19 and 0.18, respectively), whereas 
the proband and his mother, who were heterozygous 
A/G for this polymorphism, showed approximately 
50% mRNA expression of  the IL10RB compared to the 
mean value across eight healthy samples used as a cali-
brator (fold change of  approximately 0.5 and 0.7 for the 
proband’s mother and the proband himself, respectively). 
Furthermore, only the proband and his mother showed 
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Figure 2  Real time polymerase chain reaction analysis of interleukin-10 
receptors and COX2 performed on peripheral blood cells. A: Copy number 
quantification of interleukin-10 (IL10) gene. Real time polymerase chain reaction 
(PCR) quantification analysis was performed for IL10RA. IL10RA-exon4: Ampli-
fied fragment at the boundaries of exon 4 and IVS4 of the gene; IL10RA-exon7: 
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numbering corresponds to that adopted in the pedigree shown in Figure 1A. B: 
Real time PCR quantification analysis of IL10RA and IL10RB mRNA. Real time 
RT-PCR quantification analysis was performed for IL10RA and IL10RB mRNA. 
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the relative expression; C1 to C8: Healthy subjects. Patient numbering corre-
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COX2 overexpression, analysed in peripheral blood cells 
(Figure 2C).

Alteration of WNT/β-catenin pathway and TNFα 
receptors expression in the UC patient
As shown in Figure 3A, β-catenin and TNFRI protein 
were both over-expressed in the peripheral blood cells of  
the proband’s relatives more than the proband. In con-
trast, TNFRII was over-expressed only in the proband. 
None of  these proteins were detectable in healthy con-
trols. When investigated in colon mucosa, both TNFα 
receptors were observed to be under-expressed in the in-
flamed colon mucosa and colorectal cancer compared to 
healthy colon mucosa. In the FAP patient, normal colon 
mucosa and polyps express TNFα receptors at the same 
level. Furthermore, as expected, β-catenin expression is 
much higher in the polyp than in normal mucosa. (Figure 
3B) 

Effects of mesalazine and azathioprine on primary 
fibroblasts
Finally, we show that after incubation with mesalazine 

and azathioprine of  primary fibroblasts of  the proband 
and of  a FAP patient, drugs induce IL10RB mRNA and 
TNFRII protein over-expression, whereas TNFRI pro-
tein was under-expressed. A decrease of  TNFα expres-
sion was also observed after incubation with azathio-
prine but not with mesalazine only in the IBD patient. 
Fibroblasts isolated from an FAP patient did not show 
any signal for TNFα hybridisation in our experimental 
conditions (Figure 4).

DISCUSSION
A recent study demonstrated that mutations in IL10 or 
its receptor lead to a loss of  IL10 function and cause 
severe intractable enterocolitis in infants and small chil-
dren[20,21]. In another approach to determining the genet-
ic basis for these disorders, Moran et al[16] identified risk 
SNPs for very early onset IBD. Two SNPs, rs2228054 
and rs2228055, were frequently found in the heterozy-
gous state among IBD patients and inherited as a hap-
lotype. The authors propose that the conferred risk may 
be due to one or both SNPs. Alternatively, the increased 
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Figure 3  β-catenin, tumour necrosis factor α receptors-I and II protein expression performed on peripheral blood cells and colon mucosa. A: Western 
blotting assay of β-catenin tumour necrosis factor α receptors-I (TNFRI) and TNFRII performed on protein extracts from peripheral blood cells. Familial adenomatous 
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risk may reside in a regulatory region (e.g., promoter) in 
linkage disequilibrium with these SNPs and suggest that 
this risk haplotype exerts a mild phenotype in the gen-
eral population resulting in disease only in the presence 
of  other genetic variants or environmental triggers[16].

As suggested by Moran et al[16] and also described for 
other human diseases[22], our results confirm that early-
onset IBD could be attributed to a synergistic effect 
of  several variant alleles of  the genes encoding IL10 
receptors. These variants, alone, could only give rise to 
a sub-clinical manifestation of  the disease. In fact, the 
proband’s father and his brother, both carriers of  homo-
zygous A/A polymorphism E47K for the IL10RB gene 
but without the -413G->T promoter mutation in the IL-
10RA gene, were apparently not affected. The proband’s 
mother shows a genotype very similar to the proband. In 
fact, they are both heterozygous for the E47K IL10RB 

gene polymorphism and for the -413G->T promoter 
mutation in the IL10RA gene. They show different 
mRNA expression for the IL10RA gene and quantita-
tive real-time PCR revealed a 0.1 and 0.6-fold change 
for the IL10RA mRNA in the proband and his mother, 
respectively. This different gene expression could be due 
to other intragenic SNPs in the IL10RA gene whose al-
leles are different, such as, the rs.:2256111, localised in 
exon 4 (c.549A->G; p.153Ala->Ala), the rs.:2229113, lo-
calised in exon 7 (c.1051A->G; p.351Arg->Gly) and the 
rs.:9610, localised in the 3’UTR (c.2543G->A), that were 
homozygous G/G, G/G and A/A in the proband but 
A/G heterozygous in all other family members. How-
ever, we cannot rule out other gene expression regula-
tory mechanisms. Possibly due to the different IL10RA 
mRNA expression, the proband’s mother has not devel-
oped the disease. However, she referred to an episode 
of  rectal bleeding and shows increased levels of  COX2 
mRNA expression in peripheral blood cells. 

In a recent study, 66 early onset IBD patients were 
analysed. The authors identified 16 patients with loss-
of-function mutations in the IL10 or IL10R genes. A 
variety of  mutations were discovered. Most patients 
were born from consanguineous parents and they car-
ried homozygous biallelic mutations (point mutations or 
deletions). However, some patients also presented com-
pound heterozygous mutations. Genotype/phenotype 
correlations were not clearly observed. In fact, siblings 
sharing the same homozygous IL10RB mutation showed 
a remarkably distinct level of  disease severity, suggest-
ing that the phenotypic manifestation is dependent on 
other intrinsic or extrinsic factors that remain presently 
unknown[21,23].

Non-coding single nucleotide polymorphisms (SNPs) 
can be associated with qualitative and quantitative chang-
es. Furthermore, genetic changes may affect transcrip-
tion-factor-binding sequences, locus accessibility, transla-
tional efficiency and trans-regulators such as noncoding 
RNAs and microRNAs[12]. Cis- or trans-expression quan-
titative trait loci are detected for approximately half  of  
the IBD risk regions, indicating that allele-specific gene-
expression changes contribute to disease risk[24].

Unexpectedly, we observed β-catenin and TNFRI 
protein over-expression in the peripheral blood cells of  
the proband’s apparently healthy relatives more than in 
the proband himself. FAP and PHTS patients, but not 
healthy subjects, also expressed this protein, as previ-
ously described[19]. Therefore, we suggest that these 
proteins could represent a good candidate for molecular 
markers of  sub-clinical disease in relatives of  patients 
with UC. Previous studies showed that faecal calprotec-
tin concentration in patients with CD and relatives dif-
fered significantly from controls, suggesting that there 
is a high prevalence of  subclinical disease in first-degree 
relatives of  these patients. This result conforms to an 
additive inheritance pattern in which the genetic basis 
for this abnormality may represent a risk factor for CD 
and UC[25,26]. 
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Because no therapeutic approach was successful in 
patients who are carriers of  IL10 pathway alterations, we 
investigated the effect of  mesalazine and azathioprine 
on the expression of  IL10 receptors, TNFα and TNFα 
receptors. In agreement with our hypothesis, we found 
TNFRI under-expression and TNFRII and IL10RB 
over-expression in primary fibroblasts incubated with 
mesalazine and azathioprine, in both the UC and FAP 
patients. In the UC patient only, azathioprine, but not 
mesalazine, induces a TNFα decrease.

These observations could suggest that these drugs 
are only able to partially restore IL10 pathway function in 
UC, by activation of  IL10RB, but not IL10RA, transcrip-
tion. On the other hand, under-expression of  TNFRI and 
over-expression of  TNFRII could increase the risk of  
colorectal cancer-associated colitis in UC patients. As de-
scribed by Chang et al[27], TNFRI has tumour suppressor 
activity in the context of  colitis-associated cancer, and the 
role of  TNFRII in cell proliferation is well known.

Current therapeutic strategies for paediatric IBD 
include the use of  exclusive enteral nutrition, cortico-
steroids, mesalamine, sulfasalazine, immunomodulators 
(azathioprine, 6-mercaptopurine, methotrexate) and 
anti-TNFα-antibodies[22,28]. Aminosalicylates are the 
undisputed first-line option for treating and maintain-
ing remission in UC[29]. However, the role that these 
drugs may play in the management of  Crohn’s disease 
has been controversial. Thiopurine drugs, azathioprine 
and mercaptopurine, have been shown to be effective 
in inducing and maintaining remission in IBD[30]. Most 
epidemiological studies have shown that the chronic use 
of  5-ASA in IBD has chemopreventive effects on the 
development of  CRC[14,31], although some studies failed 
to show this, as described by Velayos et al[32].

TNF signals via two cell surface receptors, TNFRI 
and TNFRII, resulted in several, sometimes oppos-
ing, cellular responses that vary by context and cell na-
ture[33,34]. In the colonic mucosa, TNF is involved in both 
cell survival and cell death[35]. Additionally, increased 
levels of  TNF have been found in the setting of  cancers, 
including those of  the pancreas, skin, and ovaries[36]. 
With specific regard to colon carcinogenesis, TNF activ-
ity has been shown both to promote and to protect from 
neoplastic transformation[37-39] and there are case studies 
of  development of  cancer in other organ systems (lym-
phatic and skin) following the use of  anti-TNF for IBD 
or rheumatological disease[40]. For this reason, we inves-
tigated protein expression of  TNF receptors in colon 
mucosa of  the UC patient compared to that of  normal 
and cancer colon mucosa from patients affected by FAP 
and sporadic colorectal cancer. In agreement with the 
hypothesis suggested by Chang et al[27] about the tumour 
suppressor activity of  TNFRI in the context of  colitis-
associated carcinogenesis, we found not only a decrease 
in the expression of  TNFRI but also of  TNFRII in 
colorectal cancer when compared to normal colon mu-
cosa for each patient. The expression of  TNF receptor 
proteins in colon mucosa of  our UC patient was at an 

intermediate level between that observed in colorectal 
tumour tissue and normal mucosa of  CRC patients. 

In conclusion, our results, in agreement with data 
from recently published literature[5,16,22], indicate that 
early-onset UC could be caused by a synergistic effect of  
more variant alleles of  the IL10 receptors gene, resulting 
in alteration of  the IL10 pathway. In our opinion, a dos-
age model of  nonallelic non-complementation fits well 
with this case, whereby mutations in two different genes 
can behave as alleles of  the same locus by causing or ex-
acerbating the same phenotype. However, we cannot ex-
clude, as described for others syndromes, that different 
mechanisms, such as alternative splicing mechanisms[41,42] 
or allelic variants of  modifier genes, could contribute to 
the observed phenotypic variability[22].

In addition, we suggest that the expression of  β-catenin 
and TNFRI protein could represent molecular markers of  
sub-clinical disease in apparently healthy relatives of  pa-
tients. Recent findings suggest that chronic inflammation 
in IL10-/- mice increased P-β-catenin552 expression. 
Moreover, TNFRI exerts its tumour suppressor activity 
by modulating activation of  β-catenin and controlling 
epithelial proliferation[43]. It clearly appears that classical 
therapeutic approaches do not seem adequate for IBD 
patients who are carriers of  IL10 pathway alterations 
because under-expression of  TNFRI signalling would 
confer increased risk of  developing colitis associated-
carcinoma. Allogenic hematopoietic stem cell transplan-
tation could represent a causal therapeutic approach for 
IL10R-deficient patients, useful for the treatment of  the 
intractable ulcerating enterocolitis of  the infant, as re-
cently suggested[14,15,20-22].

COMMENTS
Background
Inflammatory bowel diseases (IBD) are chronic relapsing inflammatory dis-
orders thought to result from an inappropriate and continuing inflammatory 
response to commensal microbes in a genetically susceptible host. Mutations 
in interleukin-10 (IL10) or its receptor lead to a loss of IL10 function and cause 
severe intractable enterocolitis in infants and small children.
Research frontiers
Increased numbers and activation of immune cells in the intestinal mucosa 
enhance local levels of tumour necrosis factor-α (TNFα) and several proinflam-
matory IL. Recent work has demonstrated that IBD with an early onset can be 
monogenic and IL10 polymorphisms have been associated with IBD in genome-
wide association studies. The aims of this work were to clarify the molecular 
basis of disease in this young child, shedding light on a synergistic effect of 
IL10RA and IL10RB polymorphisms. The authors also assessed the possible 
presence and inheritance of subclinical intestinal inflammation in apparently 
healthy relatives of this patient with ulcerative colitis (UC). 
Innovations and breakthroughs
Recent studies have shown that loss-of-function mutations in IL10RA, IL10RB 
and IL10 genes, in immunodeficient patients, are associated with severe, 
infantile-onset IBD. In particular, literature reports have highlighted the role of 
IL10RA polymorphisms in the risk for developing very early onset UC. This is 
the first study reporting that IL10RA polymorphisms could have synergistic ef-
fect with those of IL10RB. The authors propose that these risk polymorphisms 
exert a mild phenotype in the general population resulting in disease only in the 
presence of other genetic variants in the IL10RA or IL10RB. Furthermore, these 
observations would suggest an inherited abnormality of beta catenin and TNFRI 
in the proband’s relatives.
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Applications 
This work expands the understanding of the complex inheritance pattern of very 
early onset ulcerative colitis. It seems possible that the subclinical phenotypic 
manifestations identified in the first-degree relatives of the proband represents 
the consequence of inherited defects of IL10R genes, which then represent one 
of the risk factors for the disease. This study could contribute to identifying at-
risk families for very early onset UC allowing clinicians to perform genetic tests 
and appropriate care.
Terminology
IL10 is an anti-inflammatory cytokine secreted by a variety of cell types and is 
critical for maintaining immune homeostasis in the gastrointestinal tract. IL10 
activates downstream signalling by binding to IL10R, comprised of two α sub-
units (encoded by IL10RA) and two beta subunits (encoded by IL10RB). 
Peer review
The authors investigated the molecular cause of very early-onset inflammatory 
bowel disease in an 18-mo-old child as well as his relatives. They concluded 
that a synergistic effect of several variant alleles of the IL10 receptor genes, 
inherited in a Mendelian manner, is involved in IBD onset in this young child. 
This study supports a special enthusiasm about the potential power of genom-
ics to define the aetiology and/or phenotype of diseases. When a single specific 
case or family is studied, the discovery of new functional polymorphisms and 
the functional consequences of these mutations deserves attention even if the 
functional characterisation and the real pathogenic contribution of susceptible 
genes are hard to assess in complex disorders such as IBD.

REFERENCES
1 Khor B, Gardet A, Xavier RJ. Genetics and pathogenesis 

of inflammatory bowel disease. Nature 2011; 474: 307-317 
[PMID: 21677747 DOI: 10.1038/nature10209]

2 Abraham C, Medzhitov R. Interactions between the host in-
nate immune system and microbes in inflammatory bowel 
disease. Gastroenterology 2011; 140: 1729-1737 [PMID: 21530739 
DOI: 10.1053/j.gastro.2011.02.012]

3 Matricon J, Barnich N, Ardid D. Immunopathogenesis of 
inflammatory bowel disease. Self Nonself 2010; 1: 299-309 
[PMID: 21487504 DOI: 10.4161/self.1.4.13560]

4 Bouguen G, Chevaux JB, Peyrin-Biroulet L. Recent advanc-
es in cytokines: therapeutic implications for inflammatory 
bowel diseases. World J Gastroenterol 2011; 17: 547-556 [PMID: 
21350703 DOI: 10.3748/wjg.v17.i5.547]

5 Abraham C, Cho JH. Inflammatory bowel disease. N Engl 
J Med 2009; 361: 2066-2078 [PMID: 19923578 DOI: 10.1056/
NEJMra0804647]

6 Bamias G, Nyce MR, De La Rue SA, Cominelli F. New con-
cepts in the pathophysiology of inflammatory bowel disease. 
Ann Intern Med 2005; 143: 895-904 [PMID: 16365470 DOI: 
10.7326/0003-4819-143-12-200512200-00007]

7 Andoh A, Yagi Y, Shioya M, Nishida A, Tsujikawa T, Fuji-
yama Y. Mucosal cytokine network in inflammatory bowel 
disease. World J Gastroenterol 2008; 14: 5154-5161 [PMID: 
18777592 DOI: 10.3748/wjg.14.5154]

8 Fantini MC, Monteleone G, Macdonald TT. New players in 
the cytokine orchestra of inflammatory bowel disease. Inflamm 
Bowel Dis 2007; 13: 1419-1423 [PMID: 17712836 DOI: 10.1002/
ibd.20212]

9 Franke A, McGovern DP, Barrett JC, Wang K, Radford-
Smith GL, Ahmad T, Lees CW, Balschun T, Lee J, Roberts 
R, Anderson CA, Bis JC, Bumpstead S, Ellinghaus D, Festen 
EM, Georges M, Green T, Haritunians T, Jostins L, Latiano A, 
Mathew CG, Montgomery GW, Prescott NJ, Raychaudhuri 
S, Rotter JI, Schumm P, Sharma Y, Simms LA, Taylor KD, 
Whiteman D, Wijmenga C, Baldassano RN, Barclay M, Bay-
less TM, Brand S, Büning C, Cohen A, Colombel JF, Cottone 
M, Stronati L, Denson T, De Vos M, D’Inca R, Dubinsky M, 
Edwards C, Florin T, Franchimont D, Gearry R, Glas J, Van 
Gossum A, Guthery SL, Halfvarson J, Verspaget HW, Hugot 
JP, Karban A, Laukens D, Lawrance I, Lemann M, Levine 
A, Libioulle C, Louis E, Mowat C, Newman W, Panés J, 

Phillips A, Proctor DD, Regueiro M, Russell R, Rutgeerts P, 
Sanderson J, Sans M, Seibold F, Steinhart AH, Stokkers PC, 
Torkvist L, Kullak-Ublick G, Wilson D, Walters T, Targan 
SR, Brant SR, Rioux JD, D’Amato M, Weersma RK, Kugath-
asan S, Griffiths AM, Mansfield JC, Vermeire S, Duerr RH, 
Silverberg MS, Satsangi J, Schreiber S, Cho JH, Annese V, 
Hakonarson H, Daly MJ, Parkes M. Genome-wide meta-
analysis increases to 71 the number of confirmed Crohn’
s disease susceptibility loci. Nat Genet 2010; 42: 1118-1125 
[PMID: 21102463 DOI: 10.1038/ng.717]

10 Anderson CA, Boucher G, Lees CW, Franke A, D’Amato 
M, Taylor KD, Lee JC, Goyette P, Imielinski M, Latiano A, 
Lagacé C, Scott R, Amininejad L, Bumpstead S, Baidoo L, 
Baldassano RN, Barclay M, Bayless TM, Brand S, Büning 
C, Colombel JF, Denson LA, De Vos M, Dubinsky M, Ed-
wards C, Ellinghaus D, Fehrmann RS, Floyd JA, Florin T, 
Franchimont D, Franke L, Georges M, Glas J, Glazer NL, 
Guthery SL, Haritunians T, Hayward NK, Hugot JP, Jobin 
G, Laukens D, Lawrance I, Lémann M, Levine A, Libioulle 
C, Louis E, McGovern DP, Milla M, Montgomery GW, Mor-
ley KI, Mowat C, Ng A, Newman W, Ophoff RA, Papi L, 
Palmieri O, Peyrin-Biroulet L, Panés J, Phillips A, Prescott 
NJ, Proctor DD, Roberts R, Russell R, Rutgeerts P, Sander-
son J, Sans M, Schumm P, Seibold F, Sharma Y, Simms LA, 
Seielstad M, Steinhart AH, Targan SR, van den Berg LH, 
Vatn M, Verspaget H, Walters T, Wijmenga C, Wilson DC, 
Westra HJ, Xavier RJ, Zhao ZZ, Ponsioen CY, Andersen V, 
Torkvist L, Gazouli M, Anagnou NP, Karlsen TH, Kupcin-
skas L, Sventoraityte J, Mansfield JC, Kugathasan S, Silver-
berg MS, Halfvarson J, Rotter JI, Mathew CG, Griffiths AM, 
Gearry R, Ahmad T, Brant SR, Chamaillard M, Satsangi J, 
Cho JH, Schreiber S, Daly MJ, Barrett JC, Parkes M, Annese 
V, Hakonarson H, Radford-Smith G, Duerr RH, Vermeire 
S, Weersma RK, Rioux JD. Meta-analysis identifies 29 ad-
ditional ulcerative colitis risk loci, increasing the number 
of confirmed associations to 47. Nat Genet 2011; 43: 246-252 
[PMID: 21297633 DOI: 10.1038/ng.764]

11 Momozawa Y, Mni M, Nakamura K, Coppieters W, Almer 
S, Amininejad L, Cleynen I, Colombel JF, de Rijk P, Dewit 
O, Finkel Y, Gassull MA, Goossens D, Laukens D, Lémann 
M, Libioulle C, O’Morain C, Reenaers C, Rutgeerts P, Tysk 
C, Zelenika D, Lathrop M, Del-Favero J, Hugot JP, de Vos 
M, Franchimont D, Vermeire S, Louis E, Georges M. Rese-
quencing of positional candidates identifies low frequency 
IL23R coding variants protecting against inflammatory 
bowel disease. Nat Genet 2011; 43: 43-47 [PMID: 21151126 
DOI: 10.1038/ng.733]

12 Khalil AM, Guttman M, Huarte M, Garber M, Raj A, Rivea 
Morales D, Thomas K, Presser A, Bernstein BE, van Ou-
denaarden A, Regev A, Lander ES, Rinn JL. Many human 
large intergenic noncoding RNAs associate with chromatin-
modifying complexes and affect gene expression. Proc Natl 
Acad Sci USA 2009; 106: 11667-11672 [PMID: 19571010 DOI: 
10.1073/pnas.0904715106]

13 MacDonald TT, Monteleone I, Fantini MC, Monteleone G. 
Regulation of homeostasis and inflammation in the intes-
tine. Gastroenterology 2011; 140: 1768-1775 [PMID: 21530743 
DOI: 10.1053/j.gastro.2011.02.047]

14 Glocker EO, Kotlarz D, Boztug K, Gertz EM, Schäffer AA, 
Noyan F, Perro M, Diestelhorst J, Allroth A, Murugan D, 
Hätscher N, Pfeifer D, Sykora KW, Sauer M, Kreipe H, 
Lacher M, Nustede R, Woellner C, Baumann U, Salzer U, 
Koletzko S, Shah N, Segal AW, Sauerbrey A, Buderus S, 
Snapper SB, Grimbacher B, Klein C. Inflammatory bowel 
disease and mutations affecting the interleukin-10 receptor. 
N Engl J Med 2009; 361: 2033-2045 [PMID: 19890111 DOI: 
10.1056/NEJMoa0907206]

15 Kotenko SV, Krause CD, Izotova LS, Pollack BP, Wu W, 
Pestka S. Identification and functional characterization of a 
second chain of the interleukin-10 receptor complex. EMBO 

8668 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

Galatola M et al . Interleukin-10-receptor in early-onset UC



J 1997; 16: 5894-5903 [PMID: 9312047 DOI: 10.1093/em-
boj/16.19.5894]

16 Moran CJ, Walters TD, Guo CH, Kugathasan S, Klein C, 
Turner D, Wolters VM, Bandsma RH, Mouzaki M, Zachos 
M, Langer JC, Cutz E, Benseler SM, Roifman CM, Silverberg 
MS, Griffiths AM, Snapper SB, Muise AM. IL-10R polymor-
phisms are associated with very-early-onset ulcerative colitis. 
Inflamm Bowel Dis 2013; 19: 115-123 [PMID: 22550014 DOI: 
10.1002/ibd.22974]

17 Levine A, Griffiths A, Markowitz J, Wilson DC, Turner D, 
Russell RK, Fell J, Ruemmele FM, Walters T, Sherlock M, 
Dubinsky M, Hyams JS. Pediatric modification of the Mon-
treal classification for inflammatory bowel disease: the Paris 
classification. Inflamm Bowel Dis 2011; 17: 1314-1321 [PMID: 
21560194 DOI: 10.1002/ibd.21493]

18 Schroeder KW, Tremaine WJ, Ilstrup DM. Coated oral 5-amino-
salicylic acid therapy for mildly to moderately active ulcerative 
colitis. A randomized study. N Engl J Med 1987; 317: 1625-1629 
[PMID: 3317057 DOI: 10.1056/NEJM198712243172603]

19 Galatola M, Paparo L, Duraturo F, Turano M, Rossi GB, Izzo 
P, De Rosa M. Beta catenin and cytokine pathway dysregula-
tion in patients with manifestations of the “PTEN hamar-
toma tumor syndrome”. BMC Med Genet 2012; 13: 28 [PMID: 
22520842 DOI: 10.1186/1471-2350-13-28]

20 Glocker EO, Kotlarz D, Klein C, Shah N, Grimbacher B. 
IL-10 and IL-10 receptor defects in humans. Ann N Y Acad 
Sci 2011; 1246: 102-107 [PMID: 22236434 DOI: 10.1111/
j.1749-6632.2011.06339.x]

21 Kotlarz D, Beier R, Murugan D, Diestelhorst J, Jensen O, 
Boztug K, Pfeifer D, Kreipe H, Pfister ED, Baumann U, Pu-
chalka J, Bohne J, Egritas O, Dalgic B, Kolho KL, Sauerbrey 
A, Buderus S, Güngör T, Enninger A, Koda YK, Guariso G, 
Weiss B, Corbacioglu S, Socha P, Uslu N, Metin A, Wahbeh 
GT, Husain K, Ramadan D, Al-Herz W, Grimbacher B, Sau-
er M, Sykora KW, Koletzko S, Klein C. Loss of interleukin-10 
signaling and infantile inflammatory bowel disease: impli-
cations for diagnosis and therapy. Gastroenterology 2012; 143: 
347-355 [PMID: 22549091 DOI: 10.1053/j.gastro.2012.04.045]

22 Duraturo F, Liccardo R, Cavallo A, De Rosa M, Grosso M, 
Izzo P. Association of low-risk MSH3 and MSH2 variant 
alleles with Lynch syndrome: probability of synergistic ef-
fects. Int J Cancer 2011; 129: 1643-1650 [PMID: 21128252 DOI: 
10.1002/ijc.25824]

23 Spehlmann ME, Begun AZ, Burghardt J, Lepage P, Raedler 
A, Schreiber S. Epidemiology of inflammatory bowel dis-
ease in a German twin cohort: results of a nationwide study. 
Inflamm Bowel Dis 2008; 14: 968-976 [PMID: 18253950 DOI: 
10.1002/ibd.20380]

24 He X, Fuller CK, Song Y, Meng Q, Zhang B, Yang X, Li H. 
Sherlock: detecting gene-disease associations by matching 
patterns of expression QTL and GWAS. Am J Hum Genet 2013; 
92: 667-680 [PMID: 23643380 DOI: 10.1016/j.ajhg.2013.03.022]

25 Thjodleifsson B, Sigthorsson G, Cariglia N, Reynisdottir I, 
Gudbjartsson DF, Kristjansson K, Meddings JB, Gudnason V, 
Wandall JH, Andersen LP, Sherwood R, Kjeld M, Oddsson E, 
Gudjonsson H, Bjarnason I. Subclinical intestinal inflamma-
tion: an inherited abnormality in Crohn’s disease relatives? 
Gastroenterology 2003; 124: 1728-1737 [PMID: 12806605 DOI: 
10.1016/S0016-5085(03)00383-4]

26 Montalto M, Curigliano V, Santoro L, Armuzzi A, Cammarota 
G, Covino M, Mentella MC, Ancarani F, Manna R, Gasbarrini 
A, Gasbarrini G. Fecal calprotectin in first-degree relatives of 
patients with ulcerative colitis. Am J Gastroenterol 2007; 102: 
132-136 [PMID: 17100982 DOI: 10.1111/j.1572-0241.2006.00884.
x]

27 Chang F, Lacey MR, Bouljihad M, Höner Zu Bentrup K, 
Fortgang IS. Tumor necrosis factor receptor 1 functions as 
a tumor suppressor. Am J Physiol Gastrointest Liver Physiol 
2012; 302: G195-G206 [PMID: 22052015 DOI: 10.1152/ajp-
gi.00209.2011]

28 Van Assche G, Dignass A, Reinisch W, van der Woude CJ, 
Sturm A, De Vos M, Guslandi M, Oldenburg B, Dotan I, Mar-
teau P, Ardizzone A, Baumgart DC, D’Haens G, Gionchetti 
P, Portela F, Vucelic B, Söderholm J, Escher J, Koletzko S, 
Kolho KL, Lukas M, Mottet C, Tilg H, Vermeire S, Carbonnel 
F, Cole A, Novacek G, Reinshagen M, Tsianos E, Herrlinger 
K, Oldenburg B, Bouhnik Y, Kiesslich R, Stange E, Travis S, 
Lindsay J. The second European evidence-based Consensus 
on the diagnosis and management of Crohn’s disease: Special 
situations. J Crohns Colitis 2010; 4: 63-101 [PMID: 21122490 
DOI: 10.1016/j.crohns.2009.09.009]

29 Kornbluth A, Sachar DB. Ulcerative colitis practice guidelines 
in adults: American College Of Gastroenterology, Practice 
Parameters Committee. Am J Gastroenterol 2010; 105: 501-523; 
quiz 524 [PMID: 20068560 DOI: 10.1038/ajg.2009.727]

30 Gisbert JP, Chaparro M, Gomollón F. Common misconcep-
tions about 5-aminosalicylates and thiopurines in inflamma-
tory bowel disease. World J Gastroenterol 2011; 17: 3467-3478 
[PMID: 21941413 DOI: 10.3748/wjg.v17.i30.3467]

31 Koelink PJ, Robanus-Maandag EC, Devilee P, Hommes 
DW, Lamers CB, Verspaget HW. 5-Aminosalicylic acid in-
hibits colitis-associated but not sporadic colorectal neopla-
sia in a novel conditional Apc mouse model. Carcinogenesis 
2009; 30: 1217-1224 [PMID: 19420017 DOI: 10.1093/carcin/
bgp113]

32 Velayos FS, Terdiman JP, Walsh JM. Effect of 5-aminosalicy-
late use on colorectal cancer and dysplasia risk: a systematic 
review and metaanalysis of observational studies. Am J 
Gastroenterol 2005; 100: 1345-1353 [PMID: 15929768 DOI: 
10.1111/j.1572-0241.2005.41442.x]

33 Ebach DR, Newberry R, Stenson WF. Differential role of tu-
mor necrosis factor receptors in TNBS colitis. Inflamm Bowel 
Dis 2005; 11: 533-540 [PMID: 15905700 DOI: 10.1097/01]

34 Ebach DR, Riehl TE, Stenson WF. Opposing effects of tumor 
necrosis factor receptor 1 and 2 in sepsis due to cecal liga-
tion and puncture. Shock 2005; 23: 311-318 [PMID: 15803053 
DOI: 10.1152/ajpgi.00142.2011]

35 Corredor J, Yan F, Shen CC, Tong W, John SK, Wilson G, 
Whitehead R, Polk DB. Tumor necrosis factor regulates 
intestinal epithelial cell migration by receptor-dependent 
mechanisms. Am J Physiol Cell Physiol 2003; 284: C953-C961 
[PMID: 12466150 DOI: 10.1152/ajpcell.00309.2002]

36 Pezzilli R, Corsi MM, Barassi A, Morselli-Labate AM, Do-
gliotti G, Casadei R, Corinaldesi R, D’Eril GM. The role of in-
flammation in patients with intraductal mucinous neoplasm 
of the pancreas and in those with pancreatic adenocarcinoma. 
Anticancer Res 2010; 30: 3801-3805 [PMID: 20944173 DOI: 
10.1158/0008-5472]

37 Balkwill F. Tumor necrosis factor or tumor promoting fac-
tor? Cytokine Growth Factor Rev 2002; 13: 135-141 [PMID: 
11900989 DOI: 10.1016/S1359-6101(01)00020-X]

38 Grimm M, Lazariotou M, Kircher S, Höfelmayr A, Germer 
CT, von Rahden BH, Waaga-Gasser AM, Gasser M. Tumor 
necrosis factor-α is associated with positive lymph node 
status in patients with recurrence of colorectal cancer-indi-
cations for anti-TNF-α agents in cancer treatment. Cell Oncol 
(Dordr) 2011; 34: 315-326 [PMID: 21573932 DOI: 10.1007/
s13402-011-0027-7]

39 Popivanova BK, Kitamura K, Wu Y, Kondo T, Kagaya T, 
Kaneko S, Oshima M, Fujii C, Mukaida N. Blocking TNF-
alpha in mice reduces colorectal carcinogenesis associated 
with chronic colitis. J Clin Invest 2008; 118: 560-570 [PMID: 
18219394 DOI: 10.1172/JCI32453]

40 Ochenrider MG, Patterson DJ, Aboulafia DM. Hepatosplenic 
T-cell lymphoma in a young man with Crohn‘s disease: case 
report and literature review. Clin Lymphoma Myeloma Leuk 2010; 
10: 144-148 [PMID: 20371449 DOI: 10.3816/CLML.2010.n.021]

41 De Rosa M, Galatola M, Borriello S, Duraturo F, Masone S, 
Izzo P. Implication of adenomatous polyposis coli and MU-
TYH mutations in familial colorectal polyposis. Dis Colon 

8669 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

Galatola M et al . Interleukin-10-receptor in early-onset UC



Rectum 2009; 52: 268-274 [PMID: 19279422 DOI: 10.1007/
DCR.0b013e318197d15c]

42 De Rosa M, Morelli G, Cesaro E, Duraturo F, Turano M, 
Rossi GB, Delrio P, Izzo P. Alternative splicing and nonsense-
mediated mRNA decay in the regulation of a new adenoma-
tous polyposis coli transcript. Gene 2007; 395: 8-14 [PMID: 
17360132 DOI: 10.1016/j.gene.2006.10.027]

43 Lee G, Goretsky T, Managlia E, Dirisina R, Singh AP, Brown 
JB, May R, Yang GY, Ragheb JW, Evers BM, Weber CR, Turn-
er JR, He XC, Katzman RB, Li L, Barrett TA. Phosphoinositide 
3-kinase signaling mediates beta-catenin activation in intes-
tinal epithelial stem and progenitor cells in colitis. Gastroen-
terology 2010; 139: 869-881, 881.e1-9 [PMID: 20580720 DOI: 
10.1053/j.gastro.2010.05.037]

P- Reviewers: Corleto VD, Yamakawa M    
S- Editor: Zhai HH    L- Editor: A    E- Editor: Liu XM

8670 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

Galatola M et al . Interleukin-10-receptor in early-onset UC



8671 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

Dietary-suppression of hepatic lipogenic enzyme expression 
in intact male transgenic mice

Maria Notarnicola, Maria Gabriella Caruso, Angela Tafaro, Valeria Tutino, Giusy Bianco, Mario Minoia, 
Antonio Francavilla

Maria Notarnicola, Maria Gabriella Caruso, Valeria Tutino, 
Laboratory of Nutritional Biochemistry, National Institute for Di-
gestive Diseases, Castellana Grotte, 70013 Bari, Italy
Angela Tafaro, Giusy Bianco, Mario Minoia, Animal Facil-
ity, National Institute for Digestive Diseases, Castellana Grotte, 
70013 Bari, Italy
Antonio Francavilla, Scientific Direction, National Institute for 
Digestive Diseases, Castellana Grotte, 70013 Bari, Italy
Author contributions: Notarnicola M and Caruso MG have 
equally contributed to this work; Francavilla A designed the 
study; Notarnicola M and Tutino V performed the research; Ta-
faro A, Bianco G and Minoia M performed animal care; Notar-
nicola M and Caruso MG analyzed the data and wrote the paper.
Correspondence to: Maria Notarnicola, ScD, Laboratory of 
Nutritional Biochemistry, National Institute for Digestive Dis-
eases, Via della Resistenza, Castellana Grotte, 70013 Bari, 
Italy. maria.notarnicola@irccsdebellis.it
Telephone: +39-80-4994342  Fax: +39-80-4994313
Received: March 18, 2013       Revised: April 16, 2013 
Accepted: May 7, 2013
Published online: December 14, 2013

Abstract
AIM: To study, in intact male transgenic mice, the ef-
fects of three diets based on olive oil and olive oil diet 
supplemented with lovastatin and orlistat on hepatic 
lipogenic enzymes expression, considered markers of 
cell proliferation. 

METHODS: Forty ApcMin/+ mice were randomly divided 
into 4 groups and fed for 10 wk: olive oil (OO) group, 
n  = 10 animals received a diet with olive oil 12%; olive 
oil plus lovastatin (LOVA) group, n  = 10 animals re-
ceived the same diet with olive oil supplemented with 
lovastatin 5 mg/kg; olive oil plus orlistat (OR) group, n  
= 10 animals fed the diet with olive oil supplemented 
with orlistat 50 mg/kg and SD group, n  = 10 animals 
fed a standard diet. The activity of lipogenic enzymes 
and their gene expression were evaluated by radiomet-

ric and real-time reverse transcription-polymerase chain 
reaction assay, respectively. 

RESULTS: After 10 wk of dietary treatment, the body 
weight was no different among animal groups (21.3 ± 
3.1 g for standard group, 22.1 ± 3.6 g for OO group, 
22.0 ± 3.2 g for LOVA group and 20.7 ± 3.4 g for OR 
group, data expressed as mean ± SD), observing a 
generalized well-being in all animals. All the dietary 
managed treated groups presented significantly re-
duced hepatic levels of fatty acid synthase, farnesyl py-
rophosphate synthase and 3-hydroxyl-3-methyl-glutaryl 
CoA reductase activity and gene expression when com-
pared with the mice fed the standard diet. To evaluate 
cell proliferation in the liver of treated mice, the levels 
of cyclin E mRNA have been measured, demonstrating 
a significant reduction of cyclin E  gene expression in all 
treated groups. Evidence of reduced hepatic cell prolif-
eration was present overall in OO group mice.

CONCLUSION: We confirm the role of lipogenic en-
zymes as markers of cell proliferation, suggesting that 
appropriate dietary management alone or with drugs 
can be a feasible approach to counteract hepatic cell 
proliferation in mice.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Lipogenic enzymes; Liver; Markers of cell 
proliferation; Transgenic mice; Dietary treatment

Core tip: The olive oil diet significantly reduces the en-
zymatic activities, as well as the expression of hepatic 
cell cycle related genes. The addition of drugs as lovas-
tatin and orlistat to olive oil diet more down-regulated 
the studied lipogenic enzymes, demonstrating that the 
inhibition of these enzymes with natural components of 
diet could have a potential benefit in association with 
canonical chemical substances to counteract hepatic 
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INTRODUCTION
Several alterations of  lipid metabolism are often found 
in tumors, where neoplastic lipogenesis is essential for 
cancer cell survival[1]. Cancer cells esterify fatty acids pre-
dominantly to phospholipids, essential component of  
cell membranes. The main pathway through which pro-
liferating cells gain lipids for membrane synthesis is the 
endogenous mevalonate pathway[2,3]. Increased synthesis 
of  mevalonate and mevalonate derived isoprenoids sup-
ports increased cell proliferation through the activation 
of  growth-regulatory proteins and oncoproteins and by 
promoting DNA synthesis[4,5].

Endogenous fatty acid synthesis is dependent on the 
activity of  fatty acid synthase (FAS). This enzyme is over-
expressed in many types of  malignancies, including pros-
tate, breast, lung and colon cancer[6-8]. The tumor envi-
ronment contains regions of  poor oxygenation and high 
acidity, and FAS over-expression could confer a selective 
growth advantage upon these unfavorable conditions[9]. 

It is known that hydroxyl-3-methyl-glutaryl CoA re-
ductase (HMGCoAR) activity is up-regulated severalfold 
in colon tumors and not regulated by feedback inhibition 
from cholesterol compared with normal mucosa[2,10,11]. 
Alterations in biosynthetic processes of  the mevalonate 
pathway and in the levels of  enzyme products participat-
ing in this biochemical system may contribute to the cell 
growth advantage acquired during carcinogenic process 
and to the development of  malignancy. 

In cancer, high levels of  mevalonate-derived metabo-
lites, such as isoprenoid compounds have been dem-
onstrated[5,12,13]. Several HMGCoA metabolites, such as 
farnesyl pyrophosphate (FPP) and geranyl pyrophosphate 
are implicated in oncogene activation and tumorigen-
esis[14]. FPP, produced by activity of  FPP synthase, is the 
substrate for the farnesylation of  a wide number of  pro-
teins implicated as potential growth regulators. FPP syn-
thase gene is over-expressed in different human tumors 
as well as an upregulation of  FPP synthase has been de-
tected in about 85% of  hepatocellular carcinoma[15]. An 
elevated FPP synthase expression has also been observed 
in rat prostate tumor cell lines[16].

 Previously, we demonstrated an high FPP synthase 
activity in human colorectal cancer[17]. 

The regulation of  lipogenic enzymes abundance in 
cancer cells is complex and occurs at the transcriptional 
or posttranscriptional levels. Several studies show that 

blockade of  these enzymes can attenuate the growth and 
survival of  tumor cells[1,18,19], being potential target for 
cancer therapy.

Moreover, promotion and progression of  carcinogen-
esis are susceptible to nutritional interventions aimed at 
counteracting cancer development[20]. In this respect, ol-
ive oil consumption has been demonstrated to reduce the 
incidence of  aberrant crypt foci in azoxymethane-treated 
rats[21]. Furthermore, olive oil is able to down-regulate the 
expression of  cyclooxygenase-2 and BCL-2 proteins that 
plays a crucial role in colorectal carcinogenesis[22]. Olive 
oil healthy effects can be attributed not only to the higher 
relationship between unsaturated and saturated fatty ac-
ids, but also to the antioxidant property of  its phenolic 
compounds, as oleuropein and hydroxytyrosol (HT). As 
antioxidants, polyphenols may protect cell constituents 
against oxidative damage and act as highly effective che-
mopreventive agents[23,24]. 

Olive oil polyphenols are quickly absorbed by intes-
tine, but the biotransformation of  absorbed HT should 
take place mostly in the liver. Taking into account this 
point, the aim of  the present study was to test in the 
ApcMin/+ mouse model three diets based on olive oil and 
olive oil diet supplemented with lovastatin and orlistat, 
known agents with antitumor activity and inhibitors of  
HMGCoAR and FAS, respectively. Since high serum 
concentration of  the lipid and liver steatosis have been 
observed in ApcMin/+ mice[25,26], this experimental model 
was selected to evaluate a putative hepatic dietary-induced 
down-regulation of  lipogenic enzymes. 

MATERIALS AND METHODS
Animals and experimental study design
Five-week-old C57BL/6J mice with an heterozygote mu-
tation for the Apc gene (ApcMin/+) were obtained from 
Charles River (Calco, CO, Italy). The mice were main-
tained in the animal care facility at our Institute. They 
were kept in temperature, air- and light-controlled condi-
tions and received food and water ad libitum. Animals did 
not receive any surgical or hormonal manipulation but 
were kept anatomically and physiologically intact. All ani-
mals received care in compliance to the “Guide for the 
Care and Use of  Laboratory Animals”. The procedures 
related to animal use have been communicated to the 
Italian Ministry of  Health and approved.

Forty ApcMin/+ mice were randomly divided into 4 
groups and fed for 10 wk: olive oil (OO) group, n = 10 
animals received a diet with olive oil 12% (12.5% protein, 
12% oils and fats, 3% fibers); lovastatin (LOVA) group, n 
= 10 animals received the same diet with olive oil supple-
mented with lovastatin 5 mg/kg; orlistat (OR) group, n 
= 10 animals fed the diet with olive oil supplemented 
with orlistat 50 mg/kg and SD group, n = 10 animals fed 
a standard diet (18.5 % protein, 5% oils and fats, 4.2% 
fibers). Any diet was provided in pellets by Mucedola 
Srl, Settimo Milanese, Italy. Body weight and food intake 
were measured every 3 d.
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After 10 wk of  dietary treatment, the animals were 
killed by cervical dislocation. The liver from each animal 
was immediately excised and washed with phosphate 
buffered saline. Samples of  fresh liver tissue were rapidly 
frozen and stored at -80  ℃ and the counterpart speci-
mens were fixed in 10% buffered formalin to assess his-
tological analysis. 

FAS activity assay
FAS activity was determined on frozen liver samples. 
After tissue homogenization and centrifugation, an ali-
quot of  supernatant (50 μL) was pre-incubated with 100 
mmol/L potassium phosphate buffer, pH = 7 for 15 min 
at 37 ℃. Subsequently, 20 μL of  reaction mix (2.5 mmol/
L NADPH, 1.25 mmol/L acetyl-CoA, 1.25 mmol/L 
malonyl-CoA and 0.02 mmol/L 2-14C-malonyl-CoA (52 
mCi/mmol, Amersham Biosciences, United Kingdom) 
were added and samples were incubated for 10 min at 
37 ℃. Reactions were stopped by the addition of  500 
μL 1 mol/L HCl/methanol (6:4, v:v); fatty acids were 
extracted with 1 mL of  petroleum ether and incorpora-
tion of  2-14C-malonyl-CoA was analyzed by scintillation 
counting. FAS activity was expressed as picomoles of  in-
corporated 2-14C-malonyl-CoA per minute per milligram 
of  total proteins (pmol/min/mg prot). 

Preparation of microsomal fraction 
Frozen hepatic tissue specimens were placed in cold 
homogenization buffer containing 0.3 mol/L su-
crose, 10 mmol/L EDTA (pH = 7.4) and 1 mmol/L 
2-β-mercaptoethanol. Each homogenate was centrifuged 
at 900 × g for 5 min at 4 ℃; the supernatant was further 
centrifuged at 8700 g for 10 min; the pellet was discarded 
and the supernatant was centrifuged at 10000 g for 10 
min to obtain microsomal fraction. Each pellet was resus-
pended in 0.2 mL ice-cold buffer containing 20 mmol/L 
imidazol (pH = 7.4), 5 mmol/L dithiothreitol. 

FPP synthase activity assay
FPP synthase assay was carried out with some modifica-
tions of  the procedure of  Krisans et al[13] and described 
by Gupta et al[27]. Briefly, FPP synthase was assayed in 150 
μL containing 25 mmol/L Hepes, pH = 7, 2 mmol/L 
MgCl2, 1 mmol/L dithiothreitol, 5 mmol/L KF, 1% 
noctyl-β-glucopyranoside, 3.3 μmol/L [4-14C] IPP (18 
Ci/mmol), 3 μmol/L unlabeled IPP and 20 μmol/L 
geranyl diphosphate. Reactions were started by adding 
40 μL of  microsomal fraction containing 100 μg of  to-
tal protein and incubated for 45 min at 37 ℃. Reactions 
were stopped by the addition of  150 μL 2.5 mol/L HCl 
in 80% ethanol containing 100 μg/mL farnesol as a car-
rier. The samples were hydrolyzed for 30 min at 37 ℃ 
to convert the FPP to farnesol and neutralized by the 
addition of  150 μL of  10% NaOH. The reaction prod-
uct (farnesol) was extracted into 1 mL of  N-hexane and 
an aliquot (200 μL) of  the organic phase was used for 
radioactivity counting. One unit of  enzyme activity is 
defined as the amount of  enzyme required to synthesize 

one pmol of  FPP per min. Parallel samples were assayed 
to evaluate the total and the nonspecific radioactivity. In 
all experiments, enzyme assays were carried out in dupli-
cate. The coefficient percentages of  intra- and inter-assay 
variation were 3% and 4%, respectively.

HMGCoAR activity assay
HMGCoAR activity was measured by radiochemical 
assay using DL-3-hydroxy-3-methyl-[3-14C]-glutaryl-
coenzyme A (14C-HMGCoA) as substrate. Briefly, 50 μL 
of  microsomal fraction containing about 50 μg of  total 
protein were pre-incubation for 10 min at 37 ℃ with 50 
μL of  cofactors solution containing 1 mol/L potassium-
phosphate buffer (pH = 7.4), 100 mmol/L EDTA (pH 
= 7.4), 50 mmol/L dithiothreitol, 200 mmol/L glucose-
6-phosphate, 25 mmol/L NADP and 0.5 U of  glucose-
6-phosphate dehydrogenase. Reactions were started by 
adding 10 μL of  14C-HMGCoA (specific activity 5.0 
mCi/mmol) in each sample followed by an incubation 
for 20 min at 37 ℃. Reactions were stopped by the addi-
tion of  20 μL of  KOH 33% and incubated for 45 min to 
consent the hydrolysis of  substrate. The subsequent addi-
tion of  50 μL of  5 mol/L HCl and the incubation for 60 
min at 37 ℃ were performed to convert the formed [14C]-
mevalonic acid in [14C]-mevalonolactone. The reaction 
product (14C-mevalonolactone) was extracted into 300 
μL of  N-hexane and an aliquot (200 μL) of  the organic 
phase was used for radioactivity counting. HMGCoAR 
activity was expressed as picomoles of  [14C]-mevalonate 
formed per minute per milligram of  microsomal proteins 
(pmol/min/mg prot). In all experiments, enzyme assays 
were carried out in duplicate. 

Gene expression analysis
Total RNA from samples of  liver tissue was isolated 
with TRI-Reagent (Mol. Res. Centre Inc. Cincinnati, O, 
United States), following the manufacturer’s instruc-
tion. Briefly, the tissue was homogenized in 0.25 mL of  
cold 0.9% NaCl; then, 0.75 mL of  TRI-Reagent and 0.2 
mL of  chloroform were added to the homogenate. The 
samples were vigorously shaken and centrifuged and the 
RNA present in the aqueous phase was precipitated with 
0.5 mL of  isopropanol. The RNA pellet was washed 
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Table 1  Sequences of amplification primers

Gene Primer

FPP synthase Sense 5’-AAAATTGGCACTGACATCCAGG-3’
Antisense 5’-GGGTGCTGCGTACTGTTCAATG-3’

FAS Sense 5’-GATCCTGGAACGAGAACACGA-3’
Antisense 5’-GAGACGTGTCACTCCTGGACTTG-3’

HMGCoAR Sense 5’-GCTTGAGCATCCTGACATAC-3’
Antisense 5’-GAACCATAGTTCCCACGTCT-3’

 Cyclin E Sense 5’-GTCTTCGCAGATCGCAGA-3’
Antisense 5’-GAGACCTTCTGCGACTCCA-3’

β -actin Sense 5’-GCCTCTGGTCGTACCACTGGC-3’
Antisense 5’-AGGGAGGAAGAGGATGCGGCA-3’

FPP: Farnesyl pyrophosphate; FAS: Fatty acid synthase; HMGCoAR: 
3-hydroxyl-3-methyl-glutaryl CoA reductase. 
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known copy number of  molecules (102-107 molecules). 
All expression data were normalized by dividing the 
target amount by the amount of  β-actin used as inter-
nal control for each sample. The specificity of  the PCR 
product was confirmed by gel electrophoresis.

Statistical analysis
The significance of  the differences among experimental 
groups was evaluated with one-way analysis of  variance 
(ANOVA) and Tukey’s Multiple Comparison Test. Dif-
ferences were considered significant at a 5% probability 
level.

RESULTS
After 10 wk of  dietary treatment, the body weight (in 
grams) was no different among animal groups (21.3 ± 3.1 
g for standard group, 22.1 ± 3.6 g for OO group, 22.0 ± 
3.2 g for LOVA group and 20.7 ± 3.4 g for OR group, 
data expressed as mean ± SD), observing a generalized 
well-being in all animals. 

once with 1 mL of  75% ethanol, dried, resuspended in 
sterile water and quantified by UV absorbance. 2 μg of  
total RNA were used for the reverse transcription reac-
tion performed in 20 μL of  final volume at 41 ℃ for 
60 min, using 30 pmol of  antisense primer (Table 1) for 
analyses of  the FAS, FPP synthase, HMGCoAR, cyclin 
E and the β-actin gene. β-actin gene was utilized as ref-
erence gene. Real-time PCRs were performed in 25 μL 
of  final volume containing 2 μL of  cDNA, master mix 
with SYBR Green (iQ SYBR Green Supermix Bio-Rad, 
Milan, Italy) and sense and antisense primers for the 
FAS, FPP synthase, HMGCoAR, cyclin E and the β -actin 
gene (Table 1). 

Real-time polymerase chain reaction (PCR) was car-
ried out in an CFX96 Real-time PCR Detection System 
(Bio-Rad Laboratories, Inc.) using the following protocol: 
45 cycles at 95 ℃ for 3 min, 95 ℃ for 10 s, 55 ℃ for 30 
s followed by a melting curve step at 65 ℃-95 ℃ with a 
heating rate of  0.5 ℃ per cycle for 80 cycles. The PCR 
products were quantified by external calibration curves, 
one for each tested gene, obtained with serial dilutions of  
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All the dietary managed treated groups presented 
significantly reduced levels of  hepatic lipogenic enzymes 
activity when compared with the mice fed the standard 
diet, being such reduction particularly marked in LOVA 
group for HMGCoAR and in OR group for FAS (one-way 
analysis of  variance and Tukey’s Multiple Comparison 
Test, P < 0.05) (Figure 1A). 

The levels of  FPP synthase, FAS and HMGCoAR 
mRNA in liver tissue followed the same behavior of  
protein activities (Figure 1B). Differences statistically 
significant were observed between the three groups of  
treatment and the mice group treated with standard diet 
for all enzymes studied (one-way analysis of  variance and 
Tukey’s Multiple Comparison Test, P < 0.05). For FAS 
mRNA levels, a significant reduction was also detected 
between LOVA group and OR group compared to OO 
group (Figure 1B).

To evaluate cell proliferation in the liver of  treated 
mice, the levels of  cyclin E mRNA have been measured, 
demonstrating a significant reduction of  cyclin E gene 
expression in all treated groups. Evidence of  reduced he-
patic cell proliferation was present overall in OO group 
mice (Figure 2). 

DISCUSSION
Our data support appropriate dietary management as a 
feasible approach to counteract hepatic cell proliferation 
in mice, targeted to the selective down regulation of  FAS, 
FPP synthase and HMGCoAR considered biomarkers of  
cell proliferation.

Understanding the distribution of  roles within a bio-
chemical pathway is clearly important and it provides a 
rationale for selecting a particular reaction step suitable 
for therapeutic intervention.

Statins having biochemical effects on cholesterol syn-
thesis, are considered as potential anti-tumor agents[28], 
inhibiting tumor cell growth by restricting either choles-

terol availability or cholesterol synthesis[28,29]. Previously, 
we have demonstrated that the combined treatment with 
eicosapentaenoic acid (EPA) and lovastatin enhanced the 
regulatory effect on gene expression of  HMGCoAR and 
low density lipoprotein receptor in HepG2 cell line[30]. 
Moreover, we detected a synergistic effect in the inhibi-
tion of  cancer cell proliferation obtained by combination 
of  EPA and Lovastatin, demonstrating an inhibition at 
the lower doses with respect to the substances used sepa-
rately. 

On the other hand, orlistat, as an anti-obesity drug, 
is a novel and selective FAS inhibitor in tumors[1]. More-
over, FAS inhibition by orlistat reduces proliferation and 
promotes apoptosis in prostate, breast and gastric cancer 
cell lines[31,32].

In our previous study[33], we showed a down-regula-
tion of  FAS observed after HT treatment in SW620 cell 
line, suggesting that FAS might be a molecular target for 
anti-proliferative activity of  olive oil polyphenols in a 
metabolically defined subset of  colon cancer. 

In this study the reduction of  cyclin E gene expres-
sion in mice liver by these compounds demonstrates their 
ability to inhibit cell proliferation. This finding supports 
the role of  lipogenic enzymes as markers of  cell growth. 

The olive oil diet significantly reduces the enzymatic 
activities, as well as the expression of  hepatic cell cycle 
related genes. The addition of  drugs as lovastatin and 
orlistat to olive oil diet more down-regulated the studied 
lipogenic enzymes, demonstrating that the inhibition of  
these enzymes with natural components of  diet could 
have a potential benefit in association with canonical 
chemical substances to counteract hepatic cell prolifera-
tion in mice. 
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COMMENTS
Background
Several alterations of lipid metabolism are often found in tumors, where neo-
plastic lipogenesis is essential for cancer cell survival. Increased synthesis of 
mevalonate and mevalonate derived isoprenoids supports increased cell pro-
liferation through the activation of growth-regulatory proteins and oncoproteins 
and by promoting DNA synthesis. Promotion and progression of carcinogenesis 
are susceptible to nutritional interventions aimed at counteracting cancer devel-
opment. In this respect, olive oil consumption has been demonstrated to reduce 
the incidence of colorectal cancer. Olive oil healthy effects can be attributed not 
only to the higher relationship between unsaturated and saturated fatty acids, 
but also to the antioxidant property of its phenolic compounds, as oleuropein 
and hydroxytyrosol. 
Research frontiers
Alterations in biosynthetic processes of the mevalonate pathway and in the lev-
els of enzyme products participating in this biochemical system may contribute 
to the cell growth advantage acquired during carcinogenic process and to the 
development of malignancy. The blockade of these enzymes can attenuate the 
growth and survival of tumor cells, being potential target for cancer therapy. 
Their paper demonstrates that the inhibition of lipogenic enzymes with natural 
components of diet could have a potential benefit in association with canonical 
chemical substances to counteract hepatic cell proliferation in mice. 
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Figure 2  Cyclin E mRNA levels (mean ± SE) in the four groups of treat-
ment. Data expressed as n molecules mRNA cyclin E gene/n molecules mRNA 
β-actin. aP < 0.05 vs SD group (one-way analysis of variance and Tukey’s Mul-
tiple Comparison Test). SD: Standard diet; OO: Olive oil; LOVA: Olive oil plus 
lovastatin; OR: Olive oil plus orlistat. 

Notarnicola M et al . Dietary-suppression of hepatic lipogenic enzyme

 COMMENTS



8676 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

Innovations and breakthroughs
The study supports the role of lipogenic enzymes as markers of cell growth. 
Reported data on possible benefits of olive oil to counteract hepatic cell prolif-
eration in mice, highlight the importance and the innovation that an appropriate 
dietary treatment can be useful in cancer prevention.
Applications
Further studies will be designed to translate the findings in clinical practice. 
Olive oil through its ability to suppress the lipogenic enzymes may provide well-
tolerated novel therapies, particularly in metabolic disorders-related tumors, as 
gastrointestinal cancers.
Terminology
Lipogenic enzymes are involved in lipid metabolism. The lipogenesis is essen-
tial for cell membrane synthesis. The main pathway through which proliferating 
cells gain lipids for membrane synthesis is the endogenous mevalonate path-
way, where the 3-hydroxyl-3-methyl-glutaryl CoA reductase (HMGCoAR) is the 
key enzyme. Among HMGCoAR metabolites, farnesyl pyrophosphate (FPP), 
produced by activity of FPP synthase, is the substrate for the farnesylation of 
a wide number of proteins considered potential growth regulators. Moreover, 
endogenous fatty acid synthesis is dependent on the activity of fatty acid syn-
thase (FAS). FAS is a multi-enzyme protein containing domains for acyl-carrier 
peptide and the seven different catalytic activities required for the conversion of 
acetyl-CoA and malonyl-CoA to palmitate. Expression of FAS is linked to spe-
cific functions such as the conversion and storage of energy in the liver and in 
adipose tissue, and is possibly involved in the regulation of food intake.
Peer review
The aim of this research is to study the effects of three diets based on olive oil 
and olive oil diet supplemented with lovastatin and orlistat on hepatic lipogenic 
enzymes expression in ApcMin/+ mice which are divided randomly into 4 groups 
of 10 animals per group that were fed for 10 wk: Concentration of olive oil used 
was 12%; lovastatin 5 mg/kg; orlistat 50 mg/kg and SD group that was fed a 
standard diet. The activity of lipogenic enzymes and their gene expression were 
evaluated by radiometric and real-time reverse transcription-polymerase chain 
reaction assay. Results show that all the dietary managed treated groups sig-
nificantly reduced hepatic levels of fatty acid synthase, farnesyl pyrophosphate 
synthase and 3-hydroxyl-3-methyl-glutaryl CoA reductase activity and gene 
expression when compared with the mice fed the standard diet. The data are 
the potential interest and they confirm the role of lipogenic enzymes as markers 
of cell proliferation, suggesting that appropriate dietary management alone or 
with drugs can be a feasible approach to counteract hepatic cell proliferation in 
mice. The conclusions indicate that the observed effects could serve as mark-
ers for hepatic cell proliferation.
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Abstract
AIM: To investigate alanine aminotransferase (ALT) and 
sustained virological response (SVR) in chronic hepatitis 
C (CHC) during peginterferon-ribavirin treatment.

METHODS: One hundred and fifty-one genotype 1 
CHC patients underwent treatment for 48 wk with 
peginterferon and ribavirin, and were retrospectively 
divided into two groups as having a rapid virological re-
sponse (RVR) (Group 1, n  = 52) and not having an RVR 
(Group 2, n  = 99). We also subdivided each group into 
two according to the initial ALT level being high (Group 
1h and Group 2h) or normal (Group 1n and Group 2n). 
HCV RNA and ALT levels were measured at baseline; 
at 4, 12, 24 and 48 wk during the treatment period; 
and at 24 wk follow-up. ALT levels were also obtained 
at 8 wk. According to the results of ALT, patients were 
enrolled in either the follow-up abnormal or follow-up 
normalized ALT groups at each interval. Patients with 
high and normal ALT levels were compared for each 
interval in terms of SVR. 

RESULTS: The SVR rates were 83% vs  40% (P  = 
0.000), 82% vs  84% (P  = 0.830), and 37% vs  44% 
(P  = 0.466) when comparing Group 1 with 2, 1h with 

1n, and 2h with 2n, respectively. In Group 2h, the SVR 
rates were 34% vs  40% (P  = 0.701), 11% vs  52% (P  
= 0.004), 12% vs  50% (P  = 0.007), 7% vs  50% (P  = 
0.003), 6% vs  53% (P  = 0.001), and 0% vs  64% (P  = 
0.000) when comparing patients with high and normal-
ized ALT levels at week 4, 8, 12, 24, 48 and 72, respec-
tively. The multiple logistic regression analysis revealed 
that RVR (OR = 7.05; 95%CI: 3.1-16.05, P  = 0.000), 
complete early virological response (cEVR) (OR = 17.55; 
95%CI: 6.32-48.76, P  = 0.000), normalization of ALT at 
8 wk (OR = 3.04; 95%CI: 1.31-7.06, P  = 0.008), and 
at 12 wk (OR = 4.21; 95%CI: 1.65-10.76, P  = 0.002) 
were identified as independent significant predictive fac-
tors for SVR.

CONCLUSION: Normalization of ALT at 8 wk may pre-
dict viral response during peginterferon-ribavirin treat-
ment in genotype-1 CHC patients especially without 
RVR.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Rapid virological response (RVR) has been 
acknowledged as a powerful on-treatment predictor of 
sustained virological response (SVR) in the treatment 
of chronic hepatitis C (CHC). However, RVR rates are 
relatively low and a new predictor is needed for CHC 
patients; especially those without RVR. In this context, 
on-treatment alanine aminotransferase (ALT) changes 
may be a new predictor for SVR. In this study, we 
found that ALT normalization at the 8 wk may be an 
important on-treatment predictor for CHC.
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INTRODUCTION
The sustained virological response (SVR) after com-
bined peginterferon and ribavirin treatment in chronic 
hepatitis C (CHC) patients is heterogeneous[1]. Thus, for 
the treatment of  CHC, clinicians would like to establish 
predictive factors for SVR[2]. Pretreatment predictive 
viral factors are hepatitis C virus (HCV) genotype and 
serum HCV RNA levels at baseline, and many host fac-
tors including age, sex, weight, race, liver fibrosis, insulin 
resistance and recently acknowledged presence of  inter-
leukin-28 polymorphism[1,3,4]. 

Once treatment is initiated, rapid virological response 
(RVR) is acknowledged as a powerful on-treatment pre-
dictor of  SVR[5]. However, RVR rates are relatively low 
and a new predictor is needed for CHC patients; espe-
cially those without RVR. In this context, on-treatment 
alanine aminotransferase (ALT) changes may be a new 
predictor for SVR. There are few data evaluating the re-
lationship between on-treatment ALT changes and SVR 
during combination treatment with peginterferon and 
ribavirin in patients with CHC. 

The purpose of  this study was to investigate the rela-
tionship between on-treatment ALT changes and SVR in 
genotype 1 CHC patients during peginterferon-ribavirin 
treatment.

MATERIALS AND METHODS
Patients
Medical records of  patients with CHC, who were treated 
between 2008 and 2012 at the Adana Numune Train-
ing and Research Hospital, Turkey, were retrospectively 
reviewed. Eligible patients had chronic HCV genotype 1 
infection with compensated liver disease and a detectable 
plasma HCV RNA level, and had not been previously 
treated for hepatitis C. Patients who were on treatment 
or had withdrawn because of  adverse events, or were lost 
during follow-up were excluded from the study. Patients 
were also excluded if  they had co-infection with hepatitis 
B or HIV, any other cause of  liver disease such as alcohol 
abuse or autoimmune hepatitis, morbid obesity (Body 
Mass Index > 40), poorly controlled diabetes mellitus 
(glycated hemoglobin value > 8.5%), severe depression 
or a severe psychiatric disorder, or active substance abuse. 
Finally, 151 patients who were followed up for at least 6 
mo after completion of  treatment were included in the 
study. Most patients had undergone liver biopsy within 
6 mo before screening. The liver histology was graded 
by the histological activity index according to the criteria 
of  Ishak et al[6], which comprise two major components 
namely Histological Activity Index and fibrosis. The 
study was approved by our Institutional Review Board 

and was conducted in accordance with provisions of  
the Declaration of  Helsinki and Good Clinical Practice 
guidelines.

Study design
We first categorized 151 patients into two main groups. 
Group 1 included 52 patients with RVR, and Group 2 
included 99 patients without RVR. Each group was then 
subdivided into two according to the initial ALT level: 
Group 1h, patients who had initial abnormal ALT levels 
with RVR; Group 1n, patients who had initial normal 
ALT levels with RVR; Group 2h, patients who had initial 
abnormal ALT levels without RVR; and Group 2n, pa-
tients who had initial normal ALT levels without RVR. 
ALT patterns were analyzed throughout the course of  
treatment and follow-up period.

Treatment with peg-interferon plus ribavirin
Patients with genotype 1 infection were administered pe-
ginterferon α-2a at a dose of  180 μg/wk or peginterferon 
α-2b at the standard dose of  1.5 μg/kg per week; both 
in combination with oral ribavirin at a dose of  1000-1200 
mg/d, according to body weight (< 75 kg, 1000 mg/d; ≥ 
75 kg, 1200 mg/d). Patients underwent treatment for 48 
wk and were followed-up for 24 wk. 

Laboratory assessment
Patients were followed up by blood sample analysis and 
measurement of  biochemical variables. Blood samples 
were tested for complete blood counts, serum ALT 
levels, HCV genotype (baseline only) and serum HCV 
RNA. Serum ALT levels were obtained from all patients 
at baseline and at weeks 4, 8, 12, 24 and 48 of  combined 
peg-interferon and ribavirin treatment, and 24 wk after 
completing therapy. According to the results of  ALT, 
patients were included in either the follow-up abnormal 
or follow-up normalized ALT groups at each interval. 
Patients with high and normal ALT levels were compared 
at weeks 4, 8, 12, 24, and 48 of  treatment; and follow-
up week 24 in terms of  SVR. The upper normal limit for 
serum ALT was 40 IU/L in our laboratory.

Efficacy assessments 
HCV RNA levels were measured with the use of  the 
Cobas TaqMan assay (Roche Diagnostics, Milan, Italy), 
which has a lower limit of  quantitation of  20 IU/mL. 
Real-time polymerase chain reaction with Rotor Gene 
Q (Qiagen, Milan, Italy) was used for genotype determi-
nation. Measurements were obtained at screening visits 
(baseline); weeks 4, 12, 24 and 48 during the treatment 
period; and 24 wk follow-up. The primary endpoint of  
efficacy was SVR (undetectable serum HCV RNA levels 
at 24 wk after completing treatment). RVR was defined 
as undetectable serum HCV RNA level at the end of  4 
wk. Patients with detectable HCV RNA at week 4 (no 
RVR) who had undetectable HCV RNA at week 12 
were said to have a complete early virological response 
(cEVR). End of  treatment response (ETR) was defined 
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as the undetectable serum HCV RNA level at the end 
of  treatment. 

Statistical analysis
Data management and statistical analyses were per-
formed with SPSS for Windows Release 18.0.0 (SPSS 
Inc., Chicago, IL, United States). Results are expressed 
as the mean ± SD. Student’s t test or analysis of  variance 
was used to assess the significance of  SVR rates. Univari-
ate analysis and multiple logistic regression analysis were 
used to identify predictive factors for sustained response. 
In the multiple logistic regression analysis, we determined 
the strength of  the influence of  possible variables (RVR, 
cEVR, normalization of  ALT at 8 and 12 wk) for sus-
tained response. P < 0.05 was considered as statistically 
significant. 

RESULTS
Characteristics and viral responses of the study patients 
according to RVR
RVR was achieved in 52 (34.4%) patients and cEVR 
was achieved in 110 (72.9%) patients. The remaining 41 
patients who did not achieve a cEVR at week 12 had un-
detectable HCV RNA at 24 wk. Comparison of  baseline 
characteristics and virological responses in patients with 
and without RVR are summarized in Table 1. The initial 
ALT level was higher in patients with RVR than patients 
without RVR, although there was no significant differ-
ence in the number of  patients with initial abnormal ALT 
level between the groups. Initial HCV RNA (log10 IU/
mL) was significantly lower and the SVR rate was signifi-
cantly higher in patients with RVR compared to patients 
without RVR. The overall SVR rate was 55%. 

Characteristics and viral responses according to initial 
ALT levels in patients with and without RVR
Baseline characteristics and virological responses accord-
ing to the initial ALT level in patients with and without 
RVR were similar (Table 2). 

During treatment
Schematic diagrams showing patient group flow according 
to initial ALT level and subsequent pattern of  changes in 
patients with and without RVR are shown in Figure 1. 

Viral responses in patients with initial normal ALT levels 
during treatment
Patients who had normal initial ALT levels showed nearly 
sustained normal ALT levels during treatment. Only 
one patient in Group 1n (Figure 1A) and two patients in 
Group 2n (Figure 1B) had variable ALT abnormality dur-
ing treatment. SVR rates were 84% and 44% in Group 1n 
and 2n, respectively.

Viral responses according to ALT normalization during 
treatment
Comparison of  SVR rates in patients with high and nor-
malized ALT levels at weeks 4, 8, 12, 24, 48 and 72 in the 
initial abnormal ALT level groups with and without RVR 
are summarized in Table 3 and illustrated in Figure 2. At 
8 wk, normalization of  ALT became significant in terms 
of  SVR in both groups. 

Analysis of factors that predicted SVR to combination 
therapy
We performed univariate analysis using the χ 2 test to 
investigate the association of  SVR with various factors. 
In the multiple logistic regression for the strength of  
influence factors, RVR (OR = 7.05; 95%CI: 3.1-16.05, 
P = 0.000), cEVR (OR = 17.55; 95%CI: 6.32-48.76, P 
= 0.000), normalization of  ALT at week 8 (OR = 3.04; 
95%CI: 1.31-7.06, P = 0.008), and at week 12 (OR = 4.21; 
95%CI: 1.65-10.76, P = 0.002) were identified as inde-
pendent significant predictive factors for SVR.

DISCUSSION
Treatment with pegylated interferon-α and ribavirin is a 
well-accepted standard of  care for patients with CHC[2]. 
Although this approach appears to be highly effective for 
patients with HCV genotypes 2 or 3, who have a SVR of  
about 80%, the treatment algorithm is less effective for 
patients with HCV genotype 1, because these patients 
have SVR rates of  just 40%-50%[7,8]. There are some 
pretreatment factors related to SVR. Clinicians need to 
know these factors for predicting SVR, to determine 
non-responders as early as possible in order to avoid 
prolonged treatment without benefit[2,9]. The viral fac-
tors are HCV genotype and serum HCV RNA levels at 
baseline and numerous host factors include age, sex, race, 
weight, liver fibrosis, and insulin resistance[1]. Recently, an 
interleukin-28 polymorphism has been acknowledged as 
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Patients with RVR Patients without RVR P 1 value

(Group 1, n  = 52) (Group 2, n  = 99)
  Age (yr)        55.9 ± 12.2       57.9 ± 11.1 0.312
  Male    24 (46.2)    51 (51.5) 0.534
  Initial ALT (IU/L)          87.3 ± 109.8       52.2 ± 40.4 0.005
  Initial abnormal
  ALT level

   33 (63.5)    49 (49.5) 0.103

  Initial HCV RNA
  (log10 IU/ mL)

      5.4 ± 1.1       6.1 ± 0.8 0.000

  cEVR   52 (100) 58 (59) 0.000
  ETR 48 (92) 56 (57) 0.000
  SVR 43 (83) 40 (40) 0.000
  ISHAK score, mean
  ± SD
     Biopsy of receipt    31 (59.6)    63 (63.6) 0.631
     HAI       8.9 ± 3.8       8.2 ± 2.8 0.356
     Fibrosis score       2.9 ± 1.3       2.7 ± 1.4 0.681

Table 1  Comparison of baseline characteristics and virological 
responses in patients with and without rapid virological 
response  n  (%)

1Student’s t test. RVR: Rapid virological response; ALT: Alanine 
aminotransferase; HCV: Hepatitis C virus; EVR: Early virological 
response; ETR: End of treatment response; SVR: Sustained virological 
response; HAI: Histological activity index.
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Patients with RVR (Group 1) P 1 value Patients without RVR (Group 2) P 1 value
Initial abnormal Initial normal Initial abnormal Initial normal 

ALT level ALT level ALT level ALT level
(Group 1h, n  = 33) (Group 1n, n  = 19) (Group 2h, n  = 49) (Group 2n, n  = 50)

Age, yr       54.3 ± 13.8      58.6 ± 8.3 0.222        56.6 ± 12.6     59.2 ± 9.2 0.246
Male    18 (54.6)      6 (31.6) 0.114    26 (53.1)    25 (50.0) 0.763
Initial ALT (IU/ L)       122.4 ± 125.3     26.4 ± 8.2 0.002       78.1 ± 43.9     26.8 ± 7.4 0.000
HCV RNA (log10 IU/mL)       5.6 ± 0.9       5.1 ± 1.4 0.139       6.2 ± 0.9       6.1 ± 0.7 0.748
cEVR   33 (100)   19 (100) NA 29 (59) 29 (58) 0.906
ETR 30 (91) 18 (95) 0.626 26 (53) 30 (60) 0.491
SVR 43 (82) 40 (84) 0.83 18 (37) 22 (44) 0.466

ISHAK Score, mean ± SD
Biopsy of receipt    17 (51.5)    14 (73.7) 0.121    33 (67.4) 30 (60) 0.453
HAI       9.6 ± 3.7       8.0 ± 3.9 0.257       8.7 ± 2.6       7.7 ± 3.0 0.164
Fibrosis score       2.9 ± 1.2       2.9 ± 1.4 0.957       3.0 ± 1.4       2.4 ± 1.4 0.100

Table 2  Comparison of baseline characteristics and virological responses according to the initial alanine aminotransferase level in 
patients with and without rapid virological response  n  (%)

1Student’s t test. RVR: Rapid virological response; ALT: Alanine aminotransferase; HCV: Hepatitis C virus; EVR: Early virological response; ETR: End of 
treatment response; SVR: Sustained virological response; HAI: Histological activity index.

Received Peg-interferon and ribavirin therapy (n  = 151), SVR = 55%

With RVR (n  = 52), 
SVR = 83% Group-1

Without RVR (n  = 99), 
SVR = 40% Group-2

Initial abnormal ALT level (n  = 33), 
SVR = 82% Group-1h

Initial normal ALT level (n  = 19), SVR 
= 84% Group-1n

Abnormal ALT level after 4 
wk (n  =18) SVR = 78%

Normal ALT level after 4 wk 
(n  = 15) SVR = 87% 

Abnormal ALT level after 4 
wk (n  = 0)

Normal ALT level after 4 
wk (n  = 19) SVR = 84%

Abnormal ALT level after 8 wk 
(n  = 9) SVR = 56%

Normal ALT level after 8 wk 
(n  = 24) SVR = 88%

Abnormal ALT level after 8 
wk (n  = 1) SVR = 100%

Normal ALT level after 8 wk 
(n  = 18) SVR = 83%

Abnormal ALT level after 12 
wk (n  = 6) SVR = 50%

Normal ALT level after 12 wk 
(n  = 27) SVR = 89%

Abnormal ALT level after 12 
wk (n  = 1) SVR = 100%

Normal ALT level after 12 wk 
(n  = 18) SVR = 83%

Abnormal ALT level after 24 
wk (n  = 5) SVR = 40%

Normal ALT level after 24 
wk (n  = 28) SVR = 89%

Abnormal ALT level after 
24 wk (n  = 0)

Normal ALT level after 24 wk 
(n  = 19) SVR = 84%

Abnormal ALT level after 
48 wk (n  = 4) SVR = 25%

Normal ALT level after 48 
wk (n  = 29) SVR = 90%

Abnormal ALT level after 
48 wk (n  = 0)

Normal ALT level after 48 wk 
(n  = 19) SVR = 84%

Abnormal ALT level after 
72 wk (n  = 4) SVR = 25%

Normal ALT level after 72 wk 
(n  = 29) SVR = 90%

Abnormal ALT level after 72 
wk (n  = 0)

Normal ALT level after 72 
wk (n  = 19) SVR = 84%

A
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a powerful pretreatment predictor of  SVR[3,4]. 
Once treatment is initiated, the monitoring of  viral 

responses such RVR and early virological response (EVR) 
can further aid in predicting treatment response[5]. As 
for the response-guided approach, RVR is regarded as 
the most important predictor for SVR[10-12]. In a recent 
retrospective analysis of  1383 patients, it was shown 
that achieving RVR correlated with a high probability 
(86%-100%) of  SVR to peginterferon-ribavirin combina-
tion therapy, regardless of  genotype[13]. In another retro-
spective analysis, it was shown that the SVR rate was 42% 
in the absence of  RVR at week 48[14]. Unfortunately, RVR 
rates are small and range from 7.4%-37%[15]. Also, there 
is a positive correlation between the magnitude of  the 
decrease in HCV RNA at week 4 and the probability of  

SVR[16]. We previously  demonstrated that patients with 
a ≥ 3 log10 drop in HCV RNA at week 4 have a high 
probability of  achieving an SVR when treated with ei-
ther peginterferon α-2a-ribavirin or peginterferon α-2b-
ribavirin[17]. In addition, EVR is an important parameter 
for the decision to terminate or continue treatment be-
cause patients without EVR can hardly achieve SVR[18]. 
RVR seems to be the single important on-treatment fac-
tor for SVR. Consequently, there is a need for a new on-
treatment predictor for SVR; especially in patients with-
out RVR. In this context, on-treatment ALT changes may 
be a new predictor for SVR. 

In general, a decreased pattern of  ALT level is the 
accepted basic indicator of  interferon therapeutic effect 
in CHC, and several studies have shown that delayed 

Received Peg-interferon and ribavirin therapy (n  = 151), SVR = 55%

With RVR (n = 52), 
SVR = 83% Group-1

Without RVR (n = 99), 
SVR = 40% Group-2

Initial abnormal ALT level (n  = 49), 
SVR = 37% Group-2h

Initial normal ALT level (n  = 50), SVR 
= 44% Group-2n

Abnormal ALT level after 4 
wk (n = 29) SVR = 34%

Normal ALT level after 4 wk 
(n  = 20) SVR = 40%

Abnormal ALT level after 4 
wk (n  = 2) SVR = 0%

Normal ALT level after 4 
wk (n  = 48) SVR = 46%

Abnormal ALT level after 8 wk 
(n  = 18) SVR = 11%

Normal ALT level after 8 wk 
(n  = 31) SVR = 52%

Abnormal ALT level after 8 
wk (n  = 2) SVR = 50%

Normal ALT level after 8 wk 
(n  = 48) SVR = 44%

Abnormal ALT level after 12 
wk (n  = 17) SVR = 12%

Normal ALT level after 12 wk 
(n  = 32) SVR = 50%

Abnormal ALT level after 12 
wk (n  = 2) SVR = 50%

Normal ALT level after 12 wk 
(n  = 48) SVR = 44%

Abnormal ALT level after 24 
wk (n  = 15) SVR = 7%

Normal ALT level after 48 
wk (n  = 32) SVR = 53%

Abnormal ALT level after 
48 wk (n  = 2) SVR = 0%

Normal ALT level after 48 wk 
(n  = 48) SVR = 46%

Abnormal ALT level after 48 
wk (n  = 17) SVR = 6%

Abnormal ALT level after 
72 wk (n  = 21) SVR = 0%

Normal ALT level after 72 wk 
(n  = 28) SVR = 64%

Abnormal ALT level after 72 
wk (n  = 4) SVR = 0%

Normal ALT level after 72 
wk (n  = 46) SVR = 48%

B

Normal ALT level after 24 
wk (n  = 34) SVR = 50%

Abnormal ALT level after 
24 wk (n  = 2) SVR = 50%

Normal ALT level after 24 wk 
(n  = 48) SVR = 44%

Figure 1  Schematic diagram showing patient group flow according to initial alanine aminotransferase level and subsequent pattern of change in pa-
tients with and without rapid virological response. A: Change in patients with rapid virological response (RVR); B: Change in patients without RVR. ALT: Alanine 
aminotransferase; SVR: Sustained virological response.
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normalization of  ALT levels may indicate poor response 
to interferon therapy[9,19], although the viral response was 
not always associated with biochemical response[6,20].

Serum ALT, a surrogate marker of  hepatocyte dam-
age or death, decreases during antiviral treatment, and 
shows the lowest activity at the end of  treatment[21]. The 
mechanism of  decline of  ALT level is not clear; however 
it can be explained by a reduction in infected cells, a non-
cytolytic cure, or cell removal irrelevant of  ALT dynam-
ics. However, a decreased ALT level at the early phase 
of  treatment is not related to apoptotic activity[22]. Theo-
retically, the rapid declines in ALT may reflect a rapid 
decrease of  ongoing inflammation in the same manner 
as removal of  the virus. The pattern of  viral elimination 
shows a rapid decrease in the first month. Ribeiro et al[21] 
showed that the RVR significantly correlated with the 
decline in ALT levels at week 4 of  treatment. A retro-
spective study of  111 patients with chronic HCV infec-
tion treated by conventional interferon and ribavirin also 
demonstrated that the larger decline in ALT level within 
the first 2 and 4 wk was a predictor of  SVR[23]. These cor-
relations suggest that ALT dynamics can be presented as 
a possibility to reflect rapid virological changes; especially 
in patients with elevated baseline ALT levels. 

Kim et al[24] reported that, instead of  RVR, the rapid 
normalization of  serum ALT level after initiation of  
treatment may play an additional role in predicting SVR. 
They retrospectively analyzed changes in ALT levels be-
tween baseline and week 4 of  treatment in 168 patients 
with chronic HCV infection. Rapid normalization of  
ALT within 1.5 times of  the normal range after treatment 
was found to be significantly associated with improved 
SVR in patients with genotype Ⅰ HCV infection (34.1% 
vs 20.0%, P = 0.01) and non-genotype-1 infection (88.1% 

vs 66.7%, P = 0.11) who had initially high ALT levels. 
This result suggests that rapid normalization of  ALT at 
week 4 of  treatment could be used as a strategy for pre-
dicting SVR in patients with elevated baseline ALT lev-
els; however, its use is limited because of  the paucity of  
knowledge about RVR and the difficulty of  application in 
normal ALT levels. 

A recent report suggested that mild ALT elevations 
(peak ALT value 1-1.5 × baseline value) during treatment 
may reflect ongoing viral activity in non-responders, but 
a more significant rise may reflect a good virological 
response due to an immunomodulating effect of  inter-
feron[25]. However, it was difficult to use these data to 
analyze the reason for on-treatment ALT elevation and 
to elucidate the relationship between on-treatment ALT 
elevation and SVR; especially at week 4 of  treatment. 

In our study, patients with genotype 1 CHC were di-
vided into two groups as those with or without RVR, be-
cause RVR is the most important on-treatment predictor 
of  SVR. The SVR rate was also found to be high in pa-
tients with RVR (83% vs 40.0%, P < 0.001) in our study. 
Each group was further subdivided into two according to 
the initial ALT level being high or normal. The SVR rates 
were similar between patients with high and normal ALT 
levels at baseline and at week 4 in patient with and with-
out RVR. SVR rates were found to be significantly higher 
in patients with normalized ALT at week 8 and thereafter.

In the patient group with RVR, SVR starts at 82% 
at baseline in patients with initially abnormal ALT level. 
SVR declines in patients with continuing abnormal ALT 
levels and increases in patients with normalized ALT 
levels. However, this difference becomes significant, with 
56% vs 88%, only after 8 wk treatment. Later, this differ-
ence increases but at a slower rate, reaching 25% vs 90% 

Initial abnormal ALT level in patients P 2 value Initial abnormal ALT level in patients P 1 value
with RVR (Group 1h, n  = 33) without RVR (Group 2h, n  = 49)

Follow-up Follow-up Follow-up Follow-up 
abnormal ALT normalized ALT abnormal ALT normalized ALT

  After 4 wk
     No. of patients 18 15 29 20
     SVR rate 78 87 0.525 34 40 0.701
  After 8 wk
     No. of patients   9 24 18 31
     SVR rate 56 88 0.049 11 52 0.004
  After 12 wk
     No. of patients   6 27 17 32
     SVR rate 50 89 0.028 12 50 0.007
  After 24 wk
     No. of patients   5 28 15 34
     SVR rate 40 89 0.001   7 50 0.003
  After 48 wk
     No. of patients   4 29 17 32
     SVR rate 25 90 0.006   6 53 0.001
  After 72 wk
     No. of patients   4 29 21 28
     SVR rate 25 90 0.006   0 64 0.000

Table 3  Comparison of sustained virological response in patients with high and normalized alanine aminotransferase levels at week 4, 
8, 12, 24, 48 and 72 in patients with and without rapid virological response 

1Student’s t test; 2Student’s χ 2 test. RVR: Rapid virological response; ALT: Alanine aminotransferase; SVR: Sustained virological response.
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at week 48 (Figure 2A). However, it is difficult to com-
ment on patients with continuing abnormal ALT levels 
because of  the lower number of  patients.

In the patient group without RVR, the decrease in 
SVR is larger in patients with continuing abnormal ALT 
levels. SVR starts at 37% at baseline in patients with ini-
tial abnormal ALT levels, and declines in patients with 
continuing abnormal ALT levels and increases in those 
with normalized ALT levels, as in patients with RVR. 
The difference in SVR levels in those groups becomes 
significant at 8 wk, reaching 11% vs 52%. The difference 
in SVR continues to increase slightly, reaching 6% vs 53% 
at week 48 (Figure 2B).

Although SVR was found to be significantly correlat-
ed with the decline of  ALT level at week 4 of  treatment 
in a few studies[21,23,24], high levels of  ALT may also reflect 

a good virological response due to an immunomodulat-
ing effect of  interferon[25]. Clinicians must also know the 
baseline ALT level in order to be able to predict SVR. 
Furthermore, RVR is already the most important predic-
tor at week 4 of  treatment and it is still unclear whether 
the use of  serum ALT levels, instead of  RVR, is helpful 
for predicting SVR in clinical practice. The main problem 
is to predict SVR in patients without RVR. In our study, 
SVR was found to be higher in patients with normalized 
ALT at week 4 of  treatment; however, the difference was 
not significant at that stage (34% vs 40.0%, P = 0.701). 
SVR rates continued to increase and became significant 
at 8 wk in non-RVR patients with normalized ALT. At 
week 12 of  treatment and later, SVR rates were found to 
be higher in these patients; however, cEVR was already a 
more important criterion for SVR at this stage, compared 

SVR (%)

Abnormal ALT, 4, 78

Normalized ALT, 
4, 87

Normalized ALT, 
0, 82

Normalized ALT, 
8, 88

Normalized ALT, 
12, 89

Normalized ALT, 
24, 89 Normalized ALT, 

48, 90

Normalized ALT, 
72, 90

Normalized ALT
Abnormal ALT, 8, 56

Abnormal ALT, 12, 50

Abnormal ALT, 24, 40

Abnormal ALT, 48, 25 Abnormal ALT, 72, 25

Abnormal ALT

t (wk)

t (wk)

SVR (%)
Abnormal ALT, 4, 34

Normalized ALT, 4, 40

Normalized ALT, 
8, 52

Normalized ALT, 
12, 50

Normalized ALT, 
24, 50

Normalized ALT, 
48, 53

Normalized ALT, 
72, 64

Abnormal ALT, 8, 11

Abnormal ALT, 12, 12

Abnormal ALT, 24, 7
Abnormal ALT, 48, 6

Abnormal ALT, 72, 0

Abnormal ALT

Normalized ALT

Figure 2  Sustained virological response rates in patients with follow-up abnormal and normalized alanine aminotransferase with and without rapid viro-
logical response. A: With rapid virological response (RVR); B: Without RVR. SVR: Sustained virological response; ALT: Alanine aminotransferase.

A

B

Normalized ALT, 0, 37
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to the ALT (OR = 17.55 vs 4.21). Therefore determina-
tion of  ALT levels at 8 wk would be better than at 4 and 
12 wk. 

In our opinion, if  a patient with initial abnormal ALT 
without RVR still has abnormal ALT level at 8 wk, pegin-
terferon–ribavirin treatment may be discontinued because 
SVR is expected to be only 11%.

In conclusion, normalization of  ALT at the 8 wk 
may predict viral response during peginterferon-ribavirin 
treatment in patients with genotype 1 CHC; especially 
without RVR.
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Abstract
AIM: To describe disease characteristics and treatment 
modalities in a group of rare patients with metastatic 
gastric carcinoid type 1 (GCA1).

METHODS: Information on clinical, biochemical, ra-
diological, histopathological findings, the extent of the 
disease, as well as the use of different therapeutic 
modalities and the long-term outcome were recorded. 
Patients’ data were assessed at presentation, and 
thereafter at 6 to 12 monthly intervals both clinically 
and biochemically, but also endoscopically and histo-
pathologically. Patients were evaluated for the presence 
of specific symptoms; the presence of autoimmune dis-
orders and the presence of other gastrointestinal ma-
lignancies in other family members were also recorded. 
The evaluation of response to treatment was defined 
using established WHO criteria.

RESULTS: We studied twenty consecutive patients 
with a mean age of 55.1 years. The mean follow-up 
period was 83 mo. Twelve patients had regional lymph 
node metastases and 8 patients had liver metastases. 
The primary tumor mean diameter was 20.13 ± 10.83 
mm (mean ± SD). The mean Ki-67 index was 6.8% ± 
11.2%. All but one patient underwent endoscopic or 
surgical excision of the tumor. The disease was stable 
in all but 3 patients who had progressive liver disease. 
All patients remained alive during the follow-up period.

CONCLUSION: Metastatic GCA1 carries a good overall 
prognosis, being related to a tumor size of ≥ 1 cm, an 
elevated Ki-67 index and high serum gastrin levels. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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antrectomy could be considered to remove the source 
of  excessive gastrin secretion[14]. Importantly, somatosta-
tin analogues (SSAs) have been increasingly used in the 
treatment of  patients with GCA1 or GCA2[15], based on 
their capability to inhibit gastrin release, reduce the ECL 
cell hyperplasia[16-20], and to substantially decrease tumor 
load[21-23].

Metastatic GCA1 are extremely rare and little is known 
about their natural history, treatment and prognosis. We 
conducted a multicenter, retrospective analysis to de-
scribe disease characteristics and treatment modalities in 
a group of  rare patients with metastatic GCA1. 

MATERIALS AND METHODS
Twenty consecutive patients with metastatic GCAs1 
treated in five tertiary referral centers for at least 6 mo 
were studied. Information on clinical presentation, bio-
chemical profile, imaging, histopathological findings and 
disease extent (using the TNM classification)[24] were 
recorded. The use of  varying therapeutic modalities and 
the long-term outcome of  these patients were also re-
corded. Patients’ data were assessed at presentation, and 
thereafter at 6-12 monthly intervals both clinically and 
biochemically, but also endoscopically and histopatho-
logically. 

Clinical assessment
Patients were evaluated for the presence of  symptoms 
such as abdominal pain, nausea, vomiting and dyspepsia; 
the presence of  autoimmune disorders associated with 
pernicious anemia and the presence of  other gastroin-
testinal malignancies in other family members were also 
recorded. 

Biochemical evaluation
Pernicious anemia was defined as a low serum vitamin 
B12 level (normal range 180-670 pmol/L) and at least one 
positive antibody against parietal cells, intrinsic factor or 
proton-pump antigen. Serum gastrin and chromogranin 
A (CgA) were measured after an overnight fast, and 
thereafter at regular intervals (3-6 mo) during the study 
period. Treatment with proton pump inhibitors (PPIs) 
was discontinued for at least 3 wk before blood samples 
were taken. Serum CgA and gastrin were measured us-
ing commercially available radioimmunoassay kits: CGA-
RIACT, CISBIO International, France (normal reference 
range of  19.4-98.1 ng/mL), or Euro-Diagnostica, Malmö 
(upper normal limit 4 nmol/L) for CgA, and DiaSorin, 
Stillwater, Minnesota 55082-0285, United States (normal 
reference range of  40-108 mU/L) or EURO-Diagnosti-
ca, Malmö (upper normal limit 60 pmol/L) for gastrin, 
respectively.

Imaging assessment
All patients underwent imaging assessment at diagnosis, 
including either 111In-pentetreotide scintigraphy (Oc-
treoscan) or (68)Gallium-DOTA-TATE/-TOC/-NOC 
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Core tip: Metastatic gastric carcinoid type 1 (GCA1) 
are extremely rare and there is no data regarding 
their natural history, treatment and prognosis. Based 
on our study, metastatic GCA1 carries a good overall 
prognosis. Metastatic spread appears to be related to 
a tumor size of ≥ 1 cm, an elevated Ki-67 index, and 
to high serum gastrin levels. Endoscopic surveillance is 
extremely important for follow-up. Surgical resection 
should be performed only in patients in whom total 
tumor excision is expected. Although still controversial, 
somatostatin analogues could be considered as first 
line treatment to lower the elevated gastrin levels and 
suppress enterochromaffin like cell hyperplasia. 

Grozinsky-Glasberg S, Thomas D, Strosberg JR, Pape UF, 
Felder S, Tsolakis AV, Alexandraki KI, Fraenkel M, Saiegh L, 
Reissman P, Kaltsas G, Gross DJ. Metastatic type 1 gastric car-
cinoid: A real threat or just a myth? World J Gastroenterol 2013; 
19(46): 8687-8695  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i46/8687.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i46.8687

INTRODUCTION
Gastric carcinoids (GCAs) are neuroendocrine tumors 
(NETs) of  the gastric mucosa originating from entero-
chromaffin like (ECL) cells[1]. GCAs arise either spon-
taneously or in response to a chronic hypergastrinemia 
state; due to their rarity (only 2% of  all carcinoids and 
8.7% of  gastrointestinal carcinoids)[2,3], the predictors of  
metastatic disease have not been systematically addressed. 

GCAs are divided into three distinct types. Type 1 
(GCA1) represents the majority (approximately 75%) 
and is associated with chronic atrophic gastritis and au-
toimmune destruction of  parietal cells. Type 2 (GCA2) 
(approximately 5%-10%) occurs almost always in the 
context of  Multiple Endocrine Neoplasia type 1 (MEN1). 
Both types 1 and 2 GCAs occur in the setting of  elevated 
serum gastrin which exerts a trophic effect on gastric 
enterochromaffin-like (ECL) cells leading to neuroendo-
crine cell hyperplasia and multifocal polypoid carcinoid 
tumors. These tumors are well differentiated and carry an 
excellent overall prognosis. Type 3 GCAs (15%-25%) are 
not related to hypergastrinemia and follow an aggressive 
course[4-6].

Type 1 GCAs are usually discovered during upper 
gastrointestinal tract (GIT) endoscopy performed for 
non specific symptoms (nausea, abdominal pain, dyspep-
sia)[7], or during investigation of  anemia[8-10]. In the past, 
type 1 GCA was frequently diagnosed in women in their 
5th to 7th decades; however, with the more extensive use 
of  endoscopy, the diagnosis occurs at a younger age[11].

Traditionally, GCA1s are endoscopically removed[12,13]; 
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there was a first-degree relative with history of  gastric (2 
patients) or pancreatic (one patient) adenocarcinoma. 

Basal evaluation (at diagnosis) 
At diagnosis gastroscopy revealed macroscopic gastric 
carcinoid tumors (described as “nodules”, “ulcers” or 
“polyps”) in all patients, with a mean diameter of  20.13 
± 10.83 mm (mean ± SD) (range 4-55 mm). The tumors 
were single in 6/20 patients (30%), and multiple (defined 
as ≥ 2 tumors seen on gastroscopy) in the remaining 14 
(70%). ECL cell hyperplasia was observed in all patients. 
The mean Ki-67% proliferation index was 6.8% ± 11.2% 
(range 1%-20%). None of  the patients included in the 
present series presented with ZES and the associated 
MEN1 syndrome or with characteristics of  type 3 gastric 
carcinoids (Tables 1 and 4).

EUS was intended to be performed in all patients in 
order to reveal any residual and/or sub-mucosal tumors. 
Signs of  aggressiveness or invasiveness at first biopsy 
were demonstrated in seven out of  12 patients with avail-
able data (58%) and included: ulceration of  the primary 
lesion in two patients (17%); vascular invasion in two 
patients (17%); invasion of  the muscularis mucosa and 
lamina propria in four patients (33%). Peri-gastric/gastro-
hepatic ligament lymph node invasion was observed in 9 
patients (45%) as demonstrated by CT scan and/or Oc-
treoscan or (68)Ga-DOTATOC/NOC/TATE PET-CT; 
distant metastases were present at initial diagnosis in 9 
patients (45%), and included liver metastases in eight and 
diaphragmatic metastases in one out of  the 20 patients.

Treatment
Ten out of  the twenty patients (50%) underwent total 
gastrectomy or a Billroth 2 operation (gastro-jejunostomy) 
and lymph node dissection, another 4 patients (20%) un-
derwent antrectomy and wedge resection, whereas endo-
scopic resection of  the dominant lesion was performed 
in 5 patients (25%). One patient underwent only primary 
tumor biopsy (Table 1, patient No. 3). 

Histopathological analysis following tumor resection 
demonstrated positive staining by immunohistochemistry 
(IHC) for neuroendocrine markers (chromogranin and 
synaptophysin) in all patients (100%), for vesicular mono-
amine transporter 2 (VMAT2) in two patients (10%), and 
for neuron specific enolase (NSE) in seven patients (35%). 
Ki-67 indices were available in 17 out of  the 20 patients 
included; eleven tumors were defined as ENETS grade 1 

Evaluation of response to treatment
Disease response was defined using established WHO 
criteria[24].

Patients were considered in remission if  symptoms 
disappeared, gastrin and CgA levels were substantially 
reduced (> 50% reduction) or returned to normal range 
and if  there was no evidence of  residual disease follow-
ing treatment. The study was approved by the local in-
stitutional ethical committees and informed consent was 
obtained from all patients.

Statistical analysis
Results were expressed as mean ± SD. Nonparametric 
ANOVA (Kruskal-Wallis one-way ANOVA) was used 
to assess and compare different parameters (such as the 
mean age at diagnosis, the size of  the largest tumor, the 
Ki-67 etc.) at diagnosis (Table 2), or the levels of  gastrin 
at diagnosis and following surgical treatment/at last visit 
(Table 1). Post hoc comparisons were made using Mann-
Whitney U test. A P value of  < 0.05 was considered sig-
nificant. 

RESULTS
The clinical characteristics of  all patients included in the 
study are shown in Table 3. The cohort included 9 men 
and 11 women with a mean age of  55.1 years. Whereas 
women are usually at higher risk for autoimmune atro-
phic gastritis, our cohort included patients of  both gen-
ders, showing only a slight preponderance in the number 
of  female patients. The mean duration of  follow-up was 
83 mo (range 12-360 mo). Other autoimmune diseases 
(e.g., Hashimoto’s thyroiditis, Sjögren’s syndrome) were 
diagnosed in two patients (10%). In three patients (15%) 

Table 2  Factors of significance in the suspicion of metastatic gastric carcinoid type 1  n  (%)

Characteristics All GCA1 patients 
(n  = 254)

Metastatic GCA1 patients 
(n  = 20)

P  value at diagnosis 
(metastatic vs  all GCA1)

Age (yr), mean ± SD 58.5 ± 12.7      55.1 ± 12.8    0.050
Size of largest tumor (mm, mean ± SD)   7.9 ± 12.1 20.14 ± 11 < 0.001
Ki-67 (%, mean ± SD) 1.9 ± 2.4        6.8 ± 11.2 < 0.001
Symptomatic 112 (44) 18 (90) < 0.001
Gastrin levels (mI/L, mean ± SD) at diagnosis 898 ± 418   2138.4 ± 1562 < 0.001

GCA1: Gastric carcinoid type 1.

Table 3  Demographic and clinical characteristics of the 
patients included in the study  n  (%)

Characteristics All patients n  = 20

Age (yr), mean ± SD      55.1 ± 12.8
Male:female, n 9:11
Caucasians 95%
Size of primary tumor (mm), mean ± SD 20.14 ± 11
Symptomatic 18 (90)
Atrophic gastritis   20 (100)
Other autoimmune diseases   2 (10)
Familial aggregation   3 (15)
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(Ki-67 ≤ 2%) and six tumors as grade 2 (Ki-67 between 
2%-20%). The final value for the mean Ki-67 prolifera-
tion index measured 4.8%, slightly lower than the Ki-67 
value at first endoscopy (6.8%); interestingly, the Ki-67 
was significantly higher in the liver/lymph node metasta-
ses than in the primary tumor in 4/20 patients. 

Based on local team decision, five out of  the 20 pa-
tients assessed were treated with somatostatin analogues 
(SSAs): in four patients Sandostatin LAR (Novartis, Ba-
sel, Switzerland) 30 mg/month, in one patient Somatu-
line Autogel (Ipsen, Paris) 90 mg/month, whereas in one 
patient pegylated interferon alpha was added to the SSA 
at a dosage of  50 micrograms per week, as anti-secretory 
and anti-proliferative therapy. 

Treatment related adverse events were reported in 
only 3 patients and included diarrhea (one patient), fa-
tigue (in the patient treated with interferon alpha) and 
gastrectomy-related dumping syndrome in one patient.

None of  the patients received chemotherapy or pep-
tide receptor radioligand therapy, to date. 

Laboratory and imaging assessment at diagnosis 
Gastrin and CgA levels were elevated at diagnosis in all 
patients with available data (14/20 patients for gastrin, 
and 13/20 patients for CgA) and reached 2138.4 ± 1562 
mU/L for gastrin (normal range 40-108 mU/L) and 
507.6 ± 403.7 ng/mL for CgA (normal range 19.4-98.1 
ng/mL), respectively. No clear correlation was found be-
tween initial gastrin and CgA serum levels and the num-
ber or size of  the tumors. 

High levels of  anti-parietal cells antibodies were 
found in all patients in whom their titer was determined. 
The levels of  vitamin B12 were low in all but six patients, 
with a mean value of  162 ± 87 pmol/L (normal range 

180-670 pmol/L) (Table 4).
Data on functional imaging - 111In-pentetreotide scin-

tigraphy (Octreoscan) or (68)Ga-DOTATOC/NOC/
TATE PET-CT (performed based on local availability) 
were available at diagnosis in 17/20 included patients: in 
12 patients (71%) there was increased tracer uptake by 
the gastric lesions as well as by the perigastric metastatic 
lymph nodes and liver lesions. Twelve patients underwent 
(68)Ga-DOTATOC/NOC/TATE-PET-CT demonstrat-
ing an increased uptake by the tumor and metastases in 
9 patients, and no pathological uptake in the remaining 3 
patients. Five patients performed an Octreoscan, showing 
increased uptake by the tumor in 3, and no pathological 
uptake in 2. 

Interestingly, in the five patients with no pathological 
uptake by either functional imaging method, the Ki-67 
index of  proliferation was ≤ 2% and the tumor size was 
> 1 cm. 

Follow-up assessment and treatment outcome 
All patients remained alive during the follow-up period. 
During follow-up after the first intervention, the disease 
was stable in all patients: in the subgroup who underwent 
total gastrectomy or Billroth 2 operation (gastro-jeju-
nostomy) and lymph node dissection (10 patients, 50%), 
as well as in the subgroup of  the 4 patients (20%) who 
underwent antrectomy and wedge resection, the disease 
did not progress or recur during follow-up. The same was 
observed in the other patients in the present series, in-
cluding those who underwent repeated endoscopic resec-
tion of  the largest lesions. In the seven patients with per-
sistent liver disease, somatostatin analogue treatment was 
administered in three patients: in two Sandostatin LAR 
30 mg/month alone, (inducing disease stabilization in 

Table 4  Features associated with the diagnosis of gastric carcinoid type 1 in our patients

Patient No. Vitamin B12 levels 
(n. 180-670 pmol/L)

APCA Gastrin levels 
(n. 40-108 mU/L)

Prior use of PPIs  1st gastroscopy 
(macroscopic) 

Histo-pathology H.Pylori

1   45 positive (1/20) 1811 no multiple CAG + IM negative
2 165 positive - no solitary CAG + IM + NECH -
3 333 positive (1:160) 2204 no multiple CAG + NECH negative
4 186 positive (1:20) 1800 no multiple CAG + NECH negative
5 104 positive (1:20) 1403 no multiple CAG + NECH negative
6 122 positive (1:80) - no multiple CAG -
7 121 -   700 no solitary CAG + IM + NECH -
8   86 -   407 no multiple CAG + IM + NECH -
9   50 - - no solitary CAG + NECH -
10  - positive (1:40) 5130 no solitary CAG -
11  - - - no multiple CAG -
12  - - - no multiple CAG -
13 184 positive (1:160) 5470 no solitary CAG -
14 121 positive 1336 no multiple CAG -
15 215 - 3500 no multiple CAG -
16  - - - no multiple CAG + IM + NECH -
17 345 - 1612 no solitary CAG -
18 130 -   506 no multiple CAG -
19 181 - 1600 no multiple CAG negative
20 167 positive   458 no multiple CAG -

APCA: Antiparietal cells antibodies; PPIs: Proton pump inhibitors; CAG: Chronic atrophic gastritis; IM: Intestinal metaplasia; NECH: Neuroendocrine cells 
hyperplasia; H. pylori: Helicobacter pylori.
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one patient and complete response in the other), whereas 
in the third patient pegylated interferon α (PegIntron) 
at a dosage of  50 micrograms/week was added to Sand-
ostatin LAR 30 mg/month, and induced partial response 
of  the liver metastases. All patients tolerated treatment 
with SSAs well and none discontinued treatment during 
the follow-up period. Apart from a slight perturbation 
in the control of  pre-treatment diabetes mellitus in one 
patient (Table 1, patient 3), there were no other adverse 
effects associated with somatostatin analogue treatment. 
Eighteen patients (90%) had symptoms attributed to the 
disease (such as abdominal pain, nausea, vomiting or dys-
pepsia) that improved in all following treatment. 

Serum gastrin decreased progressively in all patients 
with available data, from 2138.4 ± 1562 mI/L pre-treat-
ment to 223 ± 193 mI/L at the last visit (normal range 
40-108 mI/ L, P < 0.005). The levels of  serum CgA also 
significantly decreased, from 507.6 ± 403.7 ng/mL to 
57 ± 44.7 ng/mL (mean ± SD) (normal range 19.4-98.1 
ng/mL, P < 0.005).

DISCUSSION
GCAs are rare neoplasms, accounting for about 1.25% 
of  all malignancies[25]. Their incidence, however, is in-
creasing, most probably as result of  the widespread use 
of  endoscopy and imaging. Despite the relatively indolent 
biological behaviour of  GCA1 tumors, approximately 
8%-23% have been reported as presenting with an ag-
gressive clinical course, metastasizing to regional lymph 
nodes and rarely to the liver[7]. 

The European Neuroendocrine Tumor Society 
(ENETS) consensus guidelines on GCA1 treatment 
are based on tumor size (less or more than 1 cm) and 
specify that, despite a preference for a conservative ap-
proach, based on endoscopic follow-up, lesion resection 
is recommended whenever possible[26]. Specifically, in 
patients with lesions of  more than 1 cm, EUS should 
be performed to assess gastric wall and lymph nodal in-
volvement before the decision about the type of  excision 
(endoscopic mucosal resection, EMR, or subtotal gas-
trectomy/wide resection) is taken. Although biotherapy 
with somatostatin analogues (SSAs) is still a matter of  
debate according to the ENETS guidelines, we and oth-
ers have recently demonstrated the beneficial effect of  
long acting SSAs monthly administration on inhibition 
of  gastrin and CgA levels and of  tumor progression, as 
shown from the regression of  ECL-cell hyperplasia and 
tumor disappearance observed in the great majority of  
treated patients[21,27,28]. The combination of  octreotide 
and α-interferon has been also reported to be of  value in 
a patient with metastatic disease to the liver[7]. 

As the therapeutic modalities to inhibit tumor pro-
gression in metastatic GEP-NETs are still unsatisfac-
tory, new approaches are under investigation. Recent 
preclinical data demonstrated possible beneficial effects 
of  interferon-beta (IFN-β) in inhibiting cell proliferation 
and stimulating apoptosis in a PNET cell line model[29-31]. 

Moreover, a new gastrin/CCK2 receptor antagonist mol-
ecule, YF476, appears to induce potent inhibition of  
ECL cell proliferation compared with dopamine agonists 
or dopamine/somatostatin chimera molecules, and to 
provide new insights for the therapy of  hypergastrinemic 
gastric NETs associated with low acid states, such as in 
our patients[32]. Noteworthy, a recent phase Ⅱ study dem-
onstrated good tolerability for the multi receptor ligand 
SSA pasireotide (SOM230) in patients with GEP NETs 
refractory to available SSAs[33].

In the present study we sought to define risk factors 
for increased malignant potential at the time of  diagnosis 
in patients with GCA1. From a total of  254 consecutive 
patients with GCA1 followed and treated at 5 tertiary 
referral medical centers, we identified 20 patients with 
metastatic disease to locoregional lymph nodes or liver at 
presentation (7.9%). In our series, the patients with meta-
static GCA1 were younger, had larger tumors, had a high-
er Ki-67 proliferation index, and presented with higher 
gastrin levels compared with the group of  patients with 
non-metastatic GCA1 tumors (Table 2). These results 
are in accordance with a recent study published by Saund 
MS and coworkers[34], demonstrating that in a group of  
984 patients with localized GCA1, tumor size and depth 
predict lymph node metastasis; they recommended en-
doscopic resection for intraepithelial tumors < 2 cm and 
perhaps tumors < 1 cm invading into the lamina propria 
or submucosa. 

In the present series, most of  the patients with meta-
static GCA1 were symptomatic, with presence of  epi-
gastric or abdominal pain, dyspepsia, bloating, nausea, 
loose stools or early satiety. A possible explanation for 
these symptoms may be the presence of  atrophic gastritis 
together with achlorhydria in all patients with GCA1, as 
well as the increased levels of  gastrin[35,36].

Of  note, there was a clear correlation between the size 
of  the tumor at diagnosis and tumor metastatic spread in 
our study, as in all patients included the tumor size was ≥ 
1 cm. Moreover, the mean Ki-67 index of  proliferation 
in the metastatic GCA1 was significantly higher than in 
the localized tumors (Table 2), most probably due to an 
increased number of  patients with grade 2 tumors in our 
series (6/20 patients, 30%) and indicating the utmost im-
portance of  performing immunohistochemical staining 
for this marker in all patients with GCA1. Findings of  
aggressiveness and/or invasiveness at diagnosis (e.g., ul-
ceration of  the lesion, vascular invasion, muscularis pro-
pria or lamina propria invasion) are all predictive factors 
for an aggressive biological behaviour, in parallel with a 
tumor size of  ≥ 1 cm. In this high risk group, EUS or 
cross-sectional imaging should be performed to assess 
the presence of  lymph nodes/liver metastatic disease.

Regarding the imaging characteristics of  metastatic 
GCA1, it appears from our study that no radiological pa-
rameters, tumor number or tumor uptake on somatosta-
tin receptor scintigraphy could distinguish between local 
and metastatic tumors. All of  the metastatic GCA1 pa-
tients accomplished tumor resection with a low compli-
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cation rate, and with an excellent outcome. Following or 
in parallel with tumor resection, medical therapy was ad-
ministered in five patients, based on clinical experience. 
Importantly, under treatment with SSAs, the disease 

stabilized in 3 patients, in one patient the primary tumor, 
the metastatic lymph nodes and the liver metastases re-
gressed and completely disappeared (Figure 1 and Table 
1), whereas in another patient, pegylated interferon α 
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Figure 1  Computed tomography and 68Ga-DOTATOC-PET-Computed tomography images before and during treatment with somatostatin analogue (sand-
ostatin LAR 30 mg/mo). Pathologic uptake in the gastric and hepatic lesion (A + B) adjacent lymphadenopathy and liver lesion (C + D), disappeared on follow up 
imaging (E - H).
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was added to the SSA and induced disease stabilization. 
In none of  the twenty patients with metastatic GCA1 
was disease progression observed over a mean follow-up 
period of  54 mo.

Based on the results of  our study, metastatic GCA1 
do exist, are extremely rare, and carry a good overall 
prognosis. Metastatic spread appears to be related to a 
tumor size of  ≥ 1 cm, and therefore endoscopic ultra-
sound evaluation is recommended in such patients. El-
evated Ki-67 index of  tumor proliferation, as well as high 
serum gastrin levels, represent additional risk factors for 
metastatic disease. Endoscopic resection and/or subtotal 
gastrectomy are recommended by the ENETS guidelines 
in all patients with gastric carcinoids of  ≥ 1 cm; howev-
er, in our personal opinion[21], SSAs might be considered 
as possible treatment in order to lower the elevated gas-
trin levels, suppress ECL cell hyperplasia, and obviate the 
need for surgical excisions, particularly in patients with 
multiple or relapsing tumors, as well as in those with met-
astatic disease of  the liver. Treatment with SSAs could be 
theoretically continued as long as gastrin/CGA levels are 
suppressed, in parallel with disease stabilization observed 
on regular endoscopic follow-up. However, this approach 
is still problematic by the lack of  controlled trials, the 
high cost of  these drugs as well as the limited accessibil-
ity to SSAs in some areas. Although the potential role of  
SSAs (“cold” SSAs, as monthly injections, or radioactive 
“hot” SSAs, PRRT) cannot be denied - it remains still 
controversial and it has to be confirmed in larger studies. 
Moreover, surgical procedures should be most probably 
performed only in patients in whom total tumor excision 
can be expected. Therefore, in these patients, endoscopic 
surveillance (as well as repeated oncological surveillance 
by imaging in metastatic cases) is the most important 
measure. Prospective multicenter randomised studies, 
including larger number of  patients, would be optimal 
for definition of  the best therapeutic approach, the du-
ration of  treatment and its efficacy in terms of  long-
term survival. However, due to the extreme rarity of  this 
condition, the probability for such trials is remote, and 
therefore clinicians who manage these patients will most 
probably have to rely on personal experience and data 
from retrospective studies, such as ours.
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Abstract
AIM: To allow the identification of high-risk postopera-
tive pancreatic fistula (POPF) patients with special ref-
erence to the International Study Group on Pancreatic 
Fistula (ISGPF) classification.

METHODS: Between 1997 and 2010, 1341 consecu-
tive patients underwent gastrectomy for gastric cancer 
at the Department of Digestive Surgery, Kyoto Pre-
fectural University of Medicine, Japan. Based on the 
preoperative diagnosis, total or distal gastrectomy and 
sufficient lymphadenectomy was performed, mainly ac-
cording to the Japanese guidelines for the treatment of 
gastric cancer. Of these, 35 patients (2.6%) were diag-
nosed with Grade B or C POPF according to the ISGPF 
classification and were treated intensively. The hospital 
records of these patients were reviewed retrospectively.

RESULTS: Of 35 patients with severe POPF, 17 (49%) 
and 18 (51%) patients were classified as Grade B and 
C POPF, respectively. From several clinical factors, the 
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severity of POPF according to the ISGPF classification 
was significantly correlated with the duration of inten-
sive POPF treatments (P  = 0.035). Regarding the clini-
cal factors to distinguish extremely severe POPF, older 
patients (P  = 0.035, 65 years ≤ vs  < 65 years old) and 
those with lower lymphocyte counts at the diagnosis of 
POPF (P  = 0.007, < 1400/mm3 vs  1400/mm3 ≤) were 
significantly correlated with Grade C POPF, and a low 
lymphocyte count was an independent risk factor by 
multivariate analysis [P  = 0.045, OR = 10.45 (95%CI: 
1.050-104.1)].

CONCLUSION: Caution and intensive care are re-
quired for older POPF patients and those with lower 
lymphocyte counts at the diagnosis of POPF. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Although several possible risk factors associ-
ated with the occurrence of postoperative pancreatic 
fistula (POPF) have been reported, there have been 
no generally accepted risk factors to predict POPF 
changing into extremely severe POPF. In this study, 
we demonstrated that older patients (P  = 0.035) and 
those with lower lymphocyte counts at the diagnosis of 
POPF (P  = 0.007) were significantly associated with ex-
tremely severe International Study Group on Pancreatic 
Fistula grade C POPF, and a low lymphocyte count was 
identified as an independent risk factor by multivariate 
analysis (P  = 0.045, OR = 10.45).
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INTRODUCTION
Recent advances in less invasive treatment techniques 
and the perioperative management of  gastric cancer have 
decreased the mortality and morbidity rates associated 
with this disease[1,2]. However, postoperative pancreatic 
fistula (POPF) is still a major complication following gas-
trectomy. Once POPF develops, it sometimes contrib-
utes to lethal complications, such as abdominal abscesses, 
secondary anastomotic leakage, and intra-abdominal 
hemorrhage.

Many surgeons have previously reported several pos-
sible risk factors for the occurrence of  POPF. It has 
been reported that the incidence of  POPF associated 
with surgical procedures is higher following radical or 
extended lymphadenectomy[3,4], splenectomy, or pancre-
aticosplenectomy[5-7]. Host-related factors on POPF have 
also been clarified, in which the occurrence of  POPF 
has been significantly correlated with a higher body mass 
index (BMI) and visceral fat area (VFA), being male, hy-
perlipidemia, and comorbidities[8-11].

Thus, to decrease the incidence of  POPF, several 
clinical studies have been performed with the aims of  
avoiding unnecessary surgery and standardizing surgi-
cal procedures[4,12]. Moreover, in order to lower the risk 
of  tissue damage and make surgical procedures easier, 
surgical devices such as ultrasonic activated coagulating 
scalpels have been developed and most surgeons are cur-
rently cautious of  the risk factors associated with POPF. 
However, to date, after patients develop POPF, there are 
no generally accepted risk factors to predict the change 
to severe POPF in these patients. Indeed, indicators that 
provide an objective description of  the patient’s condi-
tion at specific points in the disease process of  POPF are 
useful to improve understanding of  the complications 
that may be encountered.

In this study, we confirmed that the severity of  POPF 
according to the International Study Group on Pancre-
atic Fistula (ISGPF) classification was correlated with the 
duration of  intensive POPF treatments. Furthermore, we 
clarified an independent risk factor to predict the worst 
outcome of  POPF treatment with special reference to 
the ISGPF classification.

MATERIALS AND METHODS
Patients and surgical procedures
Between 1997 and 2010, 1341 consecutive patients un-
derwent gastrectomy for gastric cancer at the Depart-
ment of  Digestive Surgery, Kyoto Prefectural University 
of  Medicine. Of  these, 35 patients (2.6%) were diag-
nosed with severe POPF and were treated intensively. 

Patients underwent preoperative assessments including 
gastric endoscopy, computed tomography (CT) scans, 
and laboratory tests. Based on the preoperative diagnosis, 
total or distal gastrectomy and sufficient lymphadenec-
tomy was performed, mainly according to the Japanese 
guidelines for the treatment of  gastric cancer[13]. Patients 
with T1 and N0 tumors underwent D1, D1 + α, or D1 + 
β lymphadenectomy. Patients with T2 or more advanced 
tumors and those with N1 or more advanced tumors 
underwent D2 lymphadenectomy. Briefly, D1 lymphad-
enectomy indicated dissection of  the perigastric lymph 
nodes (nodal stations No. 1, 2, 3, 4, 5 and 6) and D1 + α 
lymphadenectomy indicated dissection of  the perigastric 
lymph nodes and nodes at the base of  the left gastric 
artery (No. 7). D1 + β lymphadenectomy indicated dis-
section of  the perigastric lymph nodes and stations No. 
7, 8a (anterosuperior group of  the common hepatic 
artery), and 9 (celiac artery) lymph nodes. In the D2 dis-
section, the perigastric lymph nodes and all second-tier 
lymph nodes were completely retrieved. Depending on 
the location of  the tumor, lymphadenectomy was added 
along the distal side of  the splenic artery (No. 11d) and at 
the splenic hilum (No. 10), together with splenectomy or 
splenectomy with distal pancreatectomy[14]. 

Definition of POPF using the ISGPF classification
POPF was retrospectively defined according to the IS-
GPF definition[15]: output via an operatively placed drain 
(or a subsequently placed percutaneous drain) of  any 
measurable volume of  drain fluid on or after postopera-
tive day 3, with an amylase content more than 3 times 
higher than the upper normal serum value. We compre-
hensively diagnosed POPF according to not only drain 
amylase (D-AMY) levels, but also changes in the proper-
ties of  the drain, clinical findings, laboratory data, and 
imaging findings such as ultrasonography (US) or CT 
scans. Patients who had no drains or whose drains were 
removed that developed postoperative fever (< 38 ℃), 
leukocytosis, and peripancreatic fluid collection detected 
on US or CT scans were also diagnosed with POPF. 

POPF was graded according to the ISGPF criteria as 
follows: grade A had no clinical impact and required no 
treatment; grade B required a change in management or 
adjustment in the clinical pathway; and grade C required 
a major change in clinical management or deviation from 
the normal clinical pathway and required aggressive 
clinical intervention. Patients requiring only reposition-
ing of  their drains belonged to Grade B POPF. Patients 
were classified as grade C POPF if  US and CT findings 
showed peripancreatic fluid collection and drains needed 
to be placed interventionally in order to improve severe 
clinical data and conditions. In this study, severe POPF 
were regarded as a clinically significant pancreatic fistula 
corresponding to grade B and C POPF.

Treatment strategy for POPF following gastrectomy
Patients with POPF, which is diagnosed by high D-AMY 
level and have no abnormal physical finding and labo-
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ratory data, could be followed without any treatments. 
The abdominal drainage tube is normally removed after 
the D-AMY level has been reduced to a level lower than 
three times the serum AMY level. Patients with POPF, 
which is diagnosed by high D-AMY level and have ab-
normal findings such as fever, abdominal pain and other 
laboratory data, start to undergo intensive POPF treat-
ments. After emergency CT examination, if  the drainage 
tube position is good, antibiotics, octreotide acetate and 
total parenteral nutrition should be started. If  the fluid 
drainage tube position is not satisfactory, an additional or 
alternative drainage tube can be placed into the abnormal 
fluid cavity by percutaneous CT or ultrasonography-guid-
ed technique. Moreover, bacterial infection of  drainage 
fluid and/or the suspicion of  it was detected following 
these POPF treatments. The drainage tube would be 
changed into an irrigation type drainage tube. Then, con-
tinuous irrigation and drainage with saline would be per-
formed. If  these series of  conservative POPF treatments 
were not effective, open drainage and debridement for 
POPF abscess by laparotomy would be performed and 
the irrigation type drainage tube and an enteral feeding 
tube would be placed. After that, comprehensive POPF 
treatments consist of  continuous irrigation drainage with 
saline, antibiotics, octreotide acetate and enteral nutrition.

Statistical analysis
The χ 2 test and Fisher’s exact probability test were per-
formed for categorical variables, while the Student’s t test 
and Mann-Whitney U test for unpaired data of  continu-
ous variables were performed to compare clinicopatho-
logical characteristics between the two groups. Multivari-
ate stepwise logistic regression analysis was performed 
to identify the independent risk factors associated with 
Grade C POPF. Multivariate odds ratio are presented 
with 95%CI. In all of  these analyses, P values less than 
0.05 were considered significant.

RESULTS
Clinicopathological characteristics of patients with 
severe POPF
Table 1 shows the characteristics of  35 patients with se-
vere POPF. The mean patient age was 67.3 years and the 
male:female ratio was 6:1. More than 80% of  patients 
were male and the incidence of  patients with pT3-T4, 
pStage Ⅲ-Ⅳ, and D2 or more lymphadenectomy was 
high. Of  35 patients with severe POPF, 17 (49%) and 
18 (51%) patients were classified as grade B and grade 
C POPF, respectively. The median intensive treatment 
period of  POPF was 20 d. Twenty nine patients were 
diagnosed with POPF by their D-AMY levels and were 
retrospectively judged to meet the ISGPF criteria. The 
remaining 6 patients were diagnosed with POPF by their 
clinical condition, laboratory data, and CT findings be-
cause POPF was detected after drain removal.

Comparison of clinicopathologic factors and ISGPF 
classification in patients with severe POPF between 
short and long duration intensive treatments
No current standard definition of  POPF reflects the du-
ration of  intensive treatments according to the severity of  
POPF following gastrectomy for gastric cancer. There-
fore, we compared possible clinicopathologic factors and 
ISGPF classification between short (< 20 d) and long (≥ 
20 d) duration intensive treatments (Table 2). The cut off  
value of  each continuous clinical data was decided by a 
ROC curve. As a result, the severity of  POPF according 
to the ISGPF classification was significantly correlated 
with the duration of  intensive POPF treatments (P = 
0.035). There were no significant differences between 
both groups for other clinicopathologic factors, although 
POPF after pancreaticosplenectomy was associated with 
long duration intensive POPF treatments (P = 0.149). 
Therefore, we confirmed that the ISGPF classification 
reflects the duration of  intensive treatments according 
to the severity of  POPF and is a reliable classification of  
POPF following gastrectomy for gastric cancer. 

Comparison of clinical factors between Grade B and C 
POPF according to the ISGPF classification
We compared several clinical factors between grade B 
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Table 1  Characteristics of 35 patients with postoperative 
pancreatic fistula following gastrectomy  n  (%)

Sex Male 30 (86)
Female   5 (14)

Age (yr) mean + SD 67.3 ± 9.5
BMI (kg/m2) mean + SD 22.1 ± 3.2
pT-stage T1 3 (9)

T2 11 (31)
T3 15 (43)
T4   6 (17)

pN-stage N0 10 (29)
N1 3 (9)
N2   9 (26)
N3 13 (36)

pStage Ⅰ    6 (17)
Ⅱ 3 (9)
Ⅲ 18 (51)
Ⅳ   8 (23)

Gastrectomy Distal 10 (29)
Total or others1 25 (71)

Splenectomy Presence 21 (60)
Absence 14 (40)

Pancreaticosplenectomy Presence 12 (34)
Absence 23 (66)

Lymphadenectomy < D2   8 (23)
D2 ≤ 27 (77)

Resection status R0 10 (29)
R1 15 (42)
R2 10 (29)

ISGPF classification Grade B 17 (49)
Grade C 18 (51)

1Others; proximal gastrectomy and remnant gastrectomy. ISGPF: Interna-
tional Study Group on Pancreatic Fistula; BMI: Body mass index.
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OR = 10.45 (95%CI: 1.050-104.1)] (Table 4).

DISCUSSION
Until recently, there has been no universally recognized 
definition of  POPF following gastrectomy for gastric 
cancer. Accordingly, different definitions of  POPF have 
been reported, which has resulted in highly variable rates 
of  POPF, ranging from 5.8% to 49.7%[7,10,16-20]. There-
fore, it is impossible to accurately evaluate the incidence 
and severity of  POPF. Obama et al[21] were the first to 
utilize the ISGPF classification, which was formulated 
as an objective definition of  POPF following pancreatic 
surgery in 2005[15], to evaluate the feasibility of  laparo-
scopic gastrectomy with radical lymphadenectomy for 
gastric cancer. The incidence of  ISGPF grade B or C 
including both open and laparoscopic gastrectomy was 
5.1% (12/233)[21]. Miki et al[22] also reported using the 
ISGPF classification that a high content of  drain AMY 
on 1POD could be used to predict severe POPF. The 
incidence of  ISGPF grade B or C following total gastrec-
tomy with D2 lymphadenectomy was 22.1% (23/104). Ji-
ang et al[11] recently reported that severe POPF, defined as 
ISGPF grade B or C, was associated with being male and 
a high BMI in patients undergoing laparoscopic gastrec-
tomy for gastric cancer. The incidence of  ISGPF grade B 
or C following laparoscopic distal gastrectomy for early 
gastric cancer was 4.2% (34/798). Miyai et al[23] advocated 
that simple predictive scoring system might be useful for 
many clinicians to assess the risk of  POPF after lapa-
roscopic gastrectomy (LAG). The incidence of  ISGPF 
grade B or C following LAG was 3.9% (11/277). These 
reports clarified the significance of  using the same defini-
tion of  POPF and detecting the risk factors of  POPF us-
ing the ISGPF classification. However, it remains unclear 
whether the ISGPF classification following pancreatic 
surgery can be applied to POPF following gastrectomy to 
reflect the extent of  the severity of  POPF and treatment 
outcomes.

In order to elucidate whether the ISGPF classifica-
tion can be translated into a clinically useful definition for 
POPF following gastrectomy, we showed that differences 
in the severity of  POPF defined by the ISGPF classifica-
tion indeed reflected intensive treatment periods. As a 
result, we confirmed that the ISGPF classification was 
a reliable classification that was significantly correlated 
with the duration of  intensive treatments in patients with 
severe POPF following gastrectomy for gastric cancer 
(Table 1). These results contribute to universal recogni-
tion of  the ISGPF classification as one of  the candidate 
definitions of  POPF following gastrectomy for gastric 
cancer.

Although several possible risk factors associated 
with the occurrence of  POPF have been reported, there 
have been no generally accepted risk factors to predict 
extremely severe POPF, which requires several intensive 
treatments. During intensive treatments, indicators that 
provide an objective description of  the patient’s condi-

and C POPF according to the ISGPF classification in 
order to detect the predictive factors of  extremely severe 
POPF (Table 3). As a result, older patients (P = 0.035, ≤ 
65 years old vs < 65 years old) and those with low lym-
phocyte counts at the diagnosis of  POPF (P = 0.007, < 
1400/mm3 vs ≥ 1400/mm3) were significantly associated 
with Grade C POPF. The cut-off  value of  1400/mm3 
is calculated by the ROC curve to distinguish between 
grade B and C POPF (Figure 1). The incidence of  other 
clinical factors, which were presented in Table 3 and oth-
ers such as underlying disease, methods of  reconstruc-
tion, HbA1c, postoperative Hb, Alb, preoperative serum 
total protein, total cholesterol, triglyceride, %LVC and 
FEV 1.0% etc., did not significantly differ between both 
groups (data not shown). Furthermore, logistic regres-
sion analysis revealed that a low lymphocyte count was an 
independent risk factor by multivariate analysis [P = 0.045, 

Table 2  Comparison of clinicopathologic factors and Inter-
national Study Group on Pancreatic Fistula classification in 
patients with severe postoperative pancreatic fistula between 
short and long duration of intensive treatments  n (%)

Variables Intensive treatment 
periods for POPF

1P  value

< 20 d 20 d ≤

Sex Male 10 (83) 20 (87)
Female   2 (17)   3 (13) 0.827

Age (yr) < 65   5 (42)   7 (30)
65 ≤   7 (58) 16 (70) 0.772

BMI (kg/m2) < 21   5 (42)   6 (27)
21 ≤   7 (58) 16 (73) 0.636

pT-stage T1 T2   3 (25)   3 (13)
T3 T4   9 (75) 20 (87) 0.391

pN-stage N1 N2   5 (42) 16 (70)
N3   7 (58)   7 (30) 0.217

pStage ⅠⅡ   4 (33)   5 (22)
Ⅲ Ⅳ   8 (67) 18 (78) 0.736

Splenectomy Presence   7 (58) 14 (61)
Absence   5 (42)   9 (39) 0.827

Pancreatico-splenectomy Presence   2 (17) 10 (43)
Absence 10 (83) 13 (57) 0.149

Lymphadenectomy < D2   2 (17)   6 (26)
D2 ≤ 10 (83) 17 (74) 0.685

Resection status R0   5 (42)   5 (22)
R1   4 (33) 11 (48)
R2   3 (25)   7 (30) 0.728

Blood loss (g) < 1000   3 (25)   9 (39)
1000 ≤   9 (75) 14 (61) 0.476

Operation time (min) < 330   6 (50) 11 (48)
330 ≤   6 (50) 12 (52) 0.815

Preoperative Hb (g/dL) < 10   5 (42)   3 (13)
10 ≤   7 (58) 20 (87) 0.091

Preoperative Alb (g/dL) ≤ 3.5   3 (30)   6 (29)
3.5 <   7 (70) 15 (71) 1.000

2Lymphocyte counts (/mm3) < 850   5 (42) 18 (78)
850 ≤   7 (58)   5 (22) 0.073

ISGPF classification grade B   9 (75)   8 (35)
grade C   3 (25) 15 (65)  0.0353

1P values were derived from the χ 2 or Fisher's exact test and were consid-
ered significant at < 0.05. 2Lymphocyte counts at the diagnosis of POPF; 
3Significant values. ISGPF: International Study Group on Pancreatic Fis-
tula; POPF: Postoperative pancreatic fistula; BMI: Body mass index.
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tion at the diagnosis of  POFP are useful for understand-
ing the complications that may be encountered. In this 

study, we demonstrated that older patients (P = 0.035) 
and those with lower lymphocyte counts at the diagnosis 
of  POPF (P = 0.007) were significantly associated with 
extremely severe grade C POPF, and a low lymphocyte 
count was identified as an independent risk factor by 
multivariate analysis (P = 0.045, OR = 10.45) (Table 2).

At first, we hypothesized that there were some differ-
ences among the previously reported risk factors associ-
ated with the occurrence of  POPF between grade B and 
C in patients with severe POPF. However, contrary to 
our expectations, there was no correlation with the previ-
ously reported factors associated with the occurrence of  
POPF such as radical or extended lymphadenectomy[3,4], 

splenectomy or pancreaticosplenectomy[5-7], a higher BMI 

Table 3 Comparison of clinical factors between grade B and C postoperative pancreatic fistula according to International Study 
Group on Pancreatic Fistula classification  n  (%)

Variables Total ISGPF classification 1P  value 

Grade B (n  = 17) Grade C (n  = 18)
Sex Male 30 14 (82) 16 (89)

Female 5   3 (18)   2 (11) 0.944
Age (yr) < 65 12   9 (53)   3 (17)

65 ≤ 23   8 (47) 15 (83)  0.0353

BMI (kg/m2) < 21 13   9 (53)   4 (24)
21 ≤ 21   8 (47) 13 (76) 0.158

pT-stage T1 T2 6   4 (24)   2 (11)
T3 T4 29 13 (76) 16 (89) 0.402

pN-stage N1 N2 21   9 (53) 12 (67)
N3 14   8 (47)   6 (33) 0.629

pStage ⅠⅡ 9   5 (29)   4 (22)
Ⅲ Ⅳ 26 12 (71) 14 (78) 0.921

Splenectomy Presence 21 11 (65) 10 (56)
Absence 14   6 (35)   8 (44) 0.836

Pancreaticosplenectomy Presence 12   4 (24)   8 (44)
Absence 23 13 (76) 10 (56) 0.344

Lymphadenectomy < D2 8   3 (18)   5 (28)
D2 ≤ 27 14 (82) 13 (72) 0.691

Resection status R0 10   4 (24)   6 (33)
R1 15   7(41)   8 (45)
R2 10   6 (35)   4 (22) 0.892

Blood loss (g) < 1000 23 11 (65) 12 (67)
1000 ≤ 12   6 (35)   6 (33) 0.815

Operation time (min) < 330 19 10 (59)   9 (50)
330 ≤ 16   7 (41)   9 (50) 0.854

Preoperative Hb (g/dL) <10 8   5 (29)   3 (17)
10 ≤ 27 12 (71) 15 (83) 0.443

Preoperative Alb (g/dL) ≤ 3.5 9   4 (27)   5 (29)
3.5 < 23 11 (74) 12 (71) 0.825

2Lymphocyte counts (/mm3) < 1400 26   9 (53) 17 (94)
1400 ≤ 9   8 (47) 1 (6) 0.0073

1P values were derived from the χ 2 or Fisher's exact test and were considered significant at < 0.05; 2Lymphocyte counts at the diagnosis of postoperative 
pancreatic fistula; 3Significant values. ISGPF: International Study Group on Pancreatic Fistula; BMI: Body mass index.
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Figure 1  The cut-off value of 1400/mm3 is calculated by the receiver oper-
ating characteristic-curve to distinguish between grade B and C postop-
erative pancreatic fistula. Arrow is the point of cut-off value.

Table 4  Results of multivariable logistic regression; risk 
factor for extremely severe postoperative pancreatic fistula

Covariate OR 95% Confidence limit P  value

Lymphocyte counts (/mm3)
   < 1400 vs 1400 ≤ 10.45   1.05-104.1 0.045
Age (yr)
   65 ≤ vs < 65   3.39 0.602-1.886 0.166

Komatsu S et al . Risk factors to predict severe pancreatic fistula



8701 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

and VFA, being male, hyperlipidemia, and comorbidi-
ties[8-11]. In this study, blood lymphocyte counts at the 
diagnosis of  POPF were the only independent risk fac-
tor to predict the severity of  POPF patients. This result 
implies that factors associated with the occurrence of  
POPF may not affect the severity of  severe POPF by 
changing it from grade B to C POPF.

The reason why a low lymphocyte count was the only 
independent risk factor to predict extremely severe POPF 
remains unclear. One possible reason is that a change in 
the severity of  POPF from grade B to C POPF may be 
associated with host-related immunity. Hogan et al[24] sug-
gested that a perioperative reduction in circulating lym-
phocyte levels was an independent predictive factor for 
wound complications following excisional breast cancer 
surgery. As discussed in their report, which resulted in se-
lective antibiotic prophylaxis being required for these im-
mune-compromised patients, POPF patients with lower 
lymphocyte counts at diagnosis may require more inten-
sive treatments to avoid POPF developing into extremely 
severe POPF, such as grade C POPF. Another possible 
reason was that a low lymphocyte count may be caused 
by a delay in the diagnosis of  severe POPF and this data 
may reflect a pre-septic state[25,26]. Patients with POPF, 
which have only abnormal D-AMY data, can be followed 
without any treatment. These patients mainly resulted 
in grade A POPF; however, some of  these patients may 
later develop severe POPF. Indeed, in our study, severe 
POPF patients with grade B started intensive treatments 
after an average of  5.7 d. In contrast, extremely severe 
POPF patients with grade C started these treatments af-
ter an average of  10.3 d (data not shown). Severe POPF 
sometimes presents no clinical symptoms such as high 
grade fever and abdominal pain until some time later. 
However, surgeons should bear in mind that some POPF 
patients may develop extremely severe POPF. Therefore, 
a lower lymphocyte count could provide an objective 
description and is useful for understanding the complica-
tions that may be encountered.

In conclusion, we confirmed that the ISGPF clas-
sification of  POPF following gastrectomy was a reliable 
classification that correlated with the duration of  inten-
sive treatments in patients with severe POPF. Further-
more, we clarified an independent risk factor to predict 
the worst outcome of  POPF treatment with special refer-
ence to the ISGPF classification. Therefore, caution and 
intensive care are required for older POPF patients and 
those with lower lymphocyte counts at the diagnosis of  
POPF. 

COMMENTS
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is still a major complication following gastrectomy. Once POPF develops, it 
sometimes contributes to lethal complications, such as abdominal abscesses, 
secondary anastomotic leakage, and intra-abdominal hemorrhage. However, to 
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Abstract
AIM: To clarify the short and long-term results and to 

prove the usefulness of endoscopic resection in type 3 
gastric neuroendocrine tumors (NETs).

METHODS: Of the 119 type 3 gastric NETs diagnosed 
from January 1996 to September 2011, 50 patients 
treated with endoscopic resection were enrolled in this 
study. For endoscopic resection, endoscopic mucosal 
resection (EMR) or endoscopic submucosal dissection 
(ESD) was used. Therapeutic efficacy, complications, 
and follow-up results were evaluated retrospectively.

RESULTS: EMR was performed in 41 cases and ESD 
in 9 cases. Pathologically complete resection was per-
formed in 40 cases (80.0%) and incomplete resection 
specimens were observed in 10 cases (7 vs  3 patients 
in the EMR vs  ESD group, P  = 0.249). Upon analysis 
of the incomplete resection group, lateral or vertical 
margin invasion was found in six cases (14.6%) in the 
EMR group and in one case in the ESD group (11.1%). 
Lymphovascular invasions were observed in two cases 
(22.2%) in the ESD group and in one case (2.4%) 
in the EMR group (P  = 0.080). During the follow-up 
period (43.73; 13-60 mo), there was no evidence of 
tumor recurrence in either the pathologically complete 
resection group or the incomplete resection group. No 
recurrence was reported during follow-up. In addition, 
no mortality was reported in either the complete resec-
tion group or the incomplete resection group for the 
duration of the follow-up period.

CONCLUSION: Less than 2 cm sized confined sub-
mucosal layer type 3 gastric NET with no evidence of 
lymphovascular invasion, endoscopic treatment could 
be considered at initial treatment.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Endoscopic treatment was suitable for tumors 
measuring approximately 20 mm or smaller in size, 
with no lymph node or distant metastasis and limited to 
the submucosal layer of type 3 gastric neuroendocrine 
tumors (NETs), similar to endoscopic treatment guide-
lines applied to other gastrointestinal NETs.

Kwon YH, Jeon SW, Kim GH, Kim JI, Chung IK, Jee SR, Kim 
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low up of endoscopic resection for type 3 gastric NET. World J 
Gastroenterol 2013; 19(46): 8703-8708  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i46/8703.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i46.8703

INTRODUCTION
Neuroendocrine tumors (NETs) are slow-growing malig-
nancies with distinct biological and clinical characteristics. 
Although these tumors have long been a source of  clini-
cal and pathologic interest, their fundamental biology still 
eludes precise delineation[1]. Despite the relative rarity 
of  gastric NETs, their diagnosis is increasing due to the 
recent widespread use of  diagnostic endoscopy[2-4]. Yearly 
age-adjusted incidence is approximately 0.2 per popula-
tion of  100000. 

Enterochromaffin-like (ECL) cells, the main endo-
crine cell types in type 1 and type 2 gastric NETs, are 
highly susceptible to gastrin trophic stimuli. Under cir-
cumstances that cause hypergastrinemia, such as chronic 
atrophic gastritis (CAG) in pernicious anemia (type 1) 
or gastrin-producing neoplasms in Zollinger-Ellison 
syndrome (ZES)/multiple endocrine neoplasia (MEN) 1 
(type 2), multiple ECL cell carcinoids occur in the oxyn-
tic corpus and fundus mucosa of  the stomach[5,6]. Type 1 
and 2 gastric NETs are usually considered benign, with 
a low risk of  malignancy. However, type 3 gastric NETs 
are composed of  different endocrine cells, which grow 
sporadically, irrespective of  gastrin, in an otherwise nor-
mal mucosa. Most of  these tumors show lymphoinva-
sion, angioinvasion, and deep wall invasion at the time 
of  diagnosis, and they often present with metastases, 
which are found in 50%-70% of  well-differentiated, and 
in up to 100% of  poorly differentiated tumors[6-9]. As a 
worse overall mortality of  type 3 gastric NETs, aggres-
sive surgery is considered the initial therapeutic approach, 
generally. Many reports on the efficacy of  endoscopic 
treatment for gastric NETs have been published[10-13]. 
However, few studies have reported on endoscopic treat-
ment of  type 3 gastric NETs. 

In this study, we will conduct a retrospective review 
of  the outcomes and long-term prognosis of  endoscopic 
treatment on type 3 gastric NETs. In addition, we dem-
onstrate the efficacy of  endoscopic treatment on type 3 
gastric NETs.

MATERIALS AND METHODS
Ethics
This work has been carried out in accordance with the 
Declaration of  Helsinki (2000) of  the World Medical As-
sociation. This study was approved ethically by University 
Hospital Kyungpook Trust (KNUMC_ 12-1005). All pa-
tients provided informed written consent for this study. 

Patients
After receiving appropriate Institutional Review Board 
approval, members of  the Korean college of  Helico-
bacter and Upper Gastrointestinal Research retrospec-
tively enrolled patients who were diagnosed with histo-
logically proven gastric NETs from 10 hospitals between 
January 1996 and September 2011. Based on endoscopic 
findings, all gastric NETs were classified according to the 
Paris endoscopic classification[14]. Abdominal computed 
tomography (CT) scans were available for diagnosis 
of  lymph node involvement or other organ metastasis. 
These patients were then analyzed with respect to their 
presenting signs and symptoms, associated disease, tumor 
characteristics (number, size, site, and the presence of  
metastasis), and outcome. From the 225 gastric NETs, 
we reviewed patients’ plasma gastrin levels and other as-
sociated diseases, such as ZES and multiple endocrine 
neoplasia (MEN) type 1, to diagnose type 3 gastric NETs. 
The exact criteria used to decide between endoscopic or 
surgical treatment was dependent on the tumor size, tu-
mor shape (combined ulceration or depressed lesions), or 
evidence of  adjacent lymph node metastasis. 

Histopathologic findings and TNM stage of gastric NETs
Resection specimens processed by formalin fixation were 
serially sectioned at 2 mm intervals, and tumor involve-
ment to the lateral and vertical margins was assessed. In 
addition, histopathological type, tumor size, depth of  
invasion, and lymphovascular invasion were evaluated 
microscopically. Pathologically complete resection was 
defined according to the following findings: (1) en bloc 
resection; (2) the tumor was a well-differentiated neuro-
endocrine tumor (classical-type carcinoid) according to 
World Health Organization (WHO) classification[15]; (3) 
tumor invasion was limited to the submucosal layer; (4) 
no lateral and vertical margin involvement; and (5) no 
lymphovascular invasion.

Endoscopic findings and endoscopic mucosal resection 
and endoscopic submucosal dissection procedures
We evaluated tumor characteristics, such as the measured 
size, number, and location of  tumors. Tumor size was es-
timated using biopsy forceps (FB 21K-1; Olympus Medi-
cal Systems Co, Tokyo, Japan), which was approximately 
6 mm in length when opened. Tumor location was re-
ported according to the longitudinal axis (fundus, cardia, 
body, or antrum). All lesions were imaged with adjacent 
anatomical structures to ensure that the exact location of  
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the tumor was recorded and proved histologically by en-
doscopic biopsy. Endoscopic ultrasonography was used 
for measuring the depth of  invasion of  gastric NETs. 
Endoscopic mucosal resection (EMR) or endoscopic 
submucosal dissection (ESD) was performed after ob-
taining informed consent. Submucosal injection of  saline 
mixed with epinephrine was performed to elevate tumor 
tissues from the underlying muscularis propria. Next, 
EMR, using a hood and snare, or submucosal dissection 
was applied for removal of  the lesion.

Follow-up after endoscopic resection
The follow-up program consisted of  endoscopic exami-
nations at three, six, and twelve-month intervals, and CT 
scans and blood tests were performed at 12-month inter-
vals. Follow-up endoscopy was performed depending on 
the follow-up program, and for histological examinations 
of  NETs recurrence, biopsies were performed at iatro-
genic ulcer scar lesions that had undergone endoscopic 
treatment. CT examination findings were normal in all 

patients at the end of  follow up.

Statistical analysis
All continuous variable data are presented as the mean ± 
SE. Statistical significance was calculated using unpaired 
Student’s t test. To assess the difference between two pro-
cedures, univariate analysis was performed using Student’
s t-test. Statistical significance was set at 0.05. All analy-
ses were performed using SPSS version 18.0 (SPSS Inc., 
United States).

RESULTS
Patient baseline characteristics
Overall, in the 226 cases of  gastric NETs, 119 cases 
(52.4%) were diagnosed as type 3 gastric NETs. Of  the 
119 patients, 50 patients (42.0%) received endoscopic 
interventions for the treatment of  type 3 gastric NET 
lesions (Figure 1). The average age of  the patients was 
58.6 (25-85) years. Twenty-eight (56.0%) patients were 
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Gastric NETs (n  = 226)

Type 3 NETs (n  = 119)

Type 1 Gastric NETs (n  = 107)

Follow up loss

Endoscopic resection 
(n  = 50)

EMR (n  = 41) ESD (n  = 9)

Complete resection 
(n  = 34)

Incomplete resection 
(n  = 7)

Lymphovascular invasion 
1 case - Additional operation 

Vertical and Lateral margin (+): 
6 cases - observation

Follow up 
(n  = 31)

Follow up 
(n  = 6)

CR: 31 CR: 6

Complete resection
(n  = 6)

Incomplete resection
(n  = 3)

Lymphovascular invasion 
2 cases - Additional operation

Vertical and Lateral margin (+): 
1 case - observation

Follow up 
(n  = 5)

Follow up 
(n  = 3)

CR: 5 CR: 3

Surgery
(n  = 39)

Observation
(n  = 15)

Follow up 
(n  = 33)

CR: 29 
PD: 4
(Recur: 4 
Additional
Operation: 2
Death: 2)

No recurrence in the endoscopic resection

Follow up median 46 mo

Follow up 
(n  = 14)

No change: 11
Tumor 
progression: 3 
(Death: 1)

Figure 1  Flow chart of type 3 gastric neuroendocrine tumors. Of all type 3 gastric neuroendocrine tumors (NETs) (n = 119), 39 patients were treated with surgery, 
50 patients were treated using an endoscopic method, and 15 patients were followed up only by observation. In the endoscopic treatment group, 41 patients were 
treated with endoscopic mucosal resection (EMR), and nine patients were treated with endoscopic submucosal dissection (ESD). Upon analysis of the resected speci-
mens, histologically incomplete resections were found in seven cases in the EMR group and three cases in the ESD group, and lymphovascular invasion was found 
in one case in the EMR group and two cases in the ESD group. All cases of lymphovascular invasion were treated with an additional operation. During the median 
follow-up duration (46 mo), there was no recurrence of gastric NETs in the endoscopic resection group. 
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vs 14.2 mm in the EMR vs ESD group, P = 0.055). All tu-
mors were determined as pathologically well-differentiat-
ed neuroendocrine tumors. Upon analysis of  the resected 
specimens, 11 tumors and six tumors in the EMR and 
ESD groups, respectively, were gastric NETs measuring 
10 mm or more in size (P = 0.031); pathologically com-
plete resections were achieved in 40 cases (80.0%), and 
incomplete resection specimens were seen in 10 cases 
(7 vs 3 patients in the EMR vs ESD group, P = 0.249). 
Lateral or vertical margin invasion was found in six cases 
(14.6%) in the EMR group and in one case in the ESD 
group (11.1%). Lymphovascular invasions were observed 
in two cases (22.2%) in the ESD group and in one case 
(2.4%) in the EMR group (P = 0.080) (Table 2). 

The mean tumor size of  a complete resection was 
9.6 (2-32) mm, and the size for an incomplete resection 
was 12.4 (3-20) mm (P = 0.011). The mean tumor size of  
lymphovascular invasion cases was larger than that of  the 
no lymphovascular invasion group, however, there was 
no significant difference (P = 0.416) (Table 3). All cases 
of  with a lymphovascular invasion tumor underwent an 
additional operation, while other incomplete resection 
cases were followed up by observation (Figure 1). There 
were no complications after the endoscopic treatment 
procedures.

Follow-up
Of  the 50 patients who underwent endoscopic treat-
ment, five patients (10.0%) were lost to follow-up, and 
45 patients (90%) were included in the follow-up. The 
median follow-up duration was 46 (13-60) mo. No evi-
dence of  tumor recurrence was found upon endoscopic 
and histological examinations in both groups. There was 
also no evidence of  recurrence during follow-up imaging 
studies. In addition, no mortality was reported in either 
the complete resection group or the incomplete resection 
group during the follow-up duration. If  5 years was used 
as a cut-off  point, 20 patients showed a disease-free state 
during this period.

DISCUSSION
Carcinoids were first described by Oberndorfer in 1907 
to describe a group of  tumors of  the gastrointestinal 
tract that had a relatively indolent course and were con-

male and 22 (44.0%) patients were female. Asymptomatic 
patients were the most common, and abdominal discom-
fort was the second most common presenting symptom 
(28.0%) in patients who had type 3 gastric NETs. Upon 
analysis of  the associated underlying disease, five patients 
(10.0%) had diabetes mellitus (DM), one patient (2.0%) 
had thyroid disease and early gastric cancer (EGC), and 
two patients (4.0%) had other combined malignancies 
(Table 1).

Tumor characteristic and metastasis
Based on the endoscopic findings, superficial elevated 
type (type IIa) and solitary lesions (96%) were most prev-
alent. Upon analysis of  the location of  the type 3 gastric 
NETs, 38 lesions (76.0%) were found on the body. Based 
on the EUS evaluation, there were 49 cases (98.0%) of  
confined tumors in the mucosal or submucosal layer, and 
one tumor (2.0%) was suspicious of  invasion into the 
muscular propria (MP) layer. No lymphatic invasion or 
other organ metastasis findings was observed in the im-
aging stud (Table 1).

Treatment modality and results
Of  the 50 patients who had been treated with endoscopic 
intervention, 41 patients (82.0%) were treated by EMR 
and 9 patients (18.0%) were treated by ESD. The mean 
tumor size of  the gastric NETs was 10.2 ± 6.3 mm, and 
compared with the mean tumor size, no significant dif-
ference was observed between the two groups (9.3 mm 

Table 1  Patient characteristics of 51 gastric endocrine 
tumors who underwent endoscopic resection  n  (%)

Male:female 28:22
Mean age, yr 58.6 ± 12.2
   Associated symptoms
   Abdominal discomfort 14 (28.0)
   Body weight loss 1 (2.0)
   Diarrhea 1 (2.0)
   Other symptom 1 (2.0)
Associated disease
   Diabetes mellitus   5 (10.0)
   Thyroid disease 1 (2.0)
   Combined other malignancy 2 (4.0)
Number of tumors
   1 48 (96.0)
   ≥ 2 2 (4.0)
Tumor location
   Antrum 4 (8.0)
   Body  38 (76.0)
   Fundus or cardia   8 (16.0)
Tumor size
   ≤ 10 mm 33 (66.0)
   > 10 mm 17 (34.0)
EUS invasion depth
   Mucosa and submucosa 49 (98.0)
   MP 1 (2.0)
Treatment methods
   EMR 41 (82.0)
   ESD   9 (18.0)

GET: Gastric endocrine tumor; MP: Muscularis propria; EMR: Endoscopic 
mucosal resection; ESD: Endoscopic submucosal dissection. 

Table 2  Treatment outcomes after endoscopic treatment of 
gastric endocrine tumors  n  (%)

EMR
(n  = 41)

ESD
(n  = 9)

P  value

Mean resection size (range, mm) 9.3 ± 5.6 14.2 ± 7.8 0.055
Tumor size > 10 mm 11 (26.8) 6 (66.7) 0.031
Pathologically complete resection 35 (85.4) 6 (66.7) 0.249
Lymphovascular invasion 1 (2.4) 2 (22.2) 0.080
Additional operation 1 (2.4) 2 (22.2) 0.080

EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal 
dissection. 
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sidered to be intermediate between adenomas and carci-
nomas in terms of  malignancy potential. Currently, these 
tumors are also known by the modern term of  gastric 
NETs, which include a subset of  tumors demonstrating 
features of  neuroendocrine differentiation[15]. Surgery 
has been the most common treatment of  gastric NETs; 
however, these tumors often receive suboptimal manage-
ment, and some patients still undergo inappropriate sur-
gery. As the diagnosis of  gastric NETs is increasing with 
the widespread use of  screening diagnostic endoscopy, 
treatment using the endoscopic method is becoming a 
matter of  concern. In type 1 gastric NETs, endoscopic 
polypectomy or endoscopic mucosal resection is small (< 
1 cm) and few (< 3-5 cm) in number[16] because the clini-
cal behavior of  these tumors is usually indolent. Most 
are grade 1 tumors with TNM stage I disease and no 
mortality during prolonged follow-up[17]. Type 3 gastric 
NETs represent 15%-25% of  NETs and are not related 
to hypergastrinemia and ECL hyperplasia. The lesions 
are typically solitary, larger than 1-2 cm, ulcerated, and 
deeply invasive. The lesions are usually located in the gas-
tric fundus and body, but may also occur in the antrum; 
they are also more frequent in males[6,18-20] and are char-
acterized by a far more aggressive course. Type 3 gastric 
NETs present with lymph node and distant metastases in 
more than 50% of  cases. Therefore, partial or total gas-
trectomy with local lymph node resection is considered 
an acceptable treatment[21,22] in the absence of  visceral 
metastases. Additionally, systemic chemotherapy is also 
considered appropriate if  surgery is not feasible, even 
if, thus far, the results are not very encouraging[23]. Only 
small (< 10 mm), well differentiated (G1) type 3 gastric 
NETs may be treated non-operatively by endoscopic 
resection. Because of  the generally favorable tumor biol-
ogy, surgery and/or local ablation should be considered 
even in metastatic gastric NETs[3]. Recently, Saund et al[24] 
reported that tumor size and depth can predict lymph 
node metastasis for gastric NETs and that endoscopic 
resection may be appropriate for intraepithelial (IE) tu-
mors <2 cm and perhaps tumors < 1 cm invading into 
the lamina propria or submucosa. In our present study, 
complete pathological resections were achieved in 80.4% 
of  patients (85.4% in the EMR group vs 66.7% in the 
ESD group). Better results for the pathological complete 
resection rate for treatment have usually been reported 
with the ESD technique. However, in the current study, 
the EMR group showed a more preferable complete 
resection rate compared with the ESD group. We pre-

sumed that tumor size is a contributing factor. Based on 
analysis of  resected tumor size, the mean tumor size of  
the ESD group was larger than that of  the EMR group (P 
= 0.055), and the pathologically complete resection ratio 
showed no significant difference in both modality groups 
(P = 0.249). Even in cases with tumor sizes greater than 
10 mm (14 cases), which were confined to the submu-
cosal layer and no lymphovascular invasion, endoscopic 
treatment showed no recurrence during the follow-up 
duration. Considering these factors, the ESD technique 
was useful for large type 3 gastric NETs. The long-term 
results of  the endoscopic treatment only group (n = 43) 
showed no recurrence or mortality. Therefore, we could 
conclude that endoscopic treatment was suitable for tu-
mors measuring approximately 20 mm or smaller in size, 
with no lymph node or distant metastasis and limited to 
the submucosal layer of  type 3 gastric NETs, similar to 
endoscopic treatment guidelines applied to other gastro-
intestinal NETs.

Our study has some limitations. First, this study is a 
retrospective analysis of  clinical records. However, the 
data are believed to be reliable because all patients with 
type 3 gastric NETs treated using the endoscopic method 
at 10 institutions between January 1996 and September 
2011 were included. The second limitation is that this 
study has a possible selection bias because it was not 
randomized. However, we consider the selection bias to 
be minimal because the patient characteristics and the 
median tumor sizes of  patients with type 3 gastric NETs 
were not different. Third, the outcome of  the endoscopic 
resection and selection of  methods for endoscopic resec-
tion were different for each institution. However, each 
operator had sufficient skill to perform the endoscopic 
procedure, and the modality of  endoscopic treatment 
was generally accepted for the treatment of  gastric NETs. 
The final limitation is that we enrolled patients accord-
ing to the WHO 2000 system for NET classification, 
due to retrospective study design. Therefore, we could 
not evaluate tumor histology on the basis of  proliferative 
activity (Ki-67 index, mitotic rate) in which gastric NETs 
are graded as G1, G2, or G3.

In a conclusion, if  the tumor is confined in the sub-
mucosal layer, there is no evidence of  lymphovascular 
invasion, and the tumor size is smaller than 2 cm, endo-
scopic treatment could be applied for the initial treatment 
of  type 3 gastric NETs. 

COMMENTS
Background
Lots of controversies still exist about the optimal treatment of gastric neuroen-
docrine tumors (NETs). Type 3 gastric NETs are known as more aggressive 
disease course compared with type 1 gastric NETs. So, management of type 3 
gastric NETs are comparable to that used for gastric adenocarcinomas, which 
includes partial or total gastrectomy with extended lymph node resection. How-
ever, in the case of small sized tumor, endoscopic resection is applied for initial 
treatment, nowadays. 
Research frontiers
To evaluate of the long-term results and to prove the usefulness of endoscopic 
resection in type 3 gastric NETs. 

Table 3  Analysis of resected tumors

Tumor size P  value

Complete resection (range, mm)
   Yes (n = 40)   9.6 ± 6.3 0.011
   No (  = 10) 12.4 ± 6.1
Lymphovascular invasion (range, mm)
   Yes (n = 3) 16.3 ± 4.2 0.416
   No (n = 47)   9.8 ± 6.2
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Innovations and breakthroughs
Endoscopic treatment was suitable for tumors measuring approximately 20 mm 
or smaller in size, with no lymph node or distant metastasis and limited to the 
submucosal layer of type 3 gastric NETs.
Applications
This present study suggest that the tumor size, the depth of invasion and 
evidence of lymphovascular invasion must be considered before performing 
endoscopic treatment for type 3 gastric NETs. 
Peer review
This study described the efficacy of endoscopic resection for the type 3 gastric 
NETs which size is less than 2 cm, confined submucosal layer, and no evidence 
of lymphovascular invasion.

REFERENCES
1 Modlin IM, Lye KD, Kidd M. A 5-decade analysis of 13,715 

carcinoid tumors. Cancer 2003; 97: 934-959 [PMID: 12569593 
DOI: 10.1002/cncr.11105]

2 Modlin IM, Lye KD, Kidd M. A 50-year analysis of 562 
gastric carcinoids: small tumor or larger problem? Am J 
Gastroenterol 2004; 99: 23-32 [PMID: 14687136 DOI: 10.1046/
j.1572-0241.2003.04027.x]

3 Scherübl H, Cadiot G, Jensen RT, Rösch T, Stölzel U, Klöp-
pel G. Neuroendocrine tumors of the stomach (gastric 
carcinoids) are on the rise: small tumors, small problems? 
Endoscopy 2010; 42: 664-671 [PMID: 20669078 DOI: 10.1055/
s-0030-1255564]

4 Ellis L, Shale MJ, Coleman MP. Carcinoid tumors of the gas-
trointestinal tract: trends in incidence in England since 1971. 
Am J Gastroenterol 2010; 105: 2563-2569 [PMID: 20823835 
DOI: 10.1038/ajg.2010.341]

5 Ruszniewski P, Delle Fave G, Cadiot G, Komminoth P, 
Chung D, Kos-Kudla B, Kianmanesh R, Hochhauser D, 
Arnold R, Ahlman H, Pauwels S, Kwekkeboom DJ, Rindi 
G. Well-differentiated gastric tumors/carcinomas. Neu-
roendocrinology 2006; 84: 158-164 [PMID: 17312375 DOI: 
10.1159/000098007]

6 Burkitt MD, Pritchard DM. Review article: Pathogenesis and 
management of gastric carcinoid tumours. Aliment Pharmacol 
Ther 2006; 24: 1305-1320 [PMID: 17059512 DOI: 10.1111/
j.1365-2036.2006.03130.x]

7 Rindi G, Azzoni C, La Rosa S, Klersy C, Paolotti D, Rappel 
S, Stolte M, Capella C, Bordi C, Solcia E. ECL cell tumor and 
poorly differentiated endocrine carcinoma of the stomach: 
prognostic evaluation by pathological analysis. Gastroen-
terology 1999; 116: 532-542 [PMID: 10029611 DOI: 10.1016/
S0016-5085(99)70174-5]

8 Delle Fave G, Capurso G, Annibale B, Panzuto F. Gastric 
neuroendocrine tumors. Neuroendocrinology 2004; 80 Suppl 1: 
16-19 [PMID: 15477710 DOI: 10.1159/000080734]

9 Schindl M, Kaserer K, Niederle B. Treatment of gastric 
neuroendocrine tumors: the necessity of a type-adapted 
treatment. Arch Surg 2001; 136: 49-54 [PMID: 11146777 DOI: 
10.1001/archsurg.136.1.49]

10 Hopper AD, Bourke MJ, Hourigan LF, Tran K, Moss A, 
Swan MP. En-bloc resection of multiple type 1 gastric carci-
noid tumors by endoscopic multi-band mucosectomy. J Gas-
troenterol Hepatol 2009; 24: 1516-1521 [PMID: 19743997 DOI: 
10.1111/j.1440-1746.2009.05909.x]

11 Hosokawa O, Kaizaki Y, Hattori M, Douden K, Hayashi H, 

Morishita M, Ohta K. Long-term follow up of patients with 
multiple gastric carcinoids associated with type A gastritis. 
Gastric Cancer 2005; 8: 42-46 [PMID: 15747174 DOI: 10.1007/
s10120-004-0303-6]

12 Borch K, Renvall H, Kullman E, Wilander E. Gastric car-
cinoid associated with the syndrome of hypergastrinemic 
atrophic gastritis. A prospective analysis of 11 cases. Am J 
Surg Pathol 1987; 11: 435-444 [PMID: 3592060 DOI: 10.1097/0
0000478-198706000-00004]

13 Sjöblom SM, Sipponen P, Järvinen H. Gastroscopic follow 
up of pernicious anaemia patients. Gut 1993; 34: 28-32 [PMID: 
8432447 DOI: 10.1136/gut.34.1.28]

14 Endoscopic Classification Review Group. Update on the 
paris classification of superficial neoplastic lesions in the 
digestive tract. Endoscopy 2005; 37: 570-578 [PMID: 15933932 
DOI: 10.1055/s-2005-861352]

15 Solcia E, Klöppel G, Sobin LH, Williams E. Histological typ-
ing of endocrine tumours. New York: Springer, 2000

16 Ichikawa J, Tanabe S, Koizumi W, Kida Y, Imaizumi H, Kida 
M, Saigenji K, Mitomi H. Endoscopic mucosal resection in 
the management of gastric carcinoid tumors. Endoscopy 2003; 
35: 203-206 [PMID: 12584637 DOI: 10.1055/s-2003-37256]

17 Thomas D, Tsolakis AV, Grozinsky-Glasberg S, Fraenkel M, 
Alexandraki K, Sougioultzis S, Gross DJ, Kaltsas G. Long-
term follow-up of a large series of patients with type 1 gas-
tric carcinoid tumors: data from a multicenter study. Eur J 
Endocrinol 2013; 168: 185-193 [PMID: 23132699 DOI: 10.1530/
EJE-12-0836]

18 Calender A. Molecular genetics of neuroendocrine tumors. 
Digestion 2000; 62 Suppl 1: 3-18 [PMID: 10940682 DOI: 
10.1159/000051850]

19 Borch K, Ahrén B, Ahlman H, Falkmer S, Granérus G, 
Grimelius L. Gastric carcinoids: biologic behavior and prog-
nosis after differentiated treatment in relation to type. Ann 
Surg 2005; 242: 64-73 [PMID: 15973103 DOI: 10.1097/01.
sla.0000167862.52309.7d]

20 Dakin GF, Warner RR, Pomp A, Salky B, Inabnet WB. Pre-
sentation, treatment, and outcome of type 1 gastric carcinoid 
tumors. J Surg Oncol 2006; 93: 368-372 [PMID: 16550587 DOI: 
10.1002/jso.20468]

21 Gilligan CJ, Lawton GP, Tang LH, West AB, Modlin IM. 
Gastric carcinoid tumors: the biology and therapy of an enig-
matic and controversial lesion. Am J Gastroenterol 1995; 90: 
338-352 [PMID: 7872269]

22 Plöckinger U, Rindi G, Arnold R, Eriksson B, Krenning EP, 
de Herder WW, Goede A, Caplin M, Oberg K, Reubi JC, 
Nilsson O, Delle Fave G, Ruszniewski P, Ahlman H, Wie-
denmann B. Guidelines for the diagnosis and treatment of 
neuroendocrine gastrointestinal tumours. A consensus state-
ment on behalf of the European Neuroendocrine Tumour 
Society (ENETS). Neuroendocrinology 2004; 80: 394-424 [PMID: 
15838182]

23 Massironi S, Sciola V, Spampatti MP, Peracchi M, Conte 
D. Gastric carcinoids: between underestimation and over-
treatment. World J Gastroenterol 2009; 15: 2177-2183 [PMID: 
19437556 DOI: 10.3748/wjg.15.2177]

24 Saund MS, Al Natour RH, Sharma AM, Huang Q, Boosalis 
VA, Gold JS. Tumor size and depth predict rate of lymph 
node metastasis and utilization of lymph node sampling 
in surgically managed gastric carcinoids. Ann Surg On-
col 2011; 18: 2826-2832 [PMID: 21455598 DOI: 10.1245/
s10434-011-1652-0]

P- Reviewers: Bloomston M, Jensen RT, Ke YQ, Ooi LL    
S- Editor: Wen LL    L- Editor: A    E- Editor: Zhang DN

Kwon YH et al . Endoscopic resection for type 3 gastric NET



8709 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

Pattern and distribution of colonic diverticulosis: Analysis 
of 2877 barium enemas in Thailand

Varut Lohsiriwat, Wanwarang Suthikeeree

Varut Lohsiriwat, Department of Surgery, Faculty of Medicine 
Siriraj Hospital, Mahidol University, Bangkok 10700, Thailand
Wanwarang Suthikeeree, Department of Radiology, Faculty of 
Medicine Siriraj Hospital, Mahidol University, Bangkok 10700, 
Thailand
Author contributions: Lohsiriwat V contributed to the literature 
review, research design, analysis of data, and manuscript prepara-
tion; Suthikeeree W contributed to acquisition of data and criti-
cally reviewed the manuscript. 
Supported by Faculty of Medicine Siriraj Hospital, Mahidol 
University, Bangkok, Thailand
Correspondence to: Varut Lohsiriwat, MD, PhD, Department 
of Surgery, Faculty of Medicine Siriraj Hospital, Mahidol Uni-
versity, Prannok Road, Bangkok 10700, 
Thailand. bolloon@hotmail.com
Telephone: +66-2-4198005  Fax: +66-2-4121370
Received: July 1, 2013          Revised: September 30, 2013
Accepted: October 19, 2013
Published online: December 14, 2013

Abstract
AIM: To determine the pattern and distribution of co-
lonic diverticulosis in Thai adults.

METHODS: A review of the computerized radiology 
database for double contrast barium enema (DCBE) in 
Thai adults was performed at the Faculty of Medicine 
Siriraj Hospital, Mahidol University, Bangkok, Thailand. 
Incomplete studies and DCBE examinations performed 
in non-Thai individuals were excluded. The pattern and 
distribution of colonic diverticulosis detected during 
DCBE studies from June 2009 to October 2011 were 
determined. The occurrence of solitary cecal diverticu-
lum, rectal diverticulum and giant diverticulum were 
reported. Factors influencing the presence of colonic 
diverticulosis were evaluated.

RESULTS: A total of 2877 suitable DCBE examina-
tions were retrospectively reviewed. The mean age 
of patients was 59.8 ± 14.7 years. Of these patients, 

1778 (61.8%) were female and 700 (24.3%) were as-
ymptomatic. Colonic diverticulosis was identified in 820 
patients (28.5%). Right-sided diverticulosis (641 cases; 
22.3%) was more frequently reported than left-sided 
diverticulosis (383 cases; 13.3%). Pancolonic diverticu-
losis was found in 98 cases (3.4%). The occurrence of 
solitary cecal diverticulum, rectal diverticulum and giant 
diverticulum were 1.5% (42 cases), 0.4% (12 cases), 
and 0.03% (1 case), respectively. There was no sig-
nificant difference in the overall occurrence of colonic 
diverticulosis between male and female patients (28.3% 
vs  28.6%, P  = 0.85). DCBE examinations performed in 
patients with some gastrointestinal symptoms revealed 
the frequent occurrence of colonic diverticulosis com-
pared with those performed in asymptomatic individu-
als (29.5% vs  25.3%, P  = 0.03). Change in bowel habit 
was strongly associated with the presence of diverticu-
losis (a relative risk of 1.39; P  = 0.005). The presence 
of diverticulosis was not correlated with age in symp-
tomatic patients or asymptomatic individuals (P  > 0.05).

CONCLUSION: Colonic diverticulosis was identified in 
28.5% of DCBE examinations in Thai adults. There was 
no association between the presence of diverticulosis 
and gender or age.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Colonic diverticulosis; Diverticular disease; 
Barium enema; Pattern; Thailand; Cecal diverticulum; 
Rectal diverticulum; Giant diverticulum

Core tip: Based on this study in the largest university 
hospital in Thailand, colonic diverticulosis was identified 
in 28.5% of double contrast barium enemas performed 
in Thai adults. The incidence of colonic diverticulosis 
in the present study was markedly higher than that 
previously reported from hospital-based data of colonic 
diverticulosis in Thailand in 1980. This study also dem-
onstrated that there was no significant association be-
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tween the presence of diverticulosis and gender or age. 
However, colonic diverticulosis was more commonly 
reported in patients with some gastrointestinal symp-
toms, especially those with a change in bowel habit.

Lohsiriwat V, Suthikeeree W. Pattern and distribution of colonic 
diverticulosis: Analysis of 2877 barium enemas in Thailand. 
World J Gastroenterol 2013; 19(46): 8709-8713  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v19/i46/8709.htm  
DOI: http://dx.doi.org/10.3748/wjg.v19.i46.8709

INTRODUCTION
Colonic diverticulosis is a common gastrointestinal con-
dition in which the large intestine contains outpouchings 
of  the mucosa and submucosa through a weak area of  
the colon[1]. However, the actual prevalence of  colonic di-
verticulosis is difficult to determine because most people 
with colonic diverticula are asymptomatic[2]. Double con-
trast barium enema (DCBE) is regarded as the investiga-
tion of  choice for demonstrating the presence and extent 
of  colonic diverticulosis[3,4]. It is evident that the preva-
lence and pattern of  colonic diverticulosis differ among 
ethnic groups and lifestyles[5,6]; left-sided diverticulosis is 
most common in Western and developed countries, while 
right-sided diverticulosis is more prevalent in Asian and 
developing countries[4,7,8].

Although some data on colonic diverticulosis from 
Asian countries are available[6,9,10], information on colonic 
diverticulosis in the region of  Southeast Asia is limited 
and outdated[11]. As the characteristics of  colonic diver-
ticulosis have changed with time[12,13], this study aimed to 
determine the pattern and distribution of  colonic diver-
ticulosis in Thai adults in recent years.

MATERIALS AND METHODS
After obtaining approval from our Institutional Review 
Board (SIRB 634/2554), a review of  the computerized 
radiology database for DCBE in Thai adults (defined as 
individuals aged ≥ 18 years) was performed at the Facul-
ty of  Medicine Siriraj Hospital, Mahidol University, Bang-
kok, Thailand. All findings of  colorectal lesions detected 
at DCBE from June 2009 to October 2011 were ana-
lyzed. Incomplete studies, e.g. patients who were unable 
to hold barium or DCBE performed in patients with co-
lonic obstruction, were excluded. Barium studies in non-
Thai individuals were also excluded. Written informed 
consent was given by all patients before undergoing 
fluoroscopic DCBE. The detailed techniques and inter-
pretation of  standard fluoroscopic DCBE performed in 
our institute were previously reported[14]. Briefly, DCBE 
demonstrates a diverticulum as a barium-filled outpouch-
ing of  the colon which is joined to the colonic wall by a 
neck. The DCBE findings were interpreted and reported 
by a staff  gastrointestinal radiologist. 

Patients’ characteristics, indication for DCBE, and an-
atomical distribution of  colonic diverticula were analyzed. 
In this study, the colon was divided into 3 parts: the right-
sided colon (the cecum, the ascending colon, and the 
hepatic flexure of  the colon), the transverse colon, and 
the left-sided colon (the splenic flexure of  the colon, the 
descending colon, the sigmoid colon, and the rectum). 
Right colonic diverticulosis was defined as a diverticulum, 
or diverticula, detected on DCBE in the right-sided colon 
regardless of  the involvement of  the remaining colon. 
Left colonic diverticulosis was defined as a diverticulum, 
or diverticula, detected on DCBE in the left-sided colon 
regardless of  the involvement of  the remaining colon. 
The presence of  diverticula in all three colonic segments 
was defined as pancolonic diverticulosis. Of  note, a rectal 
diverticulum was defined as a diverticulum found below 
the imaginary line between the sacral promontory and the 
pubic symphysis on the lateral pelvic view of  DCBE. A 
giant diverticulum was defined as a diverticulum demon-
strated on DCBE with a diameter of  ≥ 4 cm.

Statistical analysis
All data were prepared and compiled using the Statisti-
cal Package for the Social Sciences program version 11.3 
for Windows (SPSS Inc, Chicago, IL, United States). The 
prevalence and distribution of  colonic diverticulosis de-
tected at DCBE were analyzed with 95%CI analysis for 
Windows (Statistics with Confidence, 2nd Edition, BMJ 
Books, London 2000). The Mann-Whitney U test was 
used to compare the prevalence of  diverticulosis between 
gender, and between symptomatic patients and asymp-
tomatic individuals. Of  note, asymptomatic individuals 
were defined as those without any gastrointestinal tract 
symptoms. The correlation between age and the pres-
ence of  colonic diverticular disease was analyzed using a 
regression analysis. A P-value of  less than 0.05 was con-
sidered statistically significant. 

RESULTS
A total of  2877 suitable DCBE examinations were ret-
rospectively reviewed. The mean age of  patients was 
59.8 ± 14.7 years (range 18-100 years). Of  these patients, 
1778 (61.8%) were female and 700 (24.3%) were asymp-
tomatic. Colonic diverticulosis was identified on DCBE 
in 820 patients (28.5%). Right-sided diverticulosis (641 
cases; 22.3%) was more frequently found than left-sided 
diverticulosis (383 cases; 13.3%). Pancolonic diverticu-
losis and solitary cecal diverticulum were found in 98 
cases (3.4%) and 42 cases (1.5%), respectively (Table 1). 
Rectal diverticulum was seen in 12 cases (0.4%), and it 
was exclusively associated with the presence of  sigmoid 
diverticulosis. A giant sigmoid diverticulum was demon-
strated on DCBE in one case (0.03%). Figure 1 shows 
the distribution of  diverticulosis stratified by colonic seg-
ment. Besides colonic diverticula, other major findings 
included 25 advanced adenomas (0.87%), 76 colorectal 
cancers (2.64%; 18 in the right-sided colon, 28 in the left-
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sided colon and 30 in the rectum), and 4 ileocecal Crohn’
s disease (0.14%).

There was no significant difference in the occur-
rence of  colonic diverticulosis between male and female 
patients (28.3% vs 28.6%, P = 0.85). However, DCBE 
examinations performed in patients with some gastroin-
testinal symptoms revealed the frequent occurrence of  
colonic diverticulosis compared with those performed 
in asymptomatic individuals (29.5% vs 25.3%; P = 0.03). 
Change in bowel habit was strongly associated with the 
presence of  diverticulosis (RR = 1.39, 95%CI: 1.14-1.70, 
P = 0.005), whereas patients with abdominal pain, con-
stipation and bleeding per rectum had a non-significant 
increased risk for colonic diverticulosis. The presence of  
diverticulosis was not significantly correlated with age in 
symptomatic patients (P = 0.62) or asymptomatic per-
sons (P = 0.52) (Figure 2). 

DISCUSSION
In this study, colonic diverticulosis was identified in near-
ly 30% of  DCBE examinations performed in Thai adults. 
Right-sided diverticulosis was found more frequently 
than left-sided diverticulosis. Our findings of  colonic 
diverticulosis are consistent with other observations; in 
which right-sided colonic diverticulosis is most common-
ly involved in Asians, whereas sigmoid diverticulosis pre-
dominates in Western populations[6,7,15]. Compared with 
a previous hospital-based study of  colonic diverticulosis 
in Bangkok in the 1980s[11], the present study revealed 
a markedly higher rate of  this condition, but a similar 
proportion of  disease in relatively young individuals. It is 
difficult to explain why there is a relatively high frequency 
of  colonic diverticulosis in young Thai adults. It is pos-
sible that, apart from some differences in dietary intake 

and lifestyle, racial and genetic predisposition could play 
an important role in the development of  colonic divertic-
ulosis[16]. Apparently, genetic influences on the develop-
ment of  diverticulosis in Asian populations have a stron-
ger impact than those in Western populations, especially 
for right-sided colonic diverticulosis[17]. 

Moreover, we found no significant difference in the 
rate of  colonic diverticulosis detected by DCBE between 
genders, which is consistent with several recent reviews 
of  the literature[8,17,18]. However, there have been a few 
reports of  an increased risk of  colonic diverticulosis in 
males[19,20]. In addition, we did not identify a significant 
correlation between the presence of  diverticulosis and 
age. Notably, the frequency of  pancolonic diverticulosis 
in our study was 3.4%, which was fairly constant among 
the different age groups. In contrast to these findings, 
many authors have repeatedly reported that the preva-
lence of  diverticulosis increases with age[4,21,22]. An inter-
esting study by Takano et al[13] also showed that diverticu-
losis progressed with time from the proximal colon to 
the distal colon. Although the prevalence and extent of  
colonic diverticulosis is largely age-dependent, its wide-
spread appearance in the Asian population could be as 
early as adolescence[20] with peak prevalence at the age of  
50-60 years[10]. This could, in part, explain our findings 
of  a relatively high rate of  colonic diverticulosis in fairly 
young age groups; therefore, we did not identify a signifi-
cant increment in colonic diverticulosis in advanced age 
groups. 

With regard to cecal diverticulosis which involves 
multiple lesions, we found 42 cases of  solitary cecal di-
verticulum; accounting for 1.5% of  all DCBEs studied. 
Solitary cecal diverticulum is a fairly rare and asymptom-
atic lesion unless it becomes hemorrhagic or inflamed 
(mimicking acute appendicitis). Its incidence in Asian 
populations seems higher than that in Western popula-
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Table 1  Percentage and distribution of colonic diverticulosis 
by location (from total number of 2877 double contrast 
barium enemas studied)

Location No. 
of 

cases

Percentage of 
total 820 colonic 

diverticulosis

Percentage of 
total 2877 DCBEs 
studied (95%CI)

Right-sided only1 383 46.7   13.3 (12.1-14.6)
Left-sided only 153 18.7 5.3 (4.6-6.2)
Transverse only   10   1.2 0.3 (0.2-0.6)
Extended right-sided 
(right + transverse)

  44   5.4 1.5 (1.1-2.0)

Extended left-sided 
(left + transverse) 

  16   2.0 0.6 (0.3-0.9)

Bilateral (right + left) 116 14.1 4.0 (3.4-4.8)
Pancolonic 
(right + transverse + left)

  98 12.0 3.4 (2.8-4.1)

Total 820 100   28.5 (26.9-30.2)
Right colonic diverticulosis 641 78.2   22.3 (20.8-23.8)
Left colonic diverticulosis 383 46.7   13.3 (12.1-14.6)
Transverse colonic 
diverticulosis

168 20.5 5.8 (5.0-6.8)

1Right-sided only diverticulosis included 42 cases of solitary cecal 
diverticulum. DCBE: Double contrast barium enema. 

Transverse colon 
n  = 168 (20.5%)

Hepatic flexure
n  = 188 (22.9%)

Splenic flexure 
n  = 95 (11.6%)

Ascending colon 
n  = 514 (62.7%)

Descending colon
n  = 241 (29.4%)

Cecum 
n  = 243 (29.6%)

Sigmoid colon
n  = 263 (32.1%)

Rectum
n = 12 (1.5%)

Total number = 820 cases

Figure 1  Distribution of colonic diverticulosis stratified by colonic seg-
ment (total number of colonic diverticulosis = 820 cases). 
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COMMENTS
Background
Colonic diverticulosis is a common gastrointestinal condition. The prevalence 
and distribution of colonic diverticulosis differ among ethnic groups and life-
styles; left-sided diverticulosis is more common in Western and developed 
countries, while right-sided diverticulosis is more prevalent in Asian and de-
veloping countries. Moreover, the characteristics of colonic diverticulosis have 
changed over time. 
Research frontiers
Although some data on colonic diverticulosis from Asian countries are available, 
the information on colonic diverticulosis in Southeast Asia is limited and some 
are outdated. Double contrast barium enema (DCBE) is a reliable investigation 
tool for demonstrating the presence and extent of colonic diverticulosis.
Innovations and breakthroughs
This paper demonstrates that colonic diverticulosis was identified in 28.5% of 
DCBEs performed in Thai adults. Right-sided diverticulosis was more common 
than left-sided diverticulosis. Pancolonic diverticulosis was found in 3.4% of 
patients. There was no association between the presence of diverticulosis and 
gender or age, however, DCBE examinations performed in patients with some 
gastrointestinal symptoms revealed the frequent occurrence of colonic diver-
ticulosis compared with those performed in asymptomatic individuals. Change 
in bowel habit was strongly associated with the presence of diverticulosis. 
Applications
The study results show that the occurrence of colonic diverticulosis in Thailand, 
a developing country in Asia, is surprisingly prominent and markedly higher 
than that previously reported from a hospital survey in Bangkok approximately 
30 years ago. In addition, the rate of colonic diverticulosis in the present study 
was equal in the different age groups i.e., its widespread appearance could be 
seen as early as adolescence. These findings may urge physicians to include 
or consider colonic diverticular disease as one of the causes of gastrointestinal 
symptoms in every patient, including young individuals. 
Terminology
Colonic diverticulosis is usually described as the presence of outpouching(s) of 
the mucosa and submucosa through a weak area of the large intestine. When 
a diverticulum (or multiple diverticula) becomes symptomatic, infected or bleed-
ing, this gastrointestinal condition may be called “colonic diverticular disease”.
Peer review
This is a good descriptive study in which authors analyze the pattern and distri-
bution of colonic diverticulosis from a third world country, where the frequency 
of such a condition is expected to be low. In fact, this study showed an unex-
pectedly high number of colonic diverticulosis in Thai adults. The distribution 
of colonic diverticulosis is brilliantly shown in great details. The results are also 
interesting and suggest that colonic diverticulosis can be seen in adolescence 
as well as it occurrence is not age-dependent. Some findings are different from 
those shown in Western populations. 

tions[10,23]. We also identified 12 cases (0.4%) of  rectal 
diverticulum which was exclusively associated with the 
presence of  sigmoid diverticulosis. The true incidence 
and pathogenesis of  rectal diverticulum remain unknown 
as it is rarely reported[24]. As such lesions were present to-
gether with sigmoid colon diverticula, rectal and sigmoid 
diverticulosis may share the same pathogenesis. 

More interestingly, we found a single 5-cm diverticu-
lum in the sigmoid colon in a 51-year-old healthy male. 
The giant diverticulum was first described in 1946, and 
to date, fewer than 200 cases have been reported in the 
literature[25,26]. It is mainly found in the sigmoid colon, 
and can be divided into 3 distinct histological types: true 
diverticulum, false diverticulum, and pseudo-diverticulum 
(scar tissue without any colonic wall layer)[27]. Manage-
ment of  a giant diverticulum depends on the patient’s 
symptoms and underlying disease. Diverticulectomy or 
segment resection of  the affected colon is the favored 
choice of  treatment in symptomatic patients. 

Lastly, we demonstrated that the DCBE examinations 
performed in patients with some gastrointestinal symp-
toms (e.g., bowel habit change, constipation, abdominal 
pain and hematochezia) revealed a higher prevalence of  
colonic diverticulosis than those performed in asymp-
tomatic individuals. It is obvious that many patients with 
colonic diverticulosis experience chronic gastrointestinal 
symptoms at some time in their life[28]. However, it is dif-
ficult to know whether colonic diverticulosis is a cause or 
a result of  such symptoms.

In conclusion, the present study examined the fre-
quency and distribution of  colonic diverticulosis from 
a relatively large number of  fluoroscopic DCBEs per-
formed in Thai adults. Colonic diverticulosis was identi-
fied in nearly 30% of  DCBE examinations. Right-sided 
diverticulosis was more common than left-sided diver-
ticulosis. There was no association between the presence 
of  diverticulosis and gender or age. Colonic diverticulosis 
was more commonly reported in patients with some gas-
trointestinal symptoms, especially those with change in 
bowel habit.
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Abstract
AIM: To investigate the differential expression of leu-

cine-rich repeat-containing G protein-coupled receptor 
5 (LGR5) in gastric cancer tissues and its significance 
related to tumor growth and spread. 

METHODS: Formalin-fixed biopsy specimens of intes-
tinal metaplasia (n  = 90), dysplasia (n  = 53), gastric 
adenocarcinoma (n  = 180), metastases in lymph nodes 
and the liver (n  = 15), and lesion-adjacent normal 
gastric mucosa (controls; n  = 145) were obtained for 
analysis from the Peking University Cancer Hospital’s 
Department of Pathology and Gastrointestinal Surgery 
tissue archives (January 2003 to December 2011). The 
biopsied patients’ demographic and clinicopathologic 
data were retrieved from the hospital’s medical records 
database. Each specimen was subjected to histopatho-
logical typing to classify the tumor node metastasis 
(TNM) stage and to immunohistochemistry staining to 
detect the expression of the cancer stem cell marker 
LGR5. The intergroup differences in LGR5 expression 
were assessed by Spearman’s rank correlation analysis, 
and the relationship between LGR5 expression level 
and the patients’ clinicopathological characteristics was 
evaluated by the χ 2 test or Fisher’s exact test.

RESULTS: Significantly more gastric cancer tissues 
showed LGR5+ staining than normal control tissues (all 
P  < 0.01), with immunoreactivity detected in 72.2% 
(65/90) and 50.9% (27/53) of intestinal metaplasia 
and dysplasia specimens, respectively, 52.8% (95/180) 
of gastric adenocarcinoma specimens, and 73.3%% 
(11/15) of metastasis specimens, but 26.9% (39/145) 
of lesion-adjacent normal gastric mucosa specimens. 
Comparison of the intensity of LGR5+ staining showed 
an increasing trend that generally followed increasing 
dedifferentiation and tumor spread (normal tissue < 
dysplasia, < gastric adenocarcinoma < metastasis; all P  
< 0.001), with the exception of expression level detect-
ed in intestinal metaplasia which was higher than that 
in normal gastric tissues (P  < 0.001). Moreover, gastric 
cancer-associated enhanced expression of LGR5 was 
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found to be significantly associated with age, tumor dif-
ferentiation, Lauren type and TNM stage (Ⅰ + Ⅱ vs  Ⅲ 
+ Ⅳ) (all P  < 0.05), but not with sex, tumor site, loca-
tion, size, histology, lymphovascular invasion, depth of 
invasion, lymph node metastasis or distant metastasis. 
Patients with LGR5+ gastric cancer specimens and with-
out signs of metastasis from the original biopsy experi-
enced more frequent rates of recurrence or metastasis 
during follow-up than patients with LGR5- specimens (P  
< 0.05).

CONCLUSION: Enhanced LGR5 is related to progres-
sive dedifferentiation and metastasis of gastric cancer, 
indicating the potential of this receptor as an early di-
agnostic and prognostic biomarker.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Leucine-rich repeat-containing G protein-
coupled receptor 5; Cancer stem cell; Gastric cancer; 
Intestinal metaplasia; Tumorigenesis

Core tip: This is the first study to evaluate the expres-
sion of leucine-rich repeat-containing G protein-coupled 
receptor 5 (LGR5), a putative cancer stem cell marker, 
in progressive stages of gastric carcinogenesis. The ob-
servation of increasing LGR5 expression in human gas-
tric cancer lesions, following the loss of differentiation 
(from dysplastic to gastric cancer cases) and risk of 
spread (metastatic cases), suggests that this receptor 
may represent an important biomarker for early detec-
tion of patients at higher risk for gastric tumorigenesis. 
The observed distinctive expression pattern of LGR5 
in intestinal metaplasia suggests that these cells may 
represent a precancerous condition but not carcinoma 
precursors. 

Zheng ZX, Sun Y, Bu ZD, Zhang LH, Li ZY, Wu AW, Wu XJ, 
Wang XH, Cheng XJ, Xing XF, Du H, Ji JF. Intestinal stem cell 
marker LGR5 expression during gastric carcinogenesis. World J 
Gastroenterol 2013; 19(46): 8714-8721  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i46/8714.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i46.8714

INTRODUCTION
Gastric cancer (GC) is one of  the most common cancers 
worldwide, yet the majority of  GC-related deaths occur 
in less developed countries, including China and other 
Asian nations[1,2]. Studies to elucidate the tumorigenic 
processes underlying GC development have revealed a 
multistep sequential process involving normal gastric tis-
sue progression to chronic gastritis, atrophy, intestinal 
metaplasia, dysplasia, and carcinoma, with or without 
metastatic potential[3]. This model supports the possibility 
of  a stepwise accumulation of  genetic alterations affect-
ing expression of  key molecules, possibly having direct or 

indirect (i.e., signaling pathways) functional effects on cell 
growth and movement. 

The stem cell origin hypothesis of  carcinomas has 
gained much research attention in the recent decade. 
Cancer stem cells (CSCs), which express a distinctive 
profile of  cell type-specific surface markers[4], have been 
detected in a broad range of  clinical cancer specimens, 
including hematological malignancies and solid tumors 
of  the breast, lung, ovary, liver, prostate, pancreas, skin, 
brain and colon[5-13]. However, few studies to date have 
investigated the presence of  CSCs in GC lesions, and 
their role in GC tumorigenesis remains largely unknown. 

The leucine-rich repeat-containing G protein-coupled 
receptor 5 (LGR5, also known as GPR49) has been 
proposed as a marker of  GC-related stem cells. Under 
normal conditions, LGR5 is expressed primarily on intes-
tinal stem cells, where it functions as a transducer of  Wnt 
signaling[14,15]. Murine-based investigations to uncover the 
role of  LGR5 in cancer development and progression 
have also demonstrated its expression on rare, scattered 
cells in the eye, brain, stomach, mammary gland and re-
productive organs[16] and showed that LGR5+ stem cells 
were much more effective in producing tumorigenesis 
than more differentiated (LGR5-) cells[17]. In humans, 
LGR5+ cells have been detected in both the population 
of  crypt stem cells (precursor cells) and gastric mucosal 
lesions that progressed to cancer[18]. 

A functional study of  LGR5-expressing cells and their 
age-related distribution using a mouse model revealed 
that its expression was localized to the base of  prospec-
tive corpus and pyloric glands in neonatal stomach but 
predominantly restricted to the base of  mature pyloric 
glands in adult stomach, and demonstrated that a single 
LGR5+ cell could efficiently generate long-lived organoids 
resembling mature pyloric epithelium in vitro[19]. While the 
collective findings have increased interest in developing 
LGR5 as a universal epithelial CSC marker for clinical 
use[18], the loss of  restriction to the stem cell niche is con-
sidered an early event in the premalignant transformation 
of  stem cells and suggests that this protein may also be a 
key contributor to carcinogenesis.

Although many previous studies have investigated 
the association of  perturbed LGR5 expression with tu-
morigenesis, very few have reported on the differential 
expression of  LGR5 and its role in the multistep sequen-
tial process of  GC development. Therefore, the present 
study analyzed LGR5 expression in human clinical speci-
mens of  gastric tissues from the non-cancerous condition 
through gastric adenocarcinoma and in GC-related lymph 
nodes and liver metastases, and evaluated the relationship 
between differential LGR5 expression and clinicopatho-
logical features. The findings from this study will provide 
novel insights into the carcinogenic process of  GC from 
the perspective of  the stem cell origin hypothesis.

MATERIALS AND METHODS
Patients and tissue samples 
Formalin-fixed/paraffin-embedded specimens of  in-
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testinal metaplasia (n = 90), dysplasia (n = 53), gastric 
adenocarcinoma (n = 180), metastases in lymph nodes 
and the liver (n = 15), and lesion-adjacent normal gastric 
mucosa (controls; n = 145) were obtained for analysis 
from the Peking University Cancer Hospital’s Depart-
ment of  Pathology and Gastrointestinal Surgery tissue 
archives (January 2003 to December 2011). All specimens 
had been obtained during endoscopic biopsy or surgi-
cal resection. Each specimen was analyzed by routine 
histopathological analysis and was classified according to 
the pathological criteria published by the World Health 
Organization (4th edition) and the tumor node metastasis 
(TNM) staging system of  the American Joint Committee 
on Cancer Staging Manual (7th edition) and the Japanese 
Gastric Cancer Association Guidelines (3rd edition). 

The biopsied patients’ demographic and clinicopatho-
logic characteristics (during the clinical management 
and follow-up periods) were retrieved from the hospital’
s electronic records database. If  a patient had no record 
of  death but lacked follow-up data, the patient’s general 
practitioner was contacted to obtain the information. 
None of  the GC patients had synchronous cancers or 
previous gastrointestinal diseases, nor had undergone ab-
dominal surgery, chemotherapy or radiotherapy prior to 
specimen collection. 

This study was performed with pre-approval from the 
Ethics Committee of  Peking University Cancer Hospital. 
Informed consent allowing for investigative use of  tissue 
samples had been provided by each patient.

Immunohistochemical analysis
Specimen sections (4 μm thickness) were mounted on 
poly-L-lysine coated slides, deparaffinized in xylene, and 
rehydrated in a descending ethanol-to-water gradient 
series. Endogenous peroxidase was blocked by exposure 
to 3% H2O2 for 10 min, followed by antigen retrieval via 
pressurized heating in EDTA buffer (Zhongshan Bio-
technology Inc., Beijing, China) for 5 min. After cooling 
to room temperature, non-specific sites were blocked by 
exposure to 10% goat blood serum. LGR5 immunode-
tection was carried out by incubating with purified rabbit 
polyclonal antibody (AP2745d; Abgent, San Diego, CA, 
United States), followed by two-step diaminobenzidine 
visualization (GK500705; Dako, Glostrup, Denmark). 

The immunostained sections were counterstained 
with hematoxylin for 40 s, rinsed in water, dehydrated in 
an ascending water-to-ethanol gradient series followed 
by clearance with xylene, and permanently cover-slipped. 
Negative controls were created using the same procedure 
but without addition of  primary antibody. 

Evaluation of immunostaining
The processed immunostained sections were examined 
by light microscopy. Two experienced pathologists (Sun 
Y and Dong B), working independently and blinded to 
the corresponding clinical data, evaluated each sample to 
calculate and score the percentage of  LGR5+ cells [none 
(negative, -): 0%, 1%-25%: 1, 25%-50%: 2, and > 50%: 
3] and to score the intensity of  cytoplasmic staining (no 

staining: 0, mild: 1, moderate: 2, and strong: 3; with the 
highest intensity score being assigned when > 10% of  
cells stained with that intensity). Adding the percentage 
and intensity scores provided a composite expression 
score (0-6), which was defined as: weakly positive (+): 
1-2, moderately positive (++): 3-4, and strongly positive 
(+++): 5-6. For statistical analysis, a composite score of  
0 was classified as negative and 1-6 as positive, with ≤ 2 
ranked as low expression and ≥ 3 ranked as high expres-
sion.

Statistical analysis
All statistical analyses were carried out using the SPSS 
software statistical package (version 20.0; SPSS Inc., 
Chicago, IL, United States). The differences in LGR5 
expression between the gastric tissue types were analyzed 
by Spearman’s rank correlation analysis. The relationships 
between LGR5 differential expression and clinicopatho-
logical characteristics were evaluated by the χ 2 test or 
Fisher’s exact test. A two-sided P-value < 0.05 was con-
sidered statistically significant.

RESULTS
LGR5 expression and distribution in normal gastric 
mucosa
Immunostaining of  LGR5 showed a predominant lo-
calization to the cytoplasm or on the cell membrane in 
normal gastric mucosa specimens. Morphologically, the 
LGR5+ cells were localized to the mucous neck region at 
the base of  the gastric crypts between the foveolae and 
glands (Figure 1A and B). The positive-staining percent-
ages are presented in Table 1.

Differential LGR5 expression in GC-related tissues 
during tumorigenesis
Immunodetection of  LGR5 in GC-related tissues, pro-
gressing from non-neoplastic epithelia to gastric cancer 
and finally metastasis, showed an increasing trend in the 
number and intensity of  LGR5+ cells (all vs normal gas-
tric mucosa specimens and vs the different GC-related 
tissues, P < 0.05; Table 1). In addition, the significantly 
enhanced LGR5 expression in dysplasia specimens (P = 
0.019) was largely accounted for by the specimens with 
low grade dysplasia (roughly twice that of  the high grade 
dysplasia specimens). The GC-related enhanced LGR5 
expression was also greater in specimens from patients 
with lower clinical stage (TNM stages Ⅰ + Ⅱ > Ⅲ + 
Ⅳ) and the majority of  GC cases showed weak staining 
(with strong cytoplasmic or membranous immunodetec-
tion < moderate staining < weak staining < no staining; 
Figure 1C-J). Morphologically, the distribution of  LGR5+ 
cells was uneven and inhomogeneous in the GC-related 
specimens and occurred in cohesive patches of  a variable 
number of  tumor cells. 

Association of immunodetected LGR5 expression with 
clinicopathological features of GC patients 
The patients’ demographic and clinicopathologic features 
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nodetection was similar between the two and sex was not 
found to be significantly correlated with LGR5 expres-
sion in the GC-related specimens. The overall patients 

are summarized in Table 2. There were more males than 
females (130 vs 50), but the percentage of  LGR5+ immu-

DC

BA

HG

FE

JI

Figure 1  Immunodetected differential LGR5 expression in gastric tissues, 
following progression of tumorigenesis, and in distant metastases. Rep-
resentative samples are shown from leucine-rich repeat-containing G protein-
coupled receptor 5 (LGR5)- (A) and LGR5+ (B) normal gastric normal tissues, 
LGR5- (C) and LGR5+ (D-F) gastric cancer (GC) tissues with weak, moderate 
and strong expression, LGR5+ gastric intestinal metaplasia and dysplasia tis-
sues (G, H), and LGR5+ lymph node and liver metastases (I, J). A, C-J: Magnifi-
cation: × 200; B: Magnification: × 100.

Table 1  LGR5 immunostaining in gastric cancer-related 
gastric tissues and metastases  n  (%)

Pathological type Total, n LGR5 expression P  value

Negative Positive

Normal tissue 145 106 (73.1) 39 (26.9) 0.000
Dysplasia grade   53   26 (49.1) 27 (50.9)
   Low   25     8 (32.0) 17 (68.0) 0.019
   High   28   18 (64.3) 10 (35.7)
TNM stage 180   85 (47.2) 95 (52.8)
   Ⅰ-Ⅱ   71   27 (38.0) 44 (62.0)
   Ⅲ-Ⅳ 109   58 (53.2) 51 (46.8)
Metastases   15     4 (26.7) 11 (73.3)
  Lymph node     5     1 (20.0)   4 (80.0)
  Liver 10     3 (30.0)   7 (70.0)

LGR5: Leucine-rich repeat-containing G protein-coupled receptor 5; TNM: 
Tumor, nodes, metastasis.

Table 2  Association of immunodetected LGR5 expression with 
clinicopathological features of gastric cancer patients  n  (%)

Clinicopathological feature LGR5 expression P  value

Negative Positive

Sex 0.072
   Male 56 (43.1) 74 (56.9)
   Female 29 (58.0) 21 (42.0)
Age, yr 0.005
   ≤ 60 48 (58.5) 34 (41.5)
   > 60 37 (37.8) 61 (62.2)
Location in stomach 0.657
   Upper 15 (40.5) 22 (59.5)
   Mid 17 (47.2) 19 (52.8)
   Lower 45 (49.5) 46 (50.5)
Lesion size in cm 0.612
   ≤ 4 33 (42.9) 44 (57.1)
   > 4 32 (47.1) 36 (52.9)
Differentiation 0.006
   Differentiated 31 (36.5) 54 (63.5)
   Undifferentiated 54 (56.8) 41 (43.2)
Histological type 0.579
   Adenocarcinoma 67 (46.2) 78 (53.8)
   Others 18 (51.4) 17 (48.6)
Lauren type 0.035
   Intestinal  48 (41.4) 68 (58.6)
   Diffuse/other 37 (57.8) 28 (42.2)
Lymphovascular invasion 0.288
   No 43 (43.9) 55 (56.1)
   Yes 42 (51.9) 39 (48.1)
Depth 0.833
   T1-T2 19 (48.7) 20 (51.3)
   T3-T4 66 (46.8) 75 (53.2)
Lymph node metastasis 0.934
   No 19 (47.5) 21 (52.5)
   Yes 65 (46.8) 74 (53.2)
Metastasis 0.160
   No 71 (45.2) 86 (54.8)
   Yes 14 (60.9)   9 (39.1)
TNM 0.046
   Ⅰ-Ⅱ 27 (38.0) 44 (62.0)
   Ⅲ-Ⅳ 58 (53.2) 51 (46.8)

LGR5: Leucine-rich repeat-containing G protein-coupled receptor 5; TNM: 
Tumor, nodes, metastasis.
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ranged in age from 22-87 years old (median: 62 years 
old), and age was found to be significantly associated with 
LGR5+ immunodetection in GC-related specimens (P = 
0.005). In addition, differentiation (P = 0.006), Lauren 
type [P = 0.035, with intestinal type having significantly 
more LGR5+ cells than the diffuse/other types (58.6% vs 
42.2%)] and TNM stage (Ⅰ + Ⅱ vs Ⅲ + Ⅳ, P = 0.046) 
were also correlated significantly with LGR5+ immunode-
tection, but tumor site, location, size, histology, lympho-
vascular invasion and depth of  invasion were not. 

Analysis of  the follow-up data showed that GC pa-
tients without metastases at surgery but with LGR5+ 
staining specimens experienced a higher rate of  recur-
rence or metastasis than their counterparts with LGR5- 
staining specimens (87.35% vs 12.7%, P = 0.020). 
However, the presence of  metastases at surgery was 
not correlated with LGR5+ immunodetection (both P > 
0.05; Table 2). The specimens from patients with intes-
tinal type GC also showed a significantly higher rate of  
LGR5+ immunodetection than those from patients with 
diffuse or mixed types GC (P = 0.035), and LGR5+ im-
munodetection in intestinal type GC was associated with 
more frequent rates of  recurrence or metastasis after sur-
gery (P = 0.019; Table 3).

Association of LGR5 expression with transformation of 
intestinal metaplasia tissues
As shown in Table 3, intestinal metaplasia specimens 
showed a significantly higher rate of  LGR5+ immunode-
tection than normal gastric tissues (P = 0.000). Moreover, 
dysplasia specimens with intestinal metaplasia had a sig-
nificantly higher rate of  LGR5+ immunodetection than 
those without (P = 0.004). 

DISCUSSION
Using a standard immunohistochemistry-based method, 
the differential expression pattern of  the putative CSC 
marker LGR5 in progressively tumorigenic clinical speci-
mens of  GC was demonstrated. In particular, an increas-

ing trend was observed in LGR5+ staining intensity that 
generally followed increasing dedifferentiation and tumor 
spread (normal tissue < dysplasia < gastric adenocarci-
noma < metastasis). 

The adenoma-carcinoma progression sequence is well 
known in colorectal cancer and esophageal adenocarci-
noma, and is becoming more generally accepted as the 
likely mode of  tumorigenesis in the gastrointestinal tract 
as well[20-23]. Recent findings from studies in mammalian 
(mouse) model systems and with human GC specimens 
have demonstrated that GC progenitor cells are derived 
from multipotent stem cells in the highly regenerative 
and proliferative regions of  the stomach, including the 
isthmus and fundic gland-rich neck[24,25]. Indeed, the 
subpopulation of  stem cells with high LGR5 expression 
were shown to have the capability to reconstitute crypt 
structures in vitro[26], and LGR5 has been detected on pro-
genitor cells in human gastric mucosa crypts[27,28]. 

As stated in the Introduction, the multitude of  sig-
naling factors that comprise this multistep progression 
model of  GC tumorigenesis also represent a plethora of  
targets for improved detection and treatment methods. 
The occurrence of  gastric epithelial dysplasia is a well-
characterized precursor event to GC, and is currently 
considered the most dependable marker for such cancer 
risk. A prospective longitudinal study of  gastric epithelial 
dysplasia and development of  GC indicated that high 
grade dysplasia is associated with rapid development of  
intestinal type GC[29]. This finding is in line with the cur-
rent study’s observation of  similar LGR5+ immunodetec-
tion rates in dysplasia and gastric carcinoma specimens 
(with a slightly higher rate in the latter), and higher rates 
in well to moderately differentiated intestinal type and 
lower-staged gastric cancers. 

The dynamic undulation of  immunodetected LGR5 
expression observed in the low clinical stage (enhanced 
in Ⅰ-Ⅱ) to the high clinical stage (reduced in Ⅲ-Ⅳ) to 
metastasis (again enhanced) agrees with a previously re-
ported profile of  LGR5 expression in tumorigenesis of  
endometrial, colorectal and ovarian carcinomas (with the 
high expression demonstrated during the initial stages, 
being down-regulated in fully developed tumors)[30,31]. 
Collectively, these findings support the hypothesized 
clonal selection model of  putative stem cells leading to 
carcinogenesis[32]. In particular, the results from the cur-
rent study suggest that overexpression of  LGR5 may be 
an early event in tumorigenesis and that immunodetec-
tion of  such protein is achieved with good reproducibility 
and tracks with differentiation of  tumor specimens. 

From a mechanistic perspective, the tumorigenic-
related expression profile observed in the current study 
suggests the existence of  a potential tumor promoter 
regulating LGR5. However, it is important to consider 
the unexpected observation of  higher immunodetected 
LGR5 expression in low grade dysplasia than in high 
grade dysplasia; similar results were also reported from 
another study of  esophageal dysplasia lesions[20]. A pos-
sible explanation of  this result is the fact that the cur-

Table 3  LGR5 expression in gastric cancer tissues of various 
differentiation  n  (%)

Tissue LGR5 expression P  value

Negative Positive

Intestinal metaplasia   25 (27.8) 65 (72.2) 0.000
Normal tissue 106 (73.1) 39 (26.9)
Dysplasia with IM 0.004
   Yes     3 (18.8) 13 (81.2)
   No   23 (62.2) 14 (37.8)
Lauren type 0.035
   Intestinal   48 (41.4) 68 (58.6)
   Diffuse/other   37 (57.8) 28 (42.2)
Intestinal type GC 0.019
   Metastasis or recurrence     6 (12.5) 21 (31.3)
   No metastasis or recurrence   42 (87.5) 46 (68.7)

LGR5: Leucine-rich repeat-containing G protein-coupled receptor 5; GC: 
Gastric cancer; IM: Intestinal metaplasia. 
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rent morphologic criteria for different grade dysplasias 
include a mix of  architectural and cytologic features and 
do not consider functional characteristics[33]. Indeed, low 
grade dysplasia preserves some of  the functions of  intes-
tinal metaplasia, which underlies the risk of  misdiagnosis 
for these two conditions[34]. Previous studies have ad-
dressed this confusing issue, proposing that the increased 
amounts of  high-intensity LGR5+ cells that are observed 
in dysplasia may represent a stem cell population that is 
prone to becoming CSCs[35,36]. 

Other intriguing findings from the current study are 
the higher amounts of  LGR5+ cells detected towards the 
crypt base or in the invasive tumor front during the de-
velopment and progression of  GC (although the change 
in differential expression did not reach statistical signifi-
cance) and in metastases (both local and distant). Brablez 
et al[37] hypothesized that tumor progression is mediated 
by two types of  CSCs with distinct functions. The first 
was proposed as a stationary cancer stem (SCS) cell pop-
ulation, which would be present in the area for cell differ-
entiation but which would not promote metastasis. The 
second was proposed as a migrating (or mobile) cancer 
stem (MCS) cell population, which may be derived from 
the SCS cells and located primarily at the invasive tumor 
front, and which would drive metastasis. Therefore, the 
observed shift in distribution of  LGR5+ cells towards 
the invasive tumor front that accompanied the develop-
ment and metastasis of  GC in the current study may be 
related to such MCS cells. This notion may also be in line 
with the current study’s observation of  GC patients with 
LGR5+ intestinal type specimens being at higher risk of  
recurrence or metastasis after surgery. 

Previous studies have demonstrated that Wnt signal-
ing regulates stemness and organ development, as well 
as the process of  epithelial to mesenchymal transition 
(EMT) that increases the metastatic potential of  dissemi-
nated cancer cells[38,39]. In addition, EMT may also restart 
the growth and differentiation programs of  stem cells at 
metastatic sites[37,40]. Studies of  human colorectal cancer 
have demonstrated that aberrant Wnt signaling not only 
triggers early steps of  intestinal carcinogenesis but also 
malignant tumor progression towards invasive carci-
nomas and metastasis[41-43]. Therefore, LGR5 (as a Wnt 
target and a stem cell marker) plays an important role in 
initiating tumor growth and driving distant metastasis. 
These functions of  LGR5 may also explain the findings 
in the current study of  LGR5+ GC patients without evi-
dence of  metastases during the initial surgical treatment 
being at a greater risk of  recurrence or metastasis. 

 Interestingly, the LGR5-immunodetected expres-
sion had higher intensity in gastric intestinal metaplasia, 
dysplasia with intestinal metaplasia, and intestinal type 
GC than in the normal tissues examined in the current 
study; all of  these GC-related lesions have the potential 
to manifest intestinal type differentiation. Intestinal meta-
plasia has been shown to originate from stem cells of  the 
isthmus, and the crypts possess multiple stem cells[44,45]. 
Although intestinal metaplasia is regularly detected in 
the antrum of  patients with gastritis and duodenal ulcers 

related to Helicobacter pylori infection, these patients very 
rarely develop gastric carcinoma[46]. Similarly, Tatematsu et 
al[47] suggested that gastric/intestinal mixed type intestinal 
metaplasia might be the consequence of  abnormal dif-
ferentiation of  stem cells that are capable of  producing 
both gastric and intestinal types of  cells. 

Only the relatively rare type Ⅲ intestinal metaplasia 
has been identified as a risk marker for the development 
of  gastric carcinoma, being classified as “low grade dys-
plasia”[34]. The related findings in our study suggest that 
intestinal metaplasia may be a precancerous condition, 
but not a precursor for gastric carcinoma (possibly with 
the exception of  some rare types). Thus, LGR5 may rep-
resent a unique and sensitive marker of  intestinal stem 
cells and may be closely related to the intestinal type of  
GC.

In conclusion, the immunodetectable expression 
pattern of  LGR5, a CSC-related gene, increasing from 
normal tissues to lesions of  dysplasia, gastric carcinoma 
and finally metastases, suggests potential for this protein 
to serve as an important biomarker for early detection of  
patients at higher risk for gastric tumorigenesis. Further-
more, as an intestinal stem cell marker, differential LGR5 
expression in conjunction with development of  intestinal 
metaplasia may represent a precancerous condition, but 
not a carcinoma precursor.

COMMENTS
Background
Cancer stem cells (CSCs) may be the source of various carcinomas, including 
gastric cancer (GC), and are identifiable by clinically detectable profiles of cell 
type-specific surface markers. The leucine-rich repeat-containing G protein-
coupled receptor 5 (LGR5), a target of Wnt signaling, is primarily expressed on 
normal intestinal stem cells and has been suggested as a putative CSC marker 
(and contributor to GC tumorigenesis) according to its differential expression 
on crypt stem cells (precursor cells) and gastric lesions that progress to cancer. 
Accumulated evidence has suggested roles for LGR5 in both cancer develop-
ment and progression. Recent studies have also indicated that LGR5 may 
be a potential marker of gastrointestinal stem cells in humans and that loss 
of restriction to the stem cell niche is likely an early event in the premalignant 
transformation of stem cells.
Research frontiers
The differential protein expression of LGR5 in normal gastric tissue, intestinal 
metaplasia and dysplasia specimens, gastric carcinomas, and distant metas-
tases was determined by immunohistochemistry to provide insights into its po-
tential as a clinical marker for early GC detection. Furthermore, the differential 
LGR5 expression observed in conjunction with development of intestinal meta-
plasia suggests that this phenomenon represents a precancerous condition, but 
not a carcinoma precursor.
Innovations and breakthroughs
An increasing trend in intensity of LGR5 expression was detected in GC-related 
tissues, following the well-recognized sequential development from normal tis-
sue to dysplasia to gastric carcinoma and finally metastasis, with the exception 
of the intestinal metaplasia state. The differential expression of LGR5 detected 
in GC by immunohistochemistry appeared to be significantly associated with 
age, differentiation, Lauren type, and tumor node metastasis stage. The LGR5+ 
cells detected in intestinal metaplasia specimens were more prevalent than 
those detected in normal gastric tissues, and the data indicated that intestinal 
metaplasia may manifest from differentiation of a population of abnormal stem 
cells with high expression of LGR5, but may not represent a carcinoma precur-
sor. Collectively, these data indicate that LGR5 expression may serve as an 
important biomarker for early detection of patients at higher risk for gastric tu-
morigenesis, and may be a candidate target for future individualized therapeutic 
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strategies.
Applications
The current poor prognosis of GC is largely associated with the low rate of early 
diagnosis. The findings from this study of human clinical samples of GC lend to 
a recommendation that LGR5 should be the focus of further studies to develop 
its potential as a biomarker for early detection of patients at higher risk for GC 
and as a manipulable intestinal stem cell marker target for improved manage-
ment of GC cases.
Terminology
The leucine-rich repeat-containing G protein-coupled receptor 5 is expressed 
primarily on intestinal stem cells, where it functions as a transducer of Wnt sig-
naling. Cancer stem cells, which express a distinctive profile of cell type-specific 
surface markers, have been detected in a broad range of clinical cancer speci-
mens and are the basis of the stem cell origin hypothesis of cancer. Gastric 
cancer development is a multistep sequential process involving normal gastric 
tissue progression to chronic gastritis, atrophy, intestinal metaplasia, dysplasia, 
and carcinoma, with or without metastatic potential. 
Peer review
This study determined the GC-related expression profile of the putative CSC 
marker LGR5, using standard immunohistochemistry to detect expression in hu-
man clinical samples of normal gastric tissue, intestinal metaplasia, dysplasia, 
gastric carcinoma, and distant metastases. The observed increasing trend in 
differential LGR5 expression following progressive tumorigenesis to metastasis 
suggests that this protein may serve as an important biomarker for early detec-
tion of patients at higher risk for gastric tumorigenesis. The data also implicate 
a role for LGR5 as an intestinal stem cell marker and suggest that intestinal 
metaplasia may be a precancerous condition but not a carcinoma precursor. 
The study is well controlled and provides novel insights into this life-threatening 
disease.
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Abstract
AIM: To investigate the effect of somatostatin and 
dexamethasone on early postoperative small bowel ob-
struction with obliterative peritonitis (EPSBO-OP).

METHODS: This prospective randomized study includ-
ed 70 patients diagnosed with EPSBO-OP from June 
2002 to January 2009. Patients were randomized into 
two groups: a control group received total parenteral 
nutrition and nasogastric (NG) tube feeding; and an 
intervention group received, in addition, somatostatin 
and dexamethasone treatment. The primary endpoints 
were time to resolution of bowel obstruction and length 
of hospital stay, and the secondary endpoints were 
daily NG output and NG feeding duration, treatment-re-
lated complications, postoperative obstruction relapse, 
and patient satisfaction.

RESULTS: Thirty-six patients were allocated to the 
intervention group and 34 to the control group. No 
patient needed to undergo surgery. Patients in the 
intervention group had an earlier resolution of bowel 

obstruction (22.4 ± 9.1 vs  29.9 ± 10.1 d, P  = 0.002). 
Lower daily NG output (583 ± 208 vs  922 ± 399 mL/d, 
P  < 0.001), shorter duration of NG tube use (16.7 ± 8.8 
vs  27.7 ± 9.9 d, P  < 0.001), and shorter length of hos-
pital stay (25.8 vs  34.9 d, P  = 0.001) were observed in 
the intervention group. The rate of treatment-related 
complications (P  = 0.770) and relapse of obstruction 
(P  = 0.357) were comparable between the two groups. 
There were no significant differences in postopera-
tive satisfaction at 1, 2 and 3 years between the two 
groups.

CONCLUSION: Somatostatin and dexamethasone 
for EPSBO-OP promote resolution of obstruction and 
shorten hospital stay, and are safe for symptom control 
without increasing obstruction relapse.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: This prospective study revealed that soma-
tostatin and dexamethasone, when used in combina-
tion, promoted the resolution of small bowel obstruc-
tion and shortened length of hospital stay in patients 
with early postoperative small bowel obstruction due to 
obliterative peritonitis. Somatostatin and dexametha-
sone were effective in symptom control in this popula-
tion.
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INTRODUCTION
Early postoperative small bowel obstruction (EPSBO) 
with obliterative peritonitis (EPSBO-OP), or “frozen ab-
domen”, (also known as early postoperative inflammatory 
small bowel obstruction[1,2], is caused by dense, vascular 
and inseparable inflammatory adhesions in response to 
multiple sequential laparotomies, surgery for enterocuta-
neous fistula (ECF), or extensive adhesiolysis[3-6]. Patients 
with EPSBO-OP may often have a combination of  par-
tial mechanical obstruction and diffuse small bowel and 
colonic ileus. Surgery attempting to lyse the adhesions in 
these patients is unsuitable due to the high risk of  iatro-
genic injuries such as ECF or massive small bowel resec-
tion[7].

The traditional approach to managing these patients 
is total parenteral nutrition (TPN) and observation, and 
most obstructions are relieved spontaneously[8]. However, 
it often takes a long period (i.e., several weeks to months) 

before the bowel function recovers[9], and it is associated 
with high costs and high risk of  PN-related complica-
tions. Patients have to tolerate prolonged nasogastric 
(NG) suction and fluid loss, which can also create dis-
comfort and complications.

Somatostatin is well known for its antisecretory func-
tion in the intestinal epithelium, and clinical studies have 
suggested that it may be useful for symptomatic relief  
and treatment of  bowel obstruction[10,11]. Dexamethasone 
is a frequently used synthetic corticosteroid that reduces 
intraperitoneal adhesion and inflammatory edema[12,13], 
and is effective in promoting the resolution of  malignant 
bowel obstruction or obstruction with encapsulating 
peritoneal sclerosis[14,15]. Based on their mechanisms of  
action and results of  previous studies, we hypothesized 
that these two drugs, when used in combination, would 
be beneficial in reducing gastrointestinal secretion and 
promoting the regression of  inflammation and adhesion 
in patients with EPSBO-OP. However, comparative stud-
ies of  the effect of  somatostatin and dexamethasone in 
EPSBO-OP are lacking.

In the current study, we prospectively analyzed a 
consecutive series of  patients with ESPBO-OP in our 
department, a tertiary gastrointestinal referral center in 
China. The aim of  the study was to evaluate the effect of  
somatostatin and dexamethasone on length of  hospital 
stay and symptom control in patients with ESPBO-OP.

MATERIALS AND METHODS
Patients
The diagnostic criteria for ESPBO-OP were: (1) intes-
tinal obstruction that developed 1-4 wk postoperatively 
after initial recovery of  postoperative ileus, as defined 
previously[16,17]; (2) typical operative history with extensive 
enterolysis or repeated laparotomy over a short period; 
(3) absence of  severe colicky abdominal pain, but with 
obstipation, abdominal distension, nausea and vomiting; 
(4) palpation of  a subincisional or whole abdominal mass 

on physical examination, with only mild or no tender-
ness on palpation, no peritoneal signs, and low-pitched 
or no bowel tones; and (5) low or absent air-fluid levels 
on upright abdominal film, edematous and thickened 
bowel wall with unclear borders on abdominal computed 
tomography (CT), and fluid-filled lumen with paucity of  
gas.

Exclusion criteria included: patients aged < 18 years; 
patients with terminal disease or presence of  metastatic 
cancer; CT or X-ray film suggesting local adhesions, in-
tussusceptions, volvulus, internal hernia, intra-abdominal 
abscesses, or hematoma; patients with suspicion of  me-
chanical bowel obstruction, paralytic ileus, or idiopathic 
pseudo-obstruction; and patients with hypokalemia and 
retroperitoneal injury that may cause paralytic ileus. On 
previous laparotomy, all adhesions should have been 
freed and the possibility of  mechanical obstruction, such 
as anastomotic stenosis or residual malignancy, excluded. 
All radiographs (X-ray and CT scan) were extrapolated by 
a specialist in gastrointestinal radiology.

Assignments were based on computer-generated ran-
domizations that were kept in sealed, sequentially num-
bered envelopes until used. After a diagnosis of  EPSBO-
OP was made, patients were randomly assigned into one 
of  the two groups: TPN group (T group) or TPN + 
dexamethasone + somatostatin group (TDS group). The 
study was approved by the ethics committee of  the hos-
pital, and all patients provided written informed consent 
before enrollment.

Treatment
Nil by mouth and nasogastric tube were introduced for 
all patients. For patients in the control group (T group), 
a central venous catheter was placed on admission. After 
fluid resuscitation and correction of  electrolyte abnor-
malities, patients were infused with TPN from all-in-one 
bags. The amount of  non-protein calories (NPCs) was 
20-25 kcal/kg per day or determined by indirect calo-
rimetry. The NPCs consisted of  60%-70% carbohydrate, 
with the ratio of  NPC: nitrogen = 120-140:1. Parenteral 
antibiotics were administered when leukocytosis was 
present. The amount of  intravenous fluid was adjusted to 
maintain optimal hydration and sufficient urine output (> 
1 L/d).

The duration of  NG tube feeding depended on daily 
output. If  daily NG output was < 200 mL for 2 d, the 
NG tube was clamped. The NG tube was removed if  the 
patient was able to tolerate for 12 h after clamping. After 
patients resumed oral intake, gastrointestinal prokinetics 
(mosapride, 5 mg/8 h, Gasmotin; Dainippon Sumitomo 
Pharma Co. Ltd., Osaka, Japan) was given until discharge.

In the intervention group (TDS group), in addition to 
the treatment protocol in the control group, somatostatin 
(Stilamin; Merck-Serono S.A., Geneva, Switzerland) was 
given at 6 mg/d by continuous intravenous infusion. The 
criteria for stopping NG tube usage were similar to those 
for the T group, while somatostatin was stopped within 
24 h after the patient defecated or passed gas. Dexameth-
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asone sodium phosphate (5 mg/mL, Lukang Pharmaceu-
ticals, Shandong, China) was used since the first day of  
treatment with an intravenous dosage of  5 mg/8 h for 
seven consecutive days, then 2.5 mg/12 h for 1 d, and 
stopped. If  the patient defecated or passed gas in < 8 d 
after treatment, dexamethasone was withdrawn within 24 
h after resolution of  obstruction. During treatment, pa-
tients were carefully monitored for abdominal symptoms 
and systemic complications, such as cholestasis, central 
catheter infections, and systemic infections. Other com-
plications, such as hypovolemia, electrolyte-fluid imbal-
ance, and hyperglycemia, were corrected during treatment 
and not documented.

Indications for prompt surgery included suspicion 
for strangulation (continuous vs colicky pain, fever, tachy-
cardia, peritoneal signs, and sustained leukocytosis), or 
clinical deterioration that implied failure of  conservative 
management for > 3 mo.

The following parameters were recorded in each pa-
tient: age and sex; interval between symptom onset and 
the most recent laparotomy; clinical features including 
symptoms, presence or absence of  fever, white blood 
cells, nutritional status, and comorbidity; procedures 
and duration of  last operation; and time of  previous 
laparotomy. Complete resolution of  obstruction was es-
tablished when symptoms and signs of  obstruction sub-
sided, normal flatus and defecation returned, and there 
was no relapse of  obstructive symptoms after withdrawal 
of  somatostatin. Then, liquid food or enteral nutrition 
was started. A semiliquid food was usually given 2 d later. 
Patients were discharged when intravenous fluid was 
stopped and semiliquid food was tolerated for 3 d. 

Outcome measures
The primary endpoints of  the study were time to resolu-
tion of  obstruction and length of  hospital stay, and the 
secondary endpoints were daily NG output, NG tube 
placement duration, treatment-related complications, 
postoperative obstruction relapse, and patient satisfac-
tion.

Sample size calculation
Sample size calculation was based on our previous data 
of  historical comparison[18], which showed a mean 26.0 
d for the intervention group and 30.3 d for the control 
group, with mean ± SD of  9.0 d. Approximately 35 pa-
tients in each group were needed to detect a difference in 
hospital stay with 80% power and a two-sided 5% signifi-
cance level.

Long-term follow up
The patients were followed for ≥ 3 years after discharge. 
At each 6-mo visit, patients were given a questionnaire 
that was completed and returned by mail or they were 
contacted by telephone with the complete questions an-
swered. Obstruction relapse was defined as abdominal 
pain with the halt of  flatus, and nausea/vomiting, which 
needed further medical treatment and admission to hos-

pital. At 1, 2 and 3 years, the degree of  postoperative sat-
isfaction was evaluated in every patient by using a unified 
scale (1-4) that indicated very unsatisfied, unsatisfied, sat-
isfied, and very satisfied, respectively. Patient satisfaction 
was based on the core symptoms of  the Gastrointestinal 
Quality of  Life Index such as abdominal pain, feeling of  
abdominal distension, flatus and stool frequency, anorex-
ia, fatigue, and nausea and vomiting[19]. The definition of  
“very satisfied” was the presence of  none of  the above-
mentioned gastrointestinal symptoms in the past year; 
“satisfied” was occasional gastrointestinal symptoms; 
“unsatisfied” was several episodes of  abdominal symp-
toms in the past year, and “very unsatisfied” was frequent 
abdominal symptoms.

Statistical analysis
Statistical analysis was performed by per-protocol 
analysis. Quantitative variables, presented as mean ± 
SD (range), were analyzed by Mann-Whitney U test or 
Student’s t test if  appropriate. Quantitative variables, 
expressed as a number (percentage), were analyzed by 
Pearson’s χ 2 test or Fisher’s exact test. All analyses were 
performed with SPSS version 13.0 (SPSS, Chicago, IL, 
United States). P < 0.05 indicated statistical significance.

RESULTS
Patient disposition and baseline characteristics
Between June 2002 and January 2009, 82 patients were di-
agnosed with EPSBO-OP in our department. Six patients 
were aged < 18 years and two declined to participate in 
the study, which left 74 patients enrolled in the study. 
Two patients were eventually confirmed to have mechani-
cal obstruction and two had intra-abdominal abscesses 
or anastomotic fistulae and withdrew from the study. 
The dropout patients were eventually proven not to have 
EPSBO-OP, therefore, we used per-protocol analysis in-
stead of  intention-to-treat statistical analysis. Therefore, 
70 cases were evaluated (34 in the T group and 36 in the 
TDS group) (Figure 1).

Patients’ demographic data and previous surgeries are 
listed in Tables 1 and 2. Fifteen patients (10 in the TDS 
group and 5 in the T group) had a history of  malignancy 
but all underwent radical surgical resection. There were 
no significant differences between the two groups with 
respect to laboratory and clinical features at trial entry. 
The median onset of  obstructive symptoms was postop-
erative day 9.4 ± 3.5 (range: 5-23 d).

Sixty-three patients underwent more than two opera-
tions before EPSBO-OP developed. At last surgery, ex-
tensive adhesiolysis (including intestinal splinting[20]) was 
performed in 54 (77.1%) of  the operations; six (8.6%) 
received repeated laparotomy within 2 wk, and another 
six patients had diffuse peritonitis during last laparotomy. 
Although the mean number of  operations (2.9 ± 1.3 vs 3.0 
± 1.0, P = 0.927) and type of  operation were similar be-
tween the two groups, the operation time was shorter in 
the TDS group compared with the T group (4.1 ± 1.3 vs 
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The mean length of  hospital stay was 30.5 ± 10.9 (16-69) 
d. No patients withdrew because they needed surgery for 
strangulation or failure of  conservative therapy. There 
were no deaths during treatment. In the TDS group, the 
mean duration of  somatostatin usage was 23.5 ± 9.1 
(14-53) d, while dexamethasone was used for 8 d in all 

4.8 ± 1.1 h, P = 0.041). Typical radiographic and intraop-
erative findings at the last operation are shown in Figures 
2 and 3, respectively.

Efficacy endpoints
Treatment was successful for all patients in both groups. 

Assessed for eligibility 
(n  = 82)

Excluded (n  = 8)
   Age below 18 (n  = 6)
   Declined to participate (n  = 2)

Randomized (n  = 74)

Control group (n  = 35) 
(TPN+NG tube use)

Intervention group (n  = 39)
(TPN+NG tube use +SS+DM)

Analyzed (n  = 34)
Withdrawn (n  = 1) 
   Mechanical obstruction (n = 1)

Analyzed (n  = 36)
Withdrawn (n  = 3)
   Mechanical obstruction (n  = 1)
   Intra-abdominal abscess/fistulae (n  = 2)

Follow-up and analyzed (n  = 27)
   Lost follow-up (n  = 5)
   Death from malignancy (n  = 2)

Follow-up and analyzed (n  = 28)
Lost follow-up (n  = 7)
Death of cardiovascular disease

Figure 1  Flow chart of patient inclusion and follow-up. TPN: Total parenteral nutrition; NG: Nasogastric; DM: Dexamethasone; SS: Somatostatin. 

Table 1  Demographic data and clinical features  n  (%)

T group (n  = 34) TDS group (n  = 36) P  value

Age (yr) 43.9 ± 10.2 (26-64) 45.4 ± 13.2 (20-78) 0.597
Sex ratio (M/F) 24/10 18/18 0.079
Symptoms onset
   ≤ 1 POW 12 (35.3) 13 (36.1) 0.943
   1-2 POW 19 (55.9) 21 (58.3) 0.836
   2-3 POW 3 (8.8) 1 (2.8) 0.276
   3-4 POW 0 1 (2.8)
Mean POD of symptom onset 9.8 ± 3.4 (5-19) 9.1 ± 3.5 (5-23) 0.412
Symptoms
   Nausea and vomiting 32 (94.1) 33 (91.7) 0.691
   Abdominal distension 23 (67.6) 20 (55.6) 0.299
   Colic pain 0 0
   Obstipation 34 (100) 36 (100)
   Hyperthermia (> 37.5 °C)1  1 (2.9)  1 (2.6) 0.967
   Maximum WBC (× 109/L)         7.0 ± 2.3 (3.7-12.3)       8.0 ± 3.0 (4.8-17.1) 0.148
   Neutrophil (%) 71.2 ± 10.4 (48-88) 75.1 ± 8.4 (59-91) 0.084
Nutrition status on admission
   Mean BMI (kg/m2) 20.4 ± 2.2 (16.8-26.4) 21.2 ± 2.8 (17.3-28.0) 0.248
   Hypoalbuminemia (< 35g/L)     13 (38.2)       8 (22.2) 0.144
   Anemia (Hb < 120g/L)     10 (29.4)       4 (11.1) 0.056
   Comorbidity     3 (8.8)       4 (11.1) 0.750

1One due to pneumonia, and one due to epiglottis. POW: Postoperative week; POD: Postoperative day; BMI: Body mass index. 
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patients.
As shown in Table 3, somatostatin and dexametha-

sone had a marked effect on the recovery of  bowel func-
tion, as indicated by earlier passage of  stool or gas (22.4 
± 9.1 vs 29.9 ± 10.1 d, P = 0.002). The length of  hospital 
stay in the intervention group was shorter than in the 
control group (25.8 ± 9.9 vs 34.7 ± 11.2 d, P = 0.001).

The daily NG output and NG duration were evalu-
ated as indicators of  symptom control. The daily NG 
output was 583 ± 208 (150-1050) mL in the TDS group, 
which was significantly lower (P < 0.001) than that in the 
T group [922 ± 399 (400-1825) mL]. The need for NG 
tube use was also significantly shorter in the TDS group 
(16.7 ± 8.8 vs 27.7 ± 9.9 d, P < 0.001).

Safety endpoints
Treatment-related complications are shown in Table 
4. The rate of  overall complications was comparable 
in the TDS and T group (41.7% vs 38.2%, P = 0.770). 
Cholestasis, as revealed by increased bilirubin, AKP, 
γ-glutamyltransferase, or biliary sludge on ultrasonog-
raphy, developed in 13 patients, and percutaneous tran-
shepatic cholecystostomy (PTC) was performed in eight 
patients presenting with acalculous cholecystitis. The 
incidence of  cholestasis and need for PTC were higher in 
the TDS group, but not significantly (P = 0.419 and 0.264, 
respectively). Infectious complications, including catheter-
related sepsis, wound infection, and pneumonia, occurred 
in 15 patients. All blood culture-positive, catheter-related 
sepsis was cured with antibiotics. Statistical analysis re-
vealed that there was no significant difference in infec-

tious complications between the two groups (P = 0.677). 
Two patients had pneumothorax on catheter insertion.

Treatment with somatostatin and dexamethasone was 
well tolerated and did not cause any serious or clinical 
significant adverse reactions except that one patient in 
the intervention group complained of  dry mouth.

Follow-up outcomes
Twelve patients were lost to follow-up (7 in the TDS 
group and 5 in the T group), and two patients in the T 
group died of  relapse of  primary colon cancer and gas-
tric cancer after 12 and 18 mo of  follow-up, respectively, 
while one in the TDS group died of  cardiovascular dis-
ease (at 30 mo follow-up). Long-term follow-up data in-
dicated that the rates of  recurrence of  obstruction at 1, 2 
and 3 years postoperatively were similar between the two 
groups (Table 3). In addition, there was no significant 
difference in postoperative satisfaction at 1, 2 and 3 years 
between the two groups (Table 3).

DISCUSSION
EPSBO-OP is a rare complication after major abdominal 
procedures, mostly after extensive adhesiolysis. Although 
conservative therapy was effective in most of  our cases, 
the patients often had to be maintained on long-term 
NG suction and TPN therapy before recovery of  bowel 
function. Our results suggested that dexamethasone and 
somatostatin, when added to TPN, decreased the dura-
tion of  NG suction and daily NG output, and shortened 
the duration of  bowel obstruction as well as the length 
of  hospital stay.

EPSBO-OP was first described by Fazio et al[21] and 
Hill et al[22] in 1983. In contrast to the common causes 
of  EPSBO such as local adhesion, volvulus, or internal 
hernia, which can be managed surgically after failure of  
conservative treatment[23,24], OP is caused by formation 
of  dense adhesions and severe peritoneal reaction within 
the early postoperative period - typically 10 d to 6-8 wk 
after some major procedures - especially when the bowel 
has fistulated. The main risk factors include extensive ad-
hesiolysis, multiple sequential laparotomies within a short 
period (i.e., several days or weeks), peritonitis, and other 
factors causing extensive intestinal deserosalization[25,26]. 
The acute inflammatory reaction may involve the perito-
neal surface and adherence of  adjacent loops of  bowel, 
often involving the omentum and mesenteric surfaces. 
These adhesions are highly vascularized, friable, and im-
mature, thus, surgical separation is impossible. Therefore, 
recognition of  EPSBO-OP is important to avoid serious 
consequences such as ECF or massive bowel resection 
because of  re-laparotomy attempting to lyse the adhe-
sions[27]. The adhesions are extensive, thus, the risk of  
closed-loop obstruction, volvulus, or strangulation is low, 
making conservative therapy possible[4].

Resolution of  OP after prolonged TPN therapy has 
been reported previously. Lennard et al[8] reported two 
patients with ECF and OP managed with TPN for 8 

Table 2  Previous laparotomies  n  (%)

T group 
(n  = 34)

TDS group 
(n  = 36)

P  
value

No. of laparotomies
   1 3 (8.8)   4 (11.1) 0.750
   2   7 (20.6) 11 (30.6) 0.340
   3 15 (44.1) 11 (30.6) 0.241
   4   6 (17.6) 4 (11.1) 0.435
   ≥ 5 3 (8.8) 6 (16.7) 0.327
Mean No. (range) 3.0 ± 1.0 (1-5) 2.9 ± 1.3 (1-6) 0.927
Type of last operation
   Bowel obstruction 12 (35.3) 18 (50.0) 0.214
   Enterocutaneous fistula 15 (44.1) 10 (27.8) 0.154
   Enterectomy/colectomy 2 (5.9) 1 (2.8) 0.522
   Gastroduodenal surgery 0 1 (2.8) 0.328
   Hematoma removal 2 (5.9) 1 (2.8) 0.522
   Appendectomy1 0 2 (5.6) 0.163
   Laparotomy after trauma 1 (2.9) 1 (2.8) 0.967
   Others 2 (5.9) 2 (5.6) 0.953
   Patients with history of malignancy   5 (14.7) 10 (27.8) 0.183
At last operation
   with extensive enterolysis2 24 (70.6) 30 (83.4) 0.204
   with diffuse peritonitis     4 (11.8) 2 (5.6) 0.354
   < 2 wk from previous surgery 3 (8.8) 3 (8.3) 0.971
   Last operation time (h) 4.8 ± 1.1 

(2.0-6.5)
4.1 ± 1.3 
(1.5-7)

0.041

1All are perforated appendicitis with diffuse peritonitis; 2Including with 
intestinal splinting. 
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and 4 mo, respectively. Selby et al[9] reported six patients 
with EPSBO secondary to dense and vascular benign 
adhesions that could not be freed by operation. The 
obstructions all spontaneously resolved within 2-3.5 mo 
on a TPN program. The authors believe that complete 
gastrointestinal rest allows adhesions to mature into long 
avascular collagen fibers in the absence of  a persistent 
inflammatory reaction that accompanies partial or total 
SBO. In the current study, we also confirmed that with 
TPN alone, EPSBO-OP could also resolve, but it often 
takes a long time.

Somatostatin, or its synthetic analog octreotide, in-
hibits gastrointestinal secretion and release of  hormones, 
and they have been used for treatment of  SBO for over a 
decade, especially for malignant SBO[28]. In experimental 
animal models, somatostatin may be beneficial for the 
control of  intestinal distension, inflammation and necro-
sis, and bacterial translocation[29,30]. Octreotide, the soma-
tostatin analog, may ameliorate intestinal dysmotility and 
stasis in models of  small bowel transplantation[31]. Be-
sides its role in symptom control, somatostatin may also 
promote the resolution of  SBO[32,33]. Zhang et al[34] have 

confirmed that octreotide, when combined with water-
soluble radiocontrast medium, may accelerate resolution 
of  adhesive SBO by a specific therapeutic affect. This is 
consistent with the findings of  the current study.

Corticosteroids have long been used for their anti-
inflammatory effects, which may reduce the edema and 
fibrin deposition associated with EPSBO-OP, thereby 
helping to resolve the obstruction[35]. In Japan, steroids 
have been used to reduce the inflammatory state of  en-
capsulating peritoneal sclerosis, in which intraperitoneal 
inflammation leads to adhesive and inflammatory encap-
sulation of  the intestinal tract, causing bowel obstructive 
symptoms. In a prospective cohort, 15 of  42 cases (35.7%) 
of  encapsulating peritoneal sclerosis treated with prednis-
olone alone showed clinical improvement[14]. In malignant 
bowel obstruction, corticosteroids may reduce intestinal 
inflammatory edema associated with the malignant le-
sion, thereby aiding resolution of  bowel obstruction[14]. 
Extensive dense inflammatory adhesions and intestinal 
wall edema are characteristics of  EPSBO-OP, therefore, 
we explored the effect of  corticosteroids in EPSBO-OP, 
and our data showed that DM, when combined with so-

CBA

Figure 2  Typical radiographic and intra-operative finding in the last operation. A: Typical upright radiograph of early postoperative small bowel obstruction with 
obliterative peritonitis after extensive adhesiolysis for abdominal cocoon, showing only mild air-fluid levels. No isolated small bowel loops were observed; B, C: Com-
puted tomography scan reveals edematous small bowel filled-up with fluids. The border between the small bowel loops is not clear. No significant discrepancies in 
small bowel diameter and air-fluid levels were observed. 

BA

Figure 3  Intraoperative photo of a patient who developed early postoperative small bowel obstruction with obliterative peritonitis. The 40-year-old male 
had a colostomy and patch-repair (arrow) of the abdominal defect after open abdomen due to trauma. He required closure of the stoma 6 months after colostomy. On 
operation, dense matted adhesions were found, especially beneath the patch, and full enterolysis resulted in extensive intestinal deserosalization (A). An intestinal 
splinting was performed (B). On postoperative day (POD) 10 the tube was removed, and he had a temporary return of bowel function but early postoperative small 
bowel obstruction with obliterative peritonitis on POD 15. 
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matostatin, promoted resolution of  the adhesions. Fibrin 
exudation and intestinal edema were most prominent in 
the early stage of  EPSBO-OP, thus, we recommend the 
usage of  DM immediately after diagnosis.

Cholestasis is a complication of  long-term usage of  
somatostatin[36] and TPN. Animal models and human 
volunteer studies all suggest that the effect of  somatosta-
tin is associated with a pronounced decrease in bile flow, 
bile acid secretion, and increased bile cholesterol satura-
tion[37-39]. In the current study, although we observed an 
increased incidence of  cholestasis and need for PTC in 
patients receiving somatostatin, it did not reach statistical 
significance. This was possibly due to the small number 
of  cases in our series. However, it could also be that the 
beneficial effect of  dexamethasone on bile excretion 
partly counteracts the detrimental effect of  somatosta-
tin[40,41].

Increased susceptibility to infection and impaired 
wound healing are the main side effects of  systemic 
corticosteroids. Trésallet et al[42] have observed that pa-
tients on steroids for > 1 mo had a higher incidence of  
postoperative complications, especially infections after 
colectomy with rectal anastomosis. We did not observe 
any difference in the occurrence of  infection between the 

two groups, which was possibly because we used short-
term therapy (7 d). There is currently no direct evidence 
that dexamethasone promotes relapse of  malignancy, 
therefore, we did not avoid its use in tumor patients.

There were several limitations to our study. First, the 
diagnosis of  OP was made on the basis of  clinical pre-
sentation, physical examination, and medical history, and 
was confirmed by plain film radiography and CT, but it 
could not be definitively proven by laparotomy. There-
fore, this may have led to the inclusion of  a few cases of  
obstruction not caused by OP. Second, the mean opera-
tion time preceding obstruction was shorter in the TDS 
group, and this may have influenced the outcome. Third, 
the study was not blinded and the physicians and patients 
were aware of  which therapy that each patient had re-
ceived, which would have introduced some bias during 
evaluation. 

In conclusion, our trial indicates that conservative 
therapy is efficient in EPSBO-OP. Administration of  
somatostatin and dexamethasone in addition to TPN 
promotes resolution of  obstruction, shortens length of  
hospital stay, and is efficient for symptom control with-
out increasing complications and obstruction relapse.

COMMENTS
Background
Early postoperative small bowel obstruction due to obliterative peritonitis (EPS-
BO-OP) is a rare complication after abdominal surgery, especially extensive 
adhesiolysis and enterocutaneous fistula. Traditionally, the only treatment for 
these patients was total parenteral nutrition, nasogastric tube feeding, and ob-
servation. The time to the recovery of bowel function is often long and patients 
often suffer from low quality of life. Methods to promote resolution and control 
obstruction-related symptoms are lacking.
Research frontiers
Somatostatin or its analogs and corticosteroids are effective and safe in pa-
tients with inoperative bowel obstruction due to peritoneal carcinomatosis or 
encapsulating peritoneal sclerosis. Therefore, their clinical role in the manage-
ment of postoperative OP warrants further investigation. 
Innovations and breakthroughs
Somatostatin and dexamethasone shorten the time to obstruction resolution 
and length of hospital stay, and decrease nasogastric output and duration of 

Table 3  Outcomes of patients receiving total parenteral nutrition alone or in combination with somatostatin and dexamethasone

TPN (n  = 34) TDS (n  = 36) P  value

Time to obstruction resolution (d) 29.9 ± 10.1 (17-60)   22.4 ± 9.1 (13-52)    0.002
Length of hospital stay (d) 34.7 ± 11.2 (21-69)   25.8 ± 9.9 (16-57)    0.001
Daily NG output (mL)1         922 ± 399 (400-1825)         583 ± 208 (150-1050) < 0.001
Mean NG duration (d) 27.7 ± 9.9 (7-54) 16.7 ± 8.8 (3-42) < 0.001
Relapse of obstruction
   1 yr after operation (n/N)2 3/32 2/34    0.668
   2 yr after operation (n/N)3 6/29 5/31    0.745
   3 yr after operation (n/N)4 8/27 6/28    0.547
Postoperative satisfaction ≥ 35

   1 yr after operation (n/N)2 22/32 20/34    0.451
   2 yr after operation (n/N)3 15/29 14/31    0.796
   3 yr after operation (n/N)4  11/27 10/28    0.785

1Mean value of the first 2 d after NG tube placement; 2TPN (n = 32, 1 patient was lost to follow-up, and 1 died of malignancy); TDS (n = 34, 2 patients were 
lost to follow-up); 3TPN (n = 29, 2 patients were lost to follow-up, and 1 died of malignancy); TDS (n = 31, 3 patients were lost to follow-up); 4TPN (n = 27, 
2 patients were lost to follow-up); TDS (n = 28, 2 patients were lost to follow-up and 1 died of cardiovascular disease); 5Patients with satisfaction ≥ 3 were 
satisfied (3) or very satisfied (4). TDS: TPN + DM + SS; TPN: Total parenteral nutrition; DM: Dexamethasone; SS: Somatostatin; NG: Nasogastric.

Table 4  Treatment-related complications  n  (%)

TPN (n  = 34) TDS (n  = 36) P  value

Morbidity
Cholestasis   5 (14.7)   8 (22.2) 0.419
Patients requiring PTC 2 (5.9)   5 (13.9) 0.264
Infectious complications   8 (23.5)   7 (19.4) 0.677
Catheter-related infections   5 (14.7)   4 (11.1) 0.653
Wound infection 2 (5.9) 1 (2.8) 0.522
Pneumonia 1 (2.9)1 0 0.300
Pneumothorax 0 2 (5.5) 0.163
Overall complications 13 (38.2) 15 (41.7) 0.770

1Patient had tracheostomy. TDS: TPN + DM + SS; TPN: Total parenteral 
nutrition; DM: Dexamethasone; SS: Somatostatin; PTC: Percutaneous 
transhepatic cholecystostomy. 
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nasogastric tube usage. They do not increase treatment-related complications 
and relapse of obstruction.
Applications
This study revealed that somatostatin and dexamethasone are effective in pro-
moting resolution and controlling symptoms in patients with EPSBO-OP.
Peer review
This paper provides some useful information on the management of EPSBO-
OP. 
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Abstract
AIM: To investigate the effect of preoperative biliary 
drainage (PBD) in jaundiced patients with hilar chol-
angiocarcinoma (HCCA) undergoing major liver resec-
tions.

METHODS: An observational study was carried out by 
reviewing a prospectively maintained database of HCCA 
patients who underwent major liver resection for cura-
tive therapy from January 2002 to December 2012. Pa-
tients were divided into two groups based on whether 
PBD was performed: a drained group and an undrained 

group. Patient baseline characteristics, preoperative 
factors, perioperative and short-term postoperative 
outcomes were compared between the two groups. 
Risk factors for postoperative complications were also 
analyzed by logistic regression test with calculating OR 
and 95%CI. 

RESULTS: In total, 78 jaundiced patients with HCCA 
underwent major liver resection: 32 had PBD prior to 
operation while 46 did not have PBD. The two groups 
were comparable with respect to age, sex, body mass 
index and co-morbidities. Furthermore, there was no 
significant difference in the total bilirubin (TBIL) levels 
between the drained group and the undrained group at 
admission (294.2 ± 135.7 vs  254.0 ± 63.5, P  = 0.126). 
PBD significantly improved liver function, reducing not 
only the bilirubin levels but also other liver enzymes. 
The preoperative TBIL level was significantly lower in 
the drained group as compared to the undrained group 
(108.1 ± 60.6 vs  265.7 ± 69.1, P  = 0.000). The rate of 
overall postoperative complications (53.1% vs  58.7%, 
P  = 0.626), reoperation rate (6.3% vs 6.5%, P  = 1.000), 
postoperative hospital stay (16.5 vs  15.0, P  = 0.221) 
and mortality (9.4% vs  4.3%, P  = 0.673) were similar 
between the two groups. In addition, there was no sig-
nificant difference in infectious complications (40.6% 
vs  23.9%, P  = 0.116) and noninfectious complications 
(31.3% vs  47.8%, P  = 0.143) between the two groups. 
Univariate and multivariate analyses revealed that pre-
operative TBIL > 170 µmol/L (OR = 13.690, 95%CI: 
1.275-147.028, P  = 0.031), Bismuth-Corlette classifi-
cation (OR = 0.013, 95%CI: 0.001-0.166, P  = 0.001) 
and extended liver resection (OR = 14.010, 95%CI: 
1.130-173.646, P  = 0.040) were independent risk fac-
tors for postoperative complications.

CONCLUSION: Overall postoperative morbidity and 
mortality rates after major liver resection are not im-
proved by PBD in HCCA patients with jaundice. Preop-
erative TBIL > 170 µmol/L, Bismuth-Corlette classifica-
tion and extended liver resection are independent risk 
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factors linked to postoperative complications.
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Core tip: There is currently no consensus on the use 
of preoperative biliary drainage (PBD) in jaundiced 
patients with hilar cholangiocarcinoma undergoing 
major liver resection. We retrospectively analyzed pro-
spectively maintained database of these patients who 
underwent PBD or not. The baseline characteristics, 
perioperative and short-term postoperative outcomes 
between these two groups were compared and no 
significant differences were identified. We found that 
a preoperative total bilirubin level > 170 µmol/L, Bis-
muth-Corlette classification and extended liver resec-
tion are three independent risk factors for postopera-
tive complications. There is a need to undertake well-
designed, prospective multicenter studies to inform 
future practice.

Xiong JJ, Nunes QM, Huang W, Pathak S, Wei AL, Tan CL, 
Liu XB. Preoperative biliary drainage in patients with hilar 
cholangiocarcinoma undergoing major hepatectomy. World J 
Gastroenterol 2013; 19(46): 8731-8739  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i46/8731.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i46.8731

INTRODUCTION
Hilar cholangiocarcinoma (HCCA), which was first de-
fined by Klatskin[1] as an adenocarcinoma of  the hepatic 
duct at its bifurcation within the porta hepatis, is associ-
ated with a poor prognosis[1,2]. Currently, the only curative 
treatment is radical surgical resection[3]. However, a R0 
resection margin is difficult to achieve because the tumor 
often infiltrates the portal vein, the hepatic artery and 
liver parenchyma[4,5]. In order to obtain negative histologi-
cal margins and improve survival, many surgeons have 
adopted a more aggressive surgical approach, namely, 
extended hepatectomy combined with portal vein or 
hepatic artery resection and reconstruction, and hepato 
pancreaticoduodenectomy for the treatment of  this 
malignancy[6-8]. However, the majority of  patients with 
HCCA have obstructive jaundice at presentation, which 
increases the risk of  complications, such as sepsis, bleed-
ing and liver failure, especially in patients undergoing 
major hepatectomy[9,10]. Therefore, preoperative biliary 
drainage (PBD) was introduced with the aim to abrogate 
these potential complications in patients with jaundice 
secondary to HCCA, despite that a consensus on an ap-
propriate cut-off  level of  total bilirubin (TBIL)[11-14] and 
duration of  drainage[8,15,16] has not been reached yet.

There is still controversy with regard to whether PBD 

is essentially needed for jaundiced patients with HCCA 
undergoing major liver resection. It was shown that PBD 
reverses cholestasis-associated hepatic and systemic tox-
icity, and improves liver function, nutritional status and 
cell-mediated immune function[17]. However, concerns 
were also raised as PBD may associate with an increased 
incidence of  postoperative morbidity and mortality[18-20], 
although this was not the case for other studies[21,22]. 
Recently, one multicenter European study including pa-
tients undergoing major liver resection for HCCA sug-
gested that overall morbidity was not affected by PBD 
procedure[14]. Furthermore, preoperative portal vein 
embolization (PVE), which is restricted to the treatment 
of  postoperative inadequate residual liver volume and in-
duces hypertrophy of  the future remnant liver, has led to 
a change to PBD strategy[23]. PBD followed by PVE prior 
to major hepatectomy is considered a safe management 
strategy for HCCA, particularly in patients with remnant 
liver volume less than 40%[24-26].

The aim of  this study was to inform the debate by 
comparing the perioperative and short-term postopera-
tive outcomes of  jaundiced patients with HCCA under-
going curative major liver resection with or without PBD, 
at a large specialist center in China.

MATERIALS AND METHODS
Study population and preoperative management
The prospectively maintained database for a cohort of  
consecutive HCCA patients treated at the West China 
Hospital of  Sichuan University between January 2002 
and December 2012 was retrospectively reviewed. From 
the database, only patients with HCCA who had jaundice 
and underwent major hepatectomy for curative resection 
were included in this study. Jaundice was defined as a se-
rum TBIL level > 85.5 µmol/L (5 mg/dL). HCCA was 
defined as lesions arising from the common hepatic duct, 
left, right, or both hepatic duct and intrahepatic bile duct 
cancer invading the hepatic hilus[11]. The tumors were 
classified according to Bismuth-Corlette classification[27].

In our series, blood sampling for serum biochemistry 
was completed 2-3 d before drainage or surgery. Color 
Doppler ultrasound and contrast enhanced computed to-
mography (CT) were used routinely before surgery. Fur-
thermore, magnetic resonance imaging (MRI) was used 
in most of  patients. If  distant metastases were suspected, 
further investigations with positron emission tomogra-
phy-CT scan were performed. PVE was carried out at our 
hospital if  the remnant liver volume post surgical resec-
tion was expected to be less than 50% of  the whole liver 
volume. PBD was performed if  patients fulfilled one of  
the following criteria: duration of  jaundice of  more than 
4 wk; poor nutritional status (serum albumin < 3 g/dL); 
signs of  cholangitis. PBD procedures in our center were 
percutaneous transhepatic cholangio-drainage (PTCD), 
endoscopic biliary stenting (EBS), endoscopic nasobiliary 
drainage (ENBD) and/or surgical drainage. For patients 
who had inadequate PBD before admission to our hos-
pital, a further drainage by a percutaneous approach was 
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adapted. Adequate PBD was evident by a relief  of  chol-
angitis, and an improvement in the liver function and/or 
the nutritional status of  the patient.

Surgical procedures
At our center, curative excision was defined as histologi-
cally negative surgical margins with a minimum tumor-
free margin of  5 mm at the hepatic stump of  the bile 
duct, the duodenal stump of  the bile duct, and the exci-
sion surface. It included resection of  the gallbladder and 
extrahepatic bile duct; skeletonization of  the vasculature 
of  the hepatoduodenal ligament; and partial hepatectomy, 
or even removal of  the caudate lobe or portal vein or he-
patic artery as required. The postoperative biliary drain-
age was established by a Roux-en-Y hepaticojejunostomy. 
Major hepatectomy was defined as resection of  three or 
more Couinaud segments. Caudate lobectomy was per-
formed in patients in whom it was considered necessary 
to achieve complete tumor clearance.

Postoperative complications
While patients were followed routinely after discharge 
from hospital, as part of  this study, we endeavored to in-
vestigate the effect of  PBD on in-hospital postoperative 
outcomes. Hence, postoperative mortality was defined as 
death prior to hospital discharge. All postoperative com-
plications were defined as events that lengthened hospital 
stay. Infectious complications were defined according to 
the study by Hochwald et al[19]; these were intraabdominal 
abscess, wound infection, cholangitis, sepsis and lung 
infection. Noninfectious complications included liver 
failure, bile leak, anastomotic leak, abdominal collection, 
gastrointestinal bleeding, abdominal bleeding, respiratory 
failure and renal failure. Liver failure was defined as an 
increased international normalized ratio and concomitant 
hyperbilirubinemia on or after postoperative day five[28]. 
Bile leak was defined as the drainage of  50 mL or more 
of  bile from the surgical drain or from drainage of  an 
abdominal collection, over a period of  three days or 
more[29]. In addition, the complications were graded ac-
cording to the Clavien-Dindo classification of  surgical 
complications[30].

Literature search
Existing literature was also reviewed by performing a 
systematic search in PubMed, Medline and Embase from 
January 1990 to May 2013. The following search terms 
were used: “preoperative biliary drainage” or “percutane-
ous transhepatic biliary drainage” or “endoscopic biliary 
drainage” or “endoscopic nasobiliary drainage” or “endo-
scopic biliary stenting” and ‘‘hilar cholangiocarcinoma’’ 
or “hilar bile duct cancer’’ or ‘‘proximal bile duct cancer’’ 
or “Klatskin tumor’’ or ‘‘carcinoma of  the hepatic duct 
confluence’’ along with their synonyms or abbreviations. 
The search was restricted to studies conducted on human 
subjects and in the English language only.

Statistical analysis
Data are presented as mean ± SD or median and inter-

quartile range. The χ 2 test or Fisher’s exact test or RxC 
table analysis was used to compare categorical variables, 
and the Student’s t test or Mann-Whitney U test was used 
to compare continuous variables. A statistically significant 
difference was defined as a P value < 0.05. The variables 
of  statistical significance during univariate analysis were 
included in a follow-up multivariate analysis, by using 
the logistic regression test. The OR and 95%CI were 
also calculated for individual factors in the multivariate 
analysis. All statistical analyses were performed with SPSS 
software (SPSS version 17.0, Chicago, Illinois).

RESULTS
Baseline characteristics
During the study period, 78 patients with jaundice under-
went major hepatic resection for HCCA at our hospital. 
There were 32 patients in the drained (PBD) group and 
46 patients in the undrained (no PBD) group. The base-
line characteristics of  patients are outlined in Table 1. 
The drained group was comparable with the undrained 
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Table 1  Baseline characteristics  n  (%)

Drained 
(n  = 32)

Undrained 
(n  = 46)

P  
value

Age (yr)   59.6 ± 11.0   58.2 ± 11.3 0.568
Sex (M/F) 21/11 28/18 0.669
Body mass index (kg/m2) 20.3 ± 1.9 21.0 ± 2.5 0.190
Concomitant diseases
   Diabetes  2 (6.3) 3 (6.5) 1.000
   Hypertension  3 (9.4)   7 (15.2) 0.678
   Cardiovascular  2 (6.3)   5 (10.9) 0.765
   Previous history of 
   abdominal surgery

   9 (28.1) 12 (26.1) 0.842

Serum total bilirubin (µmol/L)
   At admission 294.2 ± 135.7 254.0 ± 63.5 0.126
   Before surgery 108.1 ± 60.6 265.7 ± 69.1 0.000
   Time of PBD (d) 15.3 ± 3.4 - -
   Time between admission 
   and surgery (d)

20.7 ± 2.1 3.8 ± 1.6 0.000

   Portal vein embolization    5 (15.6) 3 (6.5) 0.355
Bismuth–Corlette classification
   Ⅰ  1 (3.1) 1 (2.2) 1.000
   Ⅱ 8 (25) 14 (30.4) 0.600
   Ⅲa    6 (18.8)   7 (15.2) 0.680
   Ⅲb    9 (28.1) 15 (32.6) 0.673
   Ⅳ 8 (25)   9 (19.6) 0.567
Perioperative details
   Hilar bile duct resection 32 (100) 46 (100) -
   Left hepatectomy  17 (53.1) 31 (67.4) 0.203
   Extended left hepatectomy  2 (6.3) 1 (2.2) 0.747
   Right hepatectomy 8 (25) 10 (21.7) 0.737
   Extended right 
Hepatectomy

   5 (15.6) 4 (8.7) 0.561

   Caudate lobectomy 8 (25) 12 (26.1) 0.914
   Pedicle clamping  17 (53.1) 26 (56.5) 0.767
   Portal vein resection    6 (18.8)   8 (17.4) 0.878
   Hepatic artery resection  2 (6.3) 3 (6.5) 1.000
   Number of blood 
Transfusions

 11 (34.4) 24 (52.2) 0.120

   Intraoperative blood 
   transfusion (mL)

     900 (800-900)       800 (600-1100) 0.513

Xiong JJ et al . Preoperative biliary drainage in hilar cholangiocarcinoma

PBD: Preoperative biliary drainage. 
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gamma-glutamyl transpeptidase (GGT) (531.2 ± 434.7 vs 
357.6 ± 268.3, P = 0.000) and alkaline phosphatase (ALP) 
(502.1 ± 356.2 vs 343.5 ± 187.6, P = 0.001), although al-
bumin (ALB) (36.7 ± 4.8 vs 34.8 ± 5.9, P = 0.213) levels 
remained unchanged.

Perioperative details
All patients in both groups had hilar bile duct resection. 
There were no significant differences in operation proce-
dure (liver resection) between the two groups. Also, there 
were no significant differences between the drained and 
undrained groups in terms of  caudate lobectomy, pedicle 
clamping, portal vein resection, hepatic artery resection, 
number of  patients requiring blood transfusions and in-
traoperative blood transfusion volume (all P > 0.05).

Postoperative outcomes
Postoperative outcomes are outlined in Table 2. The 
number of  patients with postoperative morbidity in the 
two groups was comparable (53.1% vs 58.7%, P = 0.626). 
No significant difference was found in the number of  pa-
tients who had either infectious morbidity or non-infec-
tious morbidity. Also, there was no significant difference 
in the incidence of  individual complications. In addition, 
in a subgroup analysis (data not shown in table), there 
was a higher morbidity (84.6% vs 35.7%, P = 0.028) in pa-
tients undergoing right-sided hepatectomy without PBD 
than patients with PBD. However, in the left-sided hepa-
tectomy group, patients had a higher morbidity (78.9% vs 
40.6%, P = 0.018) in the drained group compared to the 
undrained group. However, there was no difference in the 
postoperative hospital stay between the two groups (16.5 
vs 15, P = 0.221). Two patients in the drained group and 
3 patients in the undrained group underwent reoperation. 
There was no significant difference in mortality (9.4% vs 
4.3%, P = 0.673) between the two groups. In the drained 
group, 1 patient died of  multiorgan failure (liver failure 
and renal failure) while another 2 patients died of  septic 
shock. In the undrained group, one patient died from a 
massive gastrointestinal bleeding while another 1 patient 
died of  multiorgan failure (liver failure and renal failure).

Logistic regression analyses
Several variables in this study were analyzed for their 
association with postoperative morbidity (Table 3). Uni-
variate logistic regression showed that PBD was not 
a risk factor associated with postoperative morbidity. 
However, preoperative TBIL > 170 µmol/L (P = 0.021), 
preoperative AST > 100 U/L (P = 0.036), Bismuth-
Corlette classification (P = 0.025) and extended liver 
resection (P = 0.018) were risk factors associated with 
postoperative morbidity on univariate logistic regression 
analysis. Furthermore, multivariate analysis identified pre-
operative TBIL > 170 µmol/L (OR = 13.690, 95%CI: 
1.275-147.028, P = 0.031), Bismuth-Corlette classifi-
cation (OR = 0.013, 95%CI: 0.001-0.166, P = 0.001) 
and extended liver resection (OR = 14.010, 95%CI: 
1.130-173.646, P = 0.040) as three independent risk fac-

group with regards to age, sex, body mass index, comor-
bidity and previous history of  abdominal surgery (P > 
0.05 for all). Nine patients in the PBD group had previ-
ous abdominal surgery that included 5 cholecystectomies 
and 4 common bile duct explorations with T-tube drain-
age. Twelve patients in the undrained group had previous 
abdominal surgery, which included 6 appendectomies, 4 
cholecystectomies and 2 cholecystectomies with common 
bile duct exploration. Furthermore, there was no signifi-
cant difference in the TBIL levels at admission between 
the drained and undrained groups (294.2 ± 135.7 vs 254.0 
± 63.5, P = 0.126).

PBD techniques and liver function tests
In the PBD group, 23, 5 and 4 patients underwent 
PTCD, ENBD, and surgical drainage, respectively. In this 
study, 4 patients underwent surgical drainage through 
laparotomy and T-tube placement at the referring hospi-
tals. No patient in this study underwent EBS. Six patients 
underwent PTCD twice each as a result of  previous inad-
equate drainage. Drainage-related complications occurred 
in 8 patients (10.3%), with 3 cases of  cholangitis and 4 of  
hemobilia following PTCD, and 1 case of  hyperamylas-
emia following ENBD. All these adverse events were re-
solved after symptomatic treatment alone before surgery. 
The mean time between insertion of  a biliary drainage 
catheter preoperatively and surgical resection was 15.3 
± 3.4 (d). PBD significantly improved liver function as 
evidenced by reduced TBIL (294.2 ± 135.7 vs 108.1 ± 
60.6, P = 0.000), direct bilirubin (DBIL) (231.8 ± 87.0 vs 
85.2 ± 57.4, P = 0.000), aspartate aminotransferase (AST) 
(132.1 ± 68.6 vs 86.1 ± 35.8, P = 0.000), alanine amino-
transferase (ALT) (123.2 ± 79.1 vs 97.5 ± 62.4, P = 0.004), 

Table 2  Postoperative outcomes of patients undergoing 
major hepatectomy  n  (%)

Drained 
(n  = 32)

Undrained 
(n  = 46)

P  
value

Morbidity 17 (53.1)  27 (58.7) 0.626
Infectious morbidity 13 (40.6)  11 (23.9) 0.116
Intra-abdominal abscess (Ⅱ-Ⅲa) 3 (9.4)  2 (4.3) 0.673
Wound infection (Ⅰ-Ⅲb)   4 (12.5)  4 (8.7) 0.869
Cholangitis (Ⅱ) 1 (3.1)  2 (4.3) 1.000
Sepsis (Ⅳa-Ⅴ) 2 (6.3)  1 (2.2) 0.747
Lung infection (Ⅱ)   6 (18.8)    5 (10.9) 0.325
Noninfectious morbidity 10 (31.3)  22 (47.8) 0.143
Liver failure (Ⅱ-Ⅴ) 3 (9.4) 6 (13) 0.890
Bile leak
   Remnant liver1 (Ⅱ-Ⅲa) 2 (6.3) 4 (8.7) 1.000
   Anastomotic leak2 (Ⅱ-Ⅲb) 1 (3.1) 2 (4.3) 1.000
Abdominal collection (Ⅰ-Ⅲa)   6 (18.8)   9 (19.6) 0.928
Gastrointestinal bleeding (Ⅲa-Ⅴ)  0 2 (4.3) 0.510
Abdominal bleeding (Ⅱ-Ⅲb) 1 (3.1) 2 (4.3) 1.000
Respiratory failure (Ⅳa) 0 3 (6.5) 0.265
Renal failure (Ⅳa-Ⅴ) 3 (9.4) 4 (8.7) 1.000
Mortality (Ⅴ) 3 (9.4) 2 (4.3) 0.673
Reoperation 2 (6.3) 3 (6.5) 1.000
Postoperative hospital stay (d)       16.5 (13.5-20.5)   15 (12-18) 0.221

Clavien-Dindo grades of surgical complications are within parentheses. 
1From remnant liver; 2From hepaticojejunostomy. 
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tors for postoperative complications.

Results of literature search
Fourteen studies were identified[5,10,14,18-20,31-37] using the 
defined search strategy (Table 4). Seven studies included 
patients who had curative resections only[5,14,18,20,31,33,37], 
while the remaining studies included both curative and 
palliative resection groups.

DISCUSSION
Currently, the only curative treatment for HCCA is radical 

surgical resection[3]. Patients with HCCA usually present 
with concomitant obstructive jaundice, which results in 
high surgical morbidity and mortality in those undergo-
ing major hepatic resection[38,39]. Furthermore, postopera-
tive liver failure is a common cause of  in-hospital death 
after major hepatectomy in patients with obstructive 
jaundice[13,40]. PBD offers the advantage of  being able to 
increase the tolerance of  cholestatic liver to ischemia, im-
prove the regeneration capacity of  the liver and decrease 
blood loss, which may contribute to reducing morbidity 
and mortality. However, there were conflicting conclu-
sions from various studies with regards to the benefits of  

Table 3  The risk factors for postoperative complications  n  (%)

Variable n Incidence of complications Univariate Multivariate

P  value OR P value

Age (yr)
   > 60 38    21 (55.3) 0.842
   ≤ 60 40    23 (57.5)
Sex
   Male 49 25 (51) 0.212
   Female 29    19 (65.5)
PBD
   Yes 32    17 (53.1) 0.626
   No 46    27 (58.7)
Concomitant diseases
   Yes 20 14 (70) 0.155
   No 58    30 (51.7)
Previous abdominal surgery
   Yes 21    11 (52.4) 0.663
   No 57    33 (57.9)
Preoperative TBIL
   > 170 μmol/L 48    32 (66.7) 0.021   13.690 (1.275-147.028) 0.031
   ≤ 170 μmol/L 30 12 (40)
Preoperative AST
   > 100 U/L 47 31 (66) 0.036 1.138 (0.157-8.225) 0.898
   ≤ 100 U/L 31    13 (41.9)
Preoperative ALT
   > 100 U/L 44    29 (65.9) 0.054   5.664 (0.595-53.905) 0.131
   ≤ 100 U/L 34    15 (44.1)
Preoperative ALB
   > 35 41    26 (63.4) 0.189
   ≤ 35 37    18 (48.6)
Bismuth–Corlette stage
   Ⅰ and Ⅱ 24      9 (37.5) 0.025 0.013 (0.001-0.166) 0.001
   Ⅲ and Ⅳ 54    35 (64.8)
Extended liver resection
   Yes 12    11 (91.7) 0.018   14.010 (1.130-173.646) 0.04
   No 66 33 (50)
Caudate lobectomy
   Yes 20 12 (60) 0.707
   No 58    32 (55.2)
Pedicle clamping
   Yes 43    22 (51.2) 0.300
   No 35    22 (62.9)
Vascular resections
   Yes 19    13 (68.4) 0.225
   No 59    31 (52.5)
Additional surgery
   Yes 6   3 (50) 0.742
   No 72    41 (56.9)
Intraoperative blood transfusion
   Yes 35    19 (54.3) 0.644
   No 43    25 (59.5)

TBIL: Total bilirubin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALB: Albumin; PBD: Preoperative biliary drainage. 
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PBD[14,19,20,31,35,41].
In our study, the two groups were comparable with 

respect to demographics, BMI, comorbidities and serum 
TBIL levels at admission. PBD-associated complications 
were low, occurring in 8 patients (10.3%), which may be 
because EBS was not used in our study[42]. This also illus-
trates that the drainage techniques and technology used 
at our center are feasible. The number of  patients under-
going PVE before surgery was comparable between the 
drained and undrained groups. PBD followed by PVE 
prior to major hepatectomy is considered a safe manage-
ment strategy[24-26].

The number of  patients with postoperative compli-
cations was comparable, with 17 patients (53.1%) in the 
drained group and 27 patients (58.7%) in the undrained 
group; there was no significant difference in the number 
of  patients who had either infectious complications or 
non-infectious complications. We found this result to be 
consistent with most of  the studies that were reviewed 
in our systematic search. Most recently, a multicenter 
European study by Farges et al[14] reported that there was 
no significant difference in the rate of  complications 
between drained and undrained groups of  patients un-
dergoing major liver resection. However, the infectious 
complications were not compared in this study and the 
risk factors for the overall complications were not ana-

lyzed. In our study, there was no significant difference 
in the number of  patients with infectious complications 
between the two groups, which might be because most 
of  them underwent PTCD (71.9%) as compared to en-
doscopic techniques (ENBD-15.6% and EBS-0%). EBS 
in particular has been shown to increase the infectious 
complication rate as compared to other drainage proce-
dures[18,23,42,43]. Three studies[18-20] from our search reported 
higher infectious complications in patients who under-
went PBD. Four studies[5,18,19,31] reported no significant 
difference in the non-infectious complication rates be-
tween the two groups. In our study, patients undergoing 
right-sided hepatectomy without PBD had a higher mor-
bidity than patients with PBD, whereas contrary results 
were obained in the left-sided hepatectomy group. This 
is consistent with the study carried out by Farges et al[14]. 
Furthermore, while some studies have reported a longer 
stay in the drained group[20,31], other studies have shown 
no difference between the two groups[18,19]. In our study, 
there was no difference in the postoperative hospital stay, 
reoperation rate and mortality between the two groups.

While PBD was not a risk factor for postopera-
tive complications, preoperative TBIL > 170 µmol/L, 
a higher Bismuth-Corlette classification and extended 
liver resection were found to be three independent risk 
factors for postoperative complications. In our study, 

Table 4  Studies including resections for hilar cholangiocarcinoma with and without preoperative biliary drainage  n  (%)

Ref. Year Country Design Type of PBD Surgical procedures 
for included patients

PBD n Morbidity P  value Mortality P  value

Su et al[10] 1996 China Retro PTCD CR and PR Yes   33    17 (51.5) NS      5 (15.2) NS
No   16      6 (37.5) 0

Takada et al[37] 1996 Japan Retro PTCD CR Yes   24 NA -      3 (12.5) NS
No   12 NA   6 (50)

Hochwald et al[19] 1999 United States Pro PTCD CR and PR Yes   42    36 (85.7) 0.045    2 (4.8) NS
EBD No   29    19 (65.5)      4 (14.3)

Figueras et al[31] 2000 Spain Retro PTCD CR Yes   11   11 (100) NS 1 (9) NS
No     9   6 (66)      2 (22.2)

Parks et al[36] 2000 United Kingdom Retro PTCD CR and PR Yes   20 11 (55) NS 1 (5) NS
EBD No   27     11 (40.7)    1 (3.7)

Gerhards et al[5] 2000 The Netherlands Retro PTCD CR Yes   93 59 (63) NS 16 (17) NS
EBD No   18  13 (72)   3 (17)

Dinant et al[33] 2006 The Netherlands Retro PTCD CR Yes   83    56 (67.5) NS    14 (16.7) NS
EBD No   14      6 (42.9)      2 (14.3)

Li et al[32] 2009 China Retro PTCD CR and PR Yes   55    20 (36.3) NS    4 (7.3) NS
No   56    16 (28.6)    5 (8.9)

Ferrero et al[18] 2009 Italy Retro PTCD CR Yes   30 21 (70) NS 1 (3) NS
EBD No   30 19 (63)   3 (10)
SD

Ercolani et al[34] 2010 Italy Retro PTCD CR and PR Yes   44    25 (56.8) NS NA -
EBD No     7      2 (28.5) NA

El-Hanafy et al[20] 2010 Egypt Retro PTCD CR Yes   46    27 (58.6) 0.001      5 (10.8) NS
EBD No   54    11 (20.3)    3 (5.5)

Yu et al[35] 2012 China Retro PTCD with bile 
re-infusion

CR and PR Yes   48    14 (29.2) 0.036    1 (2.1) NS
No   39    20 (51.3)    2 (5.1)

Farges et al[14] 2013 France and 
Belgium

Retro PTCD CR Yes 180 123 (68.3) NS  17 (9.4) NS
EBD No 186 128 (68.8)    22 (11.8)

Present study China Retro PTCD CR Yes   32   17 (53.1) NS    3 (9.4) NS
EBD No   46   27 (58.7)    2 (4.3)
SD

Retro: Retrospective; Pro: Prospective; PBD: Preoperative biliary drainage; PTCD: Percutaneous transhepatic cholangio-drainage; EBD: Endoscopic biliary 
drainage; SD: Surgical drainage; CR: Curative resection; PR: Palliative resection; NA: Not available; NS: Not significant.
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PBD reduced the preoperative serum bilirubin level and 
other liver function indexes significantly as compared 
to those on admission. However, this did not translate 
into a significant reduction in the occurrence of  post-
operative complications, as compared to the undrained 
group. Previous studies have shown that preoperative 
bilirubin levels influence postoperative morbidity and 
mortality rates[18,34]. However, there is no consensus on 
the serum bilirubin cut-off  level before surgery at which 
PBD should be undertaken. Some studies recommend 
undertaking PBD at a bilirubin cut-off  of  51.3 µmol/L 
(3 mg/dL) to minimize complications following major 
surgery[11,12]. Other studies recommend a bilirubin cut-
off  of  more than 85.5 µmol/L (5 mg/dL)[13]. The serum 
bilirubin level prior to surgery was 108.1 ± 60.6 µmol/L 
in our study. Farges et al[14] advised that major hepatec-
tomy for jaundiced patients should be delayed until the 
serum bilirubin level had fallen below 50 µmol/L. Other 
studies have suggested that PBD should be performed 
and surgery should be delayed when the preoperative 
bilirubin level was higher than 171 µmol/L (10 mg/
dL)[10,34]. Koyama et al[15] advised that adequate recovery 
of  hepatic function depended not only on the duration 
of  obstructive jaundice prior to decompression, but also 
on the duration of  biliary decompression. Some stud-
ies have suggested 3-6 wk of  preoperative drainage for 
obstructive jaundice, with even longer periods proposed 
with a prolonged biliary obstruction before decompres-
sion[8,15,16]. In our study, the PBD catheter remained in situ 
for a mean of  15.3 d. In light of  the above, it is plausible 
that postoperative outcomes may have improved further, 
had we kept the PBD catheter in situ longer with a lower 
preoperative serum bilirubin level. However, we recom-
mend PBD, prior to major hepatectomy, in patients with 
HCCA with a TBIL above 170 µmol/L.

Gerhards et al[5] had reported a higher Bismuth-
Corlette classification was associated with postoperative 
morbidity. Also Li et al[32] reported that while PBD allevi-
ated liver injury caused by hyperbilirubinemia, it did not 
decrease the postoperative morbidity and mortality and 
concomitant hepatectomy and Bismuth-Corlette clas-
sification were independent risk factors linked to surgical 
risks. This is explainable as a higher Bismuth-Corlette 
classification warrants a more extensive surgical resec-
tion, which resulted in higher morbidity[44]. Indeed, in 
our study, there were many patients with stage Ⅲ and Ⅳ 
tumors who underwent extended hepatectomy with cau-
date lobe resection and vascular resection.

We acknowledge the limitations of  our study. First 
of  all, our results derive from a retrospective study and 
are unavoidably subject to selection bias although a con-
secutive series was reported. Second, the sample size is 
relatively small, coming from a single center. Moreover, 
various factors such as the variable procedures for biliary 
drainage, treatment of  patients at other centers prior to 
transfer to our center and failure of  the initial drainage 
procedure may have contributed to biases in our study. 
However, as the baseline characteristics of  patients prior 
to surgery were comparable between the drained and 

undrained groups, we hope that the effect of  these fac-
tors on postoperative outcome was minimized. Currently, 
there continues to be a lack of  consensus and recom-
mendations on the use of  PBD prior to major liver resec-
tion for HCCA. This has been highlighted by our study 
and review of  literature. While an adequately powered 
randomized controlled trial at a single center may be cur-
rently unrealistic, in view of  the rarity of  this tumor, a 
multicenter study would go a long way in informing fu-
ture practice.

In summary, short-term postoperative outcomes 
after major liver resection for HCCA are not improved 
by PBD, which is consistent with most of  published evi-
dence. Preoperative TBIL > 170 µmol/L and Bismuth-
Corlette classification and extended liver resection might 
be three independent risk factors for postoperative com-
plications. There is a need to undertake multicenter stud-
ies to inform future practice.

COMMENTS
Background
Whether preoperative biliary drainage (PBD) should be used in jaundiced pa-
tients with hilar cholangiocarcinoma (HCCA) undergoing major liver resection 
remains unclear.
Research frontiers
To investigate the role of PBD in patients with HCCA undergoing major liver 
hepatectomy using prospectively maintained database from a specialty center. 
A retrospective comparative analysis was performed comparing the periopera-
tive and short-term postoperative outcomes of patients with PBD or not.
Innovations and breakthroughs
Based on the study, PBD does not improve short-term postoperative outcomes 
in patients with HCCA undergoing major liver resection. However, Preoperative 
total bilirubin (TBIL) > 170 µmol/L, Bismuth-Corlette classification and extended 
liver resection are three independent risk factors for postoperative complica-
tions.
Applications
The advantages of PBD was not found in this study; however, higher preopera-
tive TBIL (> 170 µmol/L) was indeed a risk factor for postoperative complica-
tions. In addition, taking into account the nature of a retrospective study, there 
is a need to undertake well-designed, prospective multicenter studies to inform 
future practice.
Terminology
PBD is an important method for recovery of liver function in patients with ob-
structive jaundice, which includes the percutaneous transhepatic cholangio-
drainage, endoscopic biliary stenting, endoscopic nasobiliary drainage and 
surgical drainage.
Peer review
This well-written study investigated the short-time postoperative outcomes and 
risk factors in jaundiced patients as result of HCCA with PBD or not. It may be 
of interest for hepatobiliary surgeons worldwide.
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Abstract
AIM: To evaluate long-term survival after the Whipple 
operation with superior mesenteric vein/portal vein re-
section (SMV/PVR) in relation to resection length.

METHODS: We evaluated 118 patients who underwent 
the Whipple operation for pancreatic adenocarcinoma 
at our Department of Hepatobiliary Pancreatic Surgery 
between 2005 and 2010. Fifty-eight of these patients 
were diagnosed with microscopic PV/SMV invasion by 
frozen-section examination and underwent SMV/PVR. 
In 28 patients, the length of SMV/PVR was ≤ 3 cm. In 
the other 30 patients, the length of SMV/PVR was > 3 
cm. Clinical and survival data were analyzed.

RESULTS: SMV/PVR was performed successfully in 58 
patients. There was a significant difference between the 
two groups (SMV/PVR ≤ 3 cm and SMV/PVR > 3 cm) 
in terms of the mean survival time (18 mo vs  11 mo) 
and the overall 1- and 3-year survival rates (67.9% and 
14.3% vs  41.3% and 5.7%, P  < 0.02). However, there 
was no significant difference in age (64 years vs  58 
years, P  = 0.06), operative time (435 min vs  477 min, 
P  = 0.063), blood loss (300 mL vs  383 mL, P  = 0.071) 
and transfusion volume (85.7 mL vs  166.7 mL, P  = 
0.084) between the two groups. 

CONCLUSION: Patients who underwent the Whipple 
operation with SMV/PVR ≤ 3 cm had better long-term 
survival than those with > 3 cm resection.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Pancreatic adenocarcinoma; Whipple op-
eration; Vascular resection 

Core tip: Pancreatic adenocarcinoma can infiltrate the 
portal vein (PV) or superior mesenteric vein (SMV). In 
order to achieve negative surgical margins, the Whipple 
operation combined with SMV/PV resection (SMV/PVR) 
is usually performed. The long-term survival rate of 
patients with SMV/PV involvement in relation to the 
length of resection remains controversial.

Pan G, Xie KL, Wu H. Vascular resection in pancreatic adenocar-
cinoma with portal or superior mesenteric vein invasion. World 
J Gastroenterol 2013; 19(46): 8740-8744  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i46/8740.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i46.8740

INTRODUCTION
Pancreatic adenocarcinoma is a malignant neoplasm that 
is one of  the most common causes of  cancer-related 
death. Unfortunately, there are no symptoms in the early 
period of  the disease, so fewer patients have the chance 
of  achieving negative margin resection. The reason for 
the lower treatment rate is that many patients have liver 
metastases, lymph node involvement, invasion of  retro-
peritoneal tissue, and portal vein (PV)/superior mesen-
teric vein (SMV) invasion when they are diagnosed[1-4]. 
Since the Whipple operation combined with SMV/PV 
resection (SMV/PVR) and reconstruction for pancreatic 
adenocarcinoma was first reported in 1951[5], the value 
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of  SMV/PVR has remained controversial[6,7]. In the past, 
tumor invasion of  the PV/SMV was considered a con-
traindication to tumor resection because of  the high rate 
of  recurrence and poor prognosis. Recently, some de-
partments have argued that combination of  the Whipple 
operation with SMV/PVR can achieve similar long-term 
survival to the Whipple operation alone without any in-
crease in morbidity and mortality[8-10]. 

However, the suitable length of  SMV/PVR is under 
discussion. In this study, we evaluated the outcome in pa-
tients who underwent the Whipple operation with SMV/
PVR ≤ 3 cm compared with > 3 cm. We aimed to clarify 
long-term survival of  patients with SMV/PV invasion in 
relation to the depth of  venous involvement. 

MATERIALS AND METHODS
Patients and methods
From January 2005 to December 2010, 118 consecutive 
patients who underwent the Whipple operation for pan-
creatic adenocarcinoma were analyzed at the Department 
of  Hepatobiliary Pancreatic Surgery, Sichuan University. 
There were 70 men and 48 women with a median age 
of  53 years (range, 23-78 years). According to preopera-
tive image evaluation and intraoperative frozen-section 
examination, 60 patients with pancreatic adenocarcinoma 
underwent the Whipple operation alone. Twenty-eight 
patients underwent the Whipple operation combined 
with SMV/PVR ≤ 3 cm. Thirty patients underwent the 
Whipple operation with SMV/PVR > 3 cm.

Preoperative evaluation
Preoperative evaluation included a careful physical ex-
amination; a series of  blood tests such as tumor markers 
(carcinoembryonic antigen and carbohydrate antigen 19-9), 
liver function, and thrombin; and chest radiography, ab-
dominal ultrasonography, contrast computed tomography, 
and electrocardiography. Sometimes magnetic resonance 
cholangiopancreatography or endoscopic retrograde chol-
angiopancreatography was selectively performed.

Indications and operative technique
The exclusion criteria were as follows: (1) extrapancreatic 
disease such as liver and peritoneal metastases; (2) Whip-
ple operation with SMV/PVR tangential resection; and 
(3) Whipple operation combined with adjuvant chemo-
therapy or chemoradiotherapy. We also excluded patients 
with a previous unsuccessful attempt at pancreatectomy 
because they could be exposed to different early morbid-
ity or distant prognosis.

The Whipple operation was performed in all of  the 
consecutive patients. Hemigastrectomy was performed, 
and the bile duct was divided above the cystic duct. An 
end-to-side pancreaticojejunostomy, end-to-side hepati-
cojejunostomy, and side-to-side gastrojejunostomy were 
performed as classic reconstruction after the Whipple 
operation[10]. Vascular consecutiveness was recovered by 
a direct end-to-end anastomosis. None of  the patients in 
our group used low-molecular-weight heparin after ve-

nous reconstruction.

Statistical analysis
Perioperative data such as pathological data, length of  
hospital stay, operative blood loss, volume of  blood 
transfusion, morbidity, and mortality were obtained from 
medical records. The long-term survival outcomes were 
obtained through postoperative follow-up at outpatient 
clinics or on the telephone. The outcomes in the two 
groups were analyzed using the χ 2 test. All statistical 
analyses were performed using SPSS version 19.0, when 
P < 0.05 was considered statistically significant.

RESULTS
The demographic and operative characteristics of  the 
patients who underwent SMV/PVR ≤ 3 cm and > 3 cm 
are shown in Table 1. The median age of  the two groups 
was 64 years (range, 31-78 years) and 58 years (range, 
38-77 years), respectively. The median size of  the pancre-
atic tumors was 3.1 cm (range, 2-6 cm) and 3.7 cm (range, 
3-7 cm), respectively. The median length of  venous resec-
tion was 2.5 cm (range, 1-3 cm) and 3.8 cm (range, 3.5-5 
cm), respectively. The mean operation time for patients 
with SMV/PVR ≤ 3 cm and > 3 cm was 435 and 477 
min, respectively. The mean blood loss was 300 and 383 
mL, respectively. There was no significant difference in 
operative time, blood loss, transfusion volume, and tu-
mor stage between the two groups. However, there were 
significant differences in lymph node invasion, depth of  
venous involvement, and length of  SMV/PVR between 
the two groups. By multivariate analysis, the length of  ve-
nous resection was the most important prognostic factor.

The postoperative complication and mortality rates 
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  Demographics SMV/PVR ≤ 3 cm SMV/PVR > 3 P  value

(n  = 28) cm (n  = 30)
  Sex (M/F) 21/7 20/10 0.082
  Age (yr) 64 (range 31-78) 58 (range 38-77) 0.063
  Tumor size (cm) 3.1 (range 2-6) 3.7 (range 3-7) 0.051
  Tumor stage 0.056
     Ⅰ     5     2
     Ⅱ   16     6
     Ⅲ     7   22
     Ⅳ     0     0
  Curability 0.067
     R0   26   22
     R1+     2     8
  Depth of venous 
  involvement

 0.032

     Tunica adventitia     4     2
     Tunica media   14   12
     Tunica intima   10   16
  Lymph node 
  invasion 

  25%   73% 0.043

  Operative time (min) 435 477 0.064
  Blood loss (mL) 300 383 0.071
  Transfusion (mL)      85.7   166.7 0.084

Table 1  Comparison of characteristics between the two groups

SMV/PVR: Superior mesenteric vein/portal vein resection.



are shown in Table 2. Hemorrhage from the surgical site 
occurred in three patients after the operation, and one 
of  these died 7 d after surgery. Two patients underwent 
reoperation. In the patients with SMV/PVR ≤ 3 cm, hy-
pertension with upper gastrointestinal bleeding occurred 
in one patient who underwent spleen vein transection 
without vascular remodeling. 

The overall 1- and 3-year survival rates for patients 
who underwent the standard Whipple operation com-
bined with SMV/PVR ≤ 3 cm (n = 28) and SMV/PVR 
> 3 cm (n = 30) were 67.9% and 14.3%, and 41.3% and 
5.7%, respectively. The mean survival of  patients with 
SMV/PVR ≤ 3 cm and SMV/PVR > 3 cm was 18 and 
11 mo, respectively. There was a significant difference in 
survival between the two groups (Figure 1; P = 0.02).

DISCUSSION
Pancreatic adenocarcinoma is a malignant disease and neg-
ative resection margin is still the best treatment option at 
present. In the past, only 10%-20% of  patients with pan-
creatic adenocarcinoma could undergo surgery because of  
distant metastases and vascular involvement[11-13]. Due to 
the intimate relationship of  the pancreatic head and un-
cinate, the PV is always infiltrated[9]. Surgeons previously 
considered that pancreatic adenocarcinoma with venous 
involvement was a contraindication to surgery. They also 
considered that venous invasion always hindered complete 
tumor removal. Recent improvements in preoperative im-
aging and surgical techniques have resulted in the standard 
Whipple operation with SMV/PVR offering the possibil-
ity of  achieving negative margin resection in patients with 
pancreatic adenocarcinoma and SMV or PV involvement, 
without a relevant increase in morbidity and mortality[14-16]. 
Our study also supports this. However, the suitable length 
of  SMV/PVR is under discussion.

The main conclusion of  our retrospective analysis 
was that patients who underwent the standard Whipple 
operation with SMV/PVR (Group 1) had similar survival 
rates and negative resection margins when compared with 
patients without PV involvement (Group 2). In our study, 
the median survival time in Group 1 (n = 58) and Group 
2 (n = 60) was 19 and 21 mo, respectively. In addition, the 
1- and 3-year survival rates in the two groups were 63.3% 

and 14.3%, and 69.3% and 18.4%, respectively. There 
were no significant differences in survival between the 
two groups (P > 0.05). At the same time, the blood loss, 
volume of  transfusion, and surgical mortality and mor-
bidity did not increase obviously in Group 1. However, 
venous resection combined with reconstruction (Group 
1) cost more compared with Group 2, but there was no 
significant difference in survival between the two groups 
(P > 0.05). Therefore, we considered that patients with 
SMV/PVR had similar long-term survival to those with-
out SMV/PVR. 

Another conclusion is that patients who underwent 
the Whipple operation with SMV/PVR ≤ 3 cm (Group 
3) achieved better long-term survival than those with 
SMV/PVR > 3 cm (Group 4). Median survival time in 
Group 3 (n = 28) and Group 4 (n = 30) was 18 and 11 
mo, respectively. There was a significant difference in sur-
vival between the two groups (P < 0.02). Meanwhile, the 
patients with SMV/PVR ≤ 3 cm had more risk factors 
compared with those with SMV/PVR > 3 cm (P < 0.05) 
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  Morbidity SMV/PVR ≤ 3 cm SMV/ PVR > 3 cm 

(n  = 28) (n  = 30)
  Hemorrhage   1   2
  Hypertension with upper
  gastrointestinal bleeding

  0   1

  Pancreatic fistula   2   3
  Wound infection   1   1
  Reoperation   1   1
  Recurrence 21 27
  Median hospital stay (d) 18 (range 8-32) 18 (range 11-43) 

Table 2  Surgical mortality and morbidity in 58 patients who 
underwent standard Whipple operation with portal vein resection
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Figure 1  Survival of patients with portal vein resection. A: Patients with 
superior mesenteric vein/portal vein resection (SMV/PVR) ≤ 3 cm (Dotted line, 
n = 28) had more risk factors compared with patients with > 3 cm resection (solid 
line, n = 30); B: SMV/PVR ≤ 3 cm (Dotted line, n = 28) was significantly better 
than > 3 cm resection (solid line, n = 30).
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SMV/PVR: Superior mesenteric vein/portal vein resection.
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have reported that patients with tunica intima infiltration 
could not obtain good long-term survival[10,14]. In our 
study, no patient survived beyond 8 mo, when the tunica 
intima was involved.

Bao et al[23] have suggested that mesenteric artery in-
volvement > 90°, as visualized by computed tomography, 
implies that we cannot achieve disease-free resection. Today, 
most surgeons agree that tumor invasion of  the mesenteric 
artery is a contraindication to the Whipple operation[17,25,26]. 
It is considered that the mesenteric artery is often encircled 
by a neural plexus and lymph nodes. Therefore, artery 
involvement is always combined with neural plexus and 
lymph node invasion, and it is difficult to achieve a nega-
tive resection margin. It has also been reported that patie-
nts with positive lymph nodes have worse overall survival 
than patients without lymph node invasion, and extensive 
lymphadenectomy and nerve plexus resection might lead 
to serious diarrhea and poorer quality of  life. Therefore, 
other treatments such as neoadjuvant and adjuvant che-
motherapy could be used in patients with arterial inva-
sion.

In conclusion, we showed that patients with pancreatic 
adenocarcinoma and venous invasion who underwent the 
standard Whipple operation with SMV/PVR had similar 
long-term survival than patients without venous involve-
ment. In addition, patients who underwent the Whipple 
operation with SMV/PVR ≤ 3 cm achieved better long-
term survival than those with > 3 cm resection. 
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Abstract
AIM: To construct normal values for the tests of the 
psychometric hepatic encephalopathy score (PHES) and 
to evaluate its usefulness in the diagnosis of minimal 
hepatic encephalopathy (MHE) among Chinese indi-
viduals with cirrhosis.

METHODS: The five tests of PHES, number connection 
test-A (NCT-A), number connection test-B, serial dot-
ting test, line tracing test and digit symbol test (DST), 
were administered to all enrolled subjects in a quiet 
room with sufficient light. Cirrhotic subjects with overt 

HE were excluded by the West-Haven criteria and a 
detailed neurological examination. Based on the nomo-
grams of healthy volunteers, the patients were classi-
fied as having MHE when their PHES was less than -4.

RESULTS: In total, 146 healthy volunteers completed 
all the PHES tests. Age and education years were con-
firmed to be predictors of all five tests. In total, 53 
patients with liver cirrhosis completed the PHES. Of the 
patients with liver cirrhosis, 24 (45.3%), 22(41.5%) 
and 7(13.2%) had Child-Pugh grades A, B and C, re-
spectively. MHE was diagnosed in 26 patients (49.1%). 
Compared with compensated cirrhotic patients (Child A), 
decompensated cirrhotic patients (Child B and C) had a 
higher proportion of MHE (65.5% vs  29.2%). No differ-
ences in age and education years were found between 
the MHE and non-MHE groups. NCT-A and DST were 
able to diagnose MHE with a sensitivity of 76.9% and a 
specificity of 96.3% (AUC = 0.866, K  = 0.735).

CONCLUSION: The proportion of MHE is associated 
with liver function. NCT-A and DST are simple tools 
that can be used for the diagnosis of MHE in China.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Cirrhosis; Minimal hepatic encephalopa-
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Core tip: The psychometric hepatic encephalopathy 
score (PHES) has been standardized in several coun-
tries, but requires further validation in China. The au-
thors aimed to evaluate the usefulness of PHES for the 
diagnosis of minimal hepatic encephalopathy (MHE) 
among Chinese patients with liver cirrhosis. In China, 
the results of the five neuropsychological tests of PHES 
were influenced by age and educational status. In total, 
49.1% of the patients with cirrhosis were classified as 
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having MHE, and the proportion of MHE was associated 
with the severity of liver function. Number connection 
test-A and digit symbol test are simple and useful tools 
that can be used for the diagnosis of MHE in China.

Li SW, Wang K, Yu YQ, Wang HB, Li YH, Xu JM. Psycho-
metric hepatic encephalopathy score for diagnosis of minimal 
hepatic encephalopathy in China. World J Gastroenterol 2013; 
19(46): 8745-8751  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i46/8745.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i46.8745

INTRODUCTION
Minimal hepatic encephalopathy (MHE) is a highly 
prevalent asymptomatic disturbance in patients with liver 
cirrhosis. MHE is associated with impaired health-related 
quality of  life and driving capability and can predict the 
development of  overt hepatic encephalopathy (OHE)[1-4]. 
MHE is not detectable by routine physical or neurologi-
cal examinations, and a specific neuropsychological/neu-
rophysiological test is needed for its diagnosis[5-7]. The 
psychometric hepatic encephalopathy score (PHES) is 
internationally recommended as the gold standard for the 
diagnosis of  MHE[8,9].

The PHES is composed of  five tests, number con-
nection test-A (NCT-A), number connection test-B 
(NCT-B), serial dotting test (SDT), line tracing test (LTT) 
and digit symbol test (DST). PHES can be used to assess 
motor speed, motor accuracy, concentration, attention, 
visual perception, visual-spatial orientation, visual con-
struction and memory[10], which are related to most of  
neuropsychological impairments in MHE. The PHES has 
been standardized in several countries, such as Germany, 
Italy, Spain, India, Korea and Mexico. However, in China 
further validation is needed. The aims of  this study were 
to construct and validate a dataset of  normal values for 
the PHES in a healthy Chinese population and to evalu-
ate the usefulness of  PHES for the diagnosis of  MHE 
among Chinese patients with liver cirrhosis.

MATERIALS AND METHODS
Subjects
Healthy volunteers: The healthy volunteers that were 
recruited for the control group included people who vis-
ited the Health Promotion Center at the First Affiliated 
Hospital of  Anhui Medical University in Hefei, China, 
for routine health examinations, and through word-of-
mouth referrals. The following exclusion criteria were ap-
plied for the control group: (1) Presence of  chronic liver 
diseases, neurological or psychiatric diseases, or other 
diseases that can affect cognitive function; (2) A past his-
tory of  chronic liver disease, neurologic or psychiatric 
disorders; (3) Consumption of  psychotropic drugs; (4) 
Alcohol consumption > 50 g/d within the past 3 mo; 

and (5) Inability to read and write.

Liver cirrhosis group: Consecutive inpatients from 
the Department of  Gastroenterology and Hepatology 
were recruited. Patients with OHE, which was defined 
according to the West-Haven criteria[11], were excluded. 
The diagnosis of  liver cirrhosis was based on a combina-
tion of  physical examination, laboratory tests, medical 
imaging and endoscopic evidence or on liver histology, 
if  available. The following exclusion criteria were applied 
for the liver cirrhosis group: (1) A history of  OHE, up-
per gastrointestinal hemorrhage or spontaneous bacterial 
peritonitis during the past 2 wk; (2) Consumption of  
lactulose, psychoactive drugs or any antibiotics during the 
past 2 wk; (3) Presence of  neurological or psychiatric dis-
eases, such as Alzheimer’s disease, Parkinson’s disease and 
nonhepatic metabolic encephalopathy, or a mini-mental 
status examination (MMSE) score < 25 points; (4) Pres-
ence of  significant comorbidity, such as heart, respiratory, 
or renal failure; (5) Presence of  hepatocellular carcinoma 
or other malignancy, previous TIPS or shunt surgery; (6) 
Alcohol consumption > 50 g/d within the past 3 mo; 
and (7) Inability to read and write.

All the subjects, both healthy volunteers and patients 
with liver cirrhosis, were required to have a fair knowl-
edge of  numbers and the Chinese alphabet. The research 
protocol was approved by the ethics committee of  the 
hospital in accordance with the ethical guidelines of  the 
Declaration of  Helsinki. Written informed consent to 
participate was obtained from each subject.

Neuropsychological tests
All the five tests of  PHES were administered to all the 
enrolled subjects in the same sequence. The tests were 
conducted on a one-to-one basis in a quiet room with 
sufficient light. A specially trained medical doctor assisted 
the enrolled subjects in finishing these tests.

As some of  our enrolled subjects were not familiar 
with the English alphabet, we replaced the alphabet in 
NCT-B with the Chinese alphabet in the same order[12]. 
The results of  the NCT-A, NCT-B, and SDT were 
measured as seconds, including the time needed to cor-
rect any errors, and the result of  DST was measured as 
points. The results of  the LTT were measured as both 
the time needed to complete the test (LTTt, seconds) 
and as the error score (LTTe), LTT = (1 + LTTe/100) 
× LTTt[13]. Accordingly, a higher result of  DST equals 
better performance, and lower results on the other tests 
equal better performance. Formulas were constructed to 
predict the expected results of  the five neuropsychologi-
cal tests. These values were then used as references to 
which the results from the patients with liver cirrhosis 
were compared.

The result of  DST within ± 1SD from the mean of  
the control performance was scored as 0 points. Results 
between -1 and -2SD, between -2 and -3SD and worse 
than -3SD were scored as -1, -2 and -3, respectively. A 
result better than mean + 1SD was scored as +1. 
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The results (NCT-A, NCT-B, SDT and LTT) within 
± 1SD from the mean of  the control performance were 
scored as 0 points. Results between +1 and +2SD, be-
tween +2 and +3SD, and worse than +3SD were scored 
as -1, -2 and -3 points, respectively. Those better than 
mean -1SD were scored as +1 point[10]. The final score of  
PHES was generated from the sum of  the scores of  five 
tests, which ranged between +5 and -15. 

Blood tests and biochemical examinations
On the day of  neuropsychological testing, venous blood 
was taken for routine liver function tests, hematologic 
parameters and venous ammonia concentration. Venous 
ammonia was measured within 30 min after blood sam-
pling.

Statistical analysis
Statistical analyses were performed using the statistical 
package for the social science (SPSS version 11.0; SPSS, 
Chicago, IL, United States). Data are expressed as mean 
± SD or as proportion. ROC analysis was performed 
with results of  NCT-A, NCT-B and DST comparing 
to PHES. Continuous and categorical variables were 

compared using the t test, the one-way ANOVA test, 
the Mann-Whitney U-test and the χ 2-test, respectively. 
Levene’s test was used in the evaluation of  differences 
in variance. Non-parametric tests were applied if  homo-
geneity of  variance assumptions were not met. Multiple 
liner regression models were used to predict the value 
of  each test for patients with liver cirrhosis. The differ-
ence between the expected and observed results for each 
test was divided by the corresponding SD of  the healthy 
reference population. Kappa statistics were used to study 
the agreement between the PHES and NCT-A, NCT-B, 
DST. A two-sided P value < 0.05 was considered signifi-
cant.

RESULTS
PHES of healthy volunteers and the relationships 
between PHES and age and education
Of  154 healthy volunteers who were recruited, 8 were 
not able to complete NCT-B and as such, only the re-
maining 146 volunteers were included. The age and edu-
cation years of  the 146 volunteers were 37.3 ± 10.5 (range 
20-67) and 12.0 ± 4.0 (range 2-19) years, respectively, 
and 99 were men (67.8%). The distribution of  subjects 
according to age was as follows: 20-29 years, 39 (26.7%); 
30-39 years, 45 (30.8%); 40-49 years, 40 (27.4%); and ≥ 
50 years, 22 (15.1%) (Figure 1). The education years ac-
cording to age are presented in Figure 2.

The results of  NCT-A, NCT-B, LTT, SDT and DST 
were 38.289 ± 13.694, 55.846 ± 17.798, 33.287 ± 8.286, 
38.035 ± 5.774 and 55.0 ± 14.3, respectively. The results 
of  the five tests were significantly correlated with age and 
education, and the Pearson’s correlation coefficients are 
shown in Table 1. In all age categories, the results of  all 
five tests were not significantly correlated with gender (P 
> 0.05). The variables that affected the results of  a neu-
ropsychological test were included in the multiple liner 
regression models, and the final formulas are shown in 
Table 2. As shown in Table 2, age and education years 
were predictors of  the results of  the five neuropsycho-
logical tests in healthy volunteers. As shown in Figure 3, 
younger age and better education were associated with 
better DST results.

In the healthy volunteer group, the score of  PHES 
was not correlated with education years (P = 0.992) or 
age (P = 0.595). Additionally, the PHES did not differ 
between men and women (P = 0.589).
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Figure 1  Distribution of volunteers according to age. 
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Figure 2  Comparison of education years between healthy volunteers of 
various age groups (aP < 0.05).

Table 1  Correlations between psychometric tests and age and 
education years

NCT-A NCT-B LTT SDT DST

Age  0.510  0.478  0.336  0.322 -0.647
Education -0.409 -0.355 -0.358 -0.374  0.585

The data are presented as Pearson’s correlation coefficients; P < 0.05; 
NCT-A: Number connection test-A; NCT-B: Number connection test-B; 
SDT: Serial dotting test; LTT: Line tracing test; DST: Digit symbol test. 

a

a
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volunteer group (Mann-Whitney U = 1476.00, P = 0.000). 
In the healthy volunteer group, the lower boundary of  
the 95% range between mean - 2SD and mean + 2SD 
was -4.0. Using a cutoff  for MHE of  < -4, 26 of  the 53 
patients with liver cirrhosis were diagnosed with MHE 
(49.1%).

The proportion of  patients with MHE increased with 
the increase in the Child-Pugh grade. Specifically, 7 had 
Child-Pugh grade A (7/24, 29.2%), 14 had Child-Pugh 
grade B (14/22, 63.6%) and 5 had Child-Pugh grade C 
(5/7, 71.4%). Compared with compensated cirrhotic pa-
tients (Child A), decompensated cirrhotic patients (Child 
B and C) had a higher proportion of  MHE (19/29 vs 
7/24; χ 2 = 6.943, P = 0.008). No differences in age and 
education years were found between the MHE and non-
MHE groups (P > 0.05). Venous ammonia concentration 
was measured in 26 cirrhotic patients and was found to 
be similar between the MHE and non-MHE groups (t 
= 1.086, P = 0.288). In 37 patients with cirrhosis who 
underwent endoscopic examination, the prevalence of  
MHE was not associated with esophageal varices (P = 
0.584 by Fisher’s exact test). In total, 38 of  53 cirrhotic 
patients were hepatitis B virus (HBV) positive, while 15 
were HBV negative. The prevalence of  MHE was simi-
lar between the HBV positive and negative groups (χ 2 = 
0.048, P = 0.827) and the prevalence of  MHE was not 
influenced by antiviral therapy. Table 3 shows the charac-
teristics of  patients with or without MHE.

Comparisons of PHES with NCT-A, NCT-B and DST
International consensus recommends that at least two of  
the NCT-A, NCT-B, DST and block-design test (BDT) 
should be used for the diagnosis of  MHE[8]. Because the 
BDT is not easy to use, we compared PHES assessment 

Factors associated with MHE
Of  56 inpatients with liver cirrhosis that were enrolled, 3 
were not able to complete NCT-B and thus were not con-
sidered further. All tests of  the PHES were completed by 
53 patients with cirrhosis whose age and education years 
were 45.6 ± 8.2 years (range 27-62) and 8.2 ± 3.6 years 
(range 0-15), respectively. The study group comprised 50 
(94.3%) men.

The score of  PHES in the healthy volunteer group 
was -0.6 ± 3.7 (median, 0; range -11 to +5). The score of  
PHES in the liver cirrhosis group was -5.6 ± 4.9 (median, 
-4; range -13 to +4), significantly lower than that in the 

Table 2  Equations for predicting test results from age and 
education years

Test Equation SD

NCT-A 27.861 + 0.548 × age - 0.821 × education   7.581
NCT-B 42.816 + 0.672 × age - 0.971 × education   9.173
SDT 38.937 + 0.113 × age - 0.423 × education   2.408
LTT 33.242 + 0.182 × age - 0.559 × education   3.455
DST 63.020 - 0.672 × age + 1.421 × education 10.608

NCT-A: Number connection test-A; NCT-B: Number connection test-B; 
SDT: Serial dotting test; LTT: Line tracing test; DST: Digit symbol test; Age 
and education are expressed in years. 
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Figure 3  Distribution of the results from the digit symbol test in healthy 
volunteers according to age (A) and education years (B). 

Table 3  Clinical characteristics of patients with liver cirrhosis

MHE Non-MHE P value

Age (yr) 45.3 ± 8.0 45.9 ± 8.5 t = 0.289     0.774
Education (yr)   8.3 ± 4.4   8.4 ± 2.8 Mann-Whitney 

U = 348.000
    0.956

Ammonia (μmol/L) 74.2 ± 64.2   52.9 ± 24.2 t = 1.086     0.288
Child-Pugh grade χ 2 = 6.943     0.008
   Child A   7 17
   Child B/C 19 10
Esophageal varices      0.5841

   With esophageal 
   varices

15 19

   Without 
   esophageal varices

  2   1

HBV χ 2 = 0.048     0.827
   HBV positive 19 19
   HBV negative   7   8
Antiviral therapy > 0.051

   With antiviral 
   therapy

  4   4

   Without antiviral 
   therapy

15 15

1By Fisher’s exact test; MHE: Minimal hepatic encephalopathy; HBV: 
Hepatitis B virus. 
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using NCT-A, NCT-B and DST. Based on the normal 
range of  healthy volunteers, the result of  a single test 
was classified to be abnormal if  the score was less than 
-1 point[10]. Using the NCT-A and DST, we were able to 
diagnose MHE with a sensitivity of  76.9% and a specific-
ity of  96.3% (AUC = 0.866, K = 0.735), if  at least one of  
the two tests was abnormal (Table 4).

DISCUSSION
MHE refers to the cognitive defects in patients with cir-
rhosis and/or portal-systematic shunting that can be 
diagnosed after the exclusion of  OHE and alternative 
diagnoses for neuropsychological impairment[8,11]. De-
spite the impact of  MHE, most cirrhotic patients are not 
routinely tested for MHE and remain untreated, because 
of  the lack of  standardization of  normal values, simple 
tools and expertise to administer tests[14]. Validations of  
reference norms for neuropsychological tests may in-
crease the likelihood for detection of  MHE. The PHES 
is a neuropsychological test that was specifically designed 
and recommended for diagnosis of  MHE[8,15]. The PHES 
has been validated in Germany, Italy, Spain and other 
countries. To date, the number of  studies focused on the 
prevalence of  MHE in Chinese patients with liver cir-
rhosis is limited, and the validation of  PHES in China is 
needed. Due to the high prevalence of  liver cirrhosis and 
the impact of  MHE, it is important to screen for MHE 
in China. As such, we sought to construct a normative 
dataset for PHES in healthy Chinese volunteers and to 
evaluate the value of  PHES in the diagnosis of  MHE 
among Chinese patients with liver cirrhosis. In our study, 
we found that age and education years were predictors of  
all five tests included in PHES. However, no differences 
in age and education years were found between the MHE 
and non-MHE groups. The proportion of  patients with 
MHE was associated with the severity of  liver function.

Age and educational status are widely recognized to 
be associated with the results of  neuropsychological tests 
and accordingly age- and -education -matched normal 
values of  healthy controls are recommended[8]. In the 
study from Spain, the results of  NCT-A and NCT-B 
were better in males than in females. In our present study, 

all five neuropsychological tests of  the PHES were in-
fluenced by age and education. However, they did not 
differ between males and females in all age categories. As 
such, age and education, which affected the results of  the 
neuropsychological tests, were included in the multiple 
linear regression model and formulas used to establish 
the expected values. In the healthy volunteer group, the 
PHES was not affected by age, education and gender. 
In this study, normative data that were matched for age 
and education years were used, and no differences were 
found between patients with and without MHE. There-
fore, we conclude that in the Chinese population, age and 
education influence the neuropsychological tests included 
in the PHES, but are not associated with the score of  
PHES and the presence or absence of  MHE.

When the cutoff  was set at -4, PHES had good 
sensitivity and specificity for diagnosing MHE[10]. This 
is the same cutoff  that was used by the majority of  
studies focusing on the use of  PHES for screening of  
MHE[10,12,13,15-21]. In this study, the lower boundary of  
the 95% range between mean-2SD and mean+2SD in 
the volunteer group was -4.0. Accordingly, patients with 
liver cirrhosis were diagnosed with MHE on the basis 
of  PHES scores lower than -4. MHE was diagnosed in 
49.1% of  patients with liver cirrhosis. This is similar to a 
study from India, in which 48% of  cirrhotic patients were 
diagnosed with MHE[20]. However, a lower incidence of  
MHE (25.6%) was reported in a study from Korea[12]. 
One reason might be that the liver function of  patients 
in the studies was different. While 80.6% had Child A in 
the Korean study, the proportion of  Child A in our study 
and the Indian study were 45.3% and 22.0%, respectively. 
This higher proportion of  Child A may account for the 
low incidence of  MHE diagnosed.

In our study, the proportion of  patients with MHE 
increased with the increase in the Child-Pugh grade as 
follows: 7 of  24 patients (29.2%) with compensated liver 
cirrhosis (Child-Pugh grade A) and 19 of  29 patients 
(65.5%) with decompensated liver cirrhosis (Child-Pugh 
grades B and C) (P = 0.008). This finding is consistent 
with those of  previous studies[17,22]. MHE was further 
confirmed to be affected by liver function. The pathogen-
esis of  HE is multifactorial, and ammonia is considered 

Table 4  Comparisons between psychometric hepatic encephalopathy score and number connection test-A, number connection 
test-B, and digit symbol test

Sensitivity Specificity AUC K value

Both of the two tests were abnormal NCT-A + NCT-B 0.538 0.963 0.751 0.505
NCT-A + DST 0.077 1.000 0.538 0.078
NCT-B + DST 0.154 1.000 0.577 0.156

All of the three tests were abnormal NCT-A + NCT-B+DST 0.077 1.000 0.538 0.078
At least one of the two tests was abnormal NCT-A/NCT-B 0.923 0.741 0.832 0.661

NCT-A/DST 0.769 0.963 0.866 0.735
NCT-B/DST 0.769 0.741 0.755 0.510

At least one of the three tests was abnormal NCT-A/NCT-B/DST 0.923 0.741 0.832 0.661
At least two of the three tests were abnormal NCT-A/NCT-B/DST 0.615 0.963 0.789 0.582

PHES: Psychometric hepatic encephalopathy score; NCT-A: Number connection test-A; NCT-B: Number connection test-B; DST: Digit symbol test; AUC: 
Area under the curve.
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an important risk factor[23]. However, the relationship 
between blood ammonia concentration and MHE is still 
controversial[12,24-26]. Ammonia reaches the systemic circu-
lation and accumulates in the central nervous system via 
esophageal varices[27]. In the present study, we found that 
MHE did not correlate with the presence of  esophageal 
varices and venous ammonia levels. In MHE patients, the 
blood brain barrier may be breached[23], enabling ammo-
nia to diffuse across the blood-brain barrier into the brain 
more freely[28]. As such, the venous ammonia concentra-
tion of  patients with MHE may be similar to patients 
without MHE. 

International consensus meetings have recommended 
the use of  the PHES for diagnosing MHE[8,9]. The Vi-
enna consensus has also recommended that at least two 
of  four tests (NCT-A, NCT-B, DST and BDT) should be 
used for the diagnosis of  MHE[8]. Three of  the four tests, 
NCT-A, NCT-B and DST, have been commonly used 
for the detection of  MHE. The result of  a single test was 
regarded to be abnormal if  the result was beyond the 2 
SD range of  the control norms[10]. In some studies, MHE 
was diagnosed when both of  the two tests were abnor-
mal[1,29,30]. In others, MHE was diagnosed when at least 
one of  the two tests was abnormal[24,31,32]. The present 
study compared PHES with NCT-A, NCT-B and DST 
for the diagnosis of  MHE. The diagnosis of  MHE on 
the basis of  NCT-A and DST showed good agreement 
with PHES. If  at least one of  the NCT-A and DST tests 
was abnormal, MHE could be diagnosed with a sensitiv-
ity of  76.9% and a specificity of  96.3% with respect to 
PHES (AUC = 0.866, K = 0.735). Based on our study, we 
conclude that NCT-A and DST, which can be completed 
in minutes, are simple tools for screening MHE among 
Chinese inpatients with liver cirrhosis.

In summary, the preliminary normal values for all five 
tests of  PHES in Chinese healthy volunteers have been 
constructed and are influenced by age and educational 
level. On the basis of  a PHES score lower than -4, MHE 
was detected in 49.1% of  the Chinese inpatients with liv-
er cirrhosis. The combination of  NCT-A and DST might 
be a simple and useful tool for the diagnosis of  MHE in 
China.
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Abstract
AIM: To investigate effects of perirenal space blocking 
(PSB) on gastrointestinal function in patients with se-
vere acute pancreatitis (SAP).

METHODS: Forty patients with SAP were randomly 
allocated to receive PSB or no PSB (NPSB). All the SAP 
patients received specialized medical therapy (SMT). 
Patients in the PSB group received PSB + SMT when 
hospitalized and after diagnosis, whereas patients in 
the NPSB group only received SMT. A modified gas-
trointestinal failure (GIF) scoring system was used to 
assess the gastrointestinal function in SAP patients 
after admission. Pain severity (visual analog scale, 0 to 
100) was monitored every 24 h for 72 h.

RESULTS: Modified GIF score decreased in both 
groups during the 10-d study period. The median 
score decrease was initially significantly greater in the 
PSB group than in the NPSB group after PSB was per-

formed. During the 72-h study period, pain intensity de-
creased in both groups. The median pain decrease was 
significantly greater in the PSB group than in the NPSB 
group at single time points. Patients in the PSB group 
had significantly lower incidences of hospital mortality, 
multiple organ dysfunction syndrome, systemic inflam-
matory response syndrome, and pancreatic infection, 
and stayed in the intensive care unit for a shorter dura-
tion. However, no difference in terms of operation inci-
dence was found between the two groups.

CONCLUSION: PSB could ameliorate gastrointestinal 
dysfunction or failure during the early stage of SAP. 
Moreover, PSB administration could improve prognosis 
and decrease the mortality of SAP patients.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Perirenal space blocking; Therapeutics; 
Severe acute pancreatitis; Gastrointestinal function; 
Prognosis

Core tip: This work aims to investigate the effects of 
perirenal space blocking (PSB) on the gastrointestinal 
function and clinical outcome of patients with severe 
acute pancreatitis (SAP). Our results showed that PSB 
could commendably improve the gastrointestinal dys-
function or failure during the early stage of severe SAP. 
Moreover, PSB administration could improve prognosis 
and significantly decrease the hospital mortality of SAP 
patients.
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INTRODUCTION
Severe acute pancreatitis (SAP) has two major clinical 
stages, early and late. The first (early) stage is character-
ized by systemic inflammatory response syndrome (SIRS) 
and lasts for 10 d, whereas the second (late) stage is char-
acterized by infectious complications, which account for 
most deaths in late-stage SAP patients[1-3]. SAP patients 
present symptoms of  flatulence, abdominal distention, 
nausea, and vomiting related to a disturbance in gastro-
intestinal motility. Bacterial overgrowth in the ileus plays 
a major role in the pathogenesis of  pancreatic infec-
tion[4-7]. Therefore, amelioration of  intestinal dysmotility 
and stasis during the early period of  SAP is important in 
reducing the risks associated with serious complications. 
Recent studies show that early enteral nutrition led to sig-
nificantly lower incidences of  multiple organ dysfunction 
syndrome (MODS), SIRS and pancreatic infection, and 
relieved intestinal dysmotility[8]. Nevertheless, early enteral 
nutrition is not usually practiced in SAP patients present-
ing disturbed gastrointestinal motility[9].

Gastrointestinal tract motor dysfunction in a patho-
logical state is probably associated with muscular and 
neural dysfunction. For this reason, some researchers 
considered using epidural anesthesia therapy, which can 
shorten the duration of  the postoperative intestinal pa-
ralysis, for patients with early-stage SAP[10,11]. Peridural 
anesthesia is also suggested by researchers but this thera-
py may not be applicable in all patients, and no rigorous, 
prospective controlled trials have been able to establish 
this therapy as a recommended treatment option[12]. 

The perirenal space is filled with fat. In acute pan-
creatitis, the perirenal fat and the bridging septa can be 
involved in the direct spread of  inflammation[13,14]. This 
conclusion shows the direct relationship between peri-
renal space and the peripancreatic area. During SAP, an 
inflammatory exudate containing pancreatic enzymes 
leaks out from the pancreas, and its action of  dissolving 
tissue inevitably stimulates the rich splanchnic ganglia 
and plexuses around the pancreas, which causes adverse 
reactions and reflection in the visceral nervous system 
and a series of  pathophysiological disorders in the vis-
cera, including gastrointestinal tract motor dysfunction. 
Considering the physiological and anatomical charac-
teristics of  the splanchnic nerves and the pancreas, and 
the pathological characteristics of  SAP, the effect of  
perirenal space blocking (PSB) of  a visceral nerve in the 
pancreatic region using 1% lidocaine on SAP treatment 
is studied. A simple, low-cost technique that could lead 
to short-term hospitalization or clinical treatment will be 
obtained.

MATERIALS AND METHODS
Study design
This is a single-center, prospective, and randomized con-
trolled clinical trial. Patients randomly received either PSB 
or no PSB (NPSB) upon admission. 

Patients
All adult SAP patients (n = 40) admitted within 3 d after 
the onset of  symptoms to the Department of  General 
Surgery, the First Affiliated Hospital of  Henan University 
of  Science and Technology, from January 2012 to March 
2013 were included in this study. SAP was defined as the 
presence of  one or more local complications (e.g., pseu-
docyst, necrosis or abscess) and/or organ failure, and 
acute physiology and chronic health evaluation APACHE 
Ⅱ score > 8 according to the widely used Atlanta criteria 
formulated in 1992[15]. The following criteria were used 
to exclude patients from the treatments: age (18 years old 
and below, or older than 75 years), pregnancy, evidence 
of  malignancy, known cardiac morbidity including ar-
rhythmia, severe pre-existing liver or kidney disease, leu-
kopenia, allergic asthma, and known allergies. All the SAP 
patients received specialized medical therapy (SMT) for 
SAP[16], such as intensive monitoring, oxygen administra-
tion, fluid resuscitation, cessation of  oral feeding, exo-
crine pancreatic suppression, and antibiotic prophylaxis. 
Patients in the PSB group received PSB + SMT upon 
hospitalization, whereas patients in the NPSB group only 
received SMT after a definite diagnosis. This study was 
conducted in accordance with the declaration of  Hel-
sinki, with approval from the Ethics Committee of  the 
First Affiliated Hospital of  Henan University of  Science 
and Technology. Written informed consent was obtained 
from all participants or their first-degree relatives.

Evaluation protocol for gastrointestinal function
A modified gastrointestinal failure (GIF) scoring system 
was used to assess the gastrointestinal function in SAP 
patients. The system combined food intolerance (FI) 
symptoms, intra-abdominal pressure (IAP), endotoxin 
concentration and computed tomography findings into a 
3-grade score, which is the modified GIF score (Table 1)[17].

PSB
One Teflon epidural catheter was placed for intermittent 
perirenal space blockade under local anesthesia after a 
definite diagnosis. An epidural transfixion pin was used 
to puncture the right lumbar region of  SAP patients and 
was positioned into the right capsule of  the kidney by 
the vectoring of  B-mode ultrasonic diagnostic equip-
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  Item Points

0 1 2
  Number of FI 
  symptoms

None 1–2 ≥ 3

  IAP (mmHg)    12 12–20 >  20 or ACS
  Endotoxin 
  concentration 
  (pg/mL)

< 10 10–50 > 50

  Computed 
  tomography 
  findings

None Bowel wall thickening 
or intestinal extension

Bowel wall thickening 
and intestinal extension

Table 1  The modified gastrointestinal failure score

FI: Food intolerance; IAP: Intra-abdominal pressure; ACS: Abdominal 
compartment syndrome.



ment. Subsequently, the catheter was placed within the 
perirenal space through the transfixion pin. The external 
end of  the catheter was fixed to the skin of  the lumbar 
region. The patients were allowed to recover by normal 
and calm breathing, and lidocaine (100 g/L, 0.08 L/8 h) 
was intermittently injected into the capsule through the 
catheter. This regimen was administered for 10 d for the 
PSB group immediately after the diagnosis, and before 
randomization. 

Data collection
Upon admission, we recorded the baseline data, includ-
ing age, gender, etiology, diagnoses, and whether SIRS 
had been diagnosed. The APACHE Ⅱ scores[18] were 
recorded daily for 1-3 d. C-reactive protein (CRP) level, 
and serum endotoxin concentration[19] were recorded 1, 
3, 7 and 10 d after admission. According to the manufac-
turer’s instructions, we measured serum endotoxin with 
Gram-negative endotoxin detection reagents (Beijing 
Gold Mountainriver Technology Development Corpora-
tion Limited, China). Contrast-enhancement computed 
tomography (CECT) was performed 1, 3, 7 and 10 d 
after admission and the computed tomography severity 
index[20] score was calculated thereafter. We also assessed 
the image of  the gastrointestinal tract. IAP was measured 
using the bladder technique, according to the method 
recommended by the World Society of  Abdominal Com-
partment Syndrome in 2006[21]. For the duration of  hos-
pital stay, we recorded the gastrointestinal functional re-
habilitation time (including venting and defecation time), 
the number of  patients that received operation, and the 
number of  patients whose clinical course was compli-
cated by systemic and local complications such as MODS 
or pancreatic infection. The hospital mortality and length 
of  stay were also recorded. We evaluated the gastrointes-
tinal function of  the two groups of  SAP patients using 
the modified GIF score upon admission and for the next 
3, 7 and 10 d. Patient abdominal pain was recorded daily 
using a standard visual analog scale (VAS) ranging from 0 
(‘‘no pain’’) to 100 (‘‘unbearable pain’’)[22].

Definitions
The following criteria were used to diagnose pancreatic 
infection: positive bacterial culture of  peripancreatic fluid 
and repeated increases in body temperature[3,23]. IAH was 
defined by a sustained or repeated pathological eleva-
tion in IAP ≥ 12 mmHg[21]. Abdominal compartment 
syndrome was defined as a sustained IAP > 20 mmHg 
associated with new organ dysfunction/failure[21]. MODS 
was defined as the dysfunction of  two or more organs. 
Bowel wall thickening was defined as thickness of  3 mm 
or greater on CECT, and intestinal extension was defined 
as a dilatation of  more than 2.5 cm on CECT[24,25]. En-
teral feeding started as early as possible, if  the patient 
had no obvious contraindications such as ileus or intes-
tinal bleeding. FI was diagnosed when enteral feeding 
was unsuccessful and had to be discontinued because of  
repeated nausea, vomiting, high gastric residual volume, 

abdominal pain or distension, and diarrhea[19,26,27]. We 
counted the frequency of  signs for every patient as the 
number of  symptoms of  food intolerance.

Statistical analysis
All the data are presented as median (interquartile range) 
if  not stated otherwise. Categorical variables are ex-
pressed as absolute numbers or in percentages, and were 
analyzed using the χ 2 test. Continuous variables were 
compared by the Mann-Whitney U test or Wilcoxon 
signed-rank test, as appropriate. Statistical package for the 
social sciences (SPSS, version 17.0, Chicago, IL, United 
States) software was used for statistical analyses. P < 0.05 
was considered statistically significant.

RESULTS
Baseline data of patients
There were no significant differences between the 2 
groups with regard to sex distribution, age, body weight, 
or cause of  pancreatitis. The severity of  pain, acute 
physiology and chronic health evaluation APACHE Ⅱ, 
and serum CRP did not significantly differ between the 
two groups. The demographic data and clinical param-
eters of  the patients upon admission are presented in 
Table 2.

Effect on pain
During the 72-h study period, pain intensity decreased 
in both groups. VAS data were depicted as median val-
ues (ranges) for the evaluation of  pain intensity at spe-
cific time points. The median pain decrease (VAS) was 
significantly greater in the PSB group (-53) than in the 
NPSB group (-23) at 24 h; -67 than -46 at 48 h; and -76 
than -49 at 72 h. Thus, the magnitude of  median pain 
relief  was better in the PSB group compared with the 
NPSB group (Table 3). 

GIF score
During the 10-d study period, modified GIF score de-
creased in both groups, from 4.56 to 1.00 in the PSB 
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PSB group NPSB group P  value

(n  = 20) (n  = 20)
  Age (yr)     43 (34.5-55)       45 (35-60) 0.589
  Sex (male: female)        11:9       12:8 0.749
  Etiology 
  Biliary origin        10 (50)       11 (55) 0.752
  Hyperlipidemia          7 (35)         6 (30) 0.736
  Alcohol abuse          2 (10)         1 (5) 0.548
  Idiopathic          1 (5)         2 (10) 0.548
  BMI     24.6 (23.5-26.8)   25.8 (23.9-28.8) 0.158
  APACHEII score  9.5 (8.5-11) 10 (8-11.5) 0.994
  CRP (mg/L) 203.5 (188-253)     195 (161-247.5) 0.214
  Pain > 77 mm (VAS)        13        15 0.654

Table 2  Patient characteristics upon admission  n  (%)

PSB: Perirenal space blocking; NPSB: No perirenal space blocking; BMI: 
Body mass index; VAS: Visual analogue scale; CRP: C-reactive protein.
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space, the left and right kidneys and their adipose cap-
sules are next to the pancreas, celiac artery, and superior 
mesenteric artery root. Thorntons’ findings show that the 
perirenal spaces communicate with each other across the 
midline, and with the pelvic extraperitoneal spaces. Clini-
cal implications include the potential flow of  perinephric 
collections into the pelvis or across the midline[31]. This 
means that the celiac ganglion and plexus, including the 
plexus pancreaticus, and the renal and superior mesenter-
ic plexuses, are located in the gallery of  bilateral perirenal 
spaces. During SAP, an inflammatory exudate containing 
pancreatic enzymes leaks out from the pancreas and its 
action of  dissolving tissue inevitably stimulates the rich 
splanchnic ganglia and plexuses around the pancreas, 
which causes adverse reactions and reflection in the vis-
ceral nervous system and a series of  pathophysiological 
disorders in the viscera, including gastrointestinal tract 
motor dysfunction. 

Considering the physiological and anatomical charac-
teristics of  the splanchnic nerves and the pancreas, and 
the pathological characteristics of  SAP, the effect of  PSB 
of  a visceral nerve in the pancreatic region using 1% li-
docaine on SAP treatment was studied . 

Nutrition support is important in the adjunctive man-
agement of  SAP patients. Meta-analysis shows that in 
patients with acute pancreatitis, total parenteral nutrition 
significantly increases the risk of  infective complications, 
the likelihood of  a surgical intervention (to control pan-
creatic infection) and the length of  hospital stay, com-
pared with enteral nutrition[32]. Nevertheless, early enteral 
nutrition is not usually practiced in SAP patients present-
ing disturbed gastrointestinal motility[9].

This clinical study investigated the effects of  PSB on 
the gastrointestinal function and on the clinical outcome 
of  SAP patients. We found that PSB could commendably 
ameliorate gastrointestinal dysfunction or failure during 
the early stage of  SAP. Moreover, PSB administration 
could improve prognosis and significantly decrease the 
hospital mortality of  SAP patients.

Recent studies have shown that early enteral nutrition 
led to significantly lower incidences of  MODS, SIRS and 
pancreatic infection, and relieved intestinal dysmotility[8]. 
Gastrointestinal tract motor dysfunction in a pathological 
state is probably associated with muscular and neural dys-

group and from 4.34 to 2.13 in the NPSB group. The 
median score decrease was initially significantly greater 
in the PSB group than in the NPSB group (P = 0.042) 
after hospitalization for 24 h (PSB was performed as 
soon as PSB group patients were admitted). The variance 
tendency of  the modified GIF score in the two groups is 
presented in Table 4.

Comparison of outcome variables between the two 
groups
As presented in Table 5, patients in the PSB group had 
significantly lower incidences of  hospital mortality, 
MODS, SIRS, pancreatic infection and shorter intensive 
care unit stay during hospital stay. However, no difference 
in terms of  operation incidence was found between the 
two groups.

DISCUSSION
The celiac plexus is a major interchange for autonomic 
fibers, receiving many of  the thoracic splanchnic nerve fi-
bers as they course toward the abdominal organs. Pain as-
sociated with pancreatic morbidity is intense and severe, 
and for many years, the celiac plexus has been a target for 
pain block treatments[28]. The celiac plexus lies in front of  
the aorta at the level of  the celiac trunk[29]. It is composed 
of  a dense network of  sympathetic nerve fibers that 
travel in parallel to the anterior surface of  the abdominal 
aorta and the origin of  the celiac artery. The celiac plexus 
transmits neural signals originating from all abdominal 
viscera and the majority of  pelvic viscera, including the 
pancreas, liver, gallbladder, stomach, renal pelvis, ureter, 
and intestine proximal to the transverse colon[30].

Both the pancreas and kidney are retroperitoneal or-
gans and are adjacent to each other. In the retroperitoneal 

Pain severity: Pain severity: Change from baseline (∆VAS)
Baseline (VAS) At 24 h At 48 h At 72 h

  PSB group 
  (n = 20)

78 -53 -67 -76

  NPSB group
  (n = 20)

77 -23 -46 -49

  P value          1.000           0.005            0.018           0.025

Table 3  Pain intensity between two groups

PSB: Perirenal space blocking; NPSB: No perirenal space blocking; VAS: 
Visual analogue scale.

Before PSB Hospital day

performed 1 d 3 d 7 d 10 d
  PSB group (n = 20) 4.56 2.6 2.12 1.43   1.000
  NPSB group (n = 20) 4.34   3.98 3.56 2.58 2.13
  P value   1.000     0.042   0.025   0.031   0.012

Table 4  Modified gastrointestinal failure score variables 
between two groups

PSB: Perirenal space blocking; NPSB: No perirenal space blocking.

NPSB group PSB group P  value

(n  = 20) (n  = 20)

  Hospital mortality   6 (30) 1 (5) 0.037
  ICU stay (d)    12 (8-21)      9 (5-14) 0.033
  Pancreatic infection   8 (40)   2 (10) 0.028
  MODS   9 (45)   3 (15) 0.038
  SIRS 14 (70)   7 (35) 0.027
  Surgical operation   4 (20)   2 (10) 0.376

Table 5  Clinical outcome variables  n  (%)

ICU: Intensive care unit; MODS: Multiple organ dysfunction syndrome; 
SIRS: Systemic inflammatory response syndrome; PSB: Perirenal space 
blocking; NPSB: No perirenal space blocking.
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function. For this reason, some researchers considered 
using epidural anesthesia therapy, which can shorten the 
duration of  the postoperative intestinal paralysis[11], for 
the patients with early-stage SAP[10]. In fact, the beneficial 
effect of  epidural anesthesia has been attributed to block-
ade of  a sympathetic nerve, which contributes to the re-
covery of gastrointestinal tract motor function[33]. Peridu-
ral anesthesia has also been suggested previously, but this 
may not be applicable in all patients and no rigorous, pro-
spective controlled trials have been able to establish this 
therapy as a recommended treatment option[12]. Epidural 
anesthesia can selectively block sympathetic nerve fibers 
which supply the pancreas, but in clinical practice, this 
technique is difficult to implement because of  the differ-
ent effects of  anesthesia in individuals and the different 
classes of  nerve fibers. The risks include total spinal anes-
thesia, blood circulation disorders, respiratory inhibition, 
deep venous thrombosis, and bedsore. For the patients 
with SIRS, this method may lead to fatal complications 
such as intraspinal hematoma, and intraspinal infection. 
PSB can prevent these problems because of  its common 
use for different treatments, including acute anuria, para-
lytic ileus, stomach cramps, bronchial asthma, postopera-
tive abdominal distension, and burn shock. In clinical 
work, the technique of  PSB is common, safe, simple, 
low-cost, exempt from B ultrasound guidance, and easy 
to implement in all hospitals. Furthermore, the manual 
operation is easy to replicate. There are several limitations 
in this study. Due to the small sample size and the single-
center design, our results might be insufficient to reach 
a definite conclusion. Therefore, the accuracy should be 
tested further using a larger sample size. Moreover, since 
this study was not based on a pathophysiological model, 
the precise mechanisms of  PSB in SAP patients should 
be verified by more basic experiments.

In conclusion, PSB could commendably ameliorate 
gastrointestinal dysfunction or failure during the early 
stage of  SAP. Moreover, PSB administration could im-
prove prognosis and significantly decrease the hospital 
mortality of  SAP patients. However, the precise mecha-
nisms of  PSB for SAP are still not clear, and further 
studies are required to verify our conclusions.
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Abstract
AIM: To investigate the correlation between the He-
licobacter pylori  (H. pylori ) infection and host genetic 
background of healthy populations in Indonesia. 

METHODS: In March 2007, epidemiological studies 
were undertaken on the general population of a city in 
Indonesia (Mataram, Lombok). The participants includ-
ed 107 men and 187 women, whose ages ranged from 
6 to 74 years old, with an average age of 34.0 (± 14.4) 
(± SD). The H. pylori  of subject by UBT method deter-
mination, and through the polymerase chain reaction 
with confronting two-pair primers (PCR-CTPP) method 
parsing the single nucleotide polymorphism of inter-
leukin (IL)-8, IL-4, IL-1β, CD14, tumor necrosis factor 
(TNF-a) and tyrosine-protein phosphates non-receptor 
type 11 (PTPN11) genotypes. The experimental data 
were analyzed by the statistical software SAS. 

RESULTS: The H. pylori  infection rates in the healthy 
Indonesian population studied were 8.4% for men and 
12.8% for women; no obvious differences were noted 
for H. pylori  infection rates by sex or age. TC geno-
types of IL-4, TC and CC genotypes of TNF-a, and GA 
genotypes of PTPN11, were higher in frequency. Both 
CC and TC genotype of TNF-a T-1031C loci featured 
higher expressions in the healthy Indonesian population 
Indonesia studied of (OR = 1.99; 95%CI: 0.67-5.89) 
and (OR = 1.66; 95%CI: 0.73-3.76), respectively. C al-
lele of IL-1β T-31C gene locus was at a higher risk (OR 
= 1.11; 95%CI: 0.70-1.73) of H. pylori  infection, but 
no statistical significance was found in our study. 

CONCLUSION: We reveal that the association be-
tween the TNF-a and IL-1β genotypes may be the sus-
ceptibility of H. pylori  in the studied population.
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Core tip: We found single nucleotide polymorphism 
of tumor necrosis factor-a and allele of interleukin-1β 
having high frequency in the healthy Indonesian popu-
lation, which may be associated with potential contact 
with Helicobacter pylori  (H. pylori ) infection. Through-
out, H. pylori  studies were conducted in patients, and 
treatment was based on quadruple antibiotics to eradi-
cate H. pylori  infection in clinical trials. However, the 
implications of the individual differences in recurrent 
infections and drug resistance of H. pylori  and other 
issues must be addressed. Therefore, vaccine develop-
ment for prevention of H. pylori  will be a topical issue 
in the coming years.
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INTRODUCTION
Helicobacter pylori (H. pylori) is a microaerophilic (G-) bac-
teria that colonizes the area of  stomach and duodenum, 
causing chronic inflammation of  the gastric mucosa, 
the development of  the stomach ulcers and even gastric 
cancer[1]. H. pylori is a class Ⅰ carcinogen, and has been 
identified by the WHO as a cancer-causing prokaryotes[2]. 
More than 50% of  the world’s population infected with 
H. pylori, but 80% of  people infected with H. pylori show 
no symptoms[3]. The H. pylori infection occurs mainly in 
economically underdeveloped regions, and the H. pylori 
infection rates of  China, Japan and Korea were higher 
than developed countries[4-6], while the infection rates 
of  Thailand and Vietnam were higher than Indonesia in 
Southeast Asia[7]. Regarding the ethnic groups of  Singa-
pore, H. pylori infection and the incidence of  digestive 
diseases was higher in the Indian and Chinese than the 
Malay population[8]. The above studies have shown that H. 
pylori infection and geographical, ethnic and host genetic 
background is relational, and that the bacteria play a key 
role in the development of  gastric cancer.

Single nucleotide polymorphism (SNP) is caused by 
a single nucleotide mutation in the genomic level DNA 
sequence polymorphisms. It is the most common type of  
genetic variation in humans. Accounting for more than 
90% of  all known polymorphisms, SNP is widespread in 
the human genome and there is a close relationship be-
tween the incidences of  the disease[9]. Interleukin-8 (IL-8) 
is an important regulatory factor in the development of  
gastritis for H. pylori associated infection[10]. The interleu-
kin-4 (IL-4) promotes HLA class Ⅱ antigen expression in 

B-cells[11], and IL-1β protein is an important inflammatory 
mediator, involved in infected H. pylori of  the stomach 
inflammation reaction[12,13]. Have a study reported that 
the cluster of  differentiation 14 (CD14) is an important 
receptor in the submission of  H. pylori lipopolysacha-
ride (LPS). The relationship is between CD14 with the 
weakening of  the immune response in the body to LPS 
of  H. pylori and to reduce the proinflammatory cytokine 
secretion levels[14]. Tumor necrosis factor-a (TNF-a) is 
involved in inflammation, immune regulation and tissue 
repair, and the TNF-a is an important factor in the de-
velopment of  digestive diseases[15]. The tyrosine-protein 
phosphates non-receptor type 11 (PTPN11) gene is locat-
ed in chromosome 12, and it has been found that the ex-
pression product of  SHP-2 to participate in the cytotoxin-
associated protein A (cagA) deformation caused by gastric 
epithelial cells eventually causes gastric cancer[16].

The purpose of  this study was to investigate the cor-
relation of  H. pylori infection in a healthy Indonesian 
population and host genetic background, and to reveal 
susceptibility genes of  H. pylori, as well as new strategies 
for the prevention and treatment of  gastric cancer.

MATERIALS AND METHODS
Study population 
In recent years, we have conducted long-term internation-
al cooperation in research, exploring the impact of  envi-
ronmental factors on the risk factors of  gastric cancer in 
Southeast Asia, including the countries of  Thailand, Viet-
nam and Indonesia, as well as Gansu Province in China. 
In March 2007, epidemiological studies were undertaken 
on the general population of  a city in Indonesia (Mataram, 
Lombok). The participants included 107 men and 187 
women, whose ages ranged from 6 to 74 years old, with 
an average age of  34.0 (± 14.4) (± SD). We detected and 
analyzed the H. pylori of  the observation target as well 
as the genetic background of  the host, namely the IL-8, 
IL-4, IL-1β , CD14, TNF-a  and PTPN11 genotypes. All 
the subjects’ informed consent was approved by the Na-
goya City University Graduate School of  Medical Ethics 
Committee.

Urea breath test 
H. pylori infection was determined by UBT, UBiT-IR300 
kits (Otsuka Pharmaceutical Co., Tokyo, Japan) with ≥ 
2.5‰ considered as positive. All subjects were classified 
as H. pylori -positive (+) or -negative (-) in this study[7,8].

Genotyping of DQA1 and DQB1 
A template of  genomic DNA was isolated from 100 μl 
of  peripheral blood leukocytes by the Nucleic Acid Pu-
rification System (MagExtractor MFX-6000 TOYOBO, 
Japan). We carried out a single nucleotide polymorphism 
(SNP) analysis of  the IL-8, IL-4, IL-1β , CD14, TNF-a  
and PTPN11 genotypes by two pairs of  polymerase chain 
reaction (PCR-CTPP)[17-21].
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Statistical analysis
Differences in distribution by age according to preva-
lence of  H. pylori infection were examined by t-test, while 
differences in distribution by sex and genotype were 
assessed with a Chi-square test. Hardy-Weinberg equilib-
rium was examined for IL-8, IL-4, IL-1β , CD14, TNF-a  
and PTPN11 gene polymorphisms. Multi-comparisons 
for IL-8, IL-4, IL-1β , CD14, TNF-a  and PTPN11 geno-
types were made according to the Bonferroni method. 
Associations of  the IL-8, IL-4, IL-1β , CD14, TNF-a  and 
PTPN11 genotypes and SNP with H. pylori infection were 
examined by OR and 95%CI using unconditional logistic 
regression analysis. Statistical significance was determined 
as P < 0.05. All the statistical analyses were performed 
using the SAS software package (version 9.1).

RESULTS
The positive H. pylori infection rate as a whole was 11.2% 
in Mataram (Table 1). No obvious differences were noted 
for H. pylori infection rates by sex or age. TC genotypes 
of  IL-4, TC and CC genotypes of  TNF-a, and GA gen-
otypes of  PTPN11 were frequent. Individuals carrying 
TC and CC allele of  TNF-a was noted to be at higher 
risk of  H. pylori infection, compared with those carrying 
TT allele of  TNF-a (OR = 1.66, 95%CI: 0.73-3.76) and 
(OR = 1.99, 95%CI: 0.67-5.85), We also found TT and 
CT genotypes of  CD14 C-159T (OR = 1.09, 95%CI: 
0.37-3.20) and (OR = 1.26, 95%CI: 0.50-3.19), but no 
statistical significance was found in our study (Table 2). 
We found C allele had a higher frequency than T allele 
of  IL-1β genotype in the studied population (OR = 1.11, 
95%CI: 0.70-1.73), but again no statistical significance 
was found (Table 3). 

DISCUSSION
In 50% of  the world’s population was infected H. pylori 
infection rates in developing countries were higher than 
in developed countries, and it has been reported that 
hosts at an early age have been infected[22]. Indonesia, 
located in Southeast Asia, is a developing country, but 

we found that the country has an H. pylori infection rate 
which was very low. We investigated associations between 
SNP of  the host IL-8, IL-4, IL-1β , CD14, TNF-a  and 
PTPN11 gene polymorphisms and H. pylori prevalence in 
an Indonesian population with an H. pylori infection rate 
of  11.2% in people residing in Mataram, Lombok Island. 
Although SNP of  host IL-8, IL-4, IL-1β , CD14, TNF-a  
and PTPN11 genotype with H. pylori infection were not 
found to have statistical significance in our study, we saw 
that an observation target who had the CC and TC geno-
type of  TNF-a  gene were at a higher risk of  contracting 
H. pylori infection. Perhaps, TNF-a  gene plays a key role 
in the H. pylori infection process. 

H. pylori is widely present in the environment, and it 
can be isolated in surface waters[23], i.e., transmitted by the 
fecal - oral route[24]. Studies have shown that through cer-
tain digestive diseases and strains of  H. pylori, Cytotoxin-
associated protein A (cagA) is now known as the most 
important virulence factors of  H. pylori[25]. CagA is an H. 
pylori cag poison island (cag-PAI) flag, and by cag-PAI 
coded protein is composed of  a bacterial type Ⅳ secre-
tion system into gastric epithelial cells, which ultimately 
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Table 1  Helicobacter pylori  infection by sex and age in 
Indonesian people  n  (%)

Indonesia H. pylori  (+) 
n  = 33 

H. pylori  (-) 
n  = 261 

Sex
   Male 9 (8.4)   98 (91.6)
   Female 24 (12.8) 163 (87.2)
Age, yr
   ≤ 30 12 (9.6) 113 (90.4)
   31-40     9 (11.5)   69 (88.5)
   41-50     7 (14.6)   41 (85.4)
   51-60   3 (9.4)   29 (90.6)
   ≥ 60     2 (18.2)     9 (81.8)
Mean age, yr 36.3 ± 14.6 (SD) 33.7 ± 14.4 (SD)

H. pylori: Helicobacter pylori. 

Table 2  Association between Helicobacter pylori  infection 
and interleukin 1β, interleukin 4, interleukin 8, CD14, tumor 
necrosis factor-a, tyrosine-protein phosphates non-receptor 
type 11 single nucleotide polymorphism in Indonesian people  
n  (%)

Polymorphism H. pylori  (+) 
n  = 33 

H. pylori  (-) 
n  = 261

OR1 95%CI1

IL-1β T-31C
TT   8 (24.2)   59 (22.6) ref
CC   8 (24.2)   73 (28.0)   0.82 0.29-2.32
TC 17 (51.5) 129 (49.4)   1.05 0.42-2.59
TC/CC 25 (75.8) 202 (77.4)   0.96 0.41-2.26
IL-4 T-33C
TT 15 (45.5) 128 (49.0) ref
CC 2 (6.1) 19 (7.3)   0.83 0.17-3.99
TC 16 (48.5) 114 (43.7)   1.24 0.58-2.64
CC/TC 18 (54.5) 133 (51.0)   1.18 0.56-2.45
IL-8 T-251A
TT 14 (42.4)   98 (37.6) ref
AA   8 (24.2)   49 (18.8)   1.25 0.48-3.27
TA 11 (33.3) 114 (43.7)   0.74 0.32-1.72
TA/AA 19 (57.6) 163 (62.5)   0.89 0.42-1.88
CD14 C-159T
CC   7 (21.2)   65 (24.9) ref
TT   8 (24.2)   65 (24.9)   1.09 0.37-3.20
CT 18 (54.6) 131 (50.2)   1.26 0.50-3.19
CT/TT 26 (78.8) 196 (75.1) 1.2 0.50-2.92
TNF-a T-1031C
TT 11 (33.3) 120 (46.0) ref
CC   6 (18.2)   36 (13.8)   1.99 0.67-5.89
TC 16 (48.5) 105 (40.2)   1.66 0.73-3.76
CC/TC 22 (66.7) 141 (54.0)   1.74 0.80-3.76
PTPN11 G/A at intron 3
GG 17 (51.5) 151 (57.9) ref
AA 1 (3.0) 17 (6.5) 0.6 0.07-4.86
GA 15 (45.5)   93 (35.6)   1.49 0.70-3.15
GA/AA 16 (48.5) 110 (42.2)   1.37 0.65-2.85

1Odds rate with CI adjusted for age and sex by logistic regression model. 
H. pylori: Helicobacter pylori; IL: Interleukin; PTPN11: Tyrosine-protein 
phosphates non-receptor type 11. 
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induction of  mucosal phagocytic cells to secrete cyto-
kines IL-1β, TNF-a and IL-8; neutrophils are attracted 
to the infected local, while neutrophils becomes the main 
source of  iL-1, TNF-a and iL-8 induced inflammatory 
cytokines. Neutrophil elastase also relates to the epithelial 
cells induced by IL-8 gene expression, suggesting that 
the neutrophil enzyme release cytokines can induce a 
continuity of  the inflammatory process itself[29], and H. 
pylori-induced IL-8, IL-1β cytokine expression through-
out the entire H. pylori infection period[30]. Studies found 
that Protein-tyrosine phosphatase, non-receptor-Type11 
(PTPN11) encoding Srchomology 2 domain-containing 
pro-Tein tyrosine phosphatase-2 (SHP-2) in CagA-
induced gastric epithelial cell deformation, that eventually 
cause the gastric process, played a very important role, 
and the genetic background of  the PTPN11 shows cer-
tain racial difference[31,32]. The IL-4 by CD4+ T cell sub-
sets, B cells and mast cells secreted pleiotropic cytokines 
involved in inflammation, mucosal repair, cell prolifera-
tion and apoptosis and other physiological and pathologi-
cal processes; changes in the expression levels may also 
affect pathogenesis of H. pylori infection, resulting in a 
host of  different clinical results. The H. pylori infection 
caused by non-ulcerative gastritis can lead to local Th0 
cells producing and secreting large amounts of  cytokines 
IL-4; however, in patients with peptic ulcers, H. pylori in-
fection can be caused by the polarization of  Th1 cells[33]. 
Studies suggest that the CD14 gene C/T mutation may 
lead to the activation of  the CD14 promoter enhanced 
transcription of  the CD14 gene, while monocytes’ high 
expression of  CD14 and CD14 can regulate the secretion 
of  LPS-induced IL-1 and TNF-a[15,34]. TNF-gene cod-
ing region mutations may affect TNF-a activity, caused 
by TNF-a allele or genetic type associated with H. pylori 
associated gastric duodenal disease susceptibility. In an 
infected H. pylori host of  Japan, it was found that the 
genotype of  the TNF-a-857 C/C and 1031 C/C group 
serological detection of H. pylori was the lowest positive 
rate, and in the TNF-a-857 T/T and TNF-B-1031 T/T 
genotype the serum H. pylori positive rate was the high-
est[35]. The C/C and T/C genotypes of  TNF-a T-1031C 
locus were at the highest risk from H. pylori infection in 
our study.

The development of  gastric cancer is a complex pro-
cess, H. pylori infection is caused by one of  the risk fac-
tors of  gastric cancer. In addition, there are environmen-
tal factors, social factors, host genetic background and 
lifestyle. Directly use hand grasp to pilaf  is very common, 
and the schistosome liver disease has also been often 
reported in Indonesia[36]; however, H. pylori infection and 
gastric cancer incidence rate were very low. In addition, 
have also been reports that complications of  the esopha-
gus caused by reflux esophagitis after sterilization of  
cancer have tended to increase[37]. And resistant strains of  
H.pylori by sterilization treatment have been reported[38].
Therefore, it appears that sterilization treatment is not 
the best means of  prevention of  gastric cancer. This 
study explored H. pylori infection with immune response 

causes gastric mucosal epithelium, the morphological 
changes of  the cells and the formation of  a humming-
bird-like structure[26]. Host infected cagA-positive H. pylori 
is less likely to cause digestive diseases, but may damage 
the gastric mucosal barrier and is cagA related. H. pylori 
infection with strains, geographical, ethnic, and environ-
mental and host genetic background was a correlation.

The IL-8 as a neutrophil chemoattractant and activat-
ing factor, which relates to H. pylori infection, resulting in 
second messenger of  the mucosal inflammatory response 
in the H. pylori pathogen city, plays an important role of  
intermediary. But what components of H. pylori surface 
play a major role in the induction of  IL-8 expression is 
still one of  the main points about H. pylori pathogenesis. 
Of H. pylori cytotoxin-associated protein (cagA) and 
vacuolating cytotoxin (vacA) on gastric epithelial IL-8 
secretion, showing expression of  cagA and vacA H. py-
lori strains (vacA+, cagA+) direct stimulation of  gastric 
epithelial cell lines IL-8 mRNA expression and protein 
secretion of  IL-8, suggests that expression of  the gene 
product and cagA H. pylori strains induced gastric epithe-
lial expression of  IL-8 in the main factors[11]. In addition 
to H. pylori gastric epithelial cells directly stimulating the 
production of  IL-8, the inflammation locally produced of  
TNF-a, transcription factor activation of  the IL-1, was 
also an up-regulated expression of  IL-8[11]. Furthermore 
H. pylori, in addition to the expression of  IL-8 induced 
gastric epithelial cells, also stimulates gastric epithelial 
cells TNF-a, IL-1β expression[27,28]. In H. pylori infection, 
IL-8 chemotaxis of  neutrophil infiltration and epithelial 
damage caused by H. pylori vacuoles toxins can promote 
mucous membrane endocytosis bacterial products and 

Table 3  Association between Helicobacter pylori  infection 
and allele of interleukin 1β, interleukin 4, interleukin 8, 
CD14, tumor necrosis factor-a, tyrosine-protein phosphates 
non-receptor type 11 in Indonesian people  n  (%)

Allele H. pylori  (+) 
n  = 66 

H. pylori  (-) 
n  = 522

OR1 95%CI

IL-1β T-31C
T 33 (50.0) 247 (47.3) ref
C 33 (50.0) 275 (52.7) 1.10 0.70-1.73
IL-4 T-33C
T 46 (69.7) 370 (70.9) ref
C 20 (30.3) 152 (29.1) 0.95 0.58-1.56
IL-8 T-251A
T 39 (59.1) 310 (59.4) ref
A 27 (40.9) 212 (40.6) 0.99 0.62-1.57
CD14 C-159T
C 32 (48.5) 261 (50.0) ref
T 34 (51.5) 261 (50.0) 0.95 0.60-1.49
TNF-a T-1031C
T 38 (57.6) 345 (66.1) ref
C 28 (42.4) 177 (33.9) 0.73 0.46-1.15
PTPN11 G/A at intron 3
G 49 (74.2) 395 (75.7) ref
A 17 (25.8) 127 (24.3) 0.94 0.56-1.57

1Odds rate with CI adjusted for age and sex by logistic regression model. 
H. pylori: Helicobacter pylori; IL: Interleukin; PTPN11: Tyrosine-protein 
phosphates non-receptor type 11.
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gene polymorphisms in a healthy Indonesian population. 
Although there was no statistical significance in SNP of  
IL-8, IL-4, IL-1β , CD14, TNF-a  and PTPN11 gene poly-
morphisms, we found SNP of  TNF-aT-1031C locus was 
the highest risk of  H. pylori infection. Our study provides 
the basis for future research data, and a new direction for 
the prevention of H. pylori infection. 

ACKNOWLEDGMENTS
The authors would like to thank Prof. Dr. Karel Geboes, 
Prof. Dr. Wim Ceelen, Sowath Ly and Dr. Kathleen 
Lambein for their help in editing this manuscript. They 
declare that there is no conflict of  interest with this work.

COMMENTS
Background
Helicobacter pylori (H. pylori) infection in developing countries is high in com-
parison with developed countries. Indonesia is a developing country located in 
Southeast Asia, but the prevalence of H. pylori in Indonesia is lower than other 
countries of Southeast Asia. 
Innovations and breakthroughs
Throughout, H. pylori studies were conducted in patients, and treatment was 
based on quadruple antibiotics to eradicate H. pylori infection in clinical set-
tings. However, the implications of the individual differences in recurrent infec-
tions and drug resistance of H. pylori and other issues must be addressed. The 
authors observed that the object was a healthy crowd, which reveals that in the 
host genetic background there is a certain association with H. pylori infection.
Applications
This study provided basic vaccine development data for the prevention of H. 
pylori, and for the prevention of gastric cancer through the advancement of new 
ideas.
Terminology
H. pylori is a Gram-negative, microaerophilic bacterium found in the stomach. 
It was identified in 1982 by the Australian scientists Barry Marshall and Robin 
Warren, who found that it was present in patients with chronic gastritis and 
gastric ulcers, conditions that were not previously believed to have a microbial 
cause. It is also linked to the development of duodenal ulcers and stomach 
cancer. However, over 80 percent of individuals infected with the bacterium are 
asymptomatic, and it has been postulated that it may play an important role in 
the natural stomach ecology.
Peer review
The manuscript is interesting, but the absence of statistical significance is an 
important issue.

REFERENCES
1 Backert S, Schwarz T, Miehlke S, Kirsch C, Sommer C, Kwok 

T, Gerhard M, Goebel UB, Lehn N, Koenig W, Meyer TF. 
Functional analysis of the cag pathogenicity island in Helico-
bacter pylori isolates from patients with gastritis, peptic ulcer, 
and gastric cancer. Infect Immun 2004; 72: 1043-1056 [PMID: 
14742552]

2 Vogiatzi P, Cassone M, Luzzi I, Lucchetti C, Otvos L, Gior-
dano A. Helicobacter pylori as a class I carcinogen: physiopa-
thology and management strategies. J Cell Biochem 2007; 102: 
264-273 [PMID: 17486575 DOI: 10.1002/jcb.21375]

3 Brown LM. Helicobacter pylori: epidemiology and routes of 
transmission. Epidemiol Rev 2000; 22: 283-297 [PMID: 11218379 
DOI: 10.1093/oxfordjournals.epirev.a018040]

4 Brown LM, Thomas TL, Ma JL, Chang YS, You WC, Liu WD, 
Zhang L, Pee D, Gail MH. Helicobacter pylori infection in 
rural China: demographic, lifestyle and environmental fac-
tors. Int J Epidemiol 2002; 31: 638-645 [PMID: 12055167 DOI: 

10.1093/ije/31.3.638]
5 Tokudome S, Soeripto FX, Ananta I, Suzuki S, Kuriki K, 

Akasaka S, Kosaka H, Ishikawa H, Azuma T, Moore MA. 
Rare Helicobacter pylori infection as a factor for the very 
low stomach cancer incidence in Yogyakarta, Indonesia. 
Cancer Lett 2005; 219: 57-61 [PMID: 15770773 DOI: 10.1016/
j.canlet.2004.09.043]

6 Lee JH, Kim N, Chung JI, Kang KP, Lee SH, Park YS, Hwang 
JH, Kim JW, Jeong SH, Lee DH, Jung HC, Song IS. Long-
term follow up of Helicobacter pylori IgG serology after 
eradication and reinfection rate of H. pylori in South Korea. 
Helicobacter 2008; 13: 288-294 [PMID: 18665939 DOI: 10.1111/
j.1523-5378.2008.00616.x]

7 Tokudome S, Samsuria Soeripto WD, Triningsih FX, Suzuki 
S, Hosono A, Triono T, Sarjadi IW, Miranti IP, Ghadimi R, 
Moore MA. Helicobacter pylori infection appears essential 
for stomach carcinogenesis: observations in Semarang, In-
donesia. Cancer Sci 2005; 96: 873-875 [PMID: 16367906 DOI: 
10.1111/j.1349-7006.2005.00122.x]

8 Hamlet AK, Erlandsson KI, Olbe L, Svennerholm AM, 
Backman VE, Pettersson AB. A simple, rapid, and highly 
reliable capsule-based 14C urea breath test for diagnosis of 
Helicobacter pylori infection. Scand J Gastroenterol 1995; 30: 
1058-1063 [PMID: 8578164 DOI: 10.3109/00365529509101607]

9 Kang JY, Wee A, Math MV, Guan R, Tay HH, Yap I, Suther-
land IH. Helicobacter pylori and gastritis in patients with 
peptic ulcer and non-ulcer dyspepsia: ethnic differences 
in Singapore. Gut 1990; 31: 850-853 [PMID: 2387503 DOI: 
10.1136/gut.31.8.850]

10 Collins FS, Brooks LD, Chakravarti A. A DNA polymor-
phism discovery resource for research on human genetic 
variation. Genome Res 1998; 8: 1229-1231 [PMID: 9872978]

11 Crabtree JE, Wyatt JI, Trejdosiewicz LK, Peichl P, Nichols 
PH, Ramsay N, Primrose JN, Lindley IJ. Interleukin-8 expres-
sion in Helicobacter pylori infected, normal, and neoplastic 
gastroduodenal mucosa. J Clin Pathol 1994; 47: 61-66 [PMID: 
8132812 DOI: 10.1136/jcp.47.1.61]

12 Ellis MK, Zhao ZZ, Chen HG, Montgomery GW, Li YS, Mc-
Manus DP. Analysis of the 5q31 33 locus shows an associa-
tion between single nucleotide polymorphism variants in the 
IL-5 gene and symptomatic infection with the human blood 
fluke, Schistosoma japonicum. J Immunol 2007; 179: 8366-8371 
[PMID: 18056382]

13 Arend WP, Guthridge CJ. Biological role of interleukin 1 re-
ceptor antagonist isoforms. Ann Rheum Dis 2000; 59 Suppl 1: 
i60-i64 [PMID: 11053091 DOI: 10.1136/ard.59.suppl_1.i60]

14 El-Omar EM. The importance of interleukin 1beta in Helico-
bacter pylori associated disease. Gut 2001; 48: 743-747 [PMID: 
11358884 DOI: 10.1136/gut.48.6.743]

15 Hubacek JA, Rothe G, Pit’ha J, Skodová Z, Stanĕk V, Poledne 
R, Schmitz G. C(-260)--> T polymorphism in the promoter 
of the CD14 monocyte receptor gene as a risk factor for 
myocardial infarction. Circulation 1999; 99: 3218-3220 [PMID: 
10385492 DOI: 10.1161/01.CIR.99.25.3218]

16 Hellmig S, Bartscht T, Fischbach W, Fölsch UR, Schreiber S. 
Interleukin-10 (-819 C/T) and TNF-A (-308 G/A) as risk fac-
tors for H. pylori-associated gastric MALT-lymphoma. Dig 
Dis Sci 2008; 53: 2007-2008 [PMID: 18338261 DOI: 10.1007/
s10620-008-0231-0]

17 Fujihara J, Shiwaku K, Yasuda T, Yuasa I, Nishimukai H, 
Iida R, Takeshita H. Variation of interleukin 8 -251 A>T poly-
morphism in worldwide populations and intra-ethnic differ-
ences in Japanese populations. Clin Chim Acta 2007; 377: 79-82 
[PMID: 17020755 DOI: 10.1016/j.cca.2006.08.023]

18 Togawa S, Joh T, Itoh M, Katsuda N, Ito H, Matsuo K, Ta-
jima K, Hamajima N. Interleukin-2 gene polymorphisms 
associated with increased risk of gastric atrophy from Helico-
bacter pylori infection. Helicobacter 2005; 10: 172-178 [PMID: 
15904474 DOI: 10.1111/j.1523-5378.2005.00308.x]

19 Migita K, Maeda Y, Abiru S, Nakamura M, Komori A, Mi-

Zhao Y et al . TNF-a and IL-1β genotypes vs H. pylori  infection

 COMMENTS



8763 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

yazoe S, Nakao K, Yatsuhashi H, Eguchi K, Ishibashi H. Poly-
morphisms of interleukin-1beta in Japanese patients with 
hepatitis B virus infection. J Hepatol 2007; 46: 381-386 [PMID: 
17126449 DOI: 10.1016/j.jhep.2006.09.015]

20 Hamajima N, Rahimov B, Malikov Y, Abdiev S, Ahn KS, 
Bahramov S, Kawai S, Nishio K, Naito M, Goto Y. Associa-
tions between a PTPN11 polymorphism and gastric atrophy-
-opposite in Uzbekistan to that in Japan. Asian Pac J Cancer 
Prev 2008; 9: 217-220 [PMID: 18712962]

21 Ishida Y, Goto Y, Kondo T, Kurata M, Nishio K, Kawai S, 
Osafune T, Naito M, Hamajima N. Eradication rate of Helico-
bacter pylori according to genotypes of CYP2C19, IL-1B, and 
TNF-A. Int J Med Sci 2006; 3: 135-140 [PMID: 17003844 DOI: 
10.7150/ijms.3.135]

22 Hamajima N, Saito T, Matsuo K, Kozaki K, Takahashi T, Ta-
jima K. Polymerase chain reaction with confronting two-pair 
primers for polymorphism genotyping. Jpn J Cancer Res 2000; 
91: 865-868 [PMID: 11011111]

23 Klein PD, Graham DY, Gaillour A, Opekun AR, Smith EO. 
Water source as risk factor for Helicobacter pylori infection 
in Peruvian children. Gastrointestinal Physiology Working 
Group. Lancet 1991; 337: 1503-1506 [PMID: 1675369 DOI: 
10.1016/0140-6736(91)93196-G]

24 McKeown I, Orr P, Macdonald S, Kabani A, Brown R, Cogh-
lan G, Dawood M, Embil J, Sargent M, Smart G, Bernstein 
CN. Helicobacter pylori in the Canadian arctic: seropreva-
lence and detection in community water samples. Am J Gas-
troenterol 1999; 94: 1823-1829 [PMID: 10406242 DOI: 10.1111/
j.1572-0241.1999.01212.x]

25 Kusters JG, van Vliet AH, Kuipers EJ. Pathogenesis of Heli-
cobacter pylori infection. Clin Microbiol Rev 2006; 19: 449-490 
[PMID: 16847081 DOI: 10.1128/CMR.00054-05]

26 Yamaoka Y, Orito E, Mizokami M, Gutierrez O, Saitou N, 
Kodama T, Osato MS, Kim JG, Ramirez FC, Mahachai V, Gra-
ham DY. Helicobacter pylori in North and South America be-
fore Columbus. FEBS Lett 2002; 517: 180-184 [PMID: 12062433 
DOI: 10.1016/S0014-5793(02)02617-0]

27 Goto Y, Ando T, Yamamoto K, Tamakoshi A, El-Omar E, 
Goto H, Hamajima N. Association between serum pepsino-
gens and polymorphismof PTPN11 encoding SHP-2 among 
Helicobacter pylori seropositive Japanese. Int J Cancer 2006; 
118: 203-208 [PMID: 16032704 DOI: 10.1002/ijc.21338]

28 Takagi A, Kamiya S, Koga Y, Ohta U, Kobayashi H, Shirai 
T, Harasawa S, Miwa T. Analysis of interleukin-8 secretion 
induced by Helicobacter pylori from the gastric epithelial cell 

line MKN45: a mechanism independent of the intensity of 
cytotoxicity. J Gastroenterol Hepatol 1997; 12: 368-372 [PMID: 
9195382 DOI: 10.1111/j.1440-1746.1997.tb00444.x]

29 Genta RM. The immunobiology of Helicobacter pylori gas-
tritis. Semin Gastrointest Dis 1997; 8: 2-11 [PMID: 9000497]

30 Jung HC, Kim JM, Song IS, Kim CY. Helicobacter pylori in-
duces an array of pro-inflammatory cytokines in human gas-
tric epithelial cells: quantification of mRNA for interleukin-8, 
-1 alpha/beta, granulocyte-macrophage colony-stimulating 
factor, monocyte chemoattractant protein-1 and tumour ne-
crosis factor-alpha. J Gastroenterol Hepatol 1997; 12: 473-480 
[PMID: 9257236 DOI: 10.1111/j.1440-1746.1997.tb00469.x]

31 Hatakeyama M. Oncogenic mechanisms of the Helicobacter 
pylori CagA protein. Nat Rev Cancer 2004; 4: 688-694 [PMID: 
15343275 DOI: 10.1038/nrc1433]

32 Backert S, Ziska E, Brinkmann V, Zimny-Arndt U, Fauconnier 
A, Jungblut PR, Naumann M, Meyer TF. Translocation of the 
Helicobacter pylori CagA protein in gastric epithelial cells by 
a type IV secretion apparatus. Cell Microbiol 2000; 2: 155-164 
[PMID: 11207572 DOI: 10.1046/j.1462-5822.2000.00043.x]

33 Israel DA, Peek RM. pathogenesis of Helicobacter pylori-
induced gastric inflammation. Aliment Pharmacol Ther 2001; 
15: 1271-1290 [PMID: 11552897]

34 Netea MG, Kullberg BJ, van der Meer JW. Lipopolysaccha-
ride-induced production of tumour necrosis factor and inter-
leukin-1 is differentially regulated at the receptor level: the 
role of CD14-dependent and CD14-independent pathways. 
Immunology 1998; 94: 340-344 [PMID: 9767415 DOI: 10.1046/
j.1365-2567.1998.00532.x]

35 Hamajima N, Shibata A, Katsuda N, Matsuo K, Ito H, Saito 
T, Tajima K, Tominaga S. Subjects with TNF-A-857TT and 
-1031TT genotypes showed the highest Helicobacter pylori 
seropositive rate compared with those with other geno-
types. Gastric Cancer 2003; 6: 230-236 [PMID: 14716517 DOI: 
10.1007/s10120-003-0258-z]

36 Garjito TA, Sudomo M, Abdullah M, Nurwidayati A. Schis-
tosomiasis in Indonesia: past and present. Parasitol Int 2008; 
57: 277-280 [PMID: 18534900 DOI: 10.1016/j.parint]

37 Qian B, Ma S, Shang L, Qian J, Zhang G. Effects of Helico-
bacter pylori eradication on gastroesophageal reflux disease. 
Helicobacter 2011; 16: 255-265 [PMID: 21762264 DOI: 10.1111/
j.1523-5378]

38 Mégraud F. Basis for the management of drug-resistant He-
licobacter pylori infection. Drugs 2004; 64: 1893-1904 [PMID: 
15329036 DOI: 10.2165/00003495-200464170-00003]

P- Reviewer: Ozturk Y    S- Editor: Wen LL    L- Editor: A    
E- Editor: Zhang DN

Zhao Y et al . TNF-a and IL-1β genotypes vs H. pylori  infection



 BRIEF ARTICLE

Silencing Bmi-1 enhances the senescence and decreases 
the metastasis of human gastric cancer cells

Feng-Lan Gao, Wei-Shan Li, Chun-Ling Liu, Guo-Qiang Zhao

Feng-Lan Gao, Wei-Shan Li, Chun-Ling Liu, Pathological 
Examination and Research Center, Luohe Medical College, 
Luohe 462002, Henan Province, China 
Feng-Lan Gao, Guo-Qiang Zhao, Basic Medical Science In-
stitute, Zhengzhou University, Zhengzhou 450001, Henan Prov-
ince, China 
Author contributions: Gao FL and Zhao GQ designed the 
research; Li WH and Liu CL performed this work; Li WS ana-
lyzed the data and wrote the paper.
Supported by The Provincial Nature Science Foundation of 
Henan Education Department, No. 2009C310007, to Gao FL
Correspondence to: Feng-Lan Gao, Professor, Pathologi-
cal Examination and Research Center, Luohe Medical College, 
College Road, Huiyuan District, Luohe 462002, Henan Prov-
ince, China. lmcgfl@163.com
Telephone: +86-395-2964847  Fax: +86-395-2964847
Received: June 28, 2013           Revised: September 11, 2013 
Accepted: September 29, 2013
Published online: December 14, 2013

Abstract
AIM: To evaluate the impact of Bmi-1 on cell senes-
cence and metastasis of human gastric cancer cell line 
BGC823.

METHODS: Two pairs of complementary small hair-
pin RNA (shRNA) oligonucleotides targeting the Bmi-1 
gene were designed, synthesized, annealed and cloned 
into the pRNAT-U6.2 vector. After DNA sequencing to 
verify the correct insertion of the shRNA sequences, 
the recombinant plasmids were transfected into 
BGC823 cells. The expression of Bmi-1 mRNA and pro-
tein was examined by reverse transcription-polymerase 
chain reaction (RT-PCR) and Western blotting. The 
effects of Bmi-1 knockdown on cell senescence and 
metastasis were determined by the β-Gal activity assay 
and Boyden chamber assay, respectively. 

RESULTS: The double-stranded oligonucleotide frag-
ments of Bmi-1 short interfering RNA (siRNA) cloned 

into pRNAT-U6.2 vector conformed to the inserted 
sequence. RT-PCR and Western blotting indicated 
that the expression levels of Bmi-1 gene mRNA and 
protein were markedly decreased in transfected 
BGC823 cells with pRNAT-U6.2-si1104 and pRNAT-
U6.2-si1356, especially in transfected BGC823 cells 
with pRNAT-U6.2-si1104, compared with two control 
groups (empty vector and blank group). In particu-
lar, Bmi-1 protein expression was almost completely 
abolished in cells transfected with the recombinant 
vector harboring shRNA targeting the sequence 
GGAGGAGGTGAATGATAAA (nt1104-1122). Compared 
with untransfected cells and cells transfected with the 
empty vector, the mean percentage of senescent cells 
increased and the number of cells passing through 
the Matrigel decreased in cells transfected with the 
recombinant vectors. 

CONCLUSION: Silencing Bmi-1 by RNA interference 
can increase the senescent cell rate and effectively re-
duce the metastasis of gastric cancer cells.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Bmi-1; Gastric cancer; Senescence; Metas-
tasis

Core tip: The overexpression of Bmi-1 contributes to 
the development of cancers. This study aimed at to 
evaluate the impact of Bmi-1 on the senescence and 
metastasis of human gastric cancer. The results dem-
onstrated that inhibition of Bmi-1  gene expression 
can enhance the senescence of human gastric cancer 
cells and inhibit the invasion and metastasis of gastric 
cancer. This research has provided an indication that 
Bmi-1 inhibitors might be developed as new agents for 
gastric cancer.
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INTRODUCTION
Bmi-1 (B lymphoma Mo-MLV insertion region 1 homo-
log), a member of  the polycomb group (PcG), functions 
as a transcriptional repressor and presents with high ex-
pression in many tumors, indicating a poor prognosis[1,2]. 
Several lines of  evidence suggest that Bmi-1 blocks cell 
senescence and proliferation[3,4], and the Bmi-1 gene is 
also associated with tumor invasion and metastasis[5]. 
Based on a list of  genes on a wild-type and Bmi-1-defi-
cient genetic background, Bmi-1 has been identified as a 
predictor of  the response to therapy and survival in mul-
tiple types of  cancer[6,7]. Therefore, this study intended 
to silence Bmi-1 in BGC823 cells by RNA interference, 
to observe the role of  Bmi-1 in the senescence and me-
tastasis of  gastric cancer cells.

MATERIALS AND METHODS
Materials 
Short interfering RNA (siRNA) vector pRNAT-U6.2 was 
purchased from GenScript Inc. (Piscataway, NJ, United 
States), Bmi-1 antibody from Santa Cruz Biotechnol-
ogy (CA, United States). BglⅡ, HindⅢ and T4DNA 
ligase were obtained from Promega. BGC823 human 
gastric cancer cell lines were received from the Chinese 
Academy of  Science. RPMI 1640 and fetal bovine se-
rum were supplied by Gibco BRL (Grand Island, NY, 
United States). Liposomes LipofectAmineTM2000, G418, 
Trizol reagent and reverse transcription-polymerase 
chain reaction (RT-PCR) kit were purchased from In-
vitrogen (Carlsbad, CA, United States) and senescence 
β-galactosidase staining kit (Cell Signaling Technology, 
Beverly, MA, United States).

Methods 
Selection of  siRNA for Bmi-1 target sequence: The 
analysis and design of  Promega siRNA target sequence 
scanned human Bmi-1 gene sequence (NM_005180) was 
based on the design principle of  siRNA target sequence. 
The 19bp siRNA target sequences, including 1104nt-
1122nt (GGAGGAGGTGAATGATAAA) and 1356nt-
1374nt (GAGAGATGGACTGACAAAT), were selected 
as the target sequence after the BLAST homology analy-
sis. Two oligonucleotide hairpin DNA single strands 
were synthesized (1104F and 1104R, 1356F and 1356R), 
adding BamHI and XhoI endonuclease residues at the 
two ends. Two oligonucleotide hairpin DNA single 
strands demonstrated the following: 
1104F: 5’-GATCCGGAGGAGGTGAATGATA-
AATTCAAGAGATTTATCATTCACCTCCTCCTTTTTTC-3’,
1104R: 5’-TCGAGAAAAAAGGAGGAGGTGAATGATA-

AATCTCTTGAATTTATCATTCACCTCCTCCG-3’; 
1356F: 5’-GATCCGAGAGATGGACTGACAAATTTCAAGA
GAATTTGTCAGTCCATCTCTCTTTTTTC-3’, 
1356R: 5’-TCGAGAAAAAAGAGAGATGGACT-
GACAAATTCTCTTGAAATTTGTCAGTCCATCTCTCG-3’.

Reconstruction of  siRNA vectors: The single-stranded 
DNA oligonucleotide (1104F and 1104R, 1356F and 
1356R) was converted into a double-stranded DNA 
(si1104 and si1356) by conventional annealing, and 
reconnected overnight at 4 ℃, utilizing 2 × reaction re-
connected buffer (5 μL), linear pRNAT-U6.2 vector (1 
μL), T4 ligase (1 μL) and annealing product (3 μL). The 
two recovered products were incubated at 16 ℃ for 16 h 
after addition of  Solution I containing DNA ligase, and 
the resulting ligated products were used to transfect well-
prepared competent E. coli DH5α. The whole transfec-
tion mix was plated onto a prewarmed LB-ampicillin 
(AMP) agar plate and then incubated at 37 ℃ for 12 h. 
Individual growing colonies were picked out and incu-
bated at 37 ℃ for 12 h in LB broth containing AMP. Full 
length plasmid DNA was extracted from positive clones 
using a plasmid DNA extraction kit and then subject to 
testing for the presence of  Bmi-1 with nuclease diges-
tion using Bgl Ⅱ, Hind Ⅲ and T4DNA ligase. 

Identification of  recombinants: The recombinants were 
identified by PCR amplification, using primers PRNA-U6.2 
FORWARD and PRNA-U6.2 REVERSE. PCR reaction 
was performed with 3 min of  initial denaturation at 94 ℃, 
35 cycles of  45 s denaturation at 94 ℃, 45 s annealing at 
55 ℃, 45 s extension at 72 ℃, and finally 10 min extension 
at 68 ℃. RT-PCR amplification products were electropho-
resed and inspected on a 1.1% agarose gel, and recovered 
and purified by using DNA Gel recovery kit.

Transfection by liposome-mediated siRNA: The trans-
fection process was according to the Lipofectamine™
2000 instructions: a cell suspension containing 4-8 × 105 
cells was added to 500 μL of  growth medium with serum 
but without antibiotics; 0.8-1.2 μg DNA was added to 50 
μL of  medium without serum; 2 μL of  Lipofectamine™ 
2000 was added to 50 μL OptiMEM® I medium and in-
cubated for 5 min at room temperature; the DNA-Lipo-
fectamine™ 2000 complexes were added and incubated 
for 4 h at 37 ℃ in a CO2 incubator. Finally cells were 
assayed at 24-48 h post-transfection for the appropriate 
activity. 

RT-PCR analysis: RT-PCR was carried out as descri-
bed previously[8]. Cells were harvested and rinsed with 
phosphate-buffered saline (PBS) at corresponding time 
points and total RNA in the treated sections was ex-
tracted according to the total RNA extracting kit. A 
solution was added consisting of  10 mmol/L dNTP, 0.5 
g/L oligo(dT), 40 U reverse transcriptase (m-mulv), 59 
pH 8.3 RT buffer (250 mmol/L Tris-HCl, 250 mmol/L 
KCl, 20 mmol/L MgCl2, 50 mmol DTT) and deionized 
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water. Total sample volume was 20 μL. Samples were 
incubated at 37 ℃ for 1 h and the reaction was stopped 
by heating at 70 ℃ for 10 min. Reverse transcriptase was 
used to synthesize the first-strand cDNA from an equal 
amount of  the RNA sample following the manufacturer’
s instructions. About 35-45 cycles of  PCR reaction were 
used to cover the linear range of  the PCR amplification. 
The Bmi-1 specific primers (forward 5’GGAGACCAG-
CAAGTATTGTCC 3’; reverse 5’GACCATTCCTTCTC-
CAGGTAT 3’) were used to amplify a 517 bp fragment 
of  the Bmi-1 coding region. β-actin was used as an inter-
nal control to amplify a 268 bp fragment. The band den-
sities were scanned with a densitometer (Bio-Rad, United 
States). The relative amount of  mRNA in each sample 
was calculated from the densitometry ratio of  Bmi-1 OD 
value/β-actin OD value.

Western blotting analysis: Western blotting was con-
ducted according to the manufacturer’s instructions. The 
samples of  each supernatant and the final pellets were 
heat-blocked for 5 min in a loading buffer (125 mmol/L 
Tris-HCl, 20%glycero1, 10%2-mercaptethanol, 4% SDS, 
0.02% bromophenol blue, pH 6.8) and then subjected 
to electrophoresis on a 10%-20% Tris-glycine sulfate-
polyacrylamide gel. The samples were then electronically 
transferred to a transfer membrane and blocked for 1 h 
in Tris-HCl buffered saline containing 5% skimmed milk 
and 0.1% Tween. Primary antibodies were incubated at 
4-8 ℃ overnight in a TBS buffer containing 5% bovine 
albumin. The membrane was rinsed with TBS buffer 
containing 0.1% Tween 20, incubated with HRP-labeled 
second antibody for 2 h, and then stained with the detec-
tion reagents. Western blot analysis was performed as de-
scribed previously to assess the protein expression level of  
Bmi-1 (1:200) and β-actin (1:100). Blots were developed 
with a SuperSignal ECL Western blotting Dura Substrate 
kit (Pierce Biotech, Rockford, IL, United States).

Senescence staining: Cell senescence β-galactosidase 
staining was carried out according to the manufacturer’

s instructions. Growth medium was removed from the 
cells and the plate rinsed once with PBS (2 mL for a 35 
mm well), followed by addition of  1mL of  1x Fixative 
Solution to each 35 mm well. Cells were allowed to fix 
for 10-15 min at room temperature. The plate was rinsed 
twice with PBS (2 mL for a 35 mm well). After addition 
of  1 mL of  β-galactosidase staining solution to each 35 
mm well, the plate was incubated at 37 ℃ overnight in 
a dry incubator. While the β-galactosidase staining solu-
tion was still on the plate, the cells were checked under 
a microscope (× 200 total magnification) for the devel-
opment of  blue color. Five visual areas were randomly 
selected and photographed to record the percentage of  
the senescent cells.

Cell migration and invasion assay: Serum-free 1640 
medium containing Matrigel was added to the filter 
membrane of  the upper chamber to prepare a gel at 
37 ℃ for 2 h. The 200 μL supernatant of  serum-free 
NIH3T3 cells was utilized as chemokines in the lower 
chamber. After adding 400 μL of  cells (1 × 109/L) to 
the upper chamber, they were cultured at 37 ℃ for 24 
h. Five visual areas in the lower chamber were randomly 
selected and the percentage of  senescent cells was re-
corded with hematoxylin-eosin staining. Each group had 
five parallel experiments.

Statistical analysis
Western blotting and RT-PCR results were analyzed with 
scanning densitometry (Bio-Rad). Quantitative data were 
documented as the mean ± SD. The significance of  the dif-
ferences was analyzed using SPSS 13.0 software (SPSS Inc., 
Chicago, IL, United States), with significance at P < 0.05.

RESULTS
Annealing of siRNA hairpin DNA 
After annealing of  hairpin single-stranded DNA for 
1104 and 1356, the electrophoresis showed bright bands 
below 100 bp, consistent with the design (Figure 1). 

Identification of Bmi-1 siRNA vectors 
Two hairpin single-stranded DNA products (si1104 and 
si1356) were connected with pRNAT-U6.2 plasmid to 
transfect well-prepared competent E. coli DH5α. More than 
10 transfected colonies grew on the Amp + LB culture 
plate. Ten transfected colonies were randomly selected. The 
DNA sequence of  the inserted fragments was consistent 
with the designed positive recombinants (pRNAT-U6.2-
si1104 and pRNAT-U6.2-si1356) (Figure 2).

Expression of Bmi-1 mRNA
The expression of  Bmi-1 mRNA was inhibited in trans-
fected BGC823 cells with pRNAT-U6.2-si1104 and 
pRNAT-U6.2-si1356, especially in pRNAT-U6.2-si1104 
transfected BGC823 cells, while two control groups 
(empty vector and blank groups) had significantly higher 
levels of  Bmi-1 mRNA (P < 0.01) (Figure 3A).
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Figure 1  Annealing of siRNA hairpin DNA by electrophoresis. M: DNA 
marker; 1: Hairpin single-stranded DNA products for 1104F and 1104R; 2: Hair-
pin single-stranded DNA product for 1356F and1356R.
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Table 1  β-Gal activity assay and Boyden chamber assay to investigate the effects of Bmi-1 on cell senescence and metastasis (n  = 5, 
mean ± SD)

Expression of Bmi-1 protein
There were high levels of  Bmi-1 protein by Western blot-
ting in non-transfected and transfected BGC823 cells with 
empty vector pRNAT-U6.2, compared with transfected 
BGC823 cells targeting Bmi-1 (pRNAT-U6.2-si1104 and 
pRNAT-U6.2 -si1356). while there was no Bmi-1 expres-
sion in the transfected BGC823 cells with pRNAT-U6.2-
si1104 targeting Bmi-1 (P < 0.01) (Figure 3B).

Silencing Bmi-1 increased the senescent cell rate and 
reduced the metastasis of BGC823cells 
The senescent rate of  transfected BGC823 cells with 
pRNAT-U6.2-si1104 and pRNAT-U6.2-si1356 significantly 
increased compared with the non-transfected and trans-
fected BGC823 cells with empty vector pRNAT-U6.2 (P 
< 0.01). The number of  transfected BGC823 cells with 
pRNAT-U6.2-si1104 and pRNAT-U6.2-si1356 through 

the Matrigel significantly decreased, compared with the 
non-transfected and transfected BGC823 cells with empty 
vector pRNAT-U6.2 (P < 0.01) (Table 1). 

DISCUSSION
This study aimed to investigate the impact of  Bmi-1 on 
the senescence and metastasis of  human gastric cancer 
cells, and our results indicate that inhibition of  Bmi-1 
gene expression can enhance the senescence of  human 
gastric cancer cells and limit the invasion and metastasis 
of  human gastric cancer cells.

Gastric cancer, the most common gastrointestinal 
malignancy, is the fourth most commonly diagnosed ma-
lignancy and the second leading cause of  cancer-related 
death in the world[9]. Gastric cancer is often either asymp-
tomatic or has nonspecific symptoms in its early stages. 
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Figure 2  DNA sequence of the inserted fragment by transfected bacteria recombinant plasmid. A: The DNA sequence of the inserted fragment by recombinant 
plasmid pRNAT-U6.2-si1104. B: The DNA sequence of the inserted fragment by recombinant plasmid pRNAT-U6.2-si1356. The two DNA sequences of the inserted 
fragment by recombinant plasmids corresponded to the designed sequences.

Group Transfected plasmids β-Gal activity assay Boyden chamber assay (cell number)

1 pRNAT-U6.2-si1104  28.3% ± 3.9%b  22.4 ± 4.2b

2 pRNAT-U6.2-si1356 25.9% ± 4.3%  33.6 ± 5.5b

3 pRNAT-U6.2 15.6% ± 2.7% 74.7 ± 9.3
4 Non-transfected 17.2% ± 3.1%   68.9 ± 10.1

Group 1: Transfected BGC823 cells with pRNAT-U6.2-si1104; Group 2: Transfected BGC823 cells with pRNAT-U6.2-si1356; Group 3: Transfected BGC823 
cells with pRNAT-U6.2 (empty vector); Group 4: Non-transfected BGC823cells (blank). bP < 0.01 vs non-transfected and transfected BGC823 cells with 
empty vector pRNAT-U6.2.
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Once symptoms become apparent, the cancer has often 
reached an advanced stage and may also have metastasized 
and spread to other parts of  the body. Accordingly, gastric 
cancer has a relatively poor prognosis since invasion and 
metastasis are important prognostic factors[10,11]. Currently, 
there is evidence that the incidence of  gastric cancer is 
related to multiple oncogenes, such as C-myc, Ras, Hst and 
C-erbB-2[12-14]. The Bmi-1 gene, a polycomb gene (PcG), 
has been reported as an oncogene with high expression 
in cancers, and this may be related to high aggressiveness, 
such that overexpression of  Bmi-1 is associated with poor 
prognosis[1,7]. Compelling research has supported that the 
expression of  Bmi-1 decreases tumor cell senescence and 
proliferation, and increases tumor invasion and metastasis. 
The Bmi-1 gene can be synergistic with C-myc to induce 
cell metastasis and tumor formation[3,15,16]. This study dem-
onstrated that the inhibition of  Bmi-1 gene expression can 
increase the senescence of  gastric cancer cells and slow 
down the invasion and metastasis of  gastric cancer cells. 
It has provided further evidence of  a role for Bmi-1 in the 
pathogenesis of  gastric cancer.

The senescence β-galactosidase staining kit is designed 
to detect β-galactosidase activity at pH 6, a known char-
acteristic of  senescent cells not found in presenescent, 
quiescent or immortal cells[17,18]. Boyden chamber assays 
are used to measure cell invasion and various types of  cell 
migration[19,20]. In this study, the incidence of  senescent 
gastric cancer cells was most obvious when Bmi-1 expres-
sion was inhibited, according to β-galactosidase activity. 
Meanwhile, the number of  gastric cancer cells through the 
Matrigel significantly decreased after inhibiting Bmi-1 ex-
pression in the Boyden chamber assay, indicating that the 
inhibition of  Bmi-1 expression can limit the invasion and 
metastasis of  gastric cancer cells. These results suggest 
that inhibition of  Bmi-1 gene expression can enhance cell 
senescence and reduce the capability for cell invasion and 

metastasis.
In conclusion, we documented in the present study 

that silencing Bmi-1 by RNA interference enhances the 
senescent cell rate and effectively reduces the metastasis 
of  gastric cancer cells. Many studies have shown that 
Bmi-1 is essential in multiple pathways in the pathogen-
esis of  gastric cancer. Other reports have suggested that 
Bmi-1 inhibitors have therapeutic potential for gastric 
cancer through various mechanisms. The current has pro-
vided additional support for the notion that Bmi-1 inhibi-
tors might be developed as new agents for gastric cancer.

COMMENTS
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Bmi-1 (B lymphoma Mo-MLV insertion region 1 homolog) has been reported as 
an oncogene that plays an important role in several types of cancer. The am-
plification and overexpression of Bmi-1 contribute to the development of many 
tumors and cancers, such as skin, prostate, breast, ovarian, and colorectal, as 
well as hematological malignancies. Whether Bmi-1 influences cell senescence 
and metastasis of human gastric cancer remains unknown. The aim of this 
study was to evaluate the impact of Bmi-1 on cell senescence and metastasis 
of the human gastric cancer cell line BGC823.
Research frontiers
Bmi-1 is essential in multiple pathways in the pathogenesis of gastric cancer. 
The role of Bmi-1 on cell senescence and metastasis of human gastric cancer 
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The inhibition of Bmi-1 gene expression can enhance the senescence of gastric 
cancer cells and limit the invasion and metastasis of gastric cancer cells.
Applications
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Figure 3  Levels of Bmi-1 mRNA and protein. A: The Bmi-1 mRNA level decreased in transfected BGC823 cells with pRNAT-U6.2-si1104 and pRNAT-U6.2-si1356, 
especially in pRNAT-U6.2-si1104 transfected BGC823 cells. B: The levels of Bmi-1 protein was higher in non-transfected and transfected BGC823 cells with empty 
vector pRNAT-U6.2, compared with transfected BGC823 cells targeting Bmi-1 (pRNAT-U6.2-si1104 and pRNAT-U6.2 -si1356). There was no expression in the trans-
fected BGC823 cells with pRNAT-U6.2-si1104 targeting Bmi-1. 1: Transfected BGC823 cells with pRNAT-U6.2-si1104; 2: Transfected BGC823 cells with pRNAT-U6.2-
si1356; 3: Transfected BGC823 cells with pRNAT-U6.2 (empty vector); 4: Non-transfected BGC823cells (blank).
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of Bmi contribution to cancer progression. The data presented in this manu-
script are quite good and very supportive of the hypothesis tested.
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Abstract
AIM: To investigate the epidemiology and characteris-
tics of Barrett’s esophagus (BE) in China and compare 
with cases in the west.

METHODS: Studies were retrieved from the China Na-
tional Knowledge Infrastructure and PubMed databases 
using the terms “Barrett” and “Barrett AND China”, 
respectively, as well as published studies about BE in 
China from 2000 to 2011. The researchers reviewed the 
titles and abstracts of all search results to determine 
whether or not the literature was relevant to the current 
topic of this research. The references listed in the stud-
ies were also searched. Inclusion and exclusion criteria 
for the literature were appropriately established, and 
the data reported in the selected studies were analyzed. 
Finally, a meta-analysis was performed.

RESULTS: The current research included 3873 cases 

of BE from 69 studies. The endoscopic detection rate 
of BE in China was 1%. The ratio of male to female 
cases was 1.781 to 1, and the average age of BE pa-
tients was 49.07 ± 5.09 years. Island-type and short-
segment BE were the most common endoscopic 
manifestations, accounting for 4.48% and 80.3%, 
respectively, of all cases studied. Cardiac-type BE was 
observed in 40.0% of the cases, representing the most 
common histological characteristic of the condition. 
Cancer incidence was 1.418 per 1000 person-years.

CONCLUSION: Average age of BE patients in China is 
lower than in Western countries. Endoscopic detection 
and cancer incidence were also lower in China.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Barrett’s esophagus; Epidemiology; Cancer 
incidence; China; Meta-analysis

Core tip: Barrett’s esophagus (BE) is a precursor of 
esophageal adenocarcinoma. Western countries have 
published more research on BE than China has. Thus, 
epidemiological knowledge of BE in China is inade-
quate. Diagnosis and treatment of BE in China is based 
on western criteria, therefore, diagnosis, monitoring, 
and treatment of BE require more data based on the 
unique characteristics of patients and clinics in China. 
The current research analyzed 69 clinical studies to 
obtain a comprehensive understanding of BE in China. 
Results provide important guidelines that can help 
improve the treatment and follow-up of BE patients in 
China.

Dong Y, Qi B, Feng XY, Jiang CM. Meta-analysis of Barrett’s  
esophagus in China. World J Gastroenterol 2013; 19(46): 
8770-8779  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v19/i46/8770.htm  DOI: http://dx.doi.
org/10.3748/wjg.v19.i46.8770

8770 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v19.i46.8770

World J Gastroenterol  2013 December 14; 19(46): 8770-8779
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.



Dong Y et al . Meta-analysis of Barrett’s esophagus

INTRODUCTION
Barrett’s esophagus (BE) is a pathological phenomenon 
that occurs when the stratified squamous epithelium in 
the lower esophagus is replaced by a metaplastic simple 
columnar epithelium. In some cases, BE is accompanied 
by intestinal metaplasia, which is considered a precur-
sor of  esophageal adenocarcinoma[1]. Academics in 
Western countries have conducted more research on the 
subject than researchers in China. As such, despite the 
attention BE has drawn in recent years, epidemiological 
knowledge of  BE in China is insufficient. The Diges-
tive Disease Branch of  the Chinese Medical Association 
drafted the Diagnosis and Treatment Consensus[2] of  
BE in 2005 and amended it in 2011, when a consensus 
amongst clinicians was finally achieved[1]. This consensus 
on BE, however, is based on western standards. Thus, 
the diagnosis, monitoring, and treatment of  BE in China 
require more data based on Chinese clinics. 

Although increasing numbers of  researchers in China 
have focused on BE, the studies published thus far do 
not feature large samples or prospective designs. A sys-
tematic review[3] of  the clinical characteristics of  BE in 
China was published in 2008. However, in this review, 
studies that used metaplasia as a necessary standard 
were not excluded, which contradicts the consensus. 
In addition, the sample sizes of  some included studies 
are rather small, with reports featuring only one or two 
cases. The present study aims to obtain a comprehensive 
understanding of  the characteristics of  BE in China by 
conducting a meta-analysis on BE in China and compar-
ing findings with cases in Western countries. Results will 
help improve the treatment and follow-up of  Chinese 
BE patients. 

MATERIALS AND METHODS
Sources of literature and retrieval methods 
Information from the China National Knowledge In-
frastructure (CNKI) and PubMed databases were used. 
Clinical studies on BE published in Chinese between 
2000 and 2011 were retrieved from the CNKI database, 
and those published in English were obtained from the 
PubMed database using the keywords “Barrett” and 
“Barrett AND China”, respectively. The researchers 
reviewed the titles and abstracts of  all search results to 
determine whether or not the study was relevant to the 
current topic. The references listed in the studies ob-
tained were also reviewed to locate additional studies.

Inclusion criteria of studies
The selected studies met the following criteria: (1) all of  
the cases described were from China; (2) diagnosis of  
BE conformed to standards set by the Digestive Disease 
Branch of  the Chinese Medical Association in 2011; (3) 
BE was diagnosed through endoscopy and pathology; 
and (4) the number of  cases included in the sample was 
> 10.

Exclusion criteria of studies
Studies were excluded if  they featured any of  the follow-
ing criteria: (1) only published as an abstract; (2) intesti-
nal metaplasia was used as a necessary diagnostic criteria; 
(3) the clinical aspects of  BE were insufficient; that is, 
the study lacked at least three of  the following aspects: 
endoscopic detection rate, sex, age, endoscopic manifes-
tations, or histological type; (4) only a short segment of  
the study focused on BE; or (5) duplicate publication.

Data extraction and statistical analysis
Four researchers independently extracted data from ev-
ery study, and any ensuing disagreements were resolved 
through discussion. The following data were extracted: 
name of  the first author; year of  publication; region of  
study; total number of  cases; male to female ratio of  the 
patients; average age, endoscopic detection rate; propor-
tion of  each endoscopic and histological type; follow-
up cases and follow-up duration; and occurrence of  
esophageal adenocarcinoma during follow-up.

Data were analyzed using SPSS version 17.0. Pro-
portions were evaluated using standard formulas. A 
mean difference demonstrating a 95% confidence 
rate was used for continuous data. The total number 
of  person-years during follow-up was calculated by 
multiplying the number of  follow-up cases with the 
follow-up duration. Cancer incidence was calculated by 
dividing the number of  occurrences of  esophageal ad-
enocarcinoma among the follow-up cases by the total 
number of  person-years.

RESULTS
Sources of studies 
A total of  1121 studies were found in the CNKI data-
base, and 108 of  these studies met the inclusion crite-
ria. Among these studies, 42 were rejected on the basis 
of  the exclusion criteria; seven[4-10] for using intestinal 
metaplasia as a necessary diagnostic standard; 28[11-38] for 
having insufficient data on the clinical aspects of  BE; 
four[39-42] for providing only a small study on BE; and 
one each for inconsistent data[43], doubts about plagia-
rism[44] and duplicate publication[45]. A total of  65 studies 
were found in the PubMed database; five of  which met 
the inclusion criteria. Among these studies, one[46] was 
excluded because of  its duplicate publication in Chinese, 
and another[47] was excluded for its use of  intestinal 
metaplasia as a necessary diagnostic standard. A total of  
69[48-116] studies were included in the present research. 
The screening process is summarized using the flow dia-
gram shown in Figure 1.

Characteristics of included studies
The 69 studies included in the present research were 
conducted in 25 provinces. The total number of  samples 
in these studied was 12404, and the total number of  
cases was 3873 (Table 1).
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Endoscopic detection rate
A total of  15 studies reported the endoscopic detection 
rate of  BE, which was obtained from all patients who 
had undergone endoscopy. However, the detection rate 
varied significantly, with rates ranging from 0.06% to 
17.65%. The total endoscopic detection rate was 1.0% 
(95%CI: 0.1%-1.8%).

Sex
All studies reported the sex of  BE patients (Table 1). 
One study[85] was not included in this analysis because 
the sum of  male and female patients was inconsistent 
with the reported total number of  cases. The remaining 
68 studies showed a total of  3829 cases with 2452 male 
patients, accounting for 64.0% of  the sample (95%CI: 
61.1%-67.0%), and 1377 female patients, accounting for 
36.0% of  the sample (95%CI: 33.0%-38.9%). The male 
to female ratio was 1.781 (95%CI: 1.552-2.009).

Age
A total of  58 studies reported the age of  the BE patients 
(Table 1), and the average age of  the patients was 49.07 
± 5.09 years.

Endoscopic manifestations 
The endoscopic patterns of  BE in 49 studies could be 
categorized into several types based on Herlihy criteria[117]: 
island, tongue, circumferential, and mixed. On the basis 
of  the columnar epithelial length reported in 29 stud-
ies, BE was divided into long-segment BE (LSBE) (i.e., 
columnar epithelial metaplasia cells were involved in the 
entire circumference of  the esophagus and the length of  
the segment was ≥ 3 cm) and short-segment BE (SSBE) 
(i.e., columnar epithelial metaplasia cells were not involved 
in the entire circumference of  the esophagus or the whole 
circumference of  esophagus was involved but the length 
of  the segment was < 3 cm)[1] (Table 2).

Histological type 
The histological type of  BE was divided into the gastric-
fundic, cardiac, and intestinal metaplasia types[1] (Table 3).

Cancer incidence of BE
Thirty-one studies reported follow-up information. The 
total number of  follow-up cases was 1283, with a follow-
up duration ranging from 3 mo to 3 years. The mean 
follow-up duration was 1.099 years. Three studies[80,91,95] 
focused only on the follow-up of  atypical hyperplasia of  
BE; thus, these studies were not included in this analysis. 
The total number of  person-years during follow-up was 
1410. Among 1283 cases, only two developed esophageal 
adenocarcinoma during the follow-up period; these cases 
were reported in two studies[91,103]. Four cases were also 
detected with esophageal adenocarcinoma during follow-
up, but the number of  follow-up cases and follow-up 
times were not provided. Studies with these cases were 
excluded from this analysis. The cancer incidence of  BE 
was 1.418 per 1000 person-years.

DISCUSSION
The present research included 69 studies. The total en-
doscopic detection rate of  BE was 1.0%, consistent with 
the total BE morbidity rate in Asia (0.9%-1.2%) reported 
by Hou et al[118]. The endoscopic detection rate of  BE 
in the reviewed studies ranged from 0.06% to 17.65%. 
Tseng et al[90] reported that the endoscopic detection rate 
of  BE in Taiwan was 0.06%, which is much lower than 
the total detection rate observed in China. This variation 
may be attributed to their inclusion of  upper gastroin-
testinal tract endoscopy in routine health maintenance 
programs, which can yield more reliable data on the 
prevalence of  BE in local populations. The endoscopic 
detection rate of  BE in most studies is based on patients 
who have undergone upper gastrointestinal tract endos-
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Figure 1  Flow diagram for the literature search. CNKI: China National Knowledge Infrastructure.
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Table 1  Characteristics of the selected studies
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Ref. Year of publication Region (province) Cases Male Female Mean age (yr)

Chen et al[48] 2011 Henan 150   60   90      45.42
Chen et al[49] 2011 Hubei   52   31   21 49
Guo et al[50] 2011 Hebei   42   27   15 48
Han et al[51] 2011 Jilin   30   21     9 45
Hao et al[52] 2011 Guangdong   76   58   18    50.6
Lin et al[53] 2011 Zhejiang   41   28   13    58.9
Lv et al[54] 2011 Zhejiang 108   80   28 61
Su et al[55] 2011 Hubei   23   13   10    40.3
Wang et al[56] 2011 Fujian 113   67   46    54.5
Zou et al[57] 2010 Guangxi   23   16     7    50.3
Xia et al[58] 2010 Hubei   56   34   22      45.85
Wu et al[59] 2010 Shanghai   84   50   34    36.3
Liu et al[60] 2010 Chongqing   62   35   27 51
Li et al[61] 2010 Anhui   32   18   14    48.6
Li et al[62] 2010 Guangdong   45   18   27 43
Hao et al[63] 2010 Henan 144   98   46 NA1
Yao et al[64] 2010 Sichuan   21   15     6    40.1
Tang et al[65] 2010 Jiangxi   63   43   20 45
Shi et al[66] 2010 Fujian   57   36   21 53
Jia et al[67] 2010 Shanxi   26   21     5 49
Gao et al[68] 2010 Hubei   32   21   11 NA
Tian et al[69] 2009 Shandong   59   43   16      49.14
Li et al[70] 2009 Guangxi   38   27   11      47.56
Dai et al[71] 2009 Hunan   23   18     5    50.3
Bai et al[72] 2009 Chongqing   67   41   26    50.7
Yang et al[73] 2009 Shaanxi   87   58   29    53.3
Yang et al[74] 2009 Ningxia   51   29   22      49.14
Tan et al[75] 2009 Liaoning   48   31   17    58.4
Qiu et al[76] 2009 Fujian 404 238 166    44.2
Lu et al[77] 2009 Jiangsu   12     9     3 NA
Liu et al[78] 2009 Liaoning   23   18     5 49
Gao et al[79] 2009 Liaoning   42   25   17 NA
Peng et al[80] 2009 Guangdong   27   14   13      48.18
Wu et al[81] 2008 Henan   25   16     9    48.3
Wang et al[82] 2008 Henan   12   10     2    49.5
Wang et al[83] 2008 Ningxia 109   64   45      50.11
Lu et al[84] 2008 Guangxi   32   22   10    52.5
Gao et al[85] 2008 Shandong   44   22   20 50
Zhang et al[86] 2008 Jiangxi   84   51   33 46
Yang et al[87] 2008 Hebei   74   40   34    52.6
Jian et al[88] 2008 Yunnan   68   51   17 52
Ji et al[89] 2008 Jiangsu   51   38   13    52.5
Tseng et al[90] 2008 Taiwan   12     9     3    61.6
Zhang et al[91] 2007 Shandong   30   24     6 52
Meng et al[92] 2007 Liaoning   21   13     8    54.6
Duan et al[93] 2007 Henan   54   38   16    51.6
Zhou et al[94] 2007 Zhejiang   13     7     6 NA
Wang et al[95] 2007 Hubei   88   61   27      47.46
Li et al[96] 2007 Fujian   75   45   30      45.42
Jin et al[97] 2007 Zhejiang   37   22   15 53
Zhou et al[98] 2006 Hubei 128   93   35 NA
Yang et al[99] 2006 Shaanxi   86   58   28 46
Wu et al[100] 2006 Fujian   13   10     3 48
Wang et al[101] 2006 Shaanxi   73   29   44    45.6
Suo et al[102] 2006 Fujian   37   24   13 50
Li et al[103] 2006 Liaoning   54   35   19 49
Li et al[104] 2006 Tianjin   37   25   12    58.3
Dou et al[105] 2006 Guizhou   89   57   32    46.3
Wang et al[106] 2006 Hubei   33   22   11 48
Shu et al[107] 2006 Hubei   13   12     1 NA
Zheng et al[108] 2005 Hubei   45   31   14 NA
Liang et al[109] 2005 Xinjiang   20   14     6 NA
Zhang et al[110] 2004 Shaanxi   69   54   15    56.2
Zhao et al[111] 2003 Shandong   55   38   17    46.8
Dong et al[112] 2003 Zhejiang   32   23     9    48.8
Zhang et al[113] 2001 Anhui   14   11     3 NA
Wang et al[114] 2001 Guangdong   21   16     5    67.3
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Table 3  Histological type of Barrett’s esophagus

Table 2  Endoscopic manifestations of Barrett’s esophagus

copy in a local hospital. These patients mainly suffer 
from several gastrointestinal symptoms such as regurgi-
tation, heartburn, epigastric discomfort, nausea, vomit-
ing, and eructation. Reports of  such symptoms increase 
the detection rate of  BE, so this result cannot represent 
the prevalence of  BE in the general population. 

In this research, the total endoscopic detection rate 
was lower than that reported in a meta-analysis in 2008[3] 
(2.39%), likely because of  the increasing number of  
patients accepting endoscopy in recent years as a means 
of  diagnosing and treating upper gastrointestinal tract 
diseases. Some patients opt to undergo endoscopic ex-
amination when experiencing upper gastrointestinal tract 
symptoms, while others choose endoscopy for routine 
health maintenance. Thus, the data do not provide suffi-
cient evidence to conclude that the incidence of  BE has 
declined in China. 

The detection rate of  BE in Western countries is 
3%-8%[119], which is higher than that in China. Variations 
observed may be due to the following reasons: (1) varia-
tions in genetic and environmental factors; (2) western 
lifestyle and diet-related factors, such as visceral obesity, 
high-fat diet, and tobacco and alcohol consumption, 
which are risk factors for BE[118,120-133]; and (3) delayed 
recognition of  BE in China, considering that current 
diagnostic standards are based on western practices and 
some Chinese doctors experience difficulties when diag-
nosing patients with BE. 

In this research, the number of  male BE patients 
was higher than that of  female patients, which is similar 
to western reports[133]. The average age of  onset of  BE 
in this study was 49.07 years, whereas the average age in 
Western countries is 60 years[134,135]. Variations observed 
may be attributed to differences in the Chinese and west-
ern lifestyles.

The main types of  endoscopic manifestations of  
BE include the island type and SSBE, which is similar to 
western reports[136]. Experts in the United States believe 
that LSBE and SSBE represent two different pathological 
changes and that the former is related to severe gastro-
esophageal reflux disease, which is common in older peo-
ple. Although LSBE tends to increase the risk of  cancer, 
no evidence today correlates the length of  BE and cancer 
risk[137]. 

The number of  cases of  cardiac type BE was higher 
than that of  other histological types in this research. 
Jankowski et al[138] reported that intestinal metaplasia 
progresses to cancer, and the Diagnosis and Treatment 
Consensus of  BE of  China (2011) regards intestinal 
metaplasia as a precursor of  esophageal adenocarcino-
ma. Unfortunately, the reviewed studies present limited 
clinical and pathological data on intestinal metaplasia 
related to BE, considering Chinese researchers’ lack of  
knowledge on the topic. Some researchers believe that 
cancer formation is related to atypia of  the epithelial in-
stead of  columnar epithelial metaplasia[139]. 

An individual with BE is estimated to be at 25-30 
times greater risk of  developing esophageal adenocar-
cinoma[140-143] than the general population. Cancer inci-
dence was found to be 1.418 per 1000 person-years in 
the present study, which is lower than that in England (7.0 
per 1000 person-years), United States (6.4 per 1000 per-
son-years), and other European countries (5.6 per 1000 
person-years)[144]. Thus, the cancer incidence of  BE in 
China is lower than that in Western countries. The spec-
trum of  BE characteristics differs significantly between 
the two regions.

COMMENTS
Background
Barrett’s esophagus (BE) is a precursor of esophageal adenocarcinoma. The 
Diagnosis and Treatment Consensus of BE in China is based on Western crite-
ria. Epidemiological knowledge of BE in China is inadequate. 
Research frontiers
A large number of clinical studies on BE have been conducted in China but they 
do not feature large sample sizes or prospective designs. A systematic review 
of the clinical characteristics of BE in China was published in 2008. However, 
in this review, studies that used metaplasia as a necessary standard were not 
excluded, which contrasts the consensus. 
Innovations and breakthroughs
The Digestive Disease Branch of the Chinese Medical Association drafted the 
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Zhao et al[115] 2000 Shandong   35   26     9 NA 
Yang et al[116] 2000 Beijing   29   22     7 50

NA: Not applicable (data were either unavailable or not reported).

Type Proportion 95%CI

Island 0.448   0.375-0.521
Tongue 0.262   0.204-0.320
Circumferential 0.247   0.190-0.303
Mixed 0.043 -0.006-0.093
SSBE 0.803   0.771-0.835
LSBE 0.197   0.165-0.229

The island type of Barrett’s esophagus (BE) accounted for 44.8% of all cas-
es, the tongue type for 26.2%, the circumferential type for 24.7%, and the 
mixed type for 4.3%. Short-segment BE and long-segment BE accounted 
for 80.3% and 19.7% of the cases, respectively.

Type Proportion 95%CI

Cardiac 0.400   0.310-0.491
Gastric-fundic 0.325   0.227-0.422
Intestinal Metaplasia 0.272   0.226-0.318
Mixed type 0.003 -0.002-0.008

The cardiac type accounted for 40.0% of the cases, the gastric-fundic type 
for 32.5%, the intestinal metaplasia type for 27.2%, and the mixed type for 
0.3%.
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Diagnosis and Treatment Consensus of BE in 2005 and amended it in 2011, 
when a consensus amongst clinicians was achieved. Based on this consensus, 
the present research analyzed existing clinical studies with the aim of obtaining 
a comprehensive understanding of the characteristics of BE in China.
Applications
This research analyzed existing clinical studies with the aim of understanding 
the characteristics of BE in China. The results obtained will help improve the 
treatment and follow-up protocols of BE patients in China.
Terminology
BE is a pathological phenomenon that occurs when the stratified squamous 
epithelium in the lower esophagus is replaced by a metaplastic simple columnar 
epithelium. In some cases, BE is accompanied by intestinal metaplasia, which 
is considered a precursor of esophageal adenocarcinoma.
Peer review
This research has a high degree of significance. The meta-analysis presented 
here reviews the characteristics of the BE cases in China, including patient 
demographics, endoscopic and histological features, and risks for developing 
adenocarcinoma. The inclusion and exclusion criteria are appropriate, and the 
information obtained from selected reports is sufficiently analyzed.
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Abstract
AIM: To assess the association between smoking and 
alcohol consumption and extrahepatic cholangiocarci-
noma (ECC) through a meta-analysis of clinical obser-
vational studies.

METHODS: A literature search was conducted using 
Embase and MEDLINE databases from inception to 31 
May 2013 without language limitations, and by manu-
ally searching the references of retrieved articles. Case-
control and cohort studies that investigated the asso-
ciation between smoking or alcohol consumption and 
ECC were included. The quality of these studies was 
assessed using the Newcastle-Ottawa quality assess-
ment scale. Summary relative risks and corresponding 
95%CI were calculated using a random-effects model. 
Publication bias was assessed by Begg’s funnel plot and 

Egger’s test.

RESULTS: A total of 12 eligible articles (11 case-con-
trol studies and one cohort study) were included in this 
meta-analysis. Eleven studies reported the association 
between smoking and ECC. Pooled analysis indicated 
that smokers had an increased risk of ECC develop-
ment as compared with non-smokers (summary RR = 
1.23; 95%CI: 1.01-1.50). This correlation was pres-
ent in population-based studies (n  = 5; summary RR 
= 1.47; 95%CI: 1.06-2.05) but not in hospital-based 
studies (n  = 6; summary RR = 1.10; 95%CI: 0.88-1.37) 
and in non-Asian regions (n  = 7; summary RR = 1.39; 
95%CI: 1.03-1.87) but not in Asia (n  = 4; summary 
RR = 1.08; 95%CI: 0.85-1.38). Seven studies reported 
an association between consuming alcohol and ECC. 
Pooled analysis indicated that alcohol drinkers had a 
similar risk of ECC development as did individuals who 
did not drink alcohol (summary RR = 1.09; 95%CI: 
0.87-1.37). There was moderate heterogeneity among 
the studies and no evidence of publication bias.

CONCLUSION: Smoking is associated with an in-
creased risk of ECC, but alcohol consumption is not. 
Further population-based studies, particularly cohort 
studies, are warranted to enable definitive conclusions.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Extrahepatic cholangiocarcinoma; Smoking; 
Alcohol consumption; Meta-analysis; Relative risk

Core tip: Little is known about the etiology of extrahe-
patic cholangiocarcinoma (ECC) because of its rarity 
and high fatality. Smoking and alcohol consumption are 
potential risk factors for ECC development. However, 
reported relations between these two risk factors and 
ECC are conflicting. Our meta-analysis identified a posi-
tive association between smoking and the risk of ECC. 
The association between alcohol consumption and the 
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risk of ECC was positive but not significant. Further in-
vestigations are required.

Ye XH, Huai JP, Ding J, Chen YP, Sun XC. Smoking, alcohol 
consumption and the risk of extrahepatic cholangiocarcinoma: A 
meta-analysis. World J Gastroenterol 2013; 19(46): 8780-8788  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v19/i46/8780.htm  DOI: http://dx.doi.org/10.3748/wjg.v19.
i46.8780

INTRODUCTION
An extrahepatic cholangiocarcinoma (ECC) is a malig-
nant tumor that arises from cholangiocytes and involves 
the biliary tree within the hepatoduodenal ligament[1]. It 
is a relatively rare but often lethal neoplasm that accounts 
for about 80% of  cholangiocarcinomas in the Western 
world[2]. The prognosis of  ECC is poor, and the 5-year 
survival rate for patients with ECC after resection is as 
low as 20%-40%[3]. Hilar cholangiocarcinoma is typi-
cally classified as extrahepatic[4]. Although the incidence 
of  ECC seems to be constant (annual percent changes 
= 1%)[1,5,6], it varies across regions, with the highest in-
cidence in Southeast Asia and the lowest in Australia[7,8]. 
Such geographic variation may be associated with differ-
ent genetic and environmental factors, including dietary 
patterns and lifestyle effects.

Although little is known about the etiology of  ECC, 
several risk factors have been proposed to be involved 
in the development of  this disease[9-11]. Epidemiological 
studies have found that a history of  cholecystectomy, 
cholecystitis, parasitic infection, or primary sclerosing 
cholangitis is a risk factor for ECC[11-13]. There are other 
potential factors, such as hepatitis virus infection, obe-
sity, diabetes, and host genetic polymorphisms, but these 
are less well established[4]. The low incidence of  ECC 
precludes carrying out well-designed, single-center, case-
control or prospective cohort studies with sufficient size 
and statistical power to determine the potential risk factors.

Smoking is associated with the risk of  nonpulmonary 
cancer at many sites, including the liver and pancreas[14,15], 
and consuming alcohol is related to cancer of  the up-
per digestive tract[16]. The metabolites of  smoking and 
alcohol have carcinogenic properties[17]. However, the 
reported correlations between these two risk factors and 
ECC are inconsistent[10,11,18-27]. The lack of  consistency 
across studies may be due to the small number of  cases, 
differences in the study populations, differences in meth-
odological designs or exposure definitions, or a shortage 
of  data concerning confounding factors.

To provide a quantitative assessment of  the correla-
tions between these two factors and the risk of  ECC, we 
performed a meta-analysis of  published studies following 
the meta-analysis of  observational studies in epidemiol-
ogy guidelines[28] .

MATERIALS AND METHODS
Data sources and searches
Two investigators (Ye XH and Huai JP) independently 
performed a computerized search of  MEDLINE (from 
1 January 1966 to 31 May 2013) and Embase (from 1 
January 1974 to 31 May 2013) databases to identify po-
tentially relevant articles. Searches were performed using 
the following text words and/or Medical Subject Head-
ings: “tobacco”, “smoking”, “alcohol”, “beverages”, 
“ethanol”, “cholangiocarcinoma”, “extrahepatic”, “bile 
duct cancer”, and “epidemiologic studies”; the search 
results were restricted to studies performed after 1990 to 
avoid any possible inconsistencies in the diagnostic crite-
ria used. The bibliographies of  all relevant articles were 
reviewed manually to identify additional relevant articles. 
No language restrictions were imposed.

Study selection
Studies were included if  they fulfilled the following cri-
teria: (1) case-control or cohort design and published in 
manuscript form; (2) smoking or alcohol consumption 
included as an exposure of  interest; (3) ECC included as 
an outcome of  interest; and (4) RR in cohort studies or 
OR in case-control studies and their 95%CI (or sufficient 
data to calculate them) reported. If  data on the same 
population were reported in multiple papers, the most 
informative report was selected. Studies were excluded if  
the data were not specified for ECC, or if  they reported 
data for another type of  cancer. Articles or reports that 
were not peer reviewed were not included.

Data extraction
Two investigators (Ye XH and Huai JP) independently 
extracted the following data from all included studies: 
first author’s last name, publication year, geographic loca-
tion of  the study population, study design, methods used 
to determine risk factors and ECC, sample size (cases 
and controls or cohort size), variables adjusted for in the 
analysis, and RR estimates with corresponding 95%CI. 
From each study, the risk estimates that indicated the 
greatest degree of  control for potential confounders were 
extracted, and discrepancies were resolved by consensus.

Assessment of study quality 
The quality of  the included studies was assessed using 
the Newcastle-Ottawa scale[29]. The scale consists of  nine 
items that cover three dimensions: (1) patient selection 
(four items); (2) comparability of  the two study arms 
(two items); and (3) assessment of  outcome (three items). 
A point is awarded for each item that is satisfied by the 
study. The total score therefore ranges from zero to 
nine, with higher scores indicating higher quality. Studies 
that scored seven or more points were considered to be 
of  high quality. The Newcastle-Ottawa scale score was 
assessed independently by both of  the reviewers. Dis-
crepancies in the score were resolved through discussion 
between the reviewers.
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Statistical analysis
Different measures of  RR were included in this meta-
analysis: case-control studies (odds ratio) and cohort stud-
ies (rate ratio, hazard ratio). In practice, these measures of  
effect yielded similar estimates of  RR because of  the low 
absolute risk of  ECC.

Summary RR estimates with their corresponding 
95%CI were calculated with a random-effects model us-
ing the methods of  DerSimonian and Laird, which con-
sider both within- and between-study variations[30]. Most 
of  the included studies reported the RR of  ECC for 
smokers vs nonsmokers and alcohol drinkers vs non-alco-
hol drinkers. If  studies reported separate RRs for males 
and females or for different levels of  alcohol consump-
tion, we calculated the pooled RR and its corresponding 
95%CI. We conducted further analyses stratified by study 
design, geographic region, and adjustment for cholelithia-
sis. 

Heterogeneity was evaluated using the Q-statistic and 
quantified by I2[31]. For the Q test, a P value of  > 0.10 was 
considered to indicate no statistically significant heterogene-
ity. I2 is the proportion of  total variation contributed by be-
tween-study variation. In addition, a sensitivity analysis was 
carried out to estimate the effects of  each included study 
on the overall pooled RR. Publication bias was assessed 
using Begg’s funnel plot and Egger’s test[32,33]. All statistical 
analyses were carried out using STATA software (vs 12.0; 
STATA, College Station, Texas, United States). A two-tailed 
P value of  < 0.05 was considered to be significant.

RESULTS
Search results and study characteristics
Twelve articles (11 case-control studies and 1 cohort 

study) were included in this meta-analysis (Figure 1). 
Eleven studies reported the association between smoking 
and ECC, and seven studies reported the association be-
tween alcohol consumption and ECC. Briefly, our initial 
search identified 361 articles, and 318 were excluded by 
examining the titles and abstracts. Reasons for the exclu-
sion included duplicate citations, reviews, experimental 
studies, meta-analyses and other irrelevant articles. Forty-
three full-text articles were considered for detailed evalua-
tion. One additional relevant study was identified by man-
ually reviewing the references of  all 43 articles. Thirty-
one of  these 43 articles were subsequently excluded from 
the meta-analysis: 4 did not specify the cancer type, 25 
were duplicate reports based on the same population, and 
2 did not evaluate the association between each risk fac-
tor and ECC. The remaining 12 studies were published 
between 1993 and 2013 and included a total of  1834 inci-
dent cases (Table 1). The studies were carried out in Asia 
(n = 4), North America (n = 6), and Europe (n = 2; Table 
1). Ten of  the 12 studies were of  high quality (Newcastle-
Ottawa scale score ≥ 7; Table 2).

Control subjects in the 11 case-control studies were 
recruited from a population-based[11,18,19,21,26] or hospital-
based setting[10,20,23-25,27] (Table 1). Most studies used a 
questionnaire or hospital records to evaluate smoking 
or alcohol consumption status (Table 1). ECC was diag-
nosed on the basis of  histological and imaging methods 
in 10 studies and according to diagnostic codes in 1 
study[11]; the method of  diagnosis was not reported in 1 
study[18] (Table 1). Adjustments were made for potential 
confounders of  one or more factors in nine of  12 studies 
(Table 1).

One study[18] reported an increased risk of  ECC in 
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361 potentially relevant articles 
were initially retrieved

318 articles were excluded on the basis of title 
and/or abstract because they were duplicate 
citations, reviews, experimental studies, meta-
analyses, or other irrelevant articles

43 articles were considered for 
further evaluation

4 articles were excluded due to unspecific cancer type
25 articles were excluded because they were based 
on the same population as another report
2 articles were excluded because they did not 
evaluate the association between either risk factor 
and extrahepatic cholangiocarcinomas 

12 articles were included
  11 case-control studies 
  1 cohort study

Figure 1  Flow chart of the study selection. 

Ye XH et al . Smoking, alcohol and ECC



8783 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

sm
ok

er
s 

as
 c

om
pa

re
d 

w
ith

 n
on

-s
m

ok
er

s, 
w

he
re

as
 1

0 
st

ud
ie

s 
re

po
rt

ed
 a

 s
im

ila
r 

ris
k 

of
 E

C
C

 in
 s

m
ok

er
s 

an
d 

no
n-

sm
ok

er
s 

(T
ab

le
 1

). 
A

ll 
se

ve
n 

st
ud

ie
s 

re
po

rt
ed

 a
 s

im
ila

r 
ris

k 
of

 E
C

C
 in

 a
lc

oh
ol

 d
rin

ke
rs

 a
nd

 n
on

-a
lc

oh
ol

 d
rin

ke
rs

 (T
ab

le
 1

). 
O

ne
 s

tu
dy

[1
0]
 s

tra
tifi

ed
 a

lc
oh

ol
 c

on
su

m
pt

io
n 

as
 m

od
er

at
e/

he
av

y 
an

d 
fo

un
d 

an
 in

cr
ea

se
d 

ris
k 

of
 E

C
C

 in
 h

ea
vy

 
dr

in
ke

rs
 a

s c
om

pa
re

d 
w

ith
 n

on
-d

rin
ke

rs
 (R

R 
=

 3
.6

; 9
5%

C
I: 

1.
5-

9.
4)

.
O

nl
y 

on
e 

st
ud

y 
ha

d 
a 

pr
os

pe
ct

iv
e 

co
ho

rt
 d

es
ig

n 
an

d 
ev

alu
at

ed
 th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
alc

oh
ol

 c
on

su
m

pt
io

n 
an

d 
th

e 
ris

k 
of

 E
C

C
[2

2]
. A

 to
ta

l o
f 

75
 in

ci
de

nc
e 

ca
se

s 
of

 E
C

C
 

w
er

e 
re

po
rt

ed
. A

n 
in

cr
ea

se
d 

ris
k 

of
 E

C
C

 w
as

 o
bs

er
ve

d 
in

 a
lc

oh
ol

 d
rin

ke
rs

 a
s c

om
pa

re
d 

w
ith

 n
on

-a
lc

oh
ol

 d
rin

ke
rs

, b
ut

 th
is 

w
as

 n
ot

 si
gn

ifi
ca

nt
.

Sm
ok

in
g 

an
d 

ris
k o

f E
CC

E
le

ve
n 

ca
se

-c
on

tro
l s

tu
di

es
 w

er
e 

id
en

tifi
ed

 th
at

 r
ep

or
te

d 
th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
sm

ok
in

g 
an

d 
th

e 
ris

k 
of

 E
C

C
[1

0,
11

,1
8-

21
,2

3-
27

] . T
he

 s
um

m
ar

y 
RR

 f
or

 E
C

C
 w

as
 1

.2
3 

(9
5%

C
I: 

1.
01

-1
.5

0)
 in

 a
 ra

nd
om

-e
ff

ec
ts

 m
od

el
 fo

r s
m

ok
er

s v
s n

on
-s

m
ok

er
s (

Fi
gu

re
 2

A
). 

Th
er

e 
w

as
 m

od
er

at
e 

he
te

ro
ge

ne
ity

 a
m

on
g 

st
ud

ie
s (

Q
 =

 1
4.

69
, P

 =
 0

.1
44

 fo
r h

et
er

og
en

ei
ty,

 I2  =
 

31
.9

%
).

Su
bg

ro
up

 m
et

a-
an

al
ys

es
 w

er
e 

co
nd

uc
te

d 
ac

co
rd

in
g 

to
 g

eo
gr

ap
hi

ca
l r

eg
io

n,
 s

tu
dy

 d
es

ig
n 

an
d 

co
nf

ou
nd

er
s. 

T
he

 s
um

m
ar

y 
RR

 f
or

 E
C

C
 w

as
 s

ig
ni

fic
an

t f
or

 s
tu

di
es

 c
on

-
du

ct
ed

 o
ut

sid
e 

of
 A

sia
[1

0,
11

,1
8-

20
,2

5,
26

]  ( n
 =

 7
; s

um
m

ar
y 

RR
 =

 1
.3

9;
 9

5%
C

I: 
1.

03
-1

.8
7;

 P
 =

 0
.2

18
 f

or
 h

et
er

og
en

ei
ty,

 I
2  =

 2
7.

5%
) b

ut
 n

ot
 f

or
 s

tu
di

es
 c

on
du

ct
ed

 in
 A

sia
 ( n

 =
 4

; 
su

m
m

ar
y 

RR
 =

 1
.0

8;
 9

5%
 C

I, 
0.

85
-1

.3
8;

 P
 =

 0
.2

78
 fo

r h
et

er
og

en
ei

ty,
 I2  =

 2
2.

1%
; T

ab
le

 3
). 

T
he

 su
m

m
ar

y 
RR

 fo
r E

C
C

 w
as

 si
gn

ifi
ca

nt
 fo

r p
op

ul
at

io
n-

ba
se

d 
ca

se
-c

on
tro

l s
tu

d-
ie

s[1
1,

18
,1

9,
21

,2
6]
 ( n

 =
 5

; s
um

m
ar

y 
RR

 =
 1

.4
7;

 9
5%

C
I: 

1.
06

-2
.0

5;
 P

 =
 0

.2
43

 fo
r h

et
er

og
en

ei
ty,

 I2  =
 2

6.
8%

) b
ut

 n
ot

 fo
r h

os
pi

ta
l-b

as
ed

 c
as

e-
co

nt
ro

l s
tu

di
es

 ( n
 =

 6
; s

um
m

ar
y 

RR
 =

 

  
A

ut
ho

r 
an

d 
ye

ar
C

ou
nt

ry
D

es
ig

n
So

ur
ce

N
um

be
r 

of
 c

as
es

N
um

be
r 

of
 c

on
tr

ol
s

R
is
k 

fa
ct

or
 

as
se

ss
m

en
t

EC
C

 
as

ce
rt

ai
nm

en
t

Sm
ok

in
g 

R
R

 
(9

5
%

 C
I)

A
lc

oh
ol

 
R

R
 (

9
5
%

 C
I)

A
dj

us
tm

en
ts

  G
ha

di
ri

an
 et

 a
l[1

8]
 

  1
99

3
C

an
ad

a
C

as
e-

co
nt

ro
l

Po
pu

la
tio

n
  2

4
23

9
Q

ue
st

io
nn

ai
re

N
A

2.
82

0 
(1

.0
10

-7
.8

60
)

-
A

ge
, s

ex
, o

th
er

 s
m

ok
in

g 
ha

bi
ts

, a
lc

oh
ol

 c
on

su
m

pt
io

n,
 s

ch
oo

lin
g,

 
re

sp
on

de
nt

 s
ta

tu
s

  C
ho

w
 et

 a
l[1

9]
 1

99
4

U
ni

te
d 

St
at

es
C

as
e-

co
nt

ro
l

Po
pu

la
tio

n
  6

4
25

5
Q

ue
st

io
nn

ai
re

Pa
th

ol
og

ic
al

 1
.6

30
 (0

.9
00

-2
.9

70
)1

 0
.6

00
 (0

.2
90

-1
.2

20
)1

A
ge

, e
th

ni
c o

rig
in

, s
m

ok
in

g 
st

at
us

 (a
dj

us
te

d 
fo

r a
lc

oh
ol

 c
on

su
m

pt
io

n)

  K
ha

n 
et

 a
l[2

0]
 1

99
9

U
ni

te
d 

St
at

es
C

as
e-

co
nt

ro
l

H
os

pi
ta

l
  3

1 
13

8
M

ed
ic

al
 re

co
rd

s
Pa

th
ol

og
ic

al
0.

63
0 

(0
.2

10
-1

.8
80

)
-

A
ge

, f
em

al
e 

ge
nd

er
, e

th
ni

ci
ty

, c
ho

le
lit

hi
as

is
, s

oc
io

ec
on

om
ic

 s
ta

tu
s 

  Z
ha

ng
 et

 a
l[2

1]
 2

00
4

C
hi

na
C

as
e-

co
nt

ro
l

Po
pu

la
tio

n
  9

9
37

3
Q

ue
st

io
nn

ai
re

C
an

ce
r r

eg
is

tr
y

 1
.4

90
 (0

.8
70

-2
.5

60
)2

  1
.2

90
 (0

.7
80

-2
.1

70
)2

A
ge

, t
ot

al
 e

ne
rg

y,
 c

ho
le

lit
hi

as
is

, h
yp

er
te

ns
io

n,
 h

is
to

ry
 o

f s
al

ty
 fo

od
 

in
ta

ke
, s

m
ok

in
g 

 s
ta

tu
s 

(a
dj

us
te

d 
fo

r a
lc

oh
ol

 c
on

su
m

pt
io

n)
 

  W
el

ze
l e

t a
l[1

1]
 2

00
7

U
ni

te
d 

St
at

es
C

as
e-

co
nt

ro
l

Po
pu

la
tio

n
54

9
10

27
82

M
ed

ic
al

 re
co

rd
s

C
an

ce
r r

eg
is

tr
y

1.
70

0 
(1

.0
00

-3
.0

00
)

-
A

ge
, s

ex
, r

ac
e,

 g
eo

gr
ap

hi
c 

lo
ca

tio
n,

  s
ta

te
 b

uy
-in

 s
ta

tu
s

  S
ha

ib
 et

 a
l[1

0]
 2

00
7

U
ni

te
d 

St
at

es
C

as
e-

co
nt

ro
l

H
os

pi
ta

l
16

3
23

6
M

ed
ic

al
 re

co
rd

s
Pa

th
ol

og
ic

al
 +

 
im

ag
in

g
 1

.3
00

 (0
.8

00
-1

.9
00

)3
 1

.2
90

 (0
.1

90
-8

.9
10

)1
R

ac
e,

 a
ge

, 
ge

nd
er

, 
H

BV
, 

H
C

V
 m

ar
ke

rs
 (

ad
ju

st
ed

 f
or

 a
lc

oh
ol

 
co

ns
um

pt
io

n)
 

  E
l-S

er
ag

 et
 a

l[2
2]
 2

00
9

U
ni

te
d 

St
at

es
C

oh
or

t
-

-
-

Re
gi

st
ry

C
an

ce
r r

eg
is

tr
y

-
1.

06
0 

(0
.6

00
-1

.8
70

)
A

ge
, s

ex
, b

as
el

in
e 

vi
si

t d
at

e,
 ty

pe
 o

f v
is

it,
 a

 p
re

ce
di

ng
 v

is
it

  T
ao

 et
 a

l[2
3]
 2

01
0

C
hi

na
C

as
e-

co
nt

ro
l

H
os

pi
ta

l
12

9
38

0
M

ed
ic

al
 re

co
rd

s
Pa

th
ol

og
ic

al
 +

 
im

ag
in

g
 0

.9
00

 (0
.5

00
-1

.3
00

)3
 1

.2
00

 (0
.8

00
-1

.9
00

)3
-

  C
ai

 et
 a

l[2
4]
 2

01
14

C
hi

na
C

as
e-

co
nt

ro
l

H
os

pi
ta

l
31

3
60

8
M

ed
ic

al
 re

co
rd

s
Pa

th
ol

og
ic

al
 0

.9
00

 (0
.6

40
-1

.2
48

)3
-

-
  O

na
l e

t a
l[2

5]
 2

01
2

Tu
rk

ey
C

as
e-

co
nt

ro
l

H
os

pi
ta

l
  8

9
48

Q
ue

st
io

nn
ai

re
Pa

th
ol

og
ic

al
 +

 
im

ag
in

g
1.

90
0 

(0
.9

00
-4

.2
00

)3
 4

.0
10

 (0
.4

80
-3

3.
62

)3
-

  B
ra

nd
i e

t a
l[2

6]
 2

01
3

Ita
ly

C
as

e-
co

nt
ro

l
Po

pu
la

tio
n

  5
9

21
2

Q
ue

st
io

nn
ai

re
Pa

th
ol

og
ic

al
0.

78
0 

(0
.4

00
-1

.5
00

)
-

A
ge

, s
ex

, r
eg

io
n 

of
 re

si
de

nc
e

  Z
ho

u 
et

 a
l[2

7]
 2

01
3

C
hi

na
C

as
e-

co
nt

ro
l

H
os

pi
ta

l
23

9
47

8
M

ed
ic

al
 re

co
rd

s
Pa

th
ol

og
ic

al
 +

 
im

ag
in

g
1.

30
1 

(0
.8

63
-1

.9
62

)
1.

05
3 

(0
.6

70
-1

.6
55

)
A

ge
, s

ex
, c

ir
rh

os
is

, c
ho

le
lit

hi
as

is
, c

ho
le

cy
st

ec
to

m
y,

 D
M

, f
am

ily
 

hi
st

or
y 

of
 o

th
er

 c
an

ce
r

Ta
bl

e 
1
  
C

ha
ra

ct
er

is
ti
cs

 o
f 

th
e 

1
2
 s

tu
di

es
 t

ha
t 

re
po

rt
ed

 a
n 

as
so

ci
at

io
n 

be
tw

ee
n 

sm
ok

in
g 

or
 a

lc
oh

ol
 c

on
su

m
pt

io
n 

an
d 

th
e 

ri
sk

 o
f 

ex
tr

ah
ep

at
ic

 c
ho

la
ng

io
ca

rc
in

om
a

1 Th
e 

su
m

m
ar

y 
RR

s 
an

d 
95

%
C

I w
er

e 
de

ri
ve

d 
by

 p
oo

lin
g 

th
e 

re
la

tiv
e 

ri
sk

s 
fo

r e
ac

h 
se

x;
 2 O

nl
y 

m
al

es
 w

er
e 

in
cl

ud
ed

 in
 th

e 
su

m
m

ar
y 

re
la

tiv
e 

ri
sk

s 
be

ca
us

e 
of

 th
e 

ra
ri

ty
 o

f s
m

ok
in

g 
in

 fe
m

al
es

; 3 U
ni

va
ri

at
e 

O
R 

w
as

 c
al

cu
la

te
d 

be
ca

us
e 

ad
ju

st
ed

 O
Rs

 w
er

e 
no

t a
va

ila
bl

e;
 4 O

nl
y 

hi
la

r c
ho

la
ng

io
ca

rc
in

om
as

 w
er

e 
in

cl
ud

ed
; E

C
C

: E
xt

ra
he

pa
tic

 c
ho

la
ng

io
ca

rc
in

om
a;

 H
BV

: H
ep

at
iti

s 
B 

vi
ru

s;
 H

C
V

: H
ep

at
iti

s 
C

 v
ir

us
; D

M
: D

ia
be

te
s 

m
el

lit
us

; N
A

: N
ot

 a
va

ila
bl

e.

Ye XH et al . Smoking, alcohol and ECC



8784 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

  Author and year Quality indicators of Newcastle-Ottawa quality assessment scale Score
Selection Comparability Exposure/outcome

Ⅰa Ⅰb Ⅰc Ⅰd Ⅱa Ⅱb Ⅲa Ⅲb Ⅲc
  Ghadirian et al[18] 1993 No Yes Yes Yes Yes Yes Yes No No 6
  Chow et al[19] 1994 Yes Yes Yes Yes Yes Yes Yes No No 7
  Khan et al[20] 1999 Yes Yes No Yes Yes Yes Yes Yes No 7
  Zhang et al[21] 2004 Yes Yes Yes Yes Yes Yes Yes No No 7
  Welzel et al[11] 2007 No Yes Yes Yes Yes Yes Yes Yes No 7
  Shaib et al[10] 2007 Yes Yes No Yes Yes Yes Yes Yes Yes 7
  El-Serag et al[22] 2009 Yes Yes Yes Yes Yes No Yes Yes Yes 8
  Tao et al[23] 2010 Yes Yes No Yes Yes Yes Yes Yes No 7
  Cai et al[24] 2011 Yes Yes No Yes Yes Yes Yes Yes No 7
  Onal et al[25] 2012 Yes Yes No Yes Yes No Yes Yes No 7
  Brandi et al[26] 2013 Yes Yes Yes Yes Yes Yes No No No 6
  Zhou et al[27] 2013 Yes Yes No Yes Yes No Yes Yes No 7

Table 2  Quality of the studies used in this analysis 

For case-control studies; Ⅰa: Indicates cases with independent validation; Ⅰb: Indicates consecutive or representative cases; Ⅰc: Indicates community con-
trols; Ⅰd: Indicates controls with no history of ECC; Ⅱa: Indicates that study controls were comparable for age and sex; Ⅱb: Indicates that study controls 
were comparable on all additional factor(s) reported; Ⅲa: Indicates that the same method of ascertainment was used for cases and controls; Ⅲb: Indicates 
that assessment of exposure was from a secure record; Ⅲc: Indicates that the non-response rate was similar in both groups. For cohort studies; Ⅰa: indicates 
that the exposed cohort was representative of the population; Ⅰb: Indicates that the non-exposed cohort was drawn from the same population; Ⅰc: Indicates 
that the exposure ascertainment was from secure records or a structured interview; Ⅰd: Indicates that ECC was not present at start of study; Ⅱa: Indicates 
that the cohorts were comparable for age and sex; Ⅱb: Indicates that the cohorts were comparable on all additional factor(s) reported; Ⅲa: Indicates that 
ECC was assessed from a secure record; Ⅲb: Indicates that follow-up was long enough for ECC to occur; Ⅲc: Indicates that follow-up was complete. ECC: 
Extrahepatic cholangiocarcinoma.

Study author and year

Population
Ghadirian et al  1993
Chow et al  1994
Zhang et al  2004

Subtotal (I 2 = 26.8%, P  = 0.243)
Brandi et al  2013

Hospital
Khan et al 1999

Subtotal (I 2 = 19.2%, P  = 0.288)

Onal et al  2012

Note: Weights are from random effects analysis
Overall (I 2 = 31.9%, P  = 0.144)

Zhou et al  2013

Tao et al  2010
Cai et al  2011

Shaib et al 2007

2.82 (1.01-7.86)
1.63 (0.90-2.97)
1.49 (0.87-2.56)
1.70 (1.00-3.00) 
0.78 (0.40-1.50)
1.47 (1.06-2.05)

0.63 (0.21-1.88)
1.30 (0.80-1.90)
0.90 (0.50-1.30)
0.90 (0.64-1.25)
1.90 (0.90-4.20)
1.30 (0.86-1.96) 
1.10 (0.88-1.37)  

1.23 (1.01-1.50)

 3.42
  8.27
  9.54
 9.31
 7.11

   37.11

 3.04
  12.63
  11.19
  16.51

 5.58

   62.35
   13.40

  100.00

0.127 7.861

RR (95% CI) Weight (%)

Welzel et al  2007

Study author and year RR (95% CI) Weight (%)

Chow et al  1994
Zhang et al  2004
Shaib et al  2007
Tao et al  2010

Zhou et al  2013
Onal et al  2012

Subtotal (I 2 = 0.0%, P  = 0.447)

Cohort

Subtotal (I 2 = .%, P  = .)
El-Serag et al  2009

Overall (I 2 = 0.0%, P  = 0.575)

Note: Weights are from random effects analysis

0.60 (0.29-1.22)
1.29 (0.78-2.17)
1.29 (0.19-8.19)
1.20 (0.80-1.90)
4.01 (0.48-33.62)
1.05 (0.67-1.65)
1.10 (0.86-1.41)

1.06 (0.60-1.87)
1.06 (0.60-1.87)

    100.001.09 (0.87-1.37)

  15.81
  15.81

  84.19

 24.98
1.13

 27.30
1.38

 19.51
9.90

0.297 33.61

Case-control

Figure 2  Relative risk of extra-
hepatic cholangiocarcinoma. A: 
Smokers as compared with non-
smokers in population- and hos-
pital-based case-control studies; 
B: Alcohol drinkers as compared 
with non-alcohol drinkers in case-
control and cohort studies.

A

B
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1.10; 95%CI: 0.88-1.37; P = 0.288 for heterogeneity, I2 
= 19.2%; Table 3). The summary RR was not significant 
for studies that controlled for cholelithiasis[2,21,27] (sum-
mary RR = 1.28; 95%CI: 0.94-1.76; P = 0.383 for het-
erogeneity, I2 = 0%; Table 3). 

Alcohol consumption and risk of ECC
Six case-control studies and one prospective cohort study 
were identified that reported an association between alco-
hol consumption and the risk of  ECC. The summary RR 
for ECC was 1.09 (95%CI: 0.87-1.37) in a random-effects 
model for alcoholic drinkers vs non-alcoholic drinkers 
(Figure 2B). There was no heterogeneity among studies (Q 
= 4.76, P = 0.575 for heterogeneity, I2 = 0%).

Subgroup meta-analyses were conducted according to 
geographical region and study design. The summary RR 
was not significant for studies conducted outside of  Asia 
(n = 4; summary RR = 0.94; 95%CI: 0.56-1.56; P = 0.313 
for heterogeneity, I2 = 15.7%) or in Asia (n = 3; summary 
RR = 1.17; 95%CI 0.90-1.53; P = 0.835 for heterogene-
ity, I2 = 0%; Table 3). The summary RR was not signifi-
cant for case-control studies (n = 6; summary RR = 1.10; 
95%CI: 0.86-1.41; P = 0.447 for heterogeneity, I2 = 0%) 
or for the cohort study (RR = 1.06; 95%CI 0.60-1.87; 
Table 3). The summary RRs for the population-based[19,21] 

(n = 2; summary RR = 0.92; 95%CI 0.44-1.94; P = 0.089 
for heterogeneity, I2 = 65.4%) and hospital-based[10,23,25,27] 
(n = 4; summary RR = 1.16; 95%CI: 0.86-1.58; P = 0.678 
for heterogeneity, I2 = 0%) case-control studies were not 
significant (Table 3).

Publication bias and sensitivity analysis
A funnel plot showed no evidence of  publication bias 
(Figure 3). P values for Begg’s adjusted rank correlation 
test and Egger’s regression asymmetry test were 0.161 
and 0.296, respectively, which indicate that publication 

bias probably had little effect on summary estimates.
Sensitivity analysis was performed to assess the influ-

ence of  individual studies on the overall risk of  ECC 
by excluding each individual study and recalculating the 
pooled RR. Similar RR and 95%CI were generated with 
the exclusion of  each study, indicating the high degree of  
stability of  the results (Figure 4).

DISCUSSION
In this meta-analysis, we assessed the association between 
smoking and the risk of  ECC and between alcohol con-
sumption and the risk of  ECC. A previous meta-analysis 
evaluated the association between alcohol consumption 
and the risk of  extrahepatic bile system cancer[34], and a 
more recent meta-analysis investigated the association 
between smoking and the risk of  gallbladder cancer[35]. 
Although both of  these previous studies investigated the 
risk of  extrahepatic bile system cancer, the risk of  ECC 
was not specified. To the best of  our knowledge, this is 
the first study to provide comprehensive evidence of  the 
association between smoking and alcohol consumption 
and the risk of  ECC. In this meta-analysis we found that 

No. of 
studies

RR (95%CI) Tests for heterogeneity
Q P I 2

  Smoking
  Geographical region
     Non-Asia 7 1.39 (1.03-1.87) 8.280 0.218 27.5%
     Asia 4 1.08 (0.85-1.38) 3.850 0.278 22.1%
  Study design
  Population-based 5 1.47 (1.06-2.05) 5.470 0.243 26.8%
     Hospital-based 6 1.10 (0.88-1.37) 6.190 0.288 19.2%
     Adjustment for
     cholelithiasis

3 1.28 (0.94-1.76) 1.917 0.383   0.0%

  Alcohol drinking
  Geographical region
     Non-Asia 4 0.94 (0.56-1.56) 3.560 0.313 15.7%
     Asia 3 1.17 (0.90-1.53) 0.360 0.835   0.0%
  Study design
     Population-based 2 0.92 (0.44-1.94) 2.890 0.089 65.4%
     Hospital-based 4 1.16 (0.86-1.58) 1.520 0.678   0.0%
     Case-control 6 1.10 (0.86-1.41) 4.750 0.447   0.0%
     Cohort 1 1.06 (0.60-1.87) - - -

Table 3  Subgroup analyses of the association between 
smoking and extrahepatic cholangiocarcinoma and alcohol 
consumption and extrahepatic cholangiocarcinoma

Ghadirian et al  1993

Chow et al  1994

Khan et al  1999

Zhang et al  2004

Welzel et al  2007

Shaib et al  2007

Tao et al  2010

Cai et al  2011

Onal et al  2012

Zhou et al  2013

Brandi et al  2013

0.96  1.01                 1.23                         1.50    1.61

Figure 4  Influence of each individual study on the relative risks of extra-
hepatic cholangiocarcinoma in smokers as compared with non-smokers. 
Data show the RR (open circle) and 95%CI (dashed horizontal line) when the 
study named on the left was omitted. Random-effects estimates (exponential 
form) were used. RR: Relative risk.

Begg’s funnel plot with pseudo 95%CI

Lo
g 

RR

Standard error of Log RR
0.0                         0.2                         0.4                         0.6

2

1

0

-1

Figure 3  A Begg’s funnel plot with pseudo 95% confidence limits showing 
the symmetrical distribution of included studies. This indicates that there 
was no publication bias. 
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smokers had a 23% increased risk of  ECC as compared 
with non-smokers. The association between alcohol con-
sumption and the risk of  developing ECC was positive 
but not significant.

Although the incidence of  ECC remained low among 
smokers and alcohol drinkers, our results carry substan-
tial clinical and public health implications. The incidence 
of  ECC has been on the rise worldwide in recent years, 
although this type of  malignancy is uncommon[4]. The 
number of  habitual smokers is rising in spite of  current 
anti-smoking campaigns[36], and a rapid increase in the 
consumption of  alcohol has been documented in many 
regions[37]. It is estimated that there are currently more 
than 500 million alcohol drinkers in China[16,36] and ap-
proximately 37% of  Chinese adults are heavy drinkers[37] .

In the subgroup analysis, we found that smoking was 
associated with an increased risk of  ECC in non-Asian 
regions but not in Asia. This difference may be associated 
with ethnicity or with differences in the types of  tobacco 
use between the two areas. For example, cigars contain 
more nicotine than regular cigarettes[38], and the pH of  ci-
gar smoke is higher than that of  cigarettes, allowing more 
complete delivery of  nicotine into the bloodstream[38,39]. 
Only 0.3% of  the Chinese population use cigars[40], com-
pared with 6.7% of  the American population[40]. Howev-
er, most of  the studies included in our meta-analysis did 
not report the type of  tobacco use, and thus we could 
not conduct further analysis. Although the risk of  ECC 
was similar in smokers and non-smokers in Asia, atten-
tion should still be paid to the potential association be-
tween smoking and ECC in this population. The number 
of  smokers in China increased from 320 to 350 million 
from 2005 to 2007[16,36] and 72% of  Chinese citizens aged 
15 years or older have been exposed to tobacco[41,42].

The potential mechanism by which smoking and al-
cohol consumption are associated with ECC remains un-
known. Direct carcinogenic properties of  smoking might 
be mediated by various metabolites generated in ciga-

rettes including formaldehyde, benzene, and chromium. 
As early as the 1970s, it was suggested that tobacco com-
pounds exert carcinogenic effects on the epithelial cells 
of  the bile ducts as a result of  exposure via blood flow[43] 

(Figure 5), and this may underlie the relation between 
smoking and ECC. For alcohol consumption, it is more 
likely that there is an indirect and bidirectional effect of  
carcinogenesis on the development of  ECC. Moder-
ate alcohol intake protects against gallstone formation, 
and gallstones are a risk factor for biliary tract cancer[17]. 
Metabolites of  alcohol are produced in the liver and ex-
creted into the bile duct and may interact with cholesterol 
metabolism. Alcohol also enhances the activation of  dif-
ferent precarcinogenic elements[17]. Therefore, alcohol 
may be associated with ECC via co-effects of  different 
mechanisms.

As with all meta-analyses of  observational studies, 
our results have several potential limitations. First, defini-
tions of  both smoking and alcohol consumption were 
not consistent across the included studies. In addition, a 
dose-response relationship between alcohol consumption 
and ECC was observed in one study[10], in which the risk 
of  ECC development was higher in heavy drinkers who 
consumed at least 80 g of  ethanol per day. However, we 
could not further evaluate this dose-response relationship 
because of  a paucity of  data. The majority of  studies 
included in this meta-analysis were case-control studies, 
which are more susceptible to selection and recall bias 
than are cohort studies. Associations between smoking or 
alcohol consumption and the risk of  ECC in case-control 
studies may be confounded by changes in lifestyle after 
the diagnosis of  ECC. In addition, 6 of  the 11 case-con-
trol studies were hospital based, and these cases may not 
represent the general population of  patients with ECC. 
This may have introduced selection bias into our results. 
Furthermore, moderate heterogeneity was observed 
across studies, and this may also bias the results. This 
heterogeneity results from diversity of  the study designs, 
analysis of  populations from different geographic loca-
tions, and the selection of  participants for the different 
studies. These biases may distort the true associations, 
and data provided by this meta-analysis should thus be 
interpreted with caution.

Confounding effects may also have influenced the 
results of  this meta-analysis. As noted above, moder-
ate alcohol consumption is inversely related to gallstone 
disease[17,44]. When we limited the meta-analysis to studies 
that were adjusted for cholelithiasis, the association be-
tween smoking and ECC was no longer significant, sug-
gesting that a confounding effect may exist. The possibil-
ity of  residual confounding such as gallstone formation 
cannot be excluded because of  a paucity of  data.

Although it is possible that small studies with null 
results were less likely to be published than large studies 
with significant results, we found no evidence from fun-
nel plot analysis and formal statistical tests for such bias.

In conclusion, the results from this meta-analysis 
suggest that smoking, but not alcohol consumption, is 
associated with a higher risk of  ECC. However, the pos-

Smoking 
(cigarettes/cigars)

Metabolites

1 Nitrosodimehtylamine  
2 Formaldehyde 
3 Benzene
4 Chromium

Lung

Blood flow

Epithelial cells of 
extrahepatic bile duct

Carcinogenic effects

Extrahepatic cholangiocarcinoma 

Figure 5  Proposed mechanisms by which smoking may be associated 
with the formation of extrahepatic cholangiocarcinoma.
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sibility that the association may be influenced by bias or 
confounding variables cannot be fully excluded. Further 
well-designed prospective studies are warranted to clarify 
the association between smoking and alcohol consump-
tion and the risks of  ECC.
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Abstract
Amoxicillin/clavulanate is a synthetic penicillin that is 
currently commonly used, especially for the treatment 
of respiratory and cutaneous infections. In general, it 
is a well-tolerated oral antibiotic. However, amoxicillin/
clavulanate can cause adverse effects, mainly cutane-
ous, gastrointestinal, hepatic and hematologic, in some 
cases. Presented here is a case report of a 63-year-
old male patient who developed cholestatic hepatitis 
after recent use of amoxicillin/clavulanate. After 6 wk 
of prolonged use of the drug, he began to show signs 
of cholestatic icterus and developed severe hyperbiliru-
binemia (total bilirubin > 300 mg/L). Diagnostic investi-
gation was conducted by ultrasonography of the upper 

abdomen, serum tests for infection history, laboratory 
screening of autoimmune diseases, nuclear magnetic 
resonance (NMR) of the abdomen with bile duct-NMR 
and transcutaneous liver biopsy guided by ultrasound. 
The duration of disease was approximately 4 mo, with 
complete resolution of symptoms and laboratory chang-
es at the end of that time period. Specific treatment 
was not instituted, only a combination of anti-emetic 
(metoclopramide) and cholestyramine for pruritus. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: This report describes a case of acute choles-
tatic hepatitis caused by the use of amoxicillin/clavula-
nate. This case presented an unusual evolution, char-
acterized by severe hyperbilirubinemia and cholestatic 
symptoms without the development of hepatic failure, 
and with total resolution requiring no specific treat-
ment. There are few case reports in the literature that 
describe a similar clinical condition due to drug-induced 
cholestatic hepatitis.
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INTRODUCTION
Amoxicillin/clavulanate is a synthetic penicillin that is 
currently commonly used, especially for the treatment 
of  respiratory and cutaneous infections. The addition of  
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clavulanate to amoxicillin provides action against bacteria 
that produce beta-lactamase, conferring a wide spec-
trum against gram-positive and -negative bacteria for the 
drug[1]. However, this combination considerably changes 
the frequency of  collateral effects, as described in a study 
by Francesco Salvo et al[1] that examined the frequency of  
drug reactions in six Italian regions from January 1988 
to June 2005. Their study showed that the percentage of  
gastrointestinal, hepatic and hematological reactions was 
significantly higher for amoxicillin/clavulanic acid (13%, 
4% and 2%, respectively) than for amoxicillin (7%, 1% 
and 1%, respectively)[1].

With respect to hepatic side effects, cases of  drug-
induced hepatitis by amoxicillin/clavulanate have been 
reported since the 1980s, typically with a benign course. 
Approximately 23% of  individuals on amoxicillin/cla-
vulanate experience non-significant increases in hepatic 
enzymes[2]. However, a small number of  severe episodes 
have been described, some of  which are characterized by 
fulminant hepatitis, a disease that leads to death or the 
need for liver transplant[3]. 

Presented here is a case report of  a 63-year-old male 
patient who developed cholestatic hepatitis after use of  
amoxicillin/clavulanate.

CASE REPORT
The male, a 63-year-old patient was admitted to the Hos-
pital Renascentista on September 1, 2012, with a history 
of  jaundice, choluria, fecal acholia, generalized pruritus, 
malaise, hyporexia and sporadic nausea without associ-
ated vomiting for five days.

The patient had hypertension for 10 years, dyslip-
idemia for 3 years, a recent diagnosis of  altered fasting 
blood sugar, oligosymptomatic benign prostatic hyper-
plasia for 3 years and was overweight. He took 50/12.5 
mg of  atenolol/chlorthalidone once a day. He indicated 
that it had been approximately 45 d since he had used a 
topical corticoid for 15 d for acute otitis, and denied us-
ing any other medications. He had no history of  trauma 
or surgery, and no epidemiological history of  note. He 
was a non-smoker and drank alcohol on the weekend 
(three cans of  beer on Saturdays and Sundays), but did 
not drink in the periods preceding the beginning of  the 
symptoms.

Upon physical examination at admission, the patient 
was jaundiced (2+/4) with small traumatic lesions on the 
skin, was afebrile, normotensive (AP: 130/80 mmHg) 
with a heart rate of  80 beats/min, eupneic without chang-
es in pulmonary auscultation and showed normal findings 
on abdominal examination with no visceromegaly. 

The admission tests indicated Hb: 130.6 g/L, leuko-
cytes: 7200 cells/mm3 (normal differential), platelets: 
248000 cells/mm3, fasting glycemia: 1100 mg/L, creati-
nine: 9 mg/L, urea: 290 mg/L, Na: 137 mEq/L, K: 3.8 
mEq/L, Mg: 18 mg/L, Ca: 42 mg/L, blood gases: nor-
mal, CRP: 66 mg/L, amylase: 40 IU/L, lipase: 35I U/L, 
AST: 78 IU/L, ALT: 200 IU/L, alkaline phosphatase: 60 
IU/L, GGT: 33 IU/L, albumin: 33 g/L, complete coagu-

lation profile: normal, LDH: 2 94I U/L, total bilirubin: 
83 mg/L, direct bilirubin: 50.1 mg/L, reticulocytes: 0.9%, 
haptoglobin: 1440 mg/L (160-2200 mg/L).

Diagnostic investigation began with ultrasonography 
of  the upper abdomen, which demonstrated only cho-
lesterolosis of  the biliary vesicles. Serological tests for 
hepatitis A, hepatitis B, hepatitis C, hepatitis E, cytomeg-
alovirus, Epstein-Barr, dengue, leptospirosis and HIV 
were all negative. Auto-immune analysis demonstrated 
negative anti-nuclear factor, anti-smooth muscle and anti-
mitochondria, and normal serum IgG and serum IgM. 
Nuclear magnetic resonance (NMR) of  the abdomen 
with bile duct-NMR was subsequently requested, which 
demonstrated constricted biliary vesicles (Figure 1).

The Council for International Organizations of  Medi-
cal Sciences (CIOMS) score was +9 points and the Clini-
cal Diagnostic Scale (CDS) score was +11 points.

During hospitalization, the patient developed a pro-
gressive worsening of  hyperbilirubinemia (Table 1), pru-
ritus, malaise and nausea, where he received symptomatic 
treatment with cholestyramine 4 g four times per day and 
metoclopramide when necessary. 

Because there was no clinical improvement on day 30, 
the patient was more extensively questioned. Additionally, 
the accompanying family members were asked to bring 
all recent medical documents. A prescription was found 
for amoxicillin-clavulanate 500 mg 3 times a day for 
twenty-one days, which had been initially used forty-five 
days ago, together with a topical corticoid to treat acute 
otitis. The presence of  these drugs led to a suspected di-
agnosis of  drug-induced cholestatic hepatitis, which was 
confirmed by transcutaneous liver biopsy (Figure 2). 

The patient began to show improvement, both clini-
cally and based on laboratory results, after thirty days of  
hospitalization and was discharged with the use of  cho-
lestyramine 4 g four times per day, and for recommenda-
tion of  outpatient follow-up. 

Four months after the onset of  symptoms, he became 
asymptomatic with jaundice and other previous changes 
resolved, normal routine liver tests, and he began receiv-
ing only previous chronic anti-hypertensive therapy. 

8790 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

Beraldo DO et al . Acute cholestatic hepatitis by drug reaction

Figure 1  Magnetic resonance of abdomen and bile duct-nuclear magnetic 
resonance. Images of bile duct-nuclear magnetic resonance demonstrating the 
biliary tree without evidence of obstructive processes.



DISCUSSION
Amoxicillin/clavulanate is a widely used antibiotic that is 
associated with adverse effects, especially of  the cutane-
ous, gastrointestinal, hepatic and hematologic types[1]. 
The incidence of  hepatic damage by amoxicillin/cla-
vulanate is greater than that associated with amoxicillin 
administration alone (1.7 vs 0.3 for every 10000 prescrip-
tions)[1-4]; predominantly cholestatic lesions, although 
isolated mixed and hepatocellular lesions also occur[2,5-7]. 
There are also reports in the literature of  patterns of  
granulomatous lesion secondary to the use of  the medi-
cation in question[8].

Histopathological examination usually reveals cen-
trilobular or panlobular cholestasis and inflammation, 

predominantly lymphocytic, portal and periportal, with 
neutrophils and eosinophils frequently present[2,3,6]. Other 
biopsy findings include degeneration and necrosis of  
ductal epithelial cells, ductopenia[4] and vacuolization and 
necrosis of  hepatocytes[5,6], all in addition to granuloma-
tous inflammatory process[8].

The pathogenic events that cause lesions due to the 
use amoxicillin/clavulanate require further study[3], but it 
is believed that idiosyncratic immunoallergic mechanisms 
are the underlying causes[3,6,7,9-11]. The common presence 
of  eosinophils in the inflammatory infiltrate[3], the co-
existence of  manifestations of  hypersensitivity, such as 
skin rash and hypereosinophilia[3], the documentation of  
the involvement of  specific autoantibodies (anti-mito-
chondrial type 6, anti-LKM2 and anti-LM antibodies)[3] 
and class II HLA antigens (DRB1*1501-DRB5*0101-
DQB1*0602)[11] reinforce the hypothesis that immune 
aggression is involved in the lesions formed due to 
amoxicillin-clavulanate use.

The risk factors for hepatotoxicity caused by amoxi-
cillin/clavulanate include male sex, associated alcohol 
consumption, repeated courses of  the drug, concomitant 
consumption of  other hepatotoxic substances[2] and age 
over 55 years[7]. Treatment duration has been included as 
a predisposing factor in some reviews[3].

The clinical characteristics are predominantly chole-
static signs and symptoms, which include malaise, hypo-
rexia, nausea, vomiting, jaundice, choluria, fecal acholia, 
cutaneous pruritus and, less commonly, painful hepato-
megaly. Manifestations associated with hypersensitivity 
can occur, such as skin rash and fever, with an incidence 
as high as 50%[12,13]. The symptoms can begin in any 
period after the end of  treatment, but typically appear 
between 4 and 10 wk and are self-healing, as they are re-
solved in 4-16 wk. Reports of  chronification, as described 
by Ryley et al[14], are extremely rare. 

Severe hyperbilirubinemia, changes in laboratory liver 
function blood tests and neurological alterations consti-
tute the criteria for a poor prognosis, with the possibility 
of  the development of  fulminant hepatitis[3,6,9].

Treatment consists mainly of  support and should 
attend to various aspects of  hepatic lesions. It is com-
mon for patients to become dehydrated due to decreased 
fluid intake and vomiting. Therefore, the evaluation of  
the volemic status is essential and should be corrected 
rapidly if  necessary. Additionally, the cholestatic symp-
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Table 1  Results of routine hepatic tests during hospitalization

9/1 9/3 9/6 9/9 9/10 9/11 9/18 9/22 9/26

AST (IU/L)   78   89   80   75   51   50   63   77   70
ALT (IU/L) 200 245 160 130   69   59   65   89   82
BT/BD (mg/L) 80.3/50.1 100.9/70.0 110.3/70.9 150.6/90.0 180.3/110.0 210.9/140.0 250.9/160.0 280.9/180.0 310.2/200.0
AP (IU/L)   60   80 110 140 193 188 239 300 311
GGT (IU/L)   33   65   90 123 150 134 175 223 226
INR 1.01 1.00 1.12 1.1 1.0 1.2 1.0 1.0 1.0

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; BT/BD: Total bilirubin/Direct bilirubin; AP: Alkaline phosphatase; GGT: Gamma-
glutamyl transpeptidase. 

B

A

Figure 2  Transcutaneous liver biopsy guided by ultrasound. A: Liver bi-
opsy at x 100 magnification - moderate cholestasis is demonstrated associated 
with discrete parenchymal activity with slight tumefaction of hepatocytes; B: 
Liver biopsy at × 40 magnification - portal space is shown with discrete increase 
in periportal lymphocytes, extravasation of lymphocytes towards the interface 
(spillover), absence of piecemeal necrosis and cholestasis. 
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toms can become limiting and require prescriptions for 
symptomatic patients, such as anti-emetics and analgesics, 
in addition to medications to control pruritus. Generally, 
cholestyramine, anti-histamines, ursodeoxycholic acid and 
sertraline are used dependent on the intensity of  symp-
toms and the experience of  the service with the use of  
the drugs. 

Due to the likely immunological mechanism of  he-
patic lesions, including hypersensitivity reactions medi-
ated by eosinophils, some authors advocate the use of  a 
systemic corticoid in the treatment of  severe cases and in 
those with potential severity, such as hyperbilirubinemic 
individuals[6]. However, there is no evidence of  reduced 
morbidity.

This study reported the case of  a 63-year-old patient 
who began to show signs of  cholestatic icterus after 6 wk 
of  prolonged use of  amoxicillin/clavulanate. The patient 
developed severe hyperbilirubinemia, but did not meet 
other criteria of  severity. The time of  disease was approxi-
mately four months, with complete resolution of  symp-
toms and laboratory changes. The patient did not receive 
any specific treatment, only a combination of  anti-emetics 
(metoclopramide) and cholestyramine for pruritus.

Of  the risk factors for hepatotoxicity due to the 
drugs, advanced age, male sex, alcohol drinking and 
prolonged antibiotic therapy were all present in this 
case. The period of  the onset of  symptoms, the clinical 
characteristics and the time for complete recovery were 
in accordance with other reported cases. The degree of  
hyperbilirubinemia is important in the laboratory profile, 
with few described cases of  total bilirubin reaching val-
ues higher than 300 mg/L[6]. Although there is a possible 
relation with severity, our patient did not show any signs 
of  hepatic dysfunction. A complete history was taken, 
as described, to rule out other causes of  hepatotoxic-
ity. Based the Council for International Organizations 
of  Medical Sciences score (CIOMS) (+9 points - very 
likely association)[15], the Clinical Diagnostic Scale (CDS) 
score (+11 points - possible association)[16] and informa-
tion from liver biopsy, this case had a high probability of  
hepatotoxicity due to drug use. 

The biopsy findings, besides the cholestasis, were typ-
ical of  hepatitis due to amoxicillin-clavulanate, periportal 
lymphocytic inflammation with damage to hepatocytes, 
alterations found in the pathology[2-6].

A relevant factor in the case, which made the diag-
nosis difficult, was the denial of  the patient to taking the 
medication. Thus, this report demonstrates the impor-
tance of  thorough anamnesis and careful verification for 
antibiotics and/or other drugs use.

REFERENCES
1 Salvo F, Polimeni G, Moretti U, Conforti A, Leone R, Leoni 

Beraldo DO et al . Acute cholestatic hepatitis by drug reaction



8793 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

Pancreatic solid cystic desmoid tumor: Case report and 
literature review

Bin Xu, Ling-Hua Zhu, Jia-Guo Wu, Xian-Fa Wang, Erik Matro, Jun-Jun Ni

Bin Xu, Ling-Hua Zhu, Xian-Fa Wang, Erik Matro, Jun-Jun 
Ni, Department of General Surgery, Sir Run Run Shaw Hospital, 
Zhejiang University School of Medicine, Hangzhou 310016, 
Zhejiang Province, China
Jia-Guo Wu, Department of Gastroenterology, Sir Run Run 
Shaw Hospital, Zhejiang University School of Medicine, Hang-
zhou 310016, Zhejiang Province, China
Author contributions: Zhu LH and Xu B performed the opera-
tion; Wu JG and Ni JJ collected data; Wang XF supervised the 
surgery; Zhu LH, Xu B and Matro E wrote the paper.
Correspondence to: Ling-Hua Zhu, MD, Department of Gen-
eral Surgery, Sir Run Run Shaw Hospital, Zhejiang University 
School of Medicine, 3 East Qing Chun Road, Hangzhou 310016, 
Zhejiang Province, China. xubinmd@163.com
Telephone: +86-571-86006291  Fax: +86-571-86044817
Received: August 10, 2013          Revised: October 9, 2013 
Accepted: October 17, 2013
Published online: December 14, 2013

Abstract
Desmoid tumors (DTs) are nonmetastatic, locally ag-
gressive neoplasms with a high rate of postoperative 
recurrence. Pancreatic DTs are especially rare; only a 
few cases have been reported to date. This paper de-
scribes a case of a sporadic cystic DT of the pancreas 
managed successfully with central pancreatectomy, 
with no signs of recurrence 40 mo after surgery. Ac-
cording to the literature, this is the first reported case 
in China of a pancreatic DT presenting as a solid cystic 
lesion, as well as the first pancreatic DT managed with 
central pancreatectomy and pancreaticogastrostomy. 
We report the case for its rarity and emphasize dis-
ease management by concerted application of clinical, 
pathological, radiological and immunohistochemical 
analyses.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Desmoid tumors (DTs) are rare, represent-
ing approximately 0.03% of all tumors and 3% of soft 
tissues tumors. They are nonmetastatic and locally 
aggressive, with a high local recurrence rate. The pan-
creas is an extremely rare location for DTs. Moreover, 
pancreatic desmoids resembling solid cystic tumors are 
the rarest form of DTs. We report a 17-year-old patient 
presenting with a sporadic cystic DT of the pancreas, 
and subsequent disease management with central 
pancreatectomy. We report the case for its rarity and 
emphasize disease management by concerted applica-
tion of clinical, pathological, radiological and immuno-
histochemical analyses. Associated English-language 
literature is also reviewed and summarized.
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INTRODUCTION
Desmoid tumors (DTs), also known as musculo-aponeu-
rotic fibromatoses, are locally aggressive soft tissue neo-
plasms histologically characterized by fibroblastic prolif-
eration within a collagen matrix[1]. Intra-abdominal DTs 
are associated with familial adenomatous polyposis (FAP) 
and Gardner syndrome, and they may also occur sporadi-
cally or subsequent to localized trauma (surgical or non-
surgical). DTs possess negligible metastatic potential and 
frequently remain asymptomatic for extended periods 
of  time before a diagnosis can be made on the basis of  
either vague, chronic symptoms or obvious mechanical 
complications. Aggressive expansion into adjacent tissues 
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results in significant morbidity due to nerve and organ 
damage, and the mortality rate due to DTs approaches 
10%. DTs also present a considerable dilemma for cli-
nicians because of  their high rates of  recurrence after 
surgery, especially following conservative resection. The 
pancreas is a rather rare location for DTs, even though 
sporadic DTs are found within the pancreas more fre-
quently than sporadic intra-abdominal DTs[2]. Since 1956 
when Wilson reported the first case of  a pancreatic DT 
resembling a pancreatic pseudocyst, only a few similar 
cases have been reported[1,3]. 

Here, we report a 17-year-old patient presenting with 
a sporadic cystic DT of  the pancreas, and subsequent dis-
ease management with central pancreatectomy. Pertinent 
English-language literature is also reviewed and summa-
rized. 

CASE REPORT
In June 2009, a 17-year-old boy presented to the gastro-
enterology department in our hospital with complaints 
of  upper abdominal pain, nausea and vomiting for 5 d. 
He had not had passage of  stools for 2 d. He denied 
hematemesis, melena, diarrhea, weight loss or fever. Past 
medical and surgical history was unremarkable and he de-
nied any abdominal trauma. Abdominal auscultation re-
vealed no abnormalities and percussion elicited splashing 
sounds in the upper abdominal region. A mass of  6 cm 
× 5 cm was palpated in the left upper quadrant without 
tenderness or rebound tenderness. Neither abdominal 
muscle guarding nor enlarged superficial lymph nodes 
were noted. Admission laboratory data were within nor-
mal limits, and serum tumor marker levels [carcinoembry-
onic antigen (CEA) and cancer antigen (CA) 19-9] were 
not elevated. Abdominal ultrasonography demonstrated a 
solid cystic mass within the body of  the pancreas (Figure 
1). Abdominal plain X-rays revealed no apparent signs of  
bowel obstruction, while gastroscopy demonstrated intra-
gastric fluid retention with luminal compression from a 
mass within the outer gastric wall (Figure 2). Abdominal 
computed tomography (CT) with intravenous contrast 
delineated a cystic mass within the central pancreas, in-
vading the horizontal part of  the underlying duodenum 
(Figure 3). Additionally, endoluminal ultrasonography 
(EUS) demonstrated a cystic hypoechoic tumor posterior 
to the stomach of  6.7 cm × 5.5 cm and containing four 
cystic cavities (Figure 4). Examination of  EUS-guided 
fine needle aspirate only demonstrated inflammatory tis-
sue; however, cystic fluid examination revealed elevated 
levels of  both CEA and CA19-9, at 1378 and 425.4 ng/
mL, respectively. In light of  the aforementioned pancre-
atic mass and resultant duodenal obstruction, the patient 
was transferred to the Department of  General Surgery 
for emergency exploratory laparotomy.

During the surgery, a solid cystic mass of  8.6 cm × 
6.0 cm within the pancreatic neck and body invading 
the adjacent horizontal portion of  the duodenum was 
noted (Figure 5). The mass was adjacent to the posterior 

wall of  the stomach. No regional lymphadenopathy was 
noted. The tumor was primarily located within the central 
pancreas, therefore, central pancreatectomy was deemed 
in order, accompanied by partial distal stomach and hori-
zontal duodenal en bloc resection (Figure 6). Digestive tract 
reconstruction was performed via pancreaticogastros-
tomy, duodenojejunostomy (side to side) and gastrojeju-
nostomy (Billroth Ⅱ, Figure 7). The postoperative course 
was uneventful; total parenteral nutrition was provided 
for 7 d after surgery and the patient was discharged on 
postoperative day 12. Follow-up examinations with CT, 
gastroscopy, gastrointestinal imaging and colonoscopy 
were performed once every 6 mo. The patient recovered 
well with no complaints of  discomfort, malnutrition, or 
bowel movement abnormalities and continued his study 
in school as previously. CT showed no recurrence 20 mo 
postoperatively (Figure 8).

Pathological examination identified a pancreatic DT 
with several cystic cavities and adjacent duodenal inva-
sion. Histological sections of  the solid tumor showed 
proliferation of  spindle-shaped or stellate cells, growing 
in fasciculate and storiform patterns within a myxoid 
intercellular matrix. The cystic lesion was lined predomi-
nantly by chronically inflamed fibrous tissue and small 
areas of  benign columnar epithelium. Specimen surfaces 
from the stomach and duodenum contained a mesenteric 
plaque composed of  well-defined sheets of  densely colla-
genized fibrous tissue, which entrapped fat, blood vessels, 
nerve fibers, and smooth muscle. In the areas between 
the solid tumor and pancreatic parenchyma, the mesen-
teric plaque merged with the desmoid masses, entrapping 
pancreatic acini and resulting in irregularly dilated ducts. 
The cystic area was the result of  dilatation of  entrapped 
excretory pancreatic ducts (Figure 9). Subsequent immu-
nohistochemical analysis found smooth muscle actin and 
cytokeratin to be positive, while desmin, CD117 (c-kit), 
CD34, S-100, calretinin and estrogen receptor (ER) were 
negative.

DISCUSSION
DTs are rare and first appeared in the medical literature 
in the early 19th century. The term is derived from the 
Greek “desmos”, describing a band- or tendon-like attri-
bute. DTs represent approximately 0.03% of  all tumors 
and 3% of  soft tissues tumors[4]. They are nonmetastatic 
and locally aggressive, with a high local recurrence rate, 
and may arise virtually anywhere within the body. The 
tumors are benign and are characterized by the absence 
of  pleomorphism, atypia, or hyperchromatic nuclei[5]. 
Desmoids are particularly predisposed to muscular fascia, 
but may occur at any fascia. The most frequent sites for 
these tumors are the torso and extremities. Recent clinical 
studies have demonstrated that 37%-50% of  DTs arise in 
the abdominal region[4,6,7].

DTs have recently been classified depending on their 
point of  origin as extra-abdominal, abdominal and intra-
abdominal; the latter type further subclassified into mes-
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enteric and pelvic fibromatoses[8]. Associations between 
abdominal desmoids with FAP and Gardner syndrome 
have been well documented, suggesting a genetic pre-
disposition to such lesions. Abdominal desmoids occur 
more frequently in FAP patients, with an incidence of  
3.5%-32%, while in the original Gardner syndrome, the 
incidence was 29%[4,9]. In both FAP and familial non-
FAP tumors, mutation of  the adenomatous polyposis coli 

(APC) gene on the long arm of  chromosome 5 has been 
implicated as the primary causative mechanism. As a re-
sult of  APC mutation, β-catenin degradation markedly 
decreases, promoting fibroblastic proliferation via nuclear 
signaling pathways[10].

DT etiology has not been well defined. A history of  
trauma to the site of  the tumor, often surgical in nature, 
may be elicited in approximately 25% of  cases[11,12]. Anec-
dotal evidence of  tumor regression during menopause[13], 
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Figure 1  Abdominal ultrasonography demonstrated a solid cystic mass within the body of the pancreas. A: Ultrasonography showed a solid cystic mass 
within the body of the pancreas; B: Ultrasonography showed that the mass was surrounded by blood vessels. 

Figure 2  Gastroscopic imaging demonstrating fluid within the stomach and wall compression caused by an external mass. A: Gastroscopy demonstrated 
intragastric fluid retention; B: Stomach wall compression by an external mass.

BA

Figure 3  Abdominal computed tomography with contrast (venous phase) 
demonstrating a solid cystic mass invading the horizontal portion of the 
duodenum. 1: Stomach; 2: Pancreatic cystic mass; 3: Enlarged duodenum; 4: 
Horizontal duodenal portion invaded by the tumor.
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Figure 4  Endoscopic ultrasonography revealing a pancreatic cystic 
hypoechoic tumor located posterior to the stomach, with four cystic cavi-
ties, about 6.7 cm × 5.5 cm in dimension. 
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the development of  desmoids in patients taking oral 
contraceptives[14], and reports of  tumor regression with 
tamoxifen treatment[15] underline the apparent role of  es-
trogen in the multifactorial pathogenesis of  the neoplasm.

The pancreas is an extremely rare location for DT 
manifestation. Moreover, pancreatic desmoids resembling 
solid cystic tumors are the rarest form of  DTs. Most rel-
evant literature concerns FAP-associated desmoids; only 
nine cases of  pancreatic DTs have been described in the 
English literature to date[2,16-22]. Although intra-abdominal 
DTs are widely considered to be associated with FAP, 

Figure 5  Exploratory laparotomy revealed a cystic mass of size 8.6 cm × 
6.0 cm within the pancreatic neck and body invading the horizontal duo-
denum.

Figure 6  The central pancreas (containing the tumor), distal stomach and 
duodenal portion were all resected. 1: Stomach; 2: Left resected end of pan-
creas; 3: Right resected end of pancreas; 4: Upper resected end of duodenum; 5: 
Lower resected end of duodenum.

Figure 7  Reconstruction was performed via pancreaticogastrostomy, 
duodenojejunostomy (side to side) and gastrojejunostomy (Billroth Ⅱ). 1: 
Pancreaticogastrostomy; 2: Portal vein; 3 Splenic vein; 4: Superior mesenteric 
vein; 5: Splenic artery; 6: Superior mesenteric artery.
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Figure 8  Contrast computed tomography examination (arterial phase) 
demonstrated no recurrence 18 mo after operation. 

11 cm
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such association was noted in only one of  the 10 report-
ed cases (including our present case) of  pancreatic DTs. 
Pancreatic DTs occurring after pancreatic surgery or 
biopsy were noted in three of  the 10 reported cases[18,19]. 
Presenting symptoms consisted mainly of  epigastric pain 
(6/10) and weight loss (4/10). The pancreatic DTs were 
mostly localized to the tail (6/10) and measured 15-85 
mm in length.

In the present case, the patient was initially diagnosed 
with a mucinous cystic or solid pseudopapillary neo-
plasm. These diagnoses were suggested due to the cystic 
characteristics of  the tumor, and pathological examina-
tion revealed the cystic components bearing a resem-
blance to retention cysts. Only two previously published 
cases of  pancreatic DTs presented as cystic tumors[21]. 
In the first case, the cystic component corresponded to 
a benign retention cyst. The other case corresponded to 
an intraductal papillary mucinous neoplasm situated adja-
cent to a DT, but lacking true intralesional cystic compo-
nents[19].

Differentiating DTs from other types of  soft tissue 
neoplasms may be difficult based on histological analyses 
alone. Expression was negative for CD34, CD117, S-100 
and desmin, which excluded a gastrointestinal stromal 
tumor, solitary fibrous tumor, schwannoma, leiomyoma 
and leiomyosarcoma, respectively[23,24]. DTs are theoreti-
cally associated with clonal myofibroblastic proliferation 
and somatic mutation of  the Wnt/β-catenin gene, lead-
ing to the intranuclear accumulation of  β-catenin. Recent 
efforts in immunostaining of  intranuclear β-catenin and 
the gene responsible for its mutation proved efficient in 
discriminating DTs from other benign and malignant fi-
broblastic and myofibroblastic lesions[25].

In the case of  intra-abdominal DTs, surgical resection 
is generally performed in the event of  extensive tumor 
invasion and potentially life-threatening complications. 
However, resection is usually a difficult procedure be-
cause of  considerable vascular involvement among the 
mesenteric and retroperitoneal areas. In this case, the 
tumor was located in the pancreatic neck and body, in-
vading the horizontal portion of  the duodenum and the 
posterior stomach wall. In order to perform resection 
with a tumor-free margin, central pancreatectomy with 
accompanying en bloc resection of  the distal stomach and 
horizontal duodenal portion was deemed appropriate 
(Figure 6). Digestive tract reconstruction mandated three 
anatomoses for continuity maintenance (Figure 7).

Intra-abdominal DTs possess high rates of  local re-
currence after surgical resection, particularly in patients 
with FAP or Gardner syndrome. Intriguingly, frequent 
recurrences appear to be absent in cases of  sporadic 
pancreatic DTs, according to the limited number of  
follow-up reports available[2,16-22]. A single reported case 
of  recurrence was noted in a patient with FAP by Pho et 
al[21]. The present case remains disease free 40 mo after 
surgery, consistent with previous reports.

In summary, the pancreas remains a rare location for 
DTs. Pancreatic DTs presenting as solid cystic tumors are 
the rarest form of  desmoids. There are no notable clini-
cal symptoms, tumor markers or imaging features to aid 
in diagnosis. Nuclear immunostaining of  the β-catenin 
protein and its corresponding coding gene are efficient 
in distinguishing DTs from other lesions. Cytotoxic treat-
ments may be utilized for either unresectable neoplasms 
or those unresponsive to more benign treatment, as ra-
diotherapy may be limited in use due to extensive bowel 
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Figure 9  Pathological examination. A: Pancreatic desmoid tumor with invasion to the duodenal wall; B: Proliferation of spindle-shaped stellate cells in fasciculate 
and storiform growth patterns within a myxoid intercellular matrix; C: Pancreatic infiltration by the tumor; D: The cystic area resulted from dilatation of entrapped excre-
tory pancreatic ducts; E: Gross view of resected tumor and pancreas. 

Xu B et al . Pancreatic solid cystic desmoid tumor



8798 December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com

geography. Radical surgical resection with tumor-free 
margins appears to produce an excellent prognosis when 
applicable.
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24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2; 
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quantums can be found at: http://www.wjgnet.com/1007-9327/
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Medical Editors and Authors (Ed. Baron DN, 1988) published 
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Genotypes: gyrA, arg 1, c myc, c fos, etc.
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found in the link: http://www.wjgnet.com/esps/Navigation-
Info.aspx?id=15.

RESUBMISSION OF THE REVISED 
MANUSCRIPTS
Authors must revise their manuscript carefully according to the 
revision policies of  Baishideng Publishing Group Co., Limited. 
The revised version, along with the signed copyright transfer 
agreement, responses to the reviewers, and English language 
Grade A certificate (for non-native speakers of  English), should 
be submitted to the online system via the link contained in the 
e-mail sent by the editor. If  you have any questions about the 
revision, please send e-mail to esps@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor 
language polishing; (3) Grade C: a great deal of  language polish-
ing needed; and (4) Grade D: rejected. Revised articles should 
reach Grade A.

Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.

Responses to reviewers
Please revise your article according to the comments/sugges-
tions provided by the reviewers. The format for responses to 
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Proof of financial support
For papers supported by a foundation, authors should provide 
a copy of  the approval document and serial number of  the 
foundation.

STATEMENT ABOUT ANONYMOUS PUBLICA-
TION OF THE PEER REVIEWERS’ COMMENTS
In order to increase the quality of  peer review, push authors to 
carefully revise their manuscripts based on the peer reviewers' 
comments, and promote academic interactions among peer re-
viewers, authors and readers, we decide to anonymously publish 
the reviewers’ comments and author’s responses at the same 
time the manuscript is published online.

PUBLICATION FEE
WJG is an international, peer-reviewed, open access, online journal. 
Articles published by this journal are distributed under the terms 
of  the Creative Commons Attribution Non-commercial License, 
which permits use, distribution, and reproduction in any medium, 
provided the original work is properly cited, the use is non com-
mercial and is otherwise in compliance with the license. Authors of  
accepted articles must pay a publication fee. Publication fee: 1365 
USD per article. All invited articles are published free of  charge.

Instructions to authors

VI December 14, 2013|Volume 19|Issue 46|WJG|www.wjgnet.com



© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.

Published by Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza, 

315-321 Lockhart Road, Wan Chai, Hong Kong, China
Fax: +852-65557188

Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

4   6


	WJGv19i46Cover.pdf
	WJG-Editorial Board (2010-2013).pdf
	WJGv19i46Contents.pdf
	8459.pdf
	8468.pdf
	8474.pdf
	8489.pdf
	8502.pdf
	8515.pdf
	8527.pdf
	8531.pdf
	8543.pdf
	8552.pdf
	8562.pdf
	8571.pdf
	8580.pdf
	8595.pdf
	8605.pdf
	8611.pdf
	8619.pdf
	8630.pdf
	8638.pdf
	8647.pdf
	8652.pdf
	8659.pdf
	8671.pdf
	8678.pdf
	8687.pdf
	8696.pdf
	8703.pdf
	8709.pdf
	8714.pdf
	8722.pdf
	8731.pdf
	8740.pdf
	8745.pdf
	8752.pdf
	8758.pdf
	8764.pdf
	8770.pdf
	8780.pdf
	8789.pdf
	8793.pdf
	WJGv19i46Instructions to authors.pdf
	WJGv19i46Back cover.pdf

