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Abstract
Colorectal cancer (CRC) is the second leading cause of 
cancer related deaths in the United States. There are 
significant differences in CRC incidence and mortality by 
race with the highest burden occurring among blacks. 
The underlying factors contributing to CRC disparities 
are multiple and complex. Studies have suggested that 
a higher prevalence of putative risk factors for CRC, 
limited access to healthcare services, lower utilization of 
healthcare resources and increased biological suscep-
tibilities contribute to this disparity by race. This article 
reviews the factors associated with the disproportion-
ally higher burden of CRC among blacks; addresses the 
controversies regarding the age to begin CRC screening 
and the screening modality to use for blacks; and prof-
fers solutions to eliminate CRC disparity by race. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Colorectal cancer disparities; Adenomatous 
polyps; Colon cancer; Colonoscopy; Screening

Core tip: This article reviews the underlying factors for 
the disproportionally higher burden of colorectal cancer 
(CRC) among blacks, addresses controversies regarding 
race-based screening recommendations and concludes 
by suggesting that a comprehensive approach that in-
creases access and utilization of CRC screening, timely 
follow-up of abnormal results and treatment of CRC will 
be needed to reduce or eliminate CRC disparity.

Tammana VS, Laiyemo AO. Colorectal cancer disparities: 
Issues, controversies and solutions. World J Gastroenterol 
2014; 20(4): 869-876  Available from: URL: http://www.wjg-
net.com/1007-9327/full/v20/i4/869.htm  DOI: http://dx.doi.
org/10.3748/wjg.v20.i4.869

DISPARITIES IN COLORECTAL CANCER 
INCIDENCE AND MORTALITY BY RACE
Widening racial disparities in cancer burden contin-
ues to be recognized[1-5]. Since 1960, colorectal cancer 
(CRC) mortality has declined by 39% among whites, but 
increased by 28% among blacks[5]. The incidence and 
mortality from CRC is higher among blacks when com-
pared with other race-ethnicities[2]. An estimated 142820 
new cases of  CRC and 50830 CRC related deaths were 
expected in 2013. The incidence of  CRC among black 
males is 65.1 per 100000 population but 52.8 per 100000 
among white males. The incidence of  CRC among black 
females is 48 per 100000 as compared to 39.2 per 100000 
among white females. Similar pattern has been observed 
with mortality rates from the disease. The CRC mortality 
rate among black males is 29.8 per 100000 as compared 
to 19.5 per 100000 among white males. The mortality 
rate from CRC is 19.8 per 100000 among black females 
but 13.6 per 100000 among white females. 
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POSTULATED FACTORS UNDERLYING 
RACIAL DISPARITY IN CRC BURDEN
Differences in the prevalence of putative diet and 
lifestyle risk factors
Studies have suggested that alcohol ingestion, cigarette 
smoking, obesity, and meat consumption increases the 
risk of  CRC whereas physical activity decreases the 
risk[6,7]. The prevalence of  obesity and cigarette smok-
ing is higher and physical activity is lower among blacks 
when compared to whites[8,9]. In South Africa, blacks 
have lower incidence of  CRC (< 5 per 100000 ) as com-
pared to South African whites (40 per 100000) who 
consumed a typical “western’’ diet[10]. When compared to 
South African blacks, American blacks exhibit a higher 
CRC risk and mucosal proliferation rates which is associ-
ated with higher dietary intakes of  animal products and 
higher colonic populations of  potentially toxic hydrogen 
and secondary bile-salt-producing bacteria[10]. Higher 
consumption of  animal fat including beef, pork and lamb 
has been associated with an increased risk for CRC[11,12]. 
The consumption of  red meat and pork is higher among 
blacks than other race-ethnicities in the United States[12].

Some studies have suggested an inverse association 
between micronutrients (Vitamin E, β carotene, vitamin 
C, Calcium) intake and CRC risk[13,14]. However, there 
are differences in the intake of  micronutrients between 
blacks and whites with higher intake among whites pri-
marily due to higher dietary supplements use. A possible 
basis of  this association is that high concentrations of  
hydrogen (a byproduct of  bacterial metabolism) in the 
colon can interfere with cellular metabolism[15]. Hydrogen 
concentration has been reported to be higher among 
blacks than among whites[10] and hydrogen is toxic to 
colonic epithelium. Although the exact mechanisms of  
action of  micronutrients are not well established, they are 
postulated to have anti-oxidant effects, exert some effect 
on cell growth regulation and enhance immune response. 

Although these dietary and lifestyle factors have been 
associated with CRC risk and may play a role in the ob-
served disparity among blacks versus whites, the actual 
differential contributions of  these factors to the overall 
CRC burden is not well established. For instance, while it 
has been suggested that high fat and low fiber diet are as-
sociated with increased susceptibility to CRC, reversal or 
adoption of  the “healthy” lifestyle has not been proven 
to reduce CRC susceptibility in randomized trials. For 
instance, the adoption of  low fat, high fiber, high fruits 
and vegetable diet in the Polyp Prevention Trial and fiber 
supplementation in the Wheat Bran Fiber Trial did not 
reduce the recurrence of  adenoma[16,17]. Similarly, weight 
loss within 4 years did not reduce the risk of  adenoma 
recurrence[18].

Furthermore, using the Behavioral Risk Factor Sur-
veillance System, the prevalence of  these putative risk 
factors such as obesity, cigarette smoking, alcohol con-
sumption, lack of  physical activities, low socioeconomic 
status and low health literacy are comparable among 
blacks and Hispanic population, yet Hispanic Americans 

have lower burden of  CRC when compared to blacks 
and whites in the United States[2,9]. The incidence of  CRC 
among Hispanic males and Hispanic females are 46.9 and 
33.3 per 100000 population and the corresponding mor-
tality rates are 15.3 and 10.2 per 100000 population. 

Differences in tumor biology
Blacks tend to be diagnosed with CRC at younger ages, 
are more likely to present with proximal tumors and be 
diagnosed with more advanced diseases than whites[19-26]. 
This suggests that stage at presentation may account for 
some of  the observed racial differences in survival after 
CRC diagnosis. Tumor grade is an independent prognos-
tic predictor of  CRC even after adjusting the effects of  
stage of  disease at the time of  diagnosis[3,27-31]. Studies 
have suggested that blacks suffer worse outcomes when 
they present with similar tumor characteristics as whites. 
Alexander et al[31] reported that blacks with high grade 
tumors were three times (HR = 3.05, 95%CI: 1.32-7.05) 
more likely to die of  CRC within 5 years after surgery 
when compared with whites with high grade tumors. 
Blacks with lymph node-negative CRC have more than 
40% excess mortality when compared to whites with 
the same disease[5,26,27]. It is noteworthy that approxi-
mately 30% of  patients with lymph node negative CRC 
(stages Ⅰ and Ⅱ) develop recurrent disease, probably 
reflecting the presence of  occult tumor in those lymph 
nodes[32-34]. Hyslop et al[35] suggested that blacks exhib-
ited 4-fold greater occult metastases in individual lymph 
nodes compared with whites. Thus, occult tumor burden 
may be playing an important role in racial disparities in 
CRC outcomes between blacks and whites. However, 
in a systematic review of  published studies, Bach et al[36] 
reported that there were no appreciable differences in 
cancer-specific survival between blacks and whites when 
treatment was comparable for similar stage cancers. The 
authors concluded that differences in cancer biology be-
tween racial groups are unlikely to be responsible for a 
substantial portion of  the observed discrepancy in stage-
specific CRC survival if  blacks and whites receive similar 
treatments. 

Differences in healthcare access, utilization and 
treatment
Blacks are more likely to be uninsured, have a fatalistic 
attitude towards medical illness, experience stigma, ex-
hibit fear and denial related to a cancer diagnosis, have 
an aversion to health care treatments such as surgery, 
mistrust the healthcare system, and have misperceptions 
about cancer that ultimately interfere with treatment[9,37,38]. 
Although the efficacy of  treatment for CRC appeared to 
be similar between blacks and whites in equal access sys-
tems and among participants in adjuvant chemotherapy 
trials[21,23] there are differences in the treatment received 
after CRC diagnosis among blacks and whites in gen-
eral[25,26,39-45]. 

Blacks received surgery less often than whites for 
CRC[26,42-45]. Demissie et al[44] reported that the odds of  
non-receipt of  surgical treatment was higher among 
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blacks as compared with whites for stage Ⅰ (OR = 2.08, 
95%CI: 1.41-3.03 among males; OR = 2.38; 95%CI: 
1.69-3.45 among females) and stage Ⅳ colon cancer 
(OR = 1.25, 95%CI: 1.01-1.56 among males; OR = 1.41, 
95%CI: 1.14-1.72 among females). Similar results were 
reported by Le et al[26]. The authors reported that a higher 
percentage of  blacks did not undergo surgical resection 
for stage Ⅰ disease (5.4% vs 3.7%, P < 0.001) and stage 
Ⅳ disease (30.3% vs 23.3%, P < 0.001) when compared 
with whites. In general, the reasons for not receiving sur-
gery among blacks included that it was less often recom-
mended, refused by black patients, and because of  higher 
prevalence of  comorbid conditions among blacks[26]. 

While disparity in surgical treatment of  CRC between 
blacks and whites is evident from above, studies have 
shown mixed results regarding chemotherapy and radia-
tion therapy use for CRC management by race. Some 
studies suggest that blacks were less likely to undergo 
chemotherapy and radiation therapy even when they 
had undergone consultations with oncologists[25,40,46]. 
The reason for this is unclear but it is unknown if  blacks 
are more fearful of  the effects of  chemotherapy even 
though blacks were less likely to develop chemotherapy 
related toxicity in a clinical trial[47]. However, it has been 
suggested that a higher proportion of  black patients with 
CRC lived in census tracts with low high school gradua-
tion rates and these areas had lower chemotherapy use[48]. 

Blacks also tend to have less supplemental coverage when 
compared to whites which could affect co-payment for 
outpatient chemotherapy, and this can affect the initia-
tion of  chemotherapy among blacks[41]. Conversely, other 
studies did not find an association between race and 
chemotherapy use[26,49]. It is noteworthy that studies have 
reported that disparity in survival after CRC diagnosis are 
attenuated or eliminated with the receipt of  similar treat-
ments by blacks and whites[21,23,47,50,51]. 

Disparities in colorectal cancer screening 
There has been growing evidence that CRC screening 
reduces mortality[52-54]. There are multiple acceptable op-
tions for CRC screening including fecal occult blood and 
fecal DNA testing, double contrast barium enema, CT 
colonography, flexible sigmoidoscopy, and colonosco-
py[55]. Identified significant predictors of  CRC screening 
include older age, having a regular doctor and participat-
ing in general medical examinations[56]. Screening rates 
are low among racial and ethnic minorities and persons 
from socioeconomically disadvantaged population[57-59]. 
Doubeni et al[60] reported that the screening rate for white 
Medicare beneficiaries improved from 49% in 2000 to 
56.6% in 2005. During the same study period, the screen-
ing rates among blacks improved from 41% to 52% sug-
gesting that screening rates for CRC are improving, but 
disparity in the screening rates still persists. Tehranifar et al[61] 
also reported that cancer survival disparities between blacks 
and whites widened as cancers become more amenable 
to medical interventions. This suggests that blacks lag 
behind when medical technologies that improve cancer 

healthcare are introduced for reasons that are not well 
understood. 

Disparities in screening have been cited as one of  
the reasons for high incidence and mortality from CRC 
among blacks as compared with whites. Lansdorp-Voge-
laar et al[62] reported that differences in CRC screening ac-
counted for 42% of  disparity in CRC incidence and 19% 
of  disparity in CRC mortality between blacks and whites. 

There are many barriers to CRC screening uptake 
among blacks. These are due to a complex combination 
of  socioeconomic disadvantages from lower education 
and income, place of  residence, inadequate insurance 
and mistrust of  the medical system[63-65]. People in lower 
socioeconomic neighborhoods are less likely to undergo 
a colonoscopy, even among insured subjects receiving 
care in integrated healthcare systems[64]. Physician rec-
ommendation is important for completing CRC screen-
ing[66,67]. However, increasing availability of  primary care 
physicians and colonoscopy providers did not narrow the 
racial gaps in CRC screening disparities. Rather, colonos-
copy rates increased among whites but decreased among 
minorities[59]. Therefore, there is an urgent need to in-
crease the participation of  minorities as care providers in 
biomedical fields and improve cultural competencies of  
all care providers[68,69].

CONTROVERSIES IN COLORECTAL 
CANCER SCREENING BY RACE 
Although it is well known that blacks suffer the highest 
burden from CRC and increasing CRC screening up-
take among blacks is at the core of  the solution, there is 
no consensus regarding the screening strategy to adopt 
in eliminating this disparity. In particular, it is unclear 
whether there should be different CRC screening recom-
mendations based on race-ethnicity.

Should we begin CRC screening earlier among blacks?
Studies have suggested that when compared to whites, 
blacks are more likely to be diagnosed with CRC at 
younger ages, present with proximal tumors and be diag-
nosed with advanced diseases[19-26]. The widely adopted 
recommendation is to begin CRC screening from 50 
years of  age for average risk individuals in the United 
States[55,70]. Some experts have expressed the opinion 
that race-based recommendation for CRC screening will 
create more confusion for patients and their healthcare 
providers amidst a crowded field of  recommendations 
based on age, family history of  colorectal cancer and 
polyps, and colonic diseases such as inflammatory bowel 
disease. They argue for increasing efforts to boost partici-
pation in CRC screening by blacks and that it is not cost 
effective to lower the age of  screening[71]. In contrast to 
this opinion, the American College of  Physicians recom-
mended that CRC screening should start at 40 years of  
age[72] while the American College of  Gastroenterology 
(ACG)[73] and American Society for Gastrointestinal En-
doscopy recommended CRC screening beginning at age 
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studies have shown that blacks who receive medical care 
and cancer treatment similar to those of  whites experi-
ence similar outcomes, enabling blacks to achieve equal 
access to care as whites could substantially reduce the 
racial disparities in CRC burden[36]. It is imperative to im-
prove health insurance coverage and health education of  
the population. The implementation of  the Affordable 
Care Act has a potential to ensure coverage for millions 
of  previously uninsured persons and provide the neces-
sary access to CRC screening. However, White et al[79] re-
ported that despite the expansion of  Medicare coverage 
for CRC screening tests, racial/ethnic differences in CRC 
screening persisted over time among this insured popula-
tion. Hence, health care access by provision of  health 
insurance is necessary but not sufficient to improve CRC 
screening and reduce CRC disparity by race.

In a meta analysis by Naylor et al[80] provider-directed 
multi-modal interventions which comprised of  education 
sessions and reminders and pure educational interven-
tions were found to be effective in raising CRC screening 
rates in minorities by 10%-15%. A median improvement 
of  16% in endoscopic CRC screening completion was 
noted with the patient navigator model. Tailored patient 
education combined with patient navigation services, and 
physician training in communicating with patients of  low 
health literacy, can modestly improve adherence to CRC 
screening.

The New York City Department of  Health and Men-
tal Hygiene has started a program called The Citywide 
Colon Cancer Control Coalition (C5) to help New York 
City attain CRC control goals through advocacy, resource 
development, and policy initiatives. They launched public 
campaigns and implemented patient navigation systems 
in many of  the New York City area hospitals in an ef-
fort to increase colonoscopy screening rates and reduce 
racial/ethnic disparities. In 2003, low rates of  screening 
as well as screening disparities were noted with only 36% 
of  blacks, 38% Latinos and 48% of  whites having had a 
colonoscopy. After this concerted citywide effort, screen-
ing colonoscopy rates had increased to approximately 
62 percent by 2009 with virtual elimination of  screening 
disparities among these ethnic groups[81].

In Delaware, a “Village approach” was implemented 
which involved a 3-step process to reduce CRC dispari-
ties by increasing CRC screening rates, providing quality 
treatment and resolution of  abnormalities and by using 
an extensive patient navigation services. The program led 
to increased CRC screening rates among all race-ethnici-
ties, reduction in CRC incidence, reduction in CRC mor-
tality and narrowing of  the CRC survival differences[82].

Figure 1 shows the leading causes of  CRC disparities 
and proffer solutions to reduce the observed disparities. 

CONCLUSION
There are several important factors contributing to dif-
ferential CRC mortality rates among blacks and whites. A 
comprehensive approach that increases access and utili-
zation of  CRC screening, timely follow-up of  abnormal 

45 years[74]. In our opinion, blacks should begin screening 
at age 45 years as part of  a comprehensive intervention 
to improve screening uptake, ensure adequate follow-
up and resolution of  abnormal screening results, and 
enhance access and utilization of  good quality treatment 
of  patients diagnosed with CRC in a timely fashion. This 
is because of  the well documented earlier presentation 
with CRC among blacks and the proximal location of  
their tumors which raises the possibility of  genetic pre-
disposition such as Lynch syndrome. However, genetic 
predisposition to CRC is raised based on family history 
of  CRC. It is well known that blacks tend not to know 
their family medical history due to lower health literacy 
and lack of  knowledge of  their family ancestry. There is 
a lack of  information among African Americans with re-
gards to the prevalence of  inherited conditions that pre-
dispose to CRC. Murff  et al[75] reported that blacks who 
have first-degree relatives (FDRs) with CRC are less likely 
to undergo colonoscopy screening compared with whites 
(27.3% vs 43.1%) who have affected relatives. Therefore, 
screening blacks earlier will serve as a “reset” that has the 
potential of  early identification of  those at increased risk of  
CRC in the next generation. Future studies should focus on 
quantifying genetic susceptibility to CRC among blacks. 

What CRC screening modality should be recommended 
for blacks? 
The predisposition to proximal CRC among blacks is a 
potent argument to support the recommendation of  the 
ACG that colonoscopy should be the preferred screen-
ing modality. Furthermore, colonoscopy is the diagnostic 
procedure after an abnormal screening from the other 
modalities and polyps can be removed during the same 
procedure. However, it is the most invasive, most ex-
pensive and presents the most difficult logistic challenge 
in terms of  bowel preparation, co-pays, missed work 
days and the need for an escort due to moderate seda-
tion. Studies have suggested a higher completion rate of  
screening when the underserved are offered fecal occult 
blood tests[76,77]. It appears that there are wide geographic 
variations in availability of  colonoscopy to the popula-
tion and in the acceptability of  fecal based tests to the 
underserved. We observed that blacks were less likely to 
undergo diagnostic colonoscopy following an abnormal 
flexible sigmoidoscopy screening in the Prostate, Lung, 
Colorectal and Ovarian Cancer Screening Trial[78]. This 
raises a concern that follow-up of  abnormal screening 
may be a challenge for blacks and a screening modality 
that can permit intervention may be better. Notwith-
standing, we are of  the opinion that healthcare providers 
should discuss CRC screening options with their patients, 
but should make a specific recommendation for a screen-
ing modality based on the patient’s preferences, comor-
bidities, social situation, and locally available resources.

THE WAY FORWARD 
It will require a comprehensive patient, provider, and 
policy-maker partnership to reduce CRC disparity. As 
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results and treatment of  CRC will be needed to reduce or 
eliminate disparity. 
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Abstract
Management of rectal cancer has markedly evolved 
over the last two decades. New technologies of staging 
have allowed a more precise definition of tumor exten-
sion. Refinements in surgical concepts and techniques 
have resulted in higher rates of sphincter preservation 
and better functional outcome for patients with this 
malignancy. Although, preoperative chemoradiotherapy 
followed by total mesorectal excision has become the 
standard of care for locally advanced tumors, many 
controversial matters in management of rectal cancer 
still need to be defined. These include the feasibility of a 
non-surgical approach after a favorable response to neo-
adjuvant therapy, the ideal margins of surgical resection 
for sphincter preservation and the adequacy of minimally 
invasive techniques of tumor resection. In this article, 
after an extensive search in PubMed and Embase data-
bases, we critically review the current strategies and the 
most debatable matters in treatment of rectal cancer.

© 2014 Baishideng Publishing Group Co., Limited. All rights 

reserved.

Key words: Rectal cancer; Colorectal cancer; Staging; 
Sphincter preservation; Neoadjuvant chemo-radiothera-
py; Surgery

Core tip: Rectal cancer management is currently a mul-
tidisciplinary effort, which incorporates new concepts 
and technologies, resulting in significant improvement 
in patients’ oncological and functional outcomes. De-
spite the evolution reported in the last decades, there 
are still many unanswered questions about treatment 
of rectal cancer. In this article, we critically analyzed 
the main controversial matters in current rectal cancer 
management.

Damin DC, Lazzaron AR. Evolving treatment strategies for 
colorectal cancer: A critical review of current therapeutic options. 
World J Gastroenterol 2014; 20(4): 877-887  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v20/i4/877.htm  
DOI: http://dx.doi.org/10.3748/wjg.v20.i4.877

INTRODUCTION
In the last two decades there have been significant changes 
in evaluation and management of  rectal cancer. Incorpo-
ration of  new technologies of  staging and new therapeutic 
concepts has improved oncologic and functional results 
in patients with this malignancy. Treatment of  the disease 
has become a multidisciplinary effort, which depends 
upon the integration between oncologists and colorectal 
surgeons. The goal of  this article is to analyze the main 
controversial matters in current rectal cancer management.

LITERATURE SEARCH 
We performed a literature search using PubMed and 

TOPIC HIGHLIGHT
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Embase databases up to September 2013. The follow-
ing MeSH search terms were used: rectal cancer, tumor 
staging, total mesorectal excision, radiotherapy, chemora-
diotherapy, neoadjuvant chemo-radiotherapy, ‘‘watch and 
wait’’, surgery and sphincter preservation. These terms 
were applied in various combinations to maximize the 
search. Only articles written in English were included. 
Additional searches of  the embedded references from 
primary articles were performed to further improve the 
review. 

ANATOMIC DEFINITIONS
Some anatomic concepts are essential for planning rectal 
cancer therapy (Figure 1). The rectum is the segment of  
the large bowel located between the sigmoid colon and 
the anal canal. Its upper limit is generally located at the 
level of  the sacral promontory, roughly corresponding to 
a point where the taeniae coli spread out and can no lon-
ger be distinguished. For practical purposes, it is accepted 
that malignant tumors located within 15 cm from the anal 
verge (using a rigid proctoscope) should be diagnosed as 
rectal cancers. Below the peritoneal reflection, the rectum 
has no serosal layer and is surrounded by a circumferen-
tial fatty sheath known as mesorectum. It contains the 
perirectal lymph nodes, which usually represent the first 
sites to which rectal tumors disseminate[1,2]. 

PRETREATMENT EVALUATION AND 
STAGING
The process of  staging a rectal cancer starts with a care-
ful physical examination. Digital examination of  the 
rectum, along with proctoscopy, should determine de-
gree of  tumor fixation, percentage of  the circumference 
involved, distance of  the tumor form the anal verge and 
likelihood of  sphincter preservation. Vaginal exam may 
reveal direct tumoral invasion. Inguinal lymph nodes 
should be examined if  tumor arises from the lower third 
of  the rectum. According to the the American Society 

of  Colon and Rectal Surgeons 2013 guidelines[2], for 
preoperative staging a complete colonoscopy should be 
performed, if  the tumor is not obstructive, for histologic 
confirmation of  the diagnosis and to rule out proximal 
synchronous lesions. In cases in which a full colonos-
copy cannot be performed, a preoperative double-
contrast barium enema or a computed tomography (CT) 
colonography may be used. Alternatively, for patients 
with incomplete preoperative colonoscopy, intraopera-
tive colonoscopy may be used as an effective method to 
detect synchronous lesions[3].

In order to complete pretreatment staging, a CT scan 
of  the thorax and abdomen and pelvis, and the measure-
ment of  serum carcinoembryonic antigen are recom-
mended[2]. Once distant metastases have been ruled out, 
the most important factor to define the strategy of  treat-
ment to be adopted is the locoregional staging. Tumor 
node metastasis (TNM) system, as recommended by the 
American Joint Committee on Cancer, is currently the 
most widely used system for staging rectal adenocarcino-
mas (Tables 1 and 2)[4]. 

There is considerable controversy on what is the ideal 
method to evaluate local extent of  the tumor. Although 
CT scan is no longer considered the modality of  choice, 
it can be used in patients with primarily advanced T-stage 
tumors (accuracy of  79% to 94%). Accuracy fells to 
52% to 74% when smaller and less advanced tumors are 
analyzed[5-9]. Endorectal ultrasound (EUS) and magnetic 
resonance imaging (MRI) with either endorectal or in-
creasingly phase array coils are currently the modalities 
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Figure 1  Rectal anatomy.

  TX Primary tumor cannot be assessed
  T0 No evidence of primary tumor
  Tis Carcinoma in situ: intraepithelial or invasion of lamina propria
  T1 Tumor invades submucosa
  T2 Tumor invades muscularis propria
  T3 Tumor invades subserosa or into non-peritonealized pericolic or 

perirectal tissues
  T4 Tumor directly invades other organs or structures and/or 

perforates visceral peritoneum
     T4a Tumor perforates visceral peritoneum
     T4b Tumor directly invades other organs or structures
  Nx Regional lymph nodes cannot be assessed
  N0 No regional lymph node metastasis
  N1 Metastasis in 1-3 regional lymph nodes
     N1a Metastasis in 1 regional lymph node
     N1b Metastasis in 2-3 regional lymph nodes
     N1c Tumor deposit(s), i.e., satellites, in the subserosa, or in non-

peritonealized pericolic or perirectal soft tissue without regional 
lymph node metastasis

  N2 Metastasis in 4 or more regional lymph nodes
     N2a Metastasis in 4-6 regional lymph nodes
     N2b Metastasis in 7 or more regional lymph nodes
  M0 No distant metastasis
  M1 Distant metastasis
     M1a Metastasis confined to one organ [liver, lung, ovary, non-regional 

lymph node(s)]
     M1b Metastasis in more than one organ or the peritoneum

Table 1  Tumor node metastasis clinical classification (colon 
and rectum cancer)

AJCC: American joint committee on cancer[4]. 



of  choice for the local staging. EUS is considered more 
precise (T-stage accuracy ranging from 75% to 95%), as 
compared to MRI (T-stage accuracy ranging from 59% to 
95%). However, the efficacy of  EUS is limited in stenotic 
or large bulky lesions which cannot be traversed by the 
probe[10-12].

Evaluation of  perirectal lymph nodes is still a major 
controversial matter, particularly because metastases can 
be found in normal-sized lymph nodes[13,14]. According 
to a meta-analysis of  90 studies[15], none of  the three 
imaging modalities were significantly superior in defining 
lymph node involvement. Sensitivities and specificities of  
the exams were as follows: CT (55% to 74%), EUS (67% 
to 78%), and MRI (66% to 76%).

TREATMENT CONTROVERSIES
Local excision
Despite limitations of  the imaging exams, they are essen-
tial to define the strategy of  treatment to be adopted. Tu-
mors classified as T1 with no evidence of  nodal involve-
ment may be amenable to local excision, depending upon 
some specific criteria. These include: well to moderately 
differentiated carcinomas, measuring less than 3 cm in 
diameter, occupying less than a third of  the circumfer-
ence of  the rectal lumen, with no lymphatic, vascular or 
perineural invasion[16,17]. Using these selection criteria, it 
can be achieved 10-year overall survival rates of  84% and 
disease-free survival of  75%[18].

There are currently two main techniques for local exci-
sion. The first one is transanal resection which consists of  
excision of  all layers of  the bowel wall, including perirec-
tal fat, with disease-free margins of  at least one centime-
ter. It is a procedure that colorectal surgeons are familiar 
with, however its indication is limited to tumors located 
within 8 cm from the anal verge[19]. The second method is 
transanal endoscopic microsurgery (TEM), which utilizes 
a special proctoscope with a 3D binocular optic and a set 

of  endoscopic surgical instruments that permit resection 
of  tumors located up to 20 cm from the anal verge. To 
this moment, there are few studies comparing TEM with 
transanal resection or with radical surgery[20,21]. However, 
the published trials have suggested the technique is rela-
tively safe, usually with minor complications. 

It is important to take into account that even in well-
selected patients (cT1N0), the risk of  lymph nodes me-
tastases can reach 10%. The most challenging aspect in 
selecting patients for that sort of  treatment is that the 
preoperative staging remains limited in defining precisely 
tumor invasion and nodal involvement. Considering that 
the local recurrence rate may vary from 26% to 47% for 
T2 lesions, a radical resection must be indicated for pa-
tients with these lesions. However, if  the patient is a poor 
surgical candidate, we could alternatively recommend 
complementary chemoradiation to reduce the risk of  local 
recurrence[18].

NEOADJUVANT TREATMENT
According to the current evidence, tumors classified as 
TNM stage Ⅱ or Ⅲ (T3/T4, N1/N2) should receive 
neoadjuvant treatment before radical resection[22]. Two 
main options of  preoperative therapy have been pro-
posed. The first is short-course radiotherapy, which is 
considered the treatment of  choice in North-European 
countries and Scandinavia. The second option is the 
so-called long-course preoperative chemoradiotherapy, 
which is the favored treatment in most European coun-
tries and in the United States. Characteristics and results 
of  the main trials investigating the neoadjuvant strategies 
in rectal carcinoma are presented in Table 3.

Recently, the German Rectal Cancer Study Group 
published results of  their trial after a median follow-up 
of  11 years[31]. Overall survival at 10 years was 59.6% in 
the preoperative arm and 59.9% in the postoperative arm 
(P = 0.85). The 10-year cumulative incidence of  local re-
lapse was 7.1% and 10.1% in the preoperative and post-
operative groups, respectively (P = 0.048), representing 
a small absolute reduction of  long-term local recurrence 
(3%). No significant differences were detected for 10-year 
incidence of  distant metastases (29.8% and 29.6%) and 
disease-free survival.

A recently published meta-analysis[32] assessed effec-
tiveness and safety of  neoadjuvant radiotherapy in rectal 
cancer. The authors searched several database, analyzing 
randomized controlled trials comparing either neoadju-
vant therapy vs surgery alone (17 trials including 8568 pa-
tients) or neoadjuvant chemoradiotherapy vs neoadjuvant 
radiotherapy (5 trials including 2.393 patients). Neoadju-
vant radiotherapy decrease local recurrence (HR = 0.59; 
95%CI: 0.48-0.72) compared to surgery alone even after 
total mesorectal excision. It has marginal benefit in over-
all survival (HR = 0.93; 95%CI: 0.85-1.00), but was asso-
ciated with increased perioperative mortality (HR = 1.48; 
95%CI: 1.08-2.03). Neoadjuvant chemoradiation im-
proved local control as compared to radiotherapy alone 
(HR = 0.53; 95%CI: 0.39-0.72), but both treatments had 
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  Stage 0 Tis N0 M0
  Stage Ⅰ T1, T2 N0 M0
  Stage Ⅱ T3, T4 N0 M0
  Stage ⅡA T3 N0 M0
  Stage ⅡB T4a N0 M0
  Stage ⅡC T4b N0 M0
  Stage Ⅲ Any T N1, N2 M0
  Stage ⅢA T1, T2 N1 M0

T1 N2a M0
  Stage ⅢB T3, T4a N1 M0

T2, T3 N2a M0
T1, T2 N2b M0

  Stage ⅢC T4a N2a M0
T3, T4a N2b M0

T4b N1, N2 M0
  Stage ⅣA Any T any N M1a
  Stage ⅣB Any T any N M1b

Table 2  Tumor node metastasis stage grouping (colon and 
rectum cancer)

AJCC: American joint committee on cancer[4]. 
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this increase in sphincter preservation appears to be the 
result of  new technologies and changes in surgical con-
cepts, such as incorporation of  total mesorectal excision 
(TME) and the techniques for very low anastomosis. 

These findings are in line with a previous study by Bu-
jko et al[35] in which 10 randomized trials were reviewed. 
These studies included 4596 patients in whom preopera-
tive chemoradiotherapy resulted in tumor shrinkage in 
the neoadjuvant arm as compared with the control arm. 
As acknowledged by the authors, there were several dif-
ficulties in comparing the studies, including different 
preoperative radiochemotherapy schemes, duration of  
the interval between radiotherapy and surgery and patient 
populations. Despite these limitations, it was concluded 
that preoperative radiotherapy does not have a positive 
impact on the rate of  anterior resection and sphincter 
preservation.

no influence in long-term survival.
One of  the potential advantages of  the neoadjuvant 

treatments is the possibility of  tumor shrinkage, which, 
in theory, could increase the chance of  performing a 
sphincter saving surgery. This hypothesis has been inves-
tigated in several trials using different regimens of  preop-
erative treatment[30,33]. Recently, Gerard et al[34] published 
the results of  a well-conducted systematic review on the 
impact of  the neoadjuvant treatments in sphincter pres-
ervation. Seventeen randomized trials published between 
1988 and 2009 were analyzed. The rate of  sphincter sav-
ing surgery increased from 30% for the patients operated 
in the 80’s[18] up to 77% in 2008[15]. However, in none of  
the main trials analyzed (except three trials with low num-
ber of  patients) it was possible to demonstrate a signifi-
cant benefit of  the neoadjuvant treatment on the rate of  
sphincter preserving surgery. According to the authors, 

Ref. n Treatment arms Local recurrence rate Overall survival rate

Upsala Trial[23] 471 Arm 1 (236): preoperative RT (25.5 Gy delivered
in 5-7 d)
Arm 2 (235): postoperative RT (60 Gy delivered
in 8 wk)

5 yr of follow-up
Arm 1: 12%
Arm 2: 21%
P = 0.02

5-yr survival rate
Arm 1: 42%
Arm 2: 38%
P = 0.42

Stockholm Ⅰ Trial[24] 849 Arm 1 (423 patients): 25 Gy during 5-7 d
followed by surgery
Arm 2 (421 patients): surgery alone

Median follow-up time
of 107 mo
Arm 1: 14%
Arm 2: 28%
P < 0.01

Median follow-up time of 107 mo
No significant difference between groups

Swedish Rectal 
Cancer Trial[25]

1168 Arm 1 (553 patients): preoperative RT - 25 Gy delivered in 
five fractions in 1 wk, followed by surgery
Arm 2 (557 patients): Surgery alone

5 yr of follow-up
Arm 1: 11%
Arm 2: 27%
P < 0.001

5-yr survival rate
Arm 1: 58.0%
Arm 2: 48.0%
P = 0.004

Dutch TME Trial[26] 1861 Arm 1 (924 patients): preoperative RT (5 Gy × 5 d) 
followed by TME
Arm 2 (937): TME alone

2 yr of follow-up
Arm 1: 2.4%
Arm 2: 8.2%
P < 0.001

2-yr survival rate
Arm 1: 82.0%
Arm 2: 81.8%
P = 0.84

Stockholm Ⅱ Trial[27] 557 Arm 1 (272): preoperative radiotherapy (25 Gy
in one week) followed by surgery within a week
Arm 2 (285): surgery alone

Median follow-up was
8.8 yr
Arm 1: 12%
Arm 2: 25%
P < 0.001

Median follow-up 8.8 yr
Arm 1: 39%
Arm 2: 36%
P = 0.2

German Rectal 
Cancer Study 
Group[28]

823 Arm 1 (421 patients): preoperative CHRT:
50.4 Gy/28 fractions/5 fractions weekly
and fluorouracil (continuous infusion) in first
and fifth week of RT. TME after 6 wk
Additional 4 cycles of FU every 4 wk
Arm 2 (402 patients): postoperative CHRT
(same as in Arm 1 except a 5.4 Gy boost in RT)

5 yr of follow-up
Arm 1: 6.0%
Arm 2: 13%
P = 0.006

5-yr survival rate
Arm 1: 76.0%
Arm 2: 74.0%
P = 0.80

Polish Rectal Cancer 
Trial[29]

312 Arm 1 (155 patients): preoperative RT
(5 Gy × 5 d) followed by TME at 7 d after RT
Arm 2 (157 patients): preoperative RT (45 Gy/25 
fractions/5 wk) + 2 cycles of chemotherapy on weeks 
1 and 5 of RT followed by TME 4-6 wk later. The cycle 
consisted of leucovorin + fluorouracil both administered 
as rapid infusion on 5 consecutive days

4 yr of follow-up
Arm 1: 9%
Arm 2: 14.2%
P = 0.170

4-yr survival rate
Arm 1: 67.2%
Arm 2: 66.2%
P = 0.960

MRC CR07 and 
NCIC CTG C016[30]

1350 Arm 1 (674 patients): short-course radiotherapy
(25 Gy/5 fractions) followed by surgery.
Arm 2 (676 patients): initial surgery with selective post-
operative chemoradiotherapy (45 Gy in 25 fractions plus 
5-fluorouracil) restricted to patients with involvement of 
the circumferential resection margin.

3 yr of follow-up
Arm 1: 4.0%
Arm 2: 10.6%
P < 0. 01

Estimated 5-yr survival rate
Arm 1: 70.3%
Arm 2: 67.9%
P = 0.40

 Table 3  Major neoadjuvant therapy trials

RT: Radiotherapy; TME: Total mesorectal excision; CHRT: Chemoradiotherapy; FU: Fluorouracil.
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“WAIT AND SEE” APPROACH
In about 10%-20% of  patients with rectal cancer who 
receive preoperative chemoradiation, a pathological 
complete response (pCR), characterized by absence of  
viable tumor cells within the surgical specimen, can be 
expected[36]. According to a systematic review and meta-
analysis of  the literature, patients with pCR have better 
oncologic outcomes as compared with those presenting a 
less marked response to chemoradiation, including better 
rates of  local recurrence, distant metastases, disease-free 
and overall survival at 5 years[37].

According to some authors, it is therefore valid to 
think that patients whose tumors have been sterilized by 
chemoradiation would have no additional benefit from 
a subsequent radical resection. In 1998, Habr-Gama et 
al[38] from Brazil proposed the “wait and see” policy for 
patients who achieve what they called complete clinical 
response (cCR) after neoadjuvant treatment. They evalu-
ated 118 patients treated by preoperative CRT (50.4 Gy 
and concurrent 5-FU and leucovorin for 3 consecutive 
days on the first and last 3 d of  radiotherapy). All patients 
underwent repeat evaluation and biopsy of  any suspected 
residual lesions or scar tissue. Thirty-six patients (30.5%) 
were classified as being complete responders. In only 
six of  these patients, complete response was confirmed 
by the absence of  tumor in the surgical specimen. In 
the other 30 patients, a complete response was assumed 
by the absence of  symptoms and negative findings on 
physical examination, biopsy and imaging tests during 
a median follow-up of  36 mo. Out of  the later group, 
eight patients presented local failure, demanding salvage 
resection. The outcome for patients without recurrence 
was similar to that of  patients found at surgery to have 
achieved a pCR. The authors concluded that about 26% 
of  their patients could be spared from surgical resection 
using that conservative strategy of  management. 

In subsequent publications Habr-Gama et al[39] repeat-
edly reported favorable results. In 2006, they reported 
the outcome of  361 patients with distal rectal cancer 
managed by neoadjuvant chemoradiation. One hundred 
twenty-two patients were considered to have complete 
clinical response and were not immediately operated on. 
Of  them, 99 patients sustained complete clinical response 
for at least 12 mo and were considered stage c0 (27.4%). 
There were 13 recurrences, but only six of  these cases 
had local recurrent disease. Overall and disease-free 5-year 
survivals were 93% and 85% respectively.

Such good results, however, could not be reproduced 
by other groups. Nyasavajjala et al[40] reviewed pathologic 
results of  patients operated on for rectal cancer after long 
course neoadjuvant chemoradiotherapy in two different 
tertiary British hospitals. One hundred and thirty-two 
consecutive patients were treated between 2002 and 2007. 
Only 13 out of  132 (10%) of  patients had a complete 
pathological response, representing one-third of  the cCR 
previously reported. They concluded that nonsurgical 
therapy for rectal cancer according to Habr-Gama algo-
rithm of  treatment may only be effective in a very small 
proportion of  patients and could not be recommended. 
As shown in Table 4, there is a wide variation among 
studies in the rates of  local recurrence for patients with 
cCR to chemoradiation who were not submitted to a 
subsequent rectal resection. 

Recently, Glynne-Jones et al[36] conducted a systematic 
review of  studies evaluating non-operative treatments 
and the “wait and see” strategy in rectal cancer. Most 
studies were retrospective and there were no random-
ized phase Ⅱ or phase Ⅲ trials. In all they could evalu-
ate nine series, including 650 patients: 361 patients from 
the Habr-Gama series and 289 patients from the eight 
remaining series. The results in terms of  cCR and local 
recurrence reported in the Brazilian series were clearly 
superior. However, there were significant heterogeneity 
among studies in terms of  treatment regimen, methods 
of  assessment used to define a cCR (digital exam, biopsy 
or imaging tests) and the follow-up strategy used. The 
authors concluded that evidence for the “wait and see” 
policy comes mainly from a single retrospective series, 
which included highly selected cases. Results obtained in 
patients with small rectal cancers cannot be extrapolated 
at this moment to patients with more advanced tumors 
where nodal involvement can be anticipated.

The main obstacle to implement the “wait-and-see” 
policy is the current lack of  accuracy of  the tests in 
determining whether there has really been a complete 
pathological response[36]. Due to changes in pelvic tis-
sues after radiotherapy (edema, inflammation, fibrosis) 
it is very difficult to assess whether an apparent clinical 
response will eventually translate into a complete patho-
logical response. Digital exam, proctoscopy and imaging 
tests (endoanal ultrasound, MRI or positron emission 
tomography-CT) are still imprecise for detecting micro-
scopic tumor deposits within the rectum and perirectal 
lymph nodes[47]. Thus, the non-surgical approach re-
mains experimental at this moment. Prospective multi-

  Ref. No. of patients T2 Radiotherapy Chemotherapy Complete clinical 
response

Locoregional 
recurrence

  Nakagawa et al[41]   52 No 45-50.4 Gy, 28 fractions, 38 d Fluorouracil + leucovorin    10 (19.2)   8 (80) 
  Habr-Gama et al[42] 360 Yes (14%) 50.4 Gy, 28 fractions, 5-6 wk Fluorouracil + leucovorin    99 (27.5) 6 (6) 
  Lim et al[43]   48 T1/t2 (33%) Mean 50 Gy, 25 fractions Fluorouracil 27 (56) 11 (23) 
  Hughes et al[44]   58 No 45 Gy, 25 fractions, 33 d Fluorouracil + leucovorin 10 (17)   6 (60) 
  Dalton et al[45]   49 No 45 Gy, 25 fractions, 33 d Capecitabine 12 (24)   6 (50) 
  Maas et al[46] 192 Yes (24%) 50.4 Gy, 28 fractions, 6 wk Capecitabine    21 (10.9) 1 (5) 

Table 4  Locoregional recurrence in patients with complete clinical response who did not proceed to rectal resection  n  (%)
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institutional controlled studies based on uniform inclu-
sion criteria are needed to define the efficacy and risks 
of  this form of  treatment.

RADICAL SURGICAL APPROACH
Surgery remains as the cornerstone curative treatment 
for rectal cancer. Sphincter preservation must be seen 
as a secondary objective, which should not compromise 
oncological adequacy of  resection. Radical surgical treat-
ment for rectal cancer, which consists of  the resection 
of  the rectum and lymphadenectomy, includes two main 
procedures: low anterior resection (LAR) and abdomi-
noperineal resection (APR). In LAR, the anal sphincter 
complex is preserved and it is possible to restore intesti-
nal continuity. In APR, the anal sphincters are resected en 
bloc and it is necessary to construct a definitive colostomy. 
Currently, LAR is the most commonly used surgery for 
the rectal cancer, while APR is applied in cases where it 
is not possible to get free margins without resecting the 
anal sphincter complex[48].

As a rule, the lower is the level of  a rectal cancer, 
the worse is its prognosis. In a series[49] in which 2136 
patients underwent radical surgeries with TME, the local 
recurrence rate was 15%, 13% and 9% for tumors locat-
ed in inferior, medium and superior rectum, respectively. 
The correspondent five-year survival rates were 59%, 
62% and 69%. The rate of  local recurrence was 10% in 
patients submitted to LAR compared with 15% for pa-
tients submitted to APR. In addition, the five-year sur-
vival rate was 68% for LAR and 55% for APR. A similar 
study[50] analyze patients who underwent radical surgeries 
without any adjuvant therapy. The mean rate of  local 
recurrence rate was 18.5% (19.3% for APR and 16.2% 
for LAR). There is currently strong evidence in literature 
showing that LAR and APR have similar long-term on-
cological results when appropriate surgical margins can 
be assured. 

A diverting ostomy is strongly recommended for 
patients undergoing a LAR, particularly when a low 
anastomosis is constructed. A meta-analysis[51] of  4 
randomized controlled trials and 21 non-randomized 
studies, including 11429 patients, showed more favorable 
results in patients with a diverting ostomy as compared 
with those without a protective stoma. Meta-analysis 
of  the randomized trials showed lower rates of  clinical 
anastomotic leak (RR = 0.39; P < 0.001) and reoperation 
(RR = 0.29; P < 0.001) in the stoma group. Similarly, 
meta-analysis of  the non-randomized studies demon-
strated lower rates of  clinical anastomotic leak (RR = 
0.74; P < 0.001), reoperation (RR = 0.28; P < 0.001) and 
mortality (RR = 0.42; P < 0.001) in the stoma group. A 
protective ostomy may be either a colostomy (usually in 
the transverse colon) or an ileostomy. The latter is more 
frequently used because it is technically easier to reverse 
and less associated with stoma prolapse. Usually, the 
ileostomy reversal is undertaken within 8 to 12 wk after 
the primary rectal resection[52].

DISTAL MARGIN OF RESECTION
At present, a distal mural margin of  2cm is considered 
the standard for rectal cancer resections[2]. One cm distal 
margin is accepted for low rectal tumors, if  it is necessary 
to avoid an APR[2,53-56], because distal intramural spread 
occurs over 1 cm in only 4%-10% of  the cases[57,58]. Ueno 
et al[59] demonstrated in a retrospective analysis of  80 pa-
tients who underwent APR that intra-mural distal spread 
occurs in 10.6% of  the patients. In only 2.3% of  the 
cases tumor cells can be found more than 1cm from the 
tumor, mainly in poor differentiated carcinomas. There 
are some authors that accept margins even shorter than 
the 1 cm[60]. In a recent meta-analysis evaluating 17 stud-
ies including 7097 patients the local recurrence rate was 
only 1% higher in the group of  patients with distal mar-
gins less than 1 cm when compared to the group with 
distal margins measuring more than 1 cm (95%CI: 0.6-2.7, 
P = 0.175). They were not able to find a statistically sig-
nificant difference in either local control or survival with 
margins of  less than 1 cm. Analysis of  a subgroup of  
patients with negative margins as close as 5 mm to the 
lower tumor border suggests it can be safely adopted in 
histologically favorable tumors[60]. To this date, however, 
there is no study establishing valid criteria for selecting 
patients to resection with less than 1 cm distal margin. 

TOTAL MESORECTAL EXCISION
TME was proposed and made popular by Heald et al[61] 
in 1982, being recommended for tumors of  the mid and 
lower rectum. It consists of  complete excision of  all the 
mesorectal tissue evolved by the visceral layer of  endo-
pelvic fascia, which must be kept intact and the circum-
ferential margins not compromised. TME is based on the 
observation that viable tumor cells can be found within 
the mesorectum as far as 3 to 4 cm from the tumor lower 
border[62,63]. The technique consists of  sharp dissection 
without the use of  blunt instruments (including fingers) 
on the natural avascular plane between visceral and the 
parietal endopelvic fascia layers. That dissection requires 
the removal of  the Denonvilliers fascia, especially when 
the tumor is anterior. The hypogastric and parasympa-
thetic pelvic nerves must be preserved, avoiding urinary 
and sexual disfunction. Circumferential margins should be 
widely resected to reduce rates of  local recurrence[64,65]. 

Since the introduction of  TME, the five-year survival 
rates increased from 45%-50% to 75% and the local re-
currence rates decreased from 30% to 5%-8%[66]. It is not 
necessary, however, to perform a TME in upper rectal tu-
mors. Resecting a 5 cm distal margin of  the mesorectum 
below the inferior tumor edge (partial mesorectal exci-
sion) is enough in those cases[62]. 

SPHINCTER PRESERVATION IN ULTRA-
LOW RECTAL TUMORS
Sphincter preservation remains a challenge in low rectal 
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tumors. Whenever safe distal margins cannot be achieved, 
an APR is still the treatment of  choice. However, for 
tumors located within 6 cm from the anal verge some 
conservative surgical procedures may be attempted[67,68]. 
In the ultra-LAR (uLAR), the rectal transection is per-
formed transanally, with straight view to the inferior 
tumor board, and a manual coloanal anastomosis (CAA). 
Another alternative is the intersphincteric resection (ISR), 
in which the internal anal sphincter is partially or totally 
resected in order to obtain appropriate longitudinal and 
radial margins[68]. 

Recently, Rullier et al[68] have tried to standardize surgi-
cal treatment for the inferior rectal tumors, proposing a 
new classification of  these tumors according its location 
and degree of  sphincter invasion. They subdivided low 
rectal tumors into four categories: Type Ⅰ (supra-anal tu-
mor): inferior tumor board located more than 1 cm from 
the anal ring; Type Ⅱ (juxta-anal tumor): inferior tumor 
board is located ≤ 1 cm distant from the anal ring; Type 
Ⅲ (intra-anal tumor): there is internal sphincter invasion; 
and Type Ⅳ (transanal tumor): when there is external 
sphincter or levator ani muscle invasion. In this study, 
Type Ⅰ cancers were treated through a conventional 
CAA, that was a Park procedure, including anal mucosec-
tomy above the dentate line and preservation of  the anal 
internal sphincter. Type Ⅱ tumors underwent partial ISR 
to achieve sphincter-preserving surgery with 1 cm distal 
resection margin. Type Ⅲ lesions had a total ISR remov-
ing the whole of  the internal sphincter. Type Ⅳ lesions 
were treated through APR. Using that classification, the 
authors operated 404 cases, with local recurrence rates of  
6%, 5%, 9% and 17% respectively for the types Ⅰ, Ⅱ, Ⅲ 
and Ⅳ (P = 0.186). Only 50% of  the patients had good 
fecal continence while 11% had a severe fecal inconti-
nence. Besides, 6% of  their patients needed definitive co-
lostomy due to postoperative fecal incontinence. As the 
authors recognized, results of  their retrospective series 
need to be confirmed in prospective clinical trials. 

Whenever a very low colorectal anastomosis is per-
formed, the rectal reservoir is lost and it can result in the 
so-called anterior resection syndrome (soiling, urgency, 
multiple defecation). In this context, it is interesting to 
observe that some studies demonstrated that the quality 
of  life of  patients who have undergone uLAR may be 
inferior when compared to the one of  patients submit-
ted to APR[69]. Functional results of  ISR are recognizably 
suboptimum[68,70], with only 50% of  patients maintaining 
fecal continence after two years[68,71]. Thus, ISR must be 
considered for patients with adequate sphincteric func-
tion, as demonstrated by manometric evaluation of  anal 
sphincters, and for those that can accept that functional 
results may be suboptimum. 

SURGICAL SPECIALIZATION 
The specialization degree of  the surgeon is an important 
prognostic factor for the treatment of  colorectal cancer. 
Patients operated by surgeons specialized in colorectal 
surgery have better outcome[72]. Regarding the rectal 

cancer, some studies confirm the influence of  surgical 
specialization on the prognosis. In a population based au-
dit[73] with 8219 cases, patients who have undergone elec-
tive proctectomy by colorectal surgeons obtained higher 
sphincter preservation rates as compared to the ones 
operated by general surgeons (OR = 1.42; P = 0.018). In 
a historical cohort study[74] involving five general hospi-
tals with 683 patients operated on with curative intent, 
cancer-free five-year survival rate was significantly higher 
in the group operated by colorectal surgeons (HR = 1.5; 
P = 0.03). Similarly, a recent review and meta-analysis[75] 
demonstrated that patients operated by colorectal sur-
geons presented a lower rate of  permanent ostomy (RR 
= 0.7; 95%CI: 0.53-0.94). In addition, in a retrospective 
study[76] with 384 consecutive rectal cancer patients, the 
results were significantly better when patients were oper-
ated by colorectal surgeons. After multivariate analysis, 
the five-year survival was 77% for patients operated by 
specialists and 68% for the patients operated by general 
surgeons. There was also a better local control as well as a 
higher rate of  sphincter preservation in patients operated 
by specialists. 

MINIMALLY INVASIVE SURGERY 
Current evidence indicates that laparoscopic TME has 
equivalent oncological results as compared to open TME, 
when performed by experienced laparoscopic surgeons[2]. 
Most studies reported similar oncological results when 
comparing both techniques[77-81]. In a meta-analysis[82] 
involving 17 trials with 3158 patients with rectal cancer 
submitted to curative operations there was a statistically 
significant difference in the average number of  recovered 
lymph nodes (laparoscopy = 10, open = 12, P = 0.001). 
However, it had no impact on the clinical outcome of  the 
patients. Furthermore, there was no difference in the ra-
dial, proximal or distal margin status between the groups. 
In the CLASICC Trial[83], a single-institution clinical trial 
with 253 patients, the incidence of  positive radial margins 
was 12% in the laparoscopic LAR group vs 6% for the 
open LAR one. That difference, however, was not statis-
tically significant and there was no difference regarding 
local recurrence within five years.

Four prospective trials including 886 patients have 
reported no significant difference in disease-free or over-
all survival between the laparoscopic and open groups 
with a follow-up ranging from 37 to 113 mo[77-80]. In the 
COLOR Ⅱ trial[84], a multicenter randomized clinical trial 
with 1103 patients, there was no significant difference be-
tween the open surgery group and the laparoscopy group 
in relation to radial and distal margin status and in the 
number of  recovered lymph nodes. A definitive answer 
regarding the safety and effectiveness of  the rectal cancer 
laparoscopic surgery, however, still depends on the results 
of  multicenter studies such as ACOSOG-Z6051 trial[85], 
currently conducted in the United States.

The recent introduction of  the robotic surgical sys-
tem has revolutionized the field of  minimally invasive 
surgery. It provides several technical advances in relation 
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to laparoscopic surgery: better ergonomics, stable camera 
control, high-definition three-dimensional vision, filter of  
physiologic tremor and human wrist-like motion of  ro-
botic instruments[86]. Robotic technology also eliminates 
the fatigue associated with conventional laparoscopy and 
offers more comfort to the surgeon[87]. Another advan-
tage of  robotic surgery is a shorter learning curve when 
compared to laparoscopy, although cost of  robotic sur-
gery is significantly higher[88]. 

Several technical issues of  the robotic surgery, how-
ever, should be carefully taken into account. There is a 
loss of  tactile sensation with the robotic approach, which 
results in lack of  tensile feedback to the surgeon. It can 
cause excessive traction of  tissues and damage to ana-
tomic structures, particularly during the initial experiences 
with the technique. Operative time is usually longer using 
the robotic system as compared with the laparoscopic 
approach, particularly because docking and separation of  
the robotic instruments from patient is a time consum-
ing procedure. The patient’s surgical position cannot be 
modified without undocking the robotic instruments, 
which may result in prolonged operative time and poten-
tial delay in conversion to open surgery if  it is eventually 
necessary[88,89]. 

Recent studies have compared robotic surgery to 
laparoscopy for the treatment of  rectal cancer. A meta-
analysis[89] with 854 patients has demonstrated that the 
conversion rate to open surgery was significantly lower 
in the robotic approach when compared to the lapa-
roscopic surgery (OR = 0.26; 95%CI: 0.12-0.57, P = 
0.0007). In that study, there was no significant difference 
between the groups regarding operative length, hospital 
stay, postoperative complications, number of  recovered 
lymph nodes and positive radial/distal margin status. 
In another study[90] including 84 patients who have 
undergone uLAR, the robotic surgery showed a lower 
conversion rate to the open procedure (robot, 2.1% vs 
laparoscopy, 16.2%, P = 0.02) and shorter hospital stay 
(robot, 9 d vs laparoscopy, 11 d, P = 0.011). There was 
no significant difference between the groups in rates of  
local recurrence and overall survival within 3 years. The 
robotic system has been improving rapidly and has been 
successfully used even in complex surgical procedures 
such as uLAR with CAA and ISR[91]. Even showing some 
potential advantages in relation to laparoscopy, the role 
of  the robotic surgery for the rectal cancer treatment has 
not been defined yet, still requiring further studies with 
longer follow-up period.

CONCLUSION
Rectal cancer management is currently a multidisciplinary 
effort, which incorporates new concepts and technolo-
gies, resulting in significant improvement in patients’ on-
cological and functional outcomes. Despite the evolution 
seen in the last decades, there are still many unanswered 
questions about the management of  rectal cancer. We 
still await results of  large multi-institutional prospective 
trials to define some of  the most important and contro-

versial points, such as safety and efficacy of  the “wait and 
see” approach and the definitive role of  laparoscopic and 
robotic surgery in rectal cancer. 

REFERENCES
1 Nivatvongs S, Gordon PH. Surgical anatomy. In: Gordon 

PH, Nivatvongs S. Principle and Practice of Surgery for the 
Colon, Rectum and Anus. New York: Informa Healthcare, 
2007: 1-28

2 Monson JR, Weiser MR, Buie WD, Chang GJ, Rafferty JF, 
Buie WD, Rafferty J; Standards Practice Task Force of the 
American Society of Colon and Rectal Surgeons. Practice 
parameters for the management of rectal cancer (revised). 
Dis Colon Rectum 2013; 56: 535-550 [PMID: 23575392 DOI: 
10.1097/DCR.0b013e31828cb66c]

3 Kim MS, Park YJ. Detection and treatment of synchro-
nous lesions in colorectal cancer: the clinical implication of 
perioperative colonoscopy. World J Gastroenterol 2007; 13: 
4108-4111 [PMID: 17696231]

4 AJCC. Colon and Rectum. In: Edge SB, Byrd DR, Compton 
CC, eds. AJCC Cancer Staging Manual. 7th ed. New York, 
NY: Springer, 2010; 143-164

5 Rifkin MD, Ehrlich SM, Marks G. Staging of rectal carci-
noma: prospective comparison of endorectal US and CT. 
Radiology 1989; 170: 319-322 [PMID: 2643135]

6 Shank B, Dershaw DD, Caravelli J, Barth J, Enker W. A 
prospective study of the accuracy of preoperative computed 
tomographic staging of patients with biopsy-proven rec-
tal carcinoma. Dis Colon Rectum 1990; 33: 285-290 [PMID: 
2323277 DOI: 10.1007/BF02055469]

7 Goldman S, Arvidsson H, Norming U, Lagerstedt U, Mag-
nusson I, Frisell J. Transrectal ultrasound and computed to-
mography in preoperative staging of lower rectal adenocar-
cinoma. Gastrointest Radiol 1991; 16: 259-263 [PMID: 1879647 
DOI: 10.1007/BF01887361]

8 Cova M, Frezza F, Pozzi-Mucelli RS, Ukmar M, Tarjan Z, 
Melato M, Bucconi S, Dalla Palma L. Computed tomogra-
phy and magnetic resonance in the preoperative staging of 
the spread of rectal cancer. A correlation with the anatomi-
copathological aspects. Radiol Med 1994; 87: 82-89 [PMID: 
8128038]

9 Kim NK, Kim MJ, Yun SH, Sohn SK, Min JS. Comparative 
study of transrectal ultrasonography, pelvic computerized 
tomography, and magnetic resonance imaging in preop-
erative staging of rectal cancer. Dis Colon Rectum 1999; 42: 
770-775 [PMID: 10378601 DOI: 10.1007/BF02236933]

10 Muthusamy VR, Chang KJ. Optimal methods for staging 
rectal cancer. Clin Cancer Res 2007; 13: 6877s-6884s [PMID: 
18006793 DOI: 10.1158/1078-0432.CCR-07-1137]

11 Garcia-Aguilar J, Pollack J, Lee SH, Hernandez de Anda 
E, Mellgren A, Wong WD, Finne CO, Rothenberger DA, 
Madoff RD. Accuracy of endorectal ultrasonography in pre-
operative staging of rectal tumors. Dis Colon Rectum 2002; 
45: 10-15 [PMID: 11786756 DOI: 10.1007/s10350-004-6106-3]

12 Marusch F, Koch A, Schmidt U, Zippel R, Kuhn R, Wolff 
S, Pross M, Wierth A, Gastinger I, Lippert H. Routine use 
of transrectal ultrasound in rectal carcinoma: results of a 
prospective multicenter study. Endoscopy 2002; 34: 385-390 
[PMID: 11972270 DOI: 10.1055/s-2002-25292]

13 Dworák O. Number and size of lymph nodes and node 
metastases in rectal carcinomas. Surg Endosc 1989; 3: 96-99 
[PMID: 2672395 DOI: 10.1007/BF00590909]

14 Andreola S, Leo E, Belli F, Bufalino R, Tomasic G, Lavarino 
C, Baldini MT, Meroni E. Manual dissection of adenocarci-
noma of the lower third of the rectum specimens for detec-
tion of lymph node metastases smaller than 5 mm. Cancer 
1996; 77: 607-612 [PMID: 8616750]

15 Bipat S, Glas AS, Slors FJ, Zwinderman AH, Bossuyt PM, 

Damin DC et al . Evolving treatment strategies for CRC



885 January 28, 2014|Volume 20|Issue 4|WJG|www.wjgnet.com

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 Bleday R. Local excision of rectal cancer. World J Surg 1997; 
21: 706-714 [PMID: 9276701 DOI: 10.1007/s002689900295]

17 Sengupta S, Tjandra JJ. Local excision of rectal cancer: what 
is the evidence? Dis Colon Rectum 2001; 44: 1345-1361 [PMID: 
11584215 DOI: 10.1007/BF02234796]

18 Meredith KL, Hoffe SE, Shibata D. The multidisciplinary 
management of rectal cancer. Surg Clin North Am 2009; 89: 
177-215, ix-x [PMID: 19186236 DOI: 10.1016/j.suc.2008.09.021]

19 Nastro P, Beral D, Hartley J, Monson JR. Local excision of 
rectal cancer: review of literature. Dig Surg 2005; 22: 6-15 
[PMID: 15761225 DOI: 10.1159/000084345]

20 Neary P, Makin GB, White TJ, White E, Hartley J, MacDon-
ald A, Lee PW, Monson JR. Transanal endoscopic microsur-
gery: a viable operative alternative in selected patients with 
rectal lesions. Ann Surg Oncol 2003; 10: 1106-1111 [PMID: 
14597451 DOI: 10.1245/ASO.2003.01.441]

21 Gavagan JA, Whiteford MH, Swanstrom LL. Full-thickness 
intraperitoneal excision by transanal endoscopic micro-
surgery does not increase short-term complications. Am 
J Surg 2004; 187: 630-634 [PMID: 15135680 DOI: 10.1016/
j.amjsurg.2004.01.004]

22 Allaix ME, Fichera A. Modern rectal cancer multidisciplinary 
treatment: the role of radiation and surgery. Ann Surg Oncol 
2013; 20: 2921-2928 [PMID: 23604783 DOI: 10.1245/s10434-
013-2966-x]

23 Påhlman L, Glimelius B. Pre- or postoperative radiotherapy 
in rectal and rectosigmoid carcinoma. Report from a ran-
domized multicenter trial. Ann Surg 1990; 211: 187-195 
[PMID: 2405793 DOI: 10.1097/00000658-199002000-00011]

24 Cedermark B, Johansson H, Rutqvist LE, Wilking N. The 
Stockholm I trial of preoperative short term radiotherapy in 
operable rectal carcinoma. A prospective randomized trial. 
Stockholm Colorectal Cancer Study Group. Cancer 1995; 75: 
2269-2275 [PMID: 7712435]

25 Improved survival with preoperative radiotherapy in re-
sectable rectal cancer. Swedish Rectal Cancer Trial. N Engl 
J Med 1997; 336: 980-987 [PMID: 9091798 DOI: 10.1056/
NEJM199704033361402]

26 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; Dutch Colorectal 
Cancer Group. Preoperative radiotherapy combined with 
total mesorectal excision for resectable rectal cancer. N Engl 
J Med 2001; 345: 638-646 [PMID: 11547717 DOI: 10.1056/
NEJMoa010580]

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

28 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; German 
Rectal Cancer Study Group. Preoperative versus postop-
erative chemoradiotherapy for rectal cancer. N Engl J Med 
2004; 351: 1731-1740 [PMID: 15496622 DOI: 10.1056/NEJ-
Moa040694]

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

30 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. Preop-

erative 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]

31 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 
randomized phase III trial after a median follow-up of 11 
years. J Clin Oncol 2012; 30: 1926-1933 [PMID: 22529255 DOI: 
10.1200/JCO.2011.40.1836]

32 Rahbari NN, Elbers H, Askoxylakis V, Motschall E, Bork U, 
Büchler MW, Weitz J, Koch M. Neoadjuvant radiotherapy 
for rectal cancer: meta-analysis of randomized controlled 
trials. Ann Surg Oncol 2013; 20: 4169-4182 [PMID: 24002536 
DOI: 10.1245/s10434-013-3198-9]

33 Valentini V, Coco C, Cellini N, Picciocchi A, Genovesi D, 
Mantini G, Barbaro B, Cogliandolo S, Mattana C, Ambesi-
Impiombato F, Tedesco M, Cosimelli M. Preoperative 
chemoradiation for extraperitoneal T3 rectal cancer: acute 
toxicity, tumor response, and sphincter preservation. Int J 
Radiat Oncol Biol Phys 1998; 40: 1067-1075 [PMID: 9539561 
DOI: 10.1016/S0360-3016(97)00918-8]

34 Gerard JP, Rostom Y, Gal J, Benchimol D, Ortholan C, As-
chele C, Levi JM. Can we increase the chance of sphincter 
saving surgery in rectal cancer with neoadjuvant treatments: 
lessons from a systematic review of recent randomized tri-
als. Crit Rev Oncol Hematol 2012; 81: 21-28 [PMID: 21377377 
DOI: 10.1016/j.critrevonc.2011.02.001]

35 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.critrevonc.2011.02.001]

36 Glynne-Jones R, Hughes R. Critical appraisal of the ‘wait 
and see’ approach in rectal cancer for clinical complete re-
sponders after chemoradiation. Br J Surg 2012; 99: 897-909 
[PMID: 22539154 DOI: 10.1002/bjs.8732]

37 Martin ST, Heneghan HM, Winter DC. Systematic review 
and meta-analysis of outcomes following pathological com-
plete response to neoadjuvant chemoradiotherapy for rectal 
cancer. Br J Surg 2012; 99: 918-928 [PMID: 22362002 DOI: 
10.1002/bjs.8702]

38 Habr-Gama A, de Souza PM, Ribeiro U, Nadalin W, Gansl R, 
Sousa AH, Campos FG, Gama-Rodrigues J. Low rectal can-
cer: impact of radiation and chemotherapy on surgical treat-
ment. Dis Colon Rectum 1998; 41: 1087-1096 [PMID: 9749491 
DOI: 10.1007/BF02239429]

39 Habr-Gama A, Perez RO, Proscurshim I, Campos FG, Nad-
alin W, Kiss D, Gama-Rodrigues J. Patterns of failure and 
survival for nonoperative treatment of stage c0 distal rectal 
cancer following neoadjuvant chemoradiation therapy. J 
Gastrointest Surg 2006; 10: 1319-1328; discussion 1328-1329 
[PMID: 17175450 DOI: 10.1016/j.gassur.2006.09.005]

40 Nyasavajjala SM, Shaw AG, Khan AQ, Brown SR, Lund JN. 
Neoadjuvant chemo-radiotherapy and rectal cancer: can the 
UK watch and wait with Brazil? Colorectal Dis 2010; 12: 33-36 
[PMID: 19832875 DOI: 10.1111/j.1463-1318.2009.02054.x]

41 Nakagawa WT, Rossi BM, de O Ferreira F, Ferrigno R, 
David Filho WJ, Nishimoto IN, Vieira RA, Lopes A. Chemo-
radiation instead of surgery to treat mid and low rectal 
tumors: is it safe? Ann Surg Oncol 2002; 9: 568-573 [PMID: 
12095973 DOI: 10.1007/BF02573893]

42 Habr-Gama A. Assessment and management of the com-
plete clinical response of rectal cancer to chemoradiother-
apy. Colorectal Dis 2006; 8 Suppl 3: 21-24 [PMID: 16813588 
DOI: 10.1111/j.1463-1318.2006.01066.x]

43 Lim L, Chao M, Shapiro J, Millar JL, Kipp D, Rezo A, Fong 

Damin DC et al . Evolving treatment strategies for CRC



886 January 28, 2014|Volume 20|Issue 4|WJG|www.wjgnet.com

A, Jones IT, McLaughlin S, Gibbs P. Long-term outcomes of 
patients with localized rectal cancer treated with chemora-
diation or radiotherapy alone because of medical inopera-
bility or patient refusal. Dis Colon Rectum 2007; 50: 2032-2039 
[PMID: 17896138 DOI: 10.1007/s10350-007-9062-x]

44 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]

45 Dalton RS, Velineni R, Osborne ME, Thomas R, Harries S, 
Gee AS, Daniels IR. A single-centre experience of chemora-
diotherapy for rectal cancer: is there potential for nonopera-
tive management? Colorectal Dis 2012; 14: 567-571 [PMID: 
21831177 DOI: 10.1111/j.1463-1318.2011.02752.x]

46 Maas M, Beets-Tan RG, Lambregts DM, Lammering G, Ne-
lemans 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]

47 Evans J, Patel U, Brown G. Rectal cancer: primary stag-
ing and assessment after chemoradiotherapy. Semin Radiat 
Oncol 2011; 21: 169-177 [PMID: 21645861 DOI: 10.1016/
j.semradonc.2011.02.002]

48 Mekras A, Michalopoulos A, Papadopoulos VN, Mekras 
D, Kalles V, Tzeveleki I, Dabakis G, Netta S, Basdanis G. 
Changes in treatment of rectal cancer: increased use of low 
anterior resection. Tech Coloproctol 2011; 15 Suppl 1: S51-S54 
[PMID: 21887575 DOI: 10.1007/s10151-011-0731-3]

49 Wibe A, Syse A, Andersen E, Tretli S, Myrvold HE, Søreide 
O; Norwegian Rectal Cancer Group. Oncological outcomes 
after total mesorectal excision for cure for cancer of the 
lower rectum: anterior vs. abdominoperineal resection. Dis 
Colon Rectum 2004; 47: 48-58 [PMID: 14719151 DOI: 10.1007/
s10350-003-0012-y]

50 McCall JL, Cox MR, Wattchow DA. Analysis of local recur-
rence rates after surgery alone for rectal cancer. Int J Colorec-
tal Dis 1995; 10: 126-132 [PMID: 7561427 DOI: 10.1007/
BF00298532]

51 Tan WS, Tang CL, Shi L, Eu KW. Meta-analysis of defunc-
tioning stomas in low anterior resection for rectal cancer. 
Br J Surg 2009; 96: 462-472 [PMID: 19358171 DOI: 10.1002/
bjs.6594]

52 Gessler B, Haglind E, Angenete E. Loop ileostomies in 
colorectal cancer patients--morbidity and risk factors for 
nonreversal. J Surg Res 2012; 178: 708-714 [PMID: 22940030 
DOI: 10.1016/j.jss.2012.08.018]

53 Rutkowski A, Bujko K, Nowacki MP, Chmielik E, Na-
sierowska-Guttmejer A, Wojnar A; Polish Colorectal Study 
Group. Distal bowel surgical margin shorter than 1 cm after 
preoperative radiation for rectal cancer: is it safe? Ann Surg 
Oncol 2008; 15: 3124-3131 [PMID: 18766404 DOI: 10.1245/
s10434-008-0125-6]

54 Moore HG, Riedel E, Minsky BD, Saltz L, Paty P, Wong D, 
Cohen AM, Guillem JG. Adequacy of 1-cm distal margin af-
ter restorative rectal cancer resection with sharp mesorectal 
excision and preoperative combined-modality therapy. Ann 
Surg Oncol 2003; 10: 80-85 [PMID: 12513965 DOI: 10.1245/
ASO.2003.04.010]

55 Guillem JG, Chessin DB, Shia J, Suriawinata A, Riedel E, 
Moore HG, Minsky BD, Wong WD. A prospective patho-
logic analysis using whole-mount sections of rectal cancer 
following preoperative combined modality therapy: impli-
cations for sphincter preservation. Ann Surg 2007; 245: 88-93 
[PMID: 17197970 DOI: 10.1097/01.sla.0000232540.82364.43]

56 Nelson H, Petrelli N, Carlin A, Couture J, Fleshman J, 
Guillem J, Miedema B, Ota D, Sargent D; National Cancer 
Institute Expert Panel. Guidelines 2000 for colon and rectal 
cancer surgery. J Natl Cancer Inst 2001; 93: 583-596 [PMID: 
11309435 DOI: 10.1093/jnci/93.8.583]

57 Wolmark N, Fisher B. An analysis of survival and treatment 
failure following abdominoperineal and sphincter-saving 
resection in Dukes’ B and C rectal carcinoma. A report of 
the NSABP clinical trials. National Surgical Adjuvant Breast 
and Bowel Project. Ann Surg 1986; 204: 480-489 [PMID: 
3532972 DOI: 10.1097/00000658-198610000-00016]

58 Williams NS, Dixon MF, Johnston D. Reappraisal of the 5 
centimetre rule of distal excision for carcinoma of the rec-
tum: a study of distal intramural spread and of patients’ 
survival. Br J Surg 1983; 70: 150-154 [PMID: 6831156 DOI: 
10.1002/bjs.1800700305]

59 Ueno H, Mochizuki H, Hashiguchi Y, Ishikawa K, Fujimoto 
H, Shinto E, Hase K. Preoperative parameters expanding 
the indication of sphincter preserving surgery in patients 
with advanced low rectal cancer. Ann Surg 2004; 239: 34-42 
[PMID: 14685098 DOI: 10.1097/01.sla.0000103070.13030.eb]

60 Bujko K, Rutkowski A, Chang GJ, Michalski W, Chmielik 
E, Kusnierz J. Is the 1-cm Rule of Distal Bowel Resection 
Margin in Rectal Cancer Based on Clinical Evidence? A Sys-
tematic Review. Indian J Surg Oncol 2012; 3: 139-146 [PMID: 
23728157 DOI: 10.1007/s13193-012-0158-y]

61 Heald RJ, Husband EM, Ryall RD. The mesorectum in rectal 
cancer surgery--the clue to pelvic recurrence? Br J Surg 1982; 
69: 613-616 [PMID: 6751457 DOI: 10.1002/bjs.1800691019]

62 Scott N, Jackson P, al-Jaberi T, Dixon MF, Quirke P, Finan 
PJ. Total mesorectal excision and local recurrence: a study 
of tumour spread in the mesorectum distal to rectal cancer. 
Br J Surg 1995; 82: 1031-1033 [PMID: 7648142 DOI: 10.1002/
bjs.1800820808]

63 Hida J, Yasutomi M, Maruyama T, Fujimoto K, Uchida T, 
Okuno K. Lymph node metastases detected in the meso-
rectum distal to carcinoma of the rectum by the clearing 
method: justification of total mesorectal excision. J Am Coll 
Surg 1997; 184: 584-588 [PMID: 9179114]

64 Quirke P, Durdey P, Dixon MF, Williams NS. Local recur-
rence of rectal adenocarcinoma due to inadequate surgical 
resection. Histopathological study of lateral tumour spread 
and surgical excision. Lancet 1986; 2: 996-999 [PMID: 2430152 
DOI: 10.1016/S0140-6736(86)92612-7]

65 Adam IJ, Mohamdee MO, Martin IG, Scott N, Finan PJ, 
Johnston D, Dixon MF, Quirke P. Role of circumferential 
margin involvement in the local recurrence of rectal cancer. 
Lancet 1994; 344: 707-711 [PMID: 7915774 DOI: 10.1016/
S0140-6736(94)92206-3]

66 Enker WE. Total mesorectal excision--the new golden stan-
dard of surgery for rectal cancer. Ann Med 1997; 29: 127-133 
[PMID: 9187227 DOI: 10.3109/07853899709113698]

67 Saito N, Ito M, Kobayashi A, Nishizawa Y, Sugito M. 
Sphincter-saving resection for low rectal cancer. Nihon Geka 
Gakkai Zasshi 2011; 112: 318-324 [PMID: 21941822]

68 Rullier E, Denost Q, Vendrely V, Rullier A, Laurent C. Low 
rectal cancer: classification and standardization of surgery. 
Dis Colon Rectum 2013; 56: 560-567 [PMID: 23575394 DOI: 
10.1097/DCR.0b013e31827c4a8c]

69 Grumann MM, Noack EM, Hoffmann IA, Schlag PM. Com-
parison of quality of life in patients undergoing abdomino-
perineal extirpation or anterior resection for rectal cancer. 
Ann Surg 2001; 233: 149-156 [PMID: 11176118 DOI: 10.1097/0
0000658-200102000-00001]

70 Chin CC, Yeh CY, Huang WS, Wang JY. Clinical outcome of 
intersphincteric resection for ultra-low rectal cancer. World J 
Gastroenterol 2006; 12: 640-643 [PMID: 16489683]

71 Gamagami R, Istvan G, Cabarrot P, Liagre A, Chiotasso P, 
Lazorthes F. Fecal continence following partial resection of 
the anal canal in distal rectal cancer: long-term results after 
coloanal anastomoses. Surgery 2000; 127: 291-295 [PMID: 
10715984 DOI: 10.1067/msy.2000.103487]

72 Rosen L, Stasik JJ, Reed JF, Olenwine JA, Aronoff JS, Sher-
man D. Variations in colon and rectal surgical mortality. 
Comparison of specialties with a state-legislated database. 

Damin DC et al . Evolving treatment strategies for CRC



887 January 28, 2014|Volume 20|Issue 4|WJG|www.wjgnet.com

Dis Colon Rectum 1996; 39: 129-135 [PMID: 8620777 DOI: 
10.1007/BF02068065]

73 Borowski DW, Kelly SB, Bradburn DM, Wilson RG, Gunn 
A, Ratcliffe AA; Northern Region Colorectal Cancer Audit 
Group. Impact of surgeon volume and specialization on 
short-term outcomes in colorectal cancer surgery. Br J Surg 
2007; 94: 880-889 [PMID: 17410637 DOI: 10.1002/bjs.5721]

74 Porter GA, Soskolne CL, Yakimets WW, Newman SC. Sur-
geon-related factors and outcome in rectal cancer. Ann Surg 
1998; 227: 157-167 [PMID: 9488510 DOI: 10.1097/00000658-1
99802000-00001]

75 Archampong D, Borowski D, Wille-Jørgensen P, Iversen 
LH. Workload and surgeon’s specialty for outcome after 
colorectal cancer surgery. Cochrane Database Syst Rev 2012; 3: 
CD005391 [PMID: 22419309 DOI: 10.1002/14651858]

76 Read TE, Myerson RJ, Fleshman JW, Fry RD, Birnbaum 
EH, Walz BJ, Kodner IJ. Surgeon specialty is associated 
with outcome in rectal cancer treatment. Dis Colon Rec-
tum 2002; 45: 904-914 [PMID: 12130879 DOI: 10.1007/
s10350-004-6327-5]

77 Jayne DG, Guillou PJ, Thorpe H, Quirke P, Copeland J, 
Smith AM, Heath RM, Brown JM; UK MRC CLASICC Trial 
Group. Randomized trial of laparoscopic-assisted resec-
tion of colorectal carcinoma: 3-year results of the UK MRC 
CLASICC Trial Group. J Clin Oncol 2007; 25: 3061-3068 
[PMID: 17634484 DOI: 10.1200/JCO.2006.09.7758]

78 Braga M, Frasson M, Vignali A, Zuliani W, Capretti G, Di 
Carlo V. Laparoscopic resection in rectal cancer patients: 
outcome and cost-benefit analysis. Dis Colon Rectum 2007; 50: 
464-471 [PMID: 17195085 DOI: 10.1007/s10350-006-0798-5]

79 Hillingsø JG, Wille-Jørgensen P. Staged or simultaneous 
resection of synchronous liver metastases from colorectal 
cancer--a systematic review. Colorectal Dis 2009; 11: 3-10 
[PMID: 18637099 DOI: 10.1111/j.1463-1318.2008.01625.x]

80 Laurent C, Leblanc F, Wütrich P, Scheffler M, Rullier E. 
Laparoscopic versus open surgery for rectal cancer: long-
term oncologic results. Ann Surg 2009; 250: 54-61 [PMID: 
19561481 DOI: 10.1097/SLA.0b013e3181ad6511]

81 Kang SB, Park JW, Jeong SY, Nam BH, Choi HS, Kim DW, 
Lim SB, Lee TG, Kim DY, Kim JS, Chang HJ, Lee HS, Kim 
SY, Jung KH, Hong YS, Kim JH, Sohn DK, Kim DH, Oh JH. 
Open versus laparoscopic surgery for mid or low rectal can-
cer after neoadjuvant chemoradiotherapy (COREAN trial): 
short-term outcomes of an open-label randomised con-

trolled trial. Lancet Oncol 2010; 11: 637-645 [PMID: 20610322 
DOI: 10.1016/S1470-2045(10)70131-5]

82 Anderson C, Uman G, Pigazzi A. Oncologic outcomes of 
laparoscopic surgery for rectal cancer: a systematic review 
and meta-analysis of the literature. Eur J Surg Oncol 2008; 34: 
1135-1142 [PMID: 18191529 DOI: 10.1016/j.ejso.2007.11.015]

83 Jayne DG, Thorpe HC, Copeland J, Quirke P, Brown JM, 
Guillou PJ. Five-year follow-up of the Medical Research 
Council CLASICC trial of laparoscopically assisted ver-
sus open surgery for colorectal cancer. Br J Surg 2010; 97: 
1638-1645 [PMID: 20629110 DOI: 10.1002/bjs.7160]

84 van der Pas MH, Haglind E, Cuesta MA, Fürst A, Lacy AM, 
Hop WC, Bonjer HJ. Laparoscopic versus open surgery for 
rectal cancer (COLOR II): short-term outcomes of a ran-
domised, phase 3 trial. Lancet Oncol 2013; 14: 210-218 [PMID: 
23395398 DOI: 10.1016/S1470-2045(13)70016-0]

85 Fleshman J; American College of Surgeons Oncology Group 
(ACOSOG)-Z6051. A Phase III prospective randomized trial 
comparing laparoscopic-assisted resection vs open resection 
for rectal cancer. Available from: URL: http://clinicaltrials.
gov/ct2/show. Accessed on september 23, 2013

86 Lanfranco AR, Castellanos AE, Desai JP, Meyers WC. Robot-
ic surgery: a current perspective. Ann Surg 2004; 239: 14-21 
[PMID: 14685095 DOI: 10.1097/01.sla.0000103020.19595.7d]

87 Alasari S, Min BS. Robotic colorectal surgery: a systematic 
review. ISRN Surg 2012; 2012: 293894 [PMID: 22655207 DOI: 
10.5402/2012/293894]

88 Aly EH. Robotic colorectal surgery: summary of the current 
evidence. Int J Colorectal Dis 2014; 29: 1-8 [PMID: 23995270]

89 Trastulli S, Farinella E, Cirocchi R, Cavaliere D, Avenia N, 
Sciannameo F, Gullà N, Noya G, Boselli C. Robotic resec-
tion compared with laparoscopic rectal resection for cancer: 
systematic review and meta-analysis of short-term outcome. 
Colorectal Dis 2012; 14: e134-e156 [PMID: 22151033 DOI: 
10.1111/j.1463-1318.2011.02907.x]

90 Baek SJ, Al-Asari S, Jeong DH, Hur H, Min BS, Baik SH, 
Kim NK. Robotic versus laparoscopic coloanal anastomosis 
with or without intersphincteric resection for rectal cancer. 
Surg Endosc 2013; 27: 4157-4163 [PMID: 23708725]

91 Kang J, Hur H, Min BS, Lee KY, Kim NK. Robotic coloanal 
anastomosis with or without intersphincteric resection 
for low rectal cancer: starting with the perianal approach 
followed by robotic procedure. Ann Surg Oncol 2012; 19: 
154-155 [PMID: 21822556 DOI: 10.1245/s10434-011-1952-4]

P- Reviewers: Altomare DF, Kim YJ, Vizoso FJ, Zielinski J    
S- Editor: Gou SX    L- Editor: A    E- Editor: Wang CH

Damin DC et al . Evolving treatment strategies for CRC



888 January 28, 2014|Volume 20|Issue 4|WJG|www.wjgnet.com

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i4.888

World J Gastroenterol  2014 January 28; 20(4): 888-898
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

BRIEF ARTICLE

Colorectal cancer biomarkers: To be or not to be? 
Cautionary tales from a road well travelled

Kim YC Fung, Edouard Nice, Ilka Priebe, Damien Belobrajdic, Aloke Phatak, Leanne Purins, Bruce Tabor, 
Celine Pompeia, Trevor Lockett, Timothy E Adams, Antony Burgess, Leah Cosgrove

Kim YC Fung, Ilka Priebe, Damien Belobrajdic, Leanne Pu-
rins, Bruce Tabor, Celine Pompeia, Trevor Lockett, Leah 
Cosgrove, CSIRO, Preventative Health National Research Flag-
ship, Adelaide, SA 5000, Australia
Edouard Nice, Department of Biochemistry and Molecular Biol-
ogy, Monash University, Clayton, VIC 3168, Australia
Aloke Phatak, CSIRO, Computational Informatics, Floreat, WA 
6014, Australia
Timothy E Adams, CSIRO, Materials Science and Engineering, 
Parkville, VIC 3052, Australia
Antony Burgess, Walter and Eliza Hall Institute of Medical Re-
search, Parkville, VIC 3052, Australia
Author contributions: Fung KYC and Nice E wrote the paper; 
Priebe I performed the research and analysed the data; Fung 
KYC, Nice E and Priebe I contributed equally to the work; Be-
lobrajdic D contributed data to the study; Fung KYC, Phatak A, 
Purins L, Tabor B and Pompeia C analysed the data; Lockett T, 
Adams TE, Burgess A and Cosgrove L designed the research. 
Supported by The CSIRO Preventative Health National Re-
search Flagship and the National Health and Medical Research 
Council, No. 1017078
Correspondence to: Kim YC Fung, PhD, CSIRO, Preventative 
Health National Research Flagship, PO Box 10041, Adelaide, SA 
5000, Australia. kim.fung@csiro.au 
Telephone: +61-8-83038840    Fax: +61-8-83038899
Received: September 26, 2013  Revised: November 26, 2013  
Accepted: January 6, 2014
Published online: January 28, 2014

Abstract
Colorectal cancer (CRC) is the second most common 
cause of cancer-related death worldwide and places a 
major economic burden on the global health care sys-
tem. The time frame for development from premalig-
nant to malignant disease typically spans 10-15 years, 
and this latent period provides an ideal opportunity for 
early detection and intervention to improve patient out-
comes. Currently, early diagnosis of CRC is hampered 

by a lack of suitable non-invasive biomarkers that are 
clinically or economically acceptable for population-
based screening. New blood-based protein biomarkers 
for early detection of CRC are therefore urgently re-
quired. The success of clinical biomarker discovery and 
validation studies is critically dependent on understand-
ing and adjusting for potential experimental, analytical, 
and biological factors that can interfere with the robust 
interpretation of results. In this review we outline some 
important considerations for research groups under-
taking biomarker research with exemplars from our 
studies. Implementation of experimental strategies to 
minimise the potential effects of these problems will 
facilitate the identification of panels of biomarkers with 
the sensitivity and specificity required for the develop-
ment of successful tests for the early detection and 
surveillance of CRC.  

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Biomarker; Bias; Colorectal cancer; Diag-
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Core tip: The identification of sensitive and specific 
biomarkers for the early diagnosis and surveillance of 
colorectal cancer is recognised as being fundamental 
to improve survival for this disease. Studies involving 
analyses of multiple biomarkers require consideration 
of many potential confounding issues, some of which 
are impossible or difficult to control for. Implementa-
tion of strategies which can overcome and account for 
potentially confounding variables is essential to ensure 
robust verification and validation of potential biomark-
ers and their successful evaluation in large and mean-
ingful clinical cohorts that are representative of the 
target population, ultimately with successful translation 
into the clinic.
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INTRODUCTION
Worldwide, colorectal cancer (CRC) is one of  the most 
prevalent cancers representing approximately 10% of  all 
cancer diagnoses[1]. This places a major economic burden 
on the global health care system[2]. CRC is, however, re-
garded as one of  the most preventable diseases as lifestyle 
and diet are believed to be major causative factors in dis-
ease development[3]. Epidemiological studies have shown 
that smoking, excess body weight, physical inactivity and 
low consumption of  dietary fibre are risk factors for 
CRC[3]. Early detection of  CRC is especially important as 
patients who are diagnosed early (TNM Stage Ⅰ disease) 
have a 5-year survival rate of  90%-95% following surgical 
resection[4]. In contrast, when diagnosed at the later stag-
es (i.e., Stage Ⅳ), the 5-year survival rate is only 5%-10%. 
Currently, the faecal occult blood test (FOBT) and faecal 
immune test are the only clinically accepted non-invasive 
diagnostic tests for CRC[5]. These tests detect the pres-
ence of  haem or blood in stool, but have low sensitivity 
for CRC (61%-79% sensitivity at 86%-95% specificity)[6-8] 
and perform poorly for early disease detection (sensitiv-
ity of  27% and 50% for advanced neoplasia and Dukes 
Stage A, respectively)[7]. While colonoscopy and sigmoid-
oscopy have high specificity for CRC and are capable of  
early detection, they are highly invasive and costly proce-
dures. Early stages of  the disease (premalignant or Stage 
1) are asymptomatic and it is estimated that up to 50% 
of  patients already have invasive cancer or metastasis at 
presentation. Consequently, to reduce mortality from this 
disease, an improved sensitive and specific non-invasive 
screening test for CRC is urgently needed.

Early diagnosis, including detection of  adenomas, is 
considered to be a key aspect for improving patient sur-
vival and prognostic or predictive biomarkers are essen-
tial for guiding patient therapy or monitoring treatment 
efficacy. However, the success of  biomarker translation 
into the clinic has been limited and very few biomarkers 
have passed the steps necessary for routine clinical util-
ity. The US Food and Drug Administration (FDA) has 
approved less than 30 cancer biomarkers, primarily to 
monitor response to therapy, over recent years despite the 
thousands of  research papers published every year[9]. As 
yet, a diagnostic panel has not been identified for CRC 
despite extensive research efforts and numerous reports 
of  potential multi-marker protein panels or gene signa-
tures. These include multiple gene biomarker panels[10-15], 
individual protein biomarkers[16-19], metabolic markers[20], 
a stool DNA test[21], and the DNA methylation marker, 

septin 9 (mSEPT9)[22]. The most promising test to date is 
a stool DNA test comprised of  a panel of  four methyl-
ated genes (BMP3, NDRG4, vimentin, TFPI2), a mutant 
form of  KRAS and α-actin as the internal reference 
control[21]. In a recent blinded multicentre trial, this panel 
was able to accurately detect Stage Ⅰ-Ⅲ CRC patients 
with 87% sensitivity at 90% specificity in a training set 
and with 78% sensitivity at 85% specificity in a test set 
(combined sensitivity of  85% at 90% specificity). More 
importantly, this test was also able to detect large polyps 
with a detection rate of  54% and 92% for polyps ≥ 1 cm 
and > 4 cm, respectively. This test is currently awaiting 
FDA approval.

Recently, mSEPT9 has emerged as a promising diag-
nostic marker for CRC[22-25]. mSEPT measured in plasma 
is reported to have higher sensitivity and specificity 
than either the guaiac faecal occult blood test (gFOBT) 
or carcinoembryonic antigen (CEA)[24]. Tóth et al[24] re-
ported a sensitivity of  79.3% for mSEPT9 vs 68.2% and 
51.8% for gFOBT and CEA, respectively (specificity of  
84.8%, 70.6% and 85.2%, respectively). Warren et al[25] 
also recently reported 90% sensitivity at 88% specificity 
for all disease stages for mSEPT9, 87% for Stage Ⅰ-Ⅱ 
disease and a detection rate of  12% for adenomas. Based 
on these studies, a prospective study was conducted in 
an asymptomatic screening population aged 50 years 
and older and this study determined that the sensitivity 
for mSEPT9 was 48% at 91% specificity, indicating that 
performance of  this test in a screening population may 
not be optimal[26]. Furthermore, when compared with the 
stool DNA test mentioned above, the sensitivity for CRC 
was 87% for the stool DNA panel vs 60% for plasma 
mSEPT9 and the authors also reported that the stool 
DNA test was markedly more sensitive for early stage 
disease and proximal cancers than mSEPT9[27]. Although 
mSEPT9 is considered highly promising, a recent cost-
effectiveness study conducted by Ladabaum et al[28] re-
vealed that current established screening modalities were 
still more effective than mSEPT9 and that testing of  
mSEPT9 yielded only an incremental benefit. This study 
highlights that in addition to high sensitivity and specific-
ity, a diagnostic test must fulfil additional criteria to be 
successfully adopted by the community. 

Amongst the many proteins that have been pro-
posed as potential diagnostic biomarkers for CRC, two 
protein biomarkers have been extensively investigated: 
the tumour specific M2 isoform of  pyruvate kinase 
(PKM2) and tissue inhibitor of  matrix metalloproteinase 
1 (TIMP1). PKM2 measured in plasma and stool show 
relatively high sensitivity for CRC diagnosis, with report-
ed sensitivity of  over 90% in stool in some studies[29-31]. 
Plasma TIMP1 is reportedly elevated in CRC in compari-
son to control populations, and prospective studies have 
been conducted to determine its utility as a biomarker for 
CRC[32,33] based on published data of  retrospective stud-
ies reporting sensitivity and specificity of  TIMP1 of  63% 
at 98%, respectively, for CRC overall, and 56% sensitivity 
for early stage disease (Dukes Stages A and B)[34]. The re-
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sults of  prospective studies to date have been disappoint-
ing. Based on the results of  the recent study by Neilson et 
al[33] which included 4509 individuals who undertook sig-
moidoscopy or colonoscopy, TIMP1 measured in plasma 
was not demonstrably better than CEA at detecting CRC. 
Another prospective study by the same group also de-
termined that no difference in plasma TIMP1 levels was 
detectable between patients with adenomas, polyps or no 
colon pathology, indicating that TIMP1 is not suitable 
for detection of  premalignant lesions[35]. Accordingly, 
plasma TIMP1 is believed to be more sensitive for late 
stage disease (Stage D) in comparison to Stages A, B or C, 
and higher pre-operative levels are associated with poor 
prognosis[36-39]. Additionally, when compared to FOBT, 
both PKM2 and TIMP1 are less sensitive for disease de-
tection[18,40].

CEA measured in serum and carbohydrate antigen 
19-9 (CA19-9), a gastrointestinal tumour marker, are two 
well documented blood-based protein biomarkers used 
for cancer detection[41,42]. Serum CEA is widely used as 
a cancer biomarker to monitor recurrence, however, it 
is not recommended for use as a diagnostic marker as 
it is not specific for CRC or cancer, can be elevated in 
response to other physiological conditions, and has low 
sensitivity for diagnosis of  CRC[43]. The sensitivity of  
CEA for early stage disease is relatively low and is higher 
in the later stages of  disease. Wang et al[44] reported el-
evated pre-operative CEA levels in less than 40% of  pa-
tients diagnosed with Stage A and B disease, and in 70% 
of  patients with Stage C disease. Similar to CEA, CA19-9 
is non-specific for cancer and elevated levels are detected 
in benign inflammatory diseases, especially benign intes-
tinal and liver disease[45]. The measurement of  CA19-9 in 
serum has lower sensitivity than CEA for CRC diagnosis 
and like CEA, its greatest clinical utility is to monitor 
disease progression and prognosis once cancer has been 
diagnosed[43-47].

For detection of  disease recurrence, genomic sig-
natures have been most successful, e.g., MammaPrint, a 
70-gene panel, has been approved by the US FDA as an in 
vitro diagnostic platform for breast cancer[48,49]. The clini-
cal performance of  platforms based on gene transcript 
signatures is still being evaluated for detection of  recur-
rence for CRC but these appear to hold better promise 
as a stratification tool for Stage Ⅱ or Ⅲ CRC patients to 
determine those who are most likely to benefit from che-
motherapy[10,12,14,50,51]. ColoGuideEx, a 13-gene classifier 
that appears more promising for stratification of  Stage 
Ⅱ patients and ColoGuidePro, which utilises the expres-
sion of  7 genes to predict prognosis of  Stage Ⅲ patients, 
are still in the research phase[10,51]. OncotypeDx, available 
commercially but as yet not assessed for clinical utility, 
is a 7-gene classifier developed from analysis of  paraffin 
embedded CRC tissue[50] and ColoPrint, a test based on 
an 18-gene classifier in fresh frozen tissue, is currently re-
cruiting patients for a Stage Ⅲ clinical trial[12,14].

 Identification of  novel biomarkers requires knowl-
edge of  disease heterogeneity and pathophysiology and 
basic research is initially required to determine if  specific 

biomolecules are differentially expressed between disease 
and non-disease tissues/biofluids. The ready availability 
of  sequencing and array technologies (e.g., for DNA and 
RNA) and proteomic platforms enables many potential 
biomarker candidates to be identified using small num-
bers of  samples and/or patients. Accordingly, once po-
tential biomarkers are identified, robust validation studies 
on independent cohorts need to be performed to ensure 
only relevant biomarkers are carried forward into larger 
and more extensive case controlled studies using well-
characterised cohorts. At this stage of  the pipeline, major 
challenges remain where many factors need to be consid-
ered to determine the likely clinical success of  candidate 
biomarkers including analytical variables, biomarker and 
biological variables and cohort composition (Table 1). It 
has been recognised that bias can be easily introduced in 
these early stages of  the pipeline that may overestimate 
the likely performance of  the biomarker being investi-
gated[52]. Other factors to consider include invasiveness 
of  the test, privacy, patient compliance and cost. 

In this review, we provide examples from initial pilot 
and case-controlled studies we have conducted as part 
of  our efforts to identify novel blood-based protein bio-
markers for CRC diagnosis. Our primary objective is to 
define a panel of  protein biomarkers in blood, with bet-
ter specificity and selectivity than the current FOBT, that 
can be used in a non-invasive test to diagnose early stage 
CRC. Additionally, the number of  unnecessary colonos-
copies currently being performed due to false positive 
results would be greatly reduced. We will use data for two 
potential protein biomarkers for CRC [insulin-like growth 
factor binding protein 2 (IGFBP2) and matrix metal-
loproteinase 9 (MMP9)] to demonstrate the potential 
impact of  experimental, analytical and biological variables 
on the interpretation of  biomarker results. 

BIOMARKER STABILITY UNDER 
DIFFERENT STORAGE CONDITIONS
Sample collection, processing and storage of  clinical 
samples have been identified as a potential source of  bias 
that can confound the results of  biomarker studies[53-56]. 
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Table 1  Factors that can affect the outcome of biomarker 
studies

Analytical variables Use of standard operating procedures for sample 
collection and processing
Sample storage conditions 
(e.g., liquid nitrogen, -80  ℃, aliquot size)
Assay performance and reproducibility

Biomarker/
biological variables 

Biomarker stability 
(e.g., over time, under different storage conditions)
Diurnal variation, fasting vs non-fasting
Comorbidities, medications, diet
Variability within a normal population

Cohort composition Number of patients
Inclusion/exclusion criteria for controls and 
patient selection
Cohort balancing (e.g., age, gender matching)
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trogen, both overnight (13% ± 2%) and after 18 months 
(16% ± 3%) when compared to MMP9 measured imme-
diately (P < 0.05) (Figure 1B). Both markers were found 
to be stable over multiple freeze/thaw cycles (Figure 1C). 
This suggests that for accurate measurement of  MMP9, 
samples should be stored at -80 ℃ as storage in liquid 
nitrogen, both short and long term, resulted in protein 
losses. 

We also determined the stability of  markers in plasma 
or serum when using alternative collection tubes, to in-
vestigate possible losses by non-specific binding. Figure 2 
shows the effect of  these variables on IGFBP2 measure-
ments. These data showed that IGFBP2 is best measured 
in serum following collection into serum separator tubes 
as this resulted in consistent measurements and also 
provided the highest yields for this biomarker. When 
measured in plasma with collection into either EDTA or 
citrate, IGFBP2 levels were significantly lower. Further-
more, this trend was consistent when IGFBP2 was mea-
sured immediately, or following overnight storage at 4 ℃ 
and -80 ℃ (Figure 2).

Whilst actual clinical measurements are typically made 
on fresh samples soon after collection, biomarker stabil-
ity under different sample collection and storage condi-
tions is becoming increasingly important as large multi-
site and/or multi-institutional specimen biobanks are 
established as a resource for the scientific community 
for discovery and evaluation of  biomarkers[60,61]. These 
biobanks have been established with the intention of  
providing very large numbers of  biospecimens (from > 
100000 participants) which have been collected under 
stringent standard operating protocols and that are well-
characterised in terms of  clinical data and patient history 
with the potential for obtaining follow-up information 
for prospective studies[60,61]. The primary rationale is that 
the performance of  biomarkers identified by different 
research groups can be directly compared using a stan-
dard reference set to eliminate variability associated with 
sample collection, handling and storage procedures and 
to facilitate clinical and translational research. Although 
these resources are clearly valuable, researchers must also 
use caution when accessing these samples. For example, 
based on our initial investigations, analysis of  IGFBP2 in 
serum is preferred while degradation of  MMP9 follow-
ing short or long term storage in liquid nitrogen indicates 
that sourcing samples from biobanks such as the Euro-
pean Prospective Investigation into Cancer and Nutrition 
Biobank for further validation studies might be less ap-
propriate as these blood samples (plasma and serum) are 
stored in liquid nitrogen[61]. 

COHORT COMPOSITION AND THE 
“CONTROL” POPULATION
Biomarker studies are often case controlled studies that 
compare the concentrations of  an analyte(s) in non-
diseased (i.e., normal or control) vs diseased populations. 
Clearly the results must be reproducible across indepen-

Although it is impossible to control for all variables in 
these procedures, standard operating procedures are 
absolutely essential to standardise sample collection and 
processing[55]. As part of  our studies we have imple-
mented stringent standard operating procedures for 
sample collection, processing and storage[57,58], based on 
the Human Proteome Organisation and Early Detection 
Research Network guidelines[54,55]. In many cases, deci-
sions regarding storage conditions, however, are usually 
based on practical considerations such as cost, type of  
collection (i.e., retrospective or prospective collection), 
number of  patient samples and laboratory facilities avail-
able. For biomarker studies, patient samples are typi-
cally collected and stored for a period of  time (months 
or years) prior to analysis. In addition to collection and 
handling procedures, possible degradation of  biomark-
ers over time due to factors such as storage conditions, 
aliquot size, or freeze/thaw cycles need to be considered. 
This is particularly important when measuring proteins 
that are present at low abundance in biological fluids and 
to ensure that experimental artefacts are not erroneously 
reported as specific to the disease[59]. Despite the general 
awareness of  the potential impact of  these confounders, 
there are few case-controlled protein biomarker studies 
reported in the literature that include assessment of  these 
factors. Although necessary to ensure that the integrity 
of  the protein is maintained, these studies are difficult 
to perform due to resource limitations and because each 
protein must be assessed independently due to the unique 
physiochemical properties of  each protein that will gov-
ern its interactions with other biomolecules or surfaces, 
and affect its stability in biological matrices. 

As part of  our procedures, we determined the most 
suitable sample matrix for each biomarker (i.e., serum or 
plasma) based on the literature, manufacturers recom-
mendations and our own preliminary investigations. We 
also assessed the stability of  the biomarkers over an 18 
mo period when stored in either liquid nitrogen or at 
-80 ℃. Data for MMP9 and IGFBP2 are shown as ex-
emplars (Figure 1). Protein levels in clinical samples were 
quantified using commercially available enzyme linked 
immunosorbent assay (ELISA) kits or reagents according 
to the manufacturers’ instructions. IGFBP2 was mea-
sured using ELISA kits from DSL Inc. (Texas, United 
States) or Mediagnost (Kiel, Germany). MMP9 was mea-
sured using ELISA kits purchased from Quantikine (R&D 
Systems, Minneapolis, United States). The Prism software 
package (version 5.04, Graphpad Software Inc., San Di-
ego, United States) was used for statistical analysis. 

Figure 1 shows the stability of  IGFBP2 and MMP9 
(n = 10 patients) following 18 months storage at both 
-80 ℃ and in liquid nitrogen and the effect of  multiple 
freeze/thaw cycles (n = 3). The assays themselves proved 
remarkably stable over this time period (Figure 1A). The 
concentration of  IGFBP2 in serum samples was found 
to be stable over 18 mo, regardless of  the storage condi-
tions used (Figure 1B). The concentration of  MMP9, 
however, decreased significantly when stored in liquid ni-
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dent cohorts. Also of  importance are age/gender bal-
ance, and an accurate representation and understanding 
of  what comprises the normal or control population for 
the disease being studied. It is recognised that cohort se-

lection, in both control and disease cohorts, is a potential 
source of  bias that can invalidate results of  biomarker 
studies[52,62-64]. In many cases the choice of  the control 
population is obvious. For example, to investigate bio-
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markers for breast cancer, the control cohort should be 
predominantly female, for prostate cancer the control 
cohort should be male, and when studying childhood 
diseases, the control cohort should consist of  children 
of  the appropriate age range. However, Ransohoff  and 
Gourlay[64] have highlighted numerous examples in the 
literature where inappropriate selection of  patients in the 
control cohort resulted in identification of  biomarkers 
that were incorrectly associated with the disease condi-
tions. In our own studies on CRC biomarkers, our target 
control population consists of  males and females over 
the age of  50 years with no previous history of  cancer. 
Additionally, we are also aiming to recruit a control co-
hort of  people that have undergone colonoscopy and 
who do not have adenomas or colorectal polyps. This is 
consistent with the clinical distribution of  sporadic dis-
ease where men and women > 50 years of  age represent 
approximately 80% of  all CRC diagnoses[5]. However, 
this group of  aging patients will frequently be taking a 
number of  medications and may have other underlying 
medical conditions. Indeed, it could be argued that a bet-
ter control group would be younger patients where CRC 
itself  is uncommon. Longitudinal studies, which involves 
repeated observations on the same person over long pe-
riods of  time have been proposed as a better approach 
as they eliminate confounding invariant personal factors 
which may be found in cross-sectional studies[4,65]. The 
Aspirin in Reducing Events in the Elderly study, in which 
samples from 19000 healthy participants, both males and 
females, aged 65 years or older are being collected and 
followed for an average of  5 years may provide an invalu-
able resource for such studies[66].

An example of  difficulties in assigning the correct 
control levels is shown in Figure 3, where variations be-
tween data for IGFBP2 levels in two independent control 
cohorts that were recruited from different sources was 
apparent. Cohort 1 (n = 52) consisted of  two groups: 

staff, relatives and visitors of  patients attending pre-
admission clinical centres (n = 40) and patients who were 
diagnosed with minor medical conditions (orthopaedic 
clinic or vascular clinic, n = 12) and who did not have 
a previous history of  gastrointestinal disease or cancer. 
For cohort 2 (n = 50), volunteers were blood donors re-
cruited from Red Cross Blood Donation Centres. Each 
cohort was balanced for age and gender. Although both 
cohorts could be considered as representative of  the nor-
mal population, the median IGFBP2 concentration and 
the concentration range differed significantly between 
these two control cohorts (348 ng/mL vs 491 ng/mL 
in cohort 1 and cohort 2, respectively, P < 0.002). This 
difference could not be ascribed to the 12 patients with 
medical conditions (P > 0.05 between patients and staff/
visitors) and this result was not reproduced in a smaller 
independent study we conducted comparing volunteers 
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recruited from the Red Cross Blood Donation Centres 
(n = 25) and patients from pre-admission clinical centres 
(n = 27, P > 0.05, Figure 3B). Furthermore, when we 
compared cohort 1 and 2 with the CRC group (n = 55), 

a significant difference in IGFBP2 expression was found 
with cohort 1 only (P < 0.05). 

Factors such as time of  day sampling (i.e., diurnal 
variation), fasting vs non-fasting states, comorbities, 
medications, supplements, hormones, sampling methods 
and storage have also been identified as factors that can 
potentially affect biomarker concentrations. For example, 
there is evidence to indicate that IGFBP2 levels are not 
likely to be affected by fasting[67], but might be affected by 
diet[68] and may be a marker for metabolic syndrome[69]. 
Additionally, in a study investigating biomarkers for ovar-
ian cancer, Thorpe et al[70] identified that prolactin levels 
were significantly affected by blood collection procedures 
where levels were elevated in patients who had blood 
collected at time of  surgery vs those who did not (i.e., col-
lected up to 39 d prior to surgery). After adjusting for the 
collection procedure, they determined that any difference 
in prolactin levels could be attributed entirely to blood 
sampling processes and not to malignancy. Similarly, 
Lomholt et al[71] identified that the temperature at which 
samples were handled and cellular contamination of  plas-
ma samples influenced TIMP1 levels in plasma. Although 
we were not able to definitively determine the source of  
variation in our control cohort, our data highlights the 
importance of  using multiple control groups to identify 
possible factors that can affect biomarker measurements 
leading to potential erroneous results.

ANALYTICAL VARIABLES ASSOCIATED 
WITH COMMERCIALLY AVAILABLE 
REAGENTS
For our initial analyses, commercially available ELISA 
kits were sourced, and where possible, identical batch 
lots from the same manufacturer were used. Figure 4 
demonstrates a potential problem associated with reli-
ance on commercial kits for long term studies. ELISA 
kits for IGFBP2 were purchased from DSL Inc. until the 
manufacturer discontinued supply. Accordingly, kits were 
sourced from an alternate vendor (Mediagnost). To deter-
mine the potential impact of  a change in supplier on the 
reproducibility of  our preliminary results, we conducted a 
small study comparing the results obtained from identical 
patient samples (n = 8) and a quality control sample that 
was included in each assay (QC) using the two alternative 
kits (Figure 4). The QC sample consisted of  pooled nor-
mal samples (n = 10). For six of  these patient samples, 
there was a significant difference (DSL Inc. vs Mediag-
nost, P < 0.05) in the measurements obtained using the 
two different kits (Figure 4B). Although the correlation 
between the measured values reached 0.62, this was not 
significant (Spearman correlation, P > 0.05; Figure 4C). It 
should be noted, however, that the sample size was small 
(n = 9).

Studies by Basuyau et al[72], Hauffa et al[73], and Rymer 
et al[74] have demonstrated the potential impact of  techni-
cal problems, such as that described above for IGFBP2, 
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on the clinical utility of  biomarkers. These authors high-
light how discrepancies in the values obtained for clini-
cal measurement of  prostate specific antigen, CEA, and 
IGF1/IGFBP3 using different immunoassay methodolo-
gies can lead to misdiagnosis of  patients[73,74]. Although 
the source(s) of  the discrepancies could not be definitive-
ly determined, differences in calibration curves, calibrator 
standard used (“gold standard”) and antibody immuno-
reactivity were highlighted as potential causes. To under-
stand the impact of  changes in methodology, Basuyau et 
al[72] recommended that “known” patient samples be re-
evaluated and Hauffa et al[73] discussed the importance 
of  a common and well characterised “gold standard” for 
assay calibration between diagnostic laboratories.

To overcome technical variation due to unforeseen 
problems such as reproducibility of  results between com-
mercially available kits, we have established a pipeline 
to generate reagents (recombinant protein antigens and 
renewable high-affinity monoclonal antibodies[75]) for 
use in multiplexed sandwich ELISA assays for panels of  
biomarkers that appear to be promising in the initial pre-
liminary phases of  our studies. Due to the heterogeneous 
nature of  CRC, and a significant overlap of  cancer with 

other non-malignant pathologies, it is now recognized 
that the paradigm of  a single biomarker to detect an in-
dividual cancer may not be realistic, and that panels of  
biomarkers, which reflect different aspects of  the cancer 
biology, will be required[43,76]. Multiplexed analyses (e.g., 
Luminex, www.luminex.com) offer significant advantages 
in terms of  overall assay time, reagent costs and, most 
importantly, reduced sample requirements[77]. To gener-
ate panels of  monoclonal antibodies in mice or rats for 
ELISA development, soluble proteins are expressed in 
mammalian host cell lines to ensure the corresponding 
post-translational modifications found in endogenous 
proteins are present. The recombinant target proteins are 
rigorously analysed using tools such as mass spectrometry 
and amino acid analysis for protein sequence verification. 
The monoclonal antibodies generated are validated by 
ELISA, microarray Western blotting and surface plasmon 
resonance based technology [e.g., Biacore (www.biacore.
com), Proteon (www.bio-rad.com)] for antibody/antigen 
selectivity, binding kinetics and epitope binding. Once es-
tablished, the immunoassays are compared and assessed 
against the commercial kits that were used as part of  the 
original analysis. Figure 5 shows the comparison between 
the calibration curves derived from commercial kits and 
from our own reagents for two of  our markers. It can be 
seen that, in both cases, the assay sensitivity and standard 
curves generated are similar. 

CONCLUSION
The identification of  panels of  sensitive and specific 
blood-based protein markers for the early diagnosis and 
surveillance of  CRC is recognised as being fundamental 
to improve survival for this disease. It is widely accepted 
that a panel of  biomarkers that reflects the heterogeneity 
of  the disease will be more successful at diagnosing CRC 
than a single biomarker. This is supported by the inability 
of  the currently tested biomarkers to diagnose CRC with 
the sensitivity and specificity required for routine clinical 
use. Studies involving analyses of  multiple biomarkers, 
such as that undertaken by us and other research groups 
worldwide, require consideration of  many potential con-
founding issues, some of  which unfortunately are impos-
sible or difficult to control for. Of  equal importance, 
and not discussed here, is the need for robust statistical 
analysis of  the data. Implementation of  strategies which 
can overcome and account for potentially confounding 
variables is essential to ensure robust verification and 
validation of  potential biomarkers and their successful 
evaluation in large and meaningful clinical cohorts that 
are representative of  the target population, ultimately 
with successful translation into the clinic.
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Abstract
Choice of first line treatment for patients with meta-
static colorectal cancer (mCRC) is based on tumour 
and patient related factors and molecular information 
for determination of individual treatment aim and thus 
treatment intensity. Recent advances (e.g. , extended 
RAS testing) enable tailored patient assignment to the 
most beneficial treatment approach. Besides fluoropy-
rimidines, irinotecan and oxaliplatin, a broad variety of 
molecular targeting agents are currently available, e.g. , 
anti-angiogenic agents (bevacizumab) and epidermal 
growth factor receptor (EGFR) antibodies (cetuximab, 
panitumumab) for first line treatment of mCRC. Al-
though some combinations should be avoided (e.g. , 
oral or bolus fluoropyrimidines, oxaliplatin and EGFR 
antibodies), treatment options range from single agent 
to highly effective four-drug regimen. Preliminary data 
comparing EGFR antibodies and bevacizumab, both 
with chemotherapy, seem to favour EGFR antibodies 
in RAS  wildtype disease. However, choosing the most 

appropriate treatment approach for mCRC patients re-
mains a complex issue, with numerous open questions.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Colorectal cancer; Metastatic; Induction 
chemotherapy; Epidermal growth factor receptor

Core tip: Selection of the optimal first line treatment 
for metastatic colorectal cancer is a complex issue in-
fluencing course of disease and most likely survival of 
the individual patient. Available data will be analyzed 
to allow for a patient and disease specific, molecularly 
stratified treatment approach, applying systemic treat-
ment (chemotherapy and antibodies) and locally abla-
tive measures (surgery and radiofrequency ablation). 

Stein A, Bokemeyer C. How to select the optimal treatment 
for first line metastatic colorectal cancer. World J Gastroen-
terol 2014; 20(4): 899-907  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i4/899.htm  DOI: http://dx.doi.
org/10.3748/wjg.v20.i4.899

INTRODUCTION
After lung (1.61 million cases) and breast cancer (1.38 
million), colorectal cancer (CRC, 1.23 million) is one of  
the most commonly diagnosed malignancies worldwide[1]. 
Moreover, after lung cancer, CRC is the second most 
common cause of  cancer deaths[2]. Around one quarter 
of  patients with CRC present with metastatic disease at 
time of  diagnosis (synchronous disease), and up to 40% 
of  patients will develop metastases during the course of  
their disease, resulting in a relatively high overall mortality 
rate associated with CRC. 

As a result of  recent advances in the treatment of  
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metastatic colorectal cancer (mCRC), median overall 
survival (OS) can now be as long as 30 mo in selected 
patient groups and up to 70% of  patients will receive at 
least two lines of  treatment[3-7]. Several drugs as single 
agent or in various combinations are available for mCRC, 
including fluoropyrimidines (5FU, capecitabine), irino-
tecan, oxaliplatin, the vascular endothelial growth factor 
(VEGF) antibody bevacizumab, the epidermal growth 
factor receptor (EGFR) antibodies cetuximab and panitu-
mumab for RAS wildtype patients, the VEGF receptors 
1 and 2 fusion protein aflibercept and the multitarget ty-
rosine kinase inhibitor regorafenib. Moreover, secondary 
resection and/or ablation e.g., by surgery or radiofrequen-
cy may contribute to long-term survival and even cure, or 
at least allow a relevant chemotherapy free interval[8,9].

According to recent data, choice of  first line treat-
ment seems to be relevant for further course of  disease, 
despite available efficacious second, third and if  appli-
cable fourth line regimen and the cross over use of  all 
available drugs in later lines. The aim of  this article is to 
review the available data on choice of  first line treatment 
in mCRC. Pertinent data from published trials and reports 
and abstracts presented at selected oncology association 
meetings [American Society of  Clinical Oncology and Eu-
ropean Society for Medical Oncology (ESMO)/European 
cancer organisation] until September 2013 were reviewed.

PROGNOSTIC FACTORS FOR PATIENT 
STRATIFICATION
Prognosis of  mCRC depends on several patient related 
(e.g., age, performance status, co-morbidity), tumour 
related (e.g., spread of  disease, growth dynamics, symp-
toms, localization in particular liver and/or extrahepatic 
metastases), biochemical (e.g., baseline values of  carcino-
embryonic antigen, lactate dehydrogenase, platelets, leu-

cocytes, haemoglobin, alkaline phosphatase, albumine) or 
molecular factors (e.g., KRAS or NRAS mutations, BRAF 
mutation)[10]. Whereas BRAF mutation is associated with 
shorter survival, prognostic value of KRAS mutation 
is not clarified yet[11,12]. Some factors are combined to 
scores, which might be useful for stratification of  patients 
within clinical trials and in daily clinical practise (Table 
1)[13-15]. Determination of  patients’ individual prognoses 
might be useful for choice of  treatment, particularly in 
regard of  intensity of  systemic treatment and integration 
of  local ablation into the overall therapeutic concept. 

Besides the above-mentioned factors prognostic in-
formation can be derived from a broad variety of  tissue 
or blood markers, e.g., circulating tumour cells, levels of  
growth factor receptor-ligands, mutations or amplifica-
tions within the relevant signalling pathways or receptors, 
or epigenetic alterations[16,17]. These prognostic factors 
might gain relevance in the future, but are currently nei-
ther broadly available nor relevant for clinical decisions[10].

PREDICTIVE FACTORS FOR TREATMENT 
EFFICACY OR TOXICITY
Despite tremendous efforts in searching for predictive 
markers in mCRC, only RAS mutation have been es-
tablished, precluding treatment with EGFR antibodies. 
Initially KRAS mutations in exon 2 (codon 12 and 13) 
have been found to be predictive for non-response to 
cetuximab or panitumumab[18,19]. Although data are con-
flicting, KRAS codon G13D mutation (16% of  KRAS 
mutated tumours) seems not to preclude efficacy of  ce-
tuximab in patients with KRAS mutations[20,21]. However, 
neither in the COIN trial, combining oxaliplatin with dif-
ferent fluoropyrimidine schedules and cetuximab, nor in 
the available panitumumab trials KRAS G13D mutated 
tumours seem to derive relevant benefit from anti-EGFR 
treatment[22-24]. 

Recently, retrospective analyses of  the PRIME study 
demonstrated the negative predictive value of  KRAS mu-
tation in exon 3 and 4 and NRAS mutations in exon 2,3 
and 4 for treatment with 5FU/leucovorin and oxaliplatin 
(FOLFOX) and panitumumab[25]. In patients with any 
RAS mutation the addition of  panitumumab to FOLF-
OX had a detrimental effect on progression free survival 
(PFS) (HR = 1.31; 95%CI: 1.07-1.60) and OS (HR = 1.21; 
95%CI: 1.01-1.45). In contrast, median OS was 25.8 mo 
vs 20.2 mo (HR = 0.77; 95%CI: 0.64-0.94, P = 0.009) in 
the all RAS wild-type population in favour of  the com-
bination of  panitumumab and FOLFOX. Although data 
from the cetuximab containing trials (CRYSTAL, OPUS) 
are not yet available, RAS mutational status will likely be 
of  similar impact for cetuximab treatment[26].

Despite the strong adverse prognostic effect of  BRAF 
mutation (8% of  RAS wild-type patients), the predictive 
value for treatment with EGFR antibodies is still unclear, 
with some analysis indicating a lack of  benefit, particularly 
in advanced treatment situations[24,26,27], whereas data from 
first line trials (CRYSTAL, PRIME and OPUS) show 
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  Score Risk category Factors

  “Kohne” 
  score[13]

Low risk ECOG 0/1 and only one tumour site
Intermediate risk ECOG 0/1, ALP < 300 U/L and more 

than one tumour site or 
ECOG > 1 and WBC < 1 × 1010/L and 
only one tumour site

High risk ECOG 0/1 and more than one tumour 
site and ALP ≥ 300 U/L or ECOG > 
1 and more than one tumour site or 
ECOG > 1 and WBC > 1 × 1010/L

  FOCUS 2[15]

     
Comprehensive 
health assessment 
at baseline limited 
health 
Assessment during 
course of treatment 
(excluding MMSE 
and CCI)

Weight change
Timed 20 metre walk
MMSE
CCI
Patient completed questionnaire (social 
activity, physical fitness, symptoms, 
overall quality of life and depression)

Table 1  Prognostic scores/health assessments

ECOG: Eastern collaborative oncology group performance status; ALP: 
Alkaline phosphatase; WBC: White blood cells; MMSE: Mini mental state 
examination; CCI: Charlson comorbidity index.



some benefit[25,28]. 
There is no baseline predictive marker for the avail-

able anti-angiogenic drugs e.g., bevacizumab or afliber-
cept. Changes in levels of  angiogenic factors (e.g., basic 
fibroblast, placental, or hepatocyte growth factor) during 
treatment with bevacizumab might indicate development 
of  resistance and predict progression[29,30]. However, as 
recently shown in two randomized phase Ⅲ trials resis-
tance to chemotherapy occurs before resistance to beva-
cizumab[31,32]. 

Beside the prediction of  treatment toxicity (dihydropy-
rimidine-dehydrogenase deficiency for fluoropyrimidines 
or uridine-glucuronosyltransferase (UGT1A1) polymor-
phism for irinotecan), drug efficacy (e.g., by topoisom-
erase-1 overexpression for irinotecan, or excision repair 
cross-complementing gene 1 polymorphisms for oxalipla-
tin) cannot be reliably predicted[33-37]. 

Current research focuses on distinct subsets of  CRC 
patients defined by gene arrays, epigenetic alterations, or 
cancer stem cells, which might allow for a better treat-
ment stratification[38-42]. Moreover, liquid biopsies (either 
by analysis of  circulating DNA or tumour cells) obtained 
during course of  treatment might give insights into tu-
mour changes and development of  resistance[43-46].

STRATIFICATION OF FIRST LINE 
MANAGEMENT FOR MCRC
Decision of  treatment intensity for first line treatment 
should be based on clinical presentation at diagnosis, con-
sidering factors like patients’ characteristics independent 
from the malignant disease, (if  given) tumour-related 

symptoms, patients´ preferences, localisations of  metasta-
ses, and the general treatment aim. Current ESMO guide-
lines stratify patients according to these factors in clinical 
groups with different treatment intensities (Table 2)[10]. 
Four groups are defined: ESMO group 0 comprising 
patients with clearly resectable liver metastases, group 1 
with potentially resectable disease after achieving tumour 
response, group 2 symptomatic patients or high tumour 
load with risk of  rapid deterioration and finally group 3 
with asymptomatic, low tumour burden and severe co-
morbidity. 

For ESMO group 0 patients with clearly R0 resect-
able colorectal liver metastases surgery is the treatment 
of  choice due to the proven chance of  cure, whereas the 
sequence and intensity of  perioperative chemotherapy 
is controversial. Based on the current ESMO consensus 
these patients should be managed preferably by peri-
operative FOLFOX for 3 mo before and 3 mo after 
resection[10,47,48]. Alternatively upfront resection with or 
without postoperative chemotherapy might be applied, 
particularly in metachronous, small and single liver me-
tastasis[10]. Although intensification of  perioperative treat-
ment with antibodies has shown feasibility in single arm 
phase Ⅱ trials (e.g., for bevacizumab), recently reported 
preliminary results of  the New EPOC trial, evaluating 
chemotherapy and cetuximab in the perioperative setting, 
have raised strong scepticism[49,50]. Therefore, FOLFOX 
currently remains the standard treatment for clearly re-
sectable liver metastases. 

Patients with unresectable disease (ESMO groups 1, 2 
or 3) should receive upfront systemic chemotherapy, apart 
from the small group of  asymptomatic patients with low 
tumour burden eligible for and complying with a watch 
and wait approach[51,52]. Whereas groups 1 and 2 patients 
urge for intensive upfront chemotherapy to either ensure 
secondary resectability or allow for rapid symptom con-
trol, group 3 could be treated with a sequential treatment 
approach, starting with a low toxic single agent or two-
drug combination regimen. Patients with asymptomatic, 
but surely unresectable disease due to location or overall 
extent and without relevant co-morbidity may not be 
ideally stratified in ESMO group 3, but rather treated 
with upfront intensive chemotherapy. Moreover, current 
available phase Ⅲ trials included patients irrespective of  
ESMO grouping, thus limiting the potential prognostic 
or predictive value of  upfront patient stratification. Al-
though grouping patients might be helpful for guidance 
of  treatment strategy beyond induction treatment, e.g., 
secondary resection, main systemic treatment options are 
either intensive three to four drug regimens or “sequen-
tial” one to two drugs regimens (Table 3). 

SELECTION OF AN INTENSIVE FIRST 
LINE REGIMEN FOR MCRC
With respect to the increasing awareness of  secondary 
surgery and developments in surgical and locally ablative 
measures, there is a growing group of  patients that might 
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  ESMO
  group

Clinical presentation Treatment aim Treatment 
intensity

  0 Clearly R0-resectable 
liver and/or lung 

metastases

Decrease risk of or 
delay relapse

FOLFOX

  1 Liver and/or lung 
metastases only which:

Might become resectable 
after induction 
chemotherapy

Maximum tumour 
shrinkage

Three or 
four drug 

combination

  2 Multiple metastases/sites, 
with:

Rapid progression and/or
Tumour-related 

symptoms/risk of rapid 
deterioration

Immediate 
clinically relevant 

response or at least 
tumour control

Three or 
four drug 

combination

  3 Multiple metastases/sites 
without option for resection 
and no major symptoms or 

severe comorbidity

Abrogation of 
further progression
Tumour shrinkage 

less relevant
Low toxicity 

essential

Consider 
sequential 

approach: start 
with

Single agent, or
Doublet with 
low toxicity

Table 2  European Society for Medical Oncology clinical 
groups for first line treatment stratification[10]

ESMO: European Society for Medical Oncology. 
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of  4.8 mo vs 5.3 mo for all drugs and 6.8 mo vs 8 mo for 
any drug compared to the bevacizumab arm respectively. 
Although the primary endpoint of  the FIRE 3 trial (ORR) 
was not reached and results of  both trials are not fully 
published, the similar trend in the FIRE 3 and the PEAK 
study suggest a beneficial impact for EGFR antibodies 
and chemotherapy in first line RAS wildtype mCRC. Fur-
ther data will soon be available from the large Intergroup 
trial (CALGB/SWOG 80405).

Feasibility and efficacy of  a maximum intensive treat-
ment with a four-drug regimen has been preliminarily 
shown in the phase Ⅲ TRIBE trial comparing FOL-
FIRI/bevacizumab and FOLFOXIRI/bevaciumab[7]. 
Overall response rate 53% vs 65% (P = 0.006), PFS 
9.7 mo vs 12.1 mo (HR = 0.75; 95%CI: 0.62-0.90, P = 
0.003) and OS 25.8 mo vs 31.0 mo (HR = 0.79; 95%CI: 
0.63-1.00, P = 0.054) favoured the FOLFOXIRI and 
bevacizumab arm. Secondary surgery was applied at 
similar rates in both arms (12% vs 15% with the four-
drug regimen). Treatment was generally well tolerated. 
Although rates of  distinct grade 3/4 toxicity, particular, 
diarrhoea (11% vs 19%), stomatitis (4% vs 9%) and neu-
tropenia (20% vs 50%) were significantly higher with the 
four-drug regimen, rates of  febrile neutropenia, severe 
adverse events and treatment related death were similar. 
Efficacy of  FOLFOXIRI and bevacizumab was indepen-
dent of  KRAS mutational status. Interestingly, patients 
with BRAF mutations seem to have better outcome with 
the four-drug regimen, despite their poor prognosis. In 
regard of  similar outcomes in non-randomized phase Ⅱ 
trials FOLFOXIRI/bevacizumab should be considered 
for BRAF mutated patients[63,64]. 

According to the most recently presented preliminary 
trial results, the choice of  first line regimen, e.g., FOL-
FIRI + cetuximab (or FOLFOX + panitumumab) for 
RAS wildtype patients or FOLFOXIRI + bevacizumab 
for patients with good performance status seems to be 
relevant for the achievement of  an OS of  about 2.5 
years[3,7]. Available treatment options are summarized in 
Table 4.

SELECTION OF A NON-INTENSE OR 
SEQUENTIAL TREATMENT APPROACH 
FOR MCRC
An increasingly ageing population with related co-mor-
bidity which might not be amenable for a secondary cu-
rative approach (ESMO group 3) urge for comprehensive 
assessments focusing on toxicity and outcome prediction 
and well tolerated regimens for these patients (e.g., single 
agent or two drug combinations)[15,65]. In the recently re-
ported phase Ⅲ AVEX trial the addition of  bevacizumab 
to capecitabine prolonged PFS from 5.1 to 9.1 mo (HR 
= 0.53; 95%CI: 0.41-0.69, P < 0.0001) and showed a 
strong trend in OS with an acceptable tolerability profile 
in patients with at least 70 years of  age[66]. Alternatively, 
upfront combination with fluoropyrimidines and oxali-
platin seems to be feasible in elderly patients and prefer-

be converted to resectability or at least achieve a “no evi-
dence of  disease” status after integration of  other abla-
tive techniques, and thus benefit from intensive upfront 
treatment. Therefore, either a chemotherapy doublet in 
combination with the VEGF antibody (bevacizumab) 
or an EGFR antibody [only RAS wild-type patients], 
or a chemo triplet (FOLFOXIRI) and more recently 
the highly active four drug regimen [FOLFOXIRI and 
bevacizumab or similar combinations (e.g., FOLFIRI-
NOX with a 5FU Bolus and slightly different doses) with 
EGFR antibodies] are available treatment options in this 
situation[4,22,53-59]. Comparative quantity, quality and celer-
ity of  response of  these regimens are a matter of  debate 
and currently only limited randomized data are available.

Preliminary data of  the phase Ⅱ PEAK study com-
paring FOLFOX in combination with either panitu-
mumab or bevacizumab in 285 previously untreated, 
KRAS wild-type mCRC patients indicated similar overall 
response rate (ORR)[60]. In the all RAS wildtype (KRAS/
NRAS exon 2, 3 and 4) population panitumumab and 
FOLFOX significantly prolonged PFS (13.1 mo vs 9.5 
mo, HR = 0.63; 95%CI: 0.43-0.94, P = 0.02) and showed 
a favourable trend in OS (HR = 0.55; P = 0.06) com-
pared to bevacizumab and FOLFOX[61]. Similarly, early 
results from the phase Ⅲ AIO KRK-0306 (FIRE 3) 
study comparing FOLFIRI with either bevacizumab or 
cetuximab in 592 KRAS wildtype patients demonstrated 
a significantly prolonged OS (28.7 mo vs 25 mo, HR = 
0.77; 95%CI: 0.62-0.96, P = 0.017) besides similar ORR 
(62% vs 58%, P = 0.183) and PFS (10 mo vs 10.3 mo, HR 
= 1.06; 95%CI: 0.88-1.26, P = 0.547) for cetuximab vs 
bevacizumab based chemotherapy, respectively[3]. Recent 
analyses demonstrated a pronounced OS benefit in RAS 
wildtype patients (33.1 mo vs 25.9 mo, P = 0.01) in favour 
of  the cetuximab combination[62]. Subsequent treatments 
were balanced in regard of  use of  second line oxaliplatin 
and the cross over to the other antibody (46.6% receiving 
bevacizumab after cetuximab and 41.4% receiving EGFR 
antibody after bevacizumab). Interestingly, treatment in 
the cetuximab arm was shorter with a median duration 

  Treatment intensity Molecular 
factor

Regimens

  Single agent 5FU/LV
Capecitabin

  Two-drug Capecitabin/bevacizumab
FOLFOX/XELOX
FOLFIRI/XELIRI

  Three-drug RAS wt FOLFOX + panitumumab
FOLFIRI + cetuximab

Independent 
of RAS status

FOLFOX/XELOX + bevacizumab
FOLFIRI/XELIRI + bevacizumab

FOLFOXIRI 
  Four-drug FOLFOXIRI + bevacizumab

Table 3  Available treatment regimens for first-line metastatic 
colorectal cancer

Combination chemotherapy with 5-fluorouracil, folinic acid (5FU/LV), 
and oxaliplatin (FOLFOX), or irinotecan (FOLFIRI) or both (FOLFOXIRI), 
or capecitabine and oxaliplatin (XELOX) or irinotecan (XELIRI).
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ably, if  applied with dose reductions, compared to singe 
agent fluoropyrimidine alone[15,67]. However, for elderly 
patients a tolerable and efficacious first line regimen seem 
to be particulary relevant, with less than 50% of  patients 
receiving second line treatment. 

Sequential treatment strategies were evaluated inde-
pendent of  age in first line mCRC[66,68-70]. Although se-
quential treatment did not seem to be inferior to upfront 
two-drug combination in trials of  the chemotherapy only 
era (only fluoropyrimidines, irinotecan and oxaliplatin), it 
is questionable whether these results can be transferred 
into the current treatment situation (including molecular 
targeting agents)[68-70]. 

LIMITATIONS FOR CHEMOTHERAPY 
AND ANTIBODY COMBINATIONS
Besides very few limitations antibodies can be combined 
with fluoropyrimidines, oxaliplatin and/or irinotecan 
in several combinations. EGFR antibodies and bevaci-
zumab should not be combined[71,72]. If  EGFR antibodies 
are combined with an oxaliplatin based chemotherapy 
backbone, infusional 5FU (FOLFOX) should be chosen 
instead of  an oral or bolus fluoropyrimidine regimen 
(XELOX or FLOX) according to clinical data from the 
COIN and NORDIC Ⅶ studies showing no benefit for 
the addition of  cetuximab to these regimen[22,73].

The combination of  capecitabin and irinotecan (with 
or without oxaliplatin or bevacizumab) requires dose 
reductions for both drugs[74-76]. Similarly, FOLFOXIRI 
needs to be dose reduced in combination with EGFR an-
tibodies[58,59]. 

ADDITION OF UPFRONT LOCAL 
TREATMENT IN UNRESECTABLE MCRC 
PATIENTS
Integration of  secondary resection after response to in-
duction chemotherapy is a well-established treatment 
approach[8,77]. The randomized CLOCC trial furthermore 
showed that upfront local ablation by radiofrequency 

with or without liver surgery followed by chemotherapy 
in patients with unresectable liver metastases was ben-
eficial in terms of  PFS (16.8 mo vs 9.9 mo, P = 0.025) 
compared to chemotherapy alone[78]. Comparative data 
comparing upfront with post-induction local ablation are 
not available. However, post-induction ablation likely of-
fers a more stratified approach adapting for the individual 
patient and tumour biology and might thus be preferred. 

CONCLUSION
Treatment of  mCRC is complex and highly individualized 
taking into account disease and patient characteristics, 
molecular and biochemical markers and thus enabling a 
personalized management in terms of  selecting the most 
appropriate measures and sequences of  systemic and lo-
cal treatment. 

In regard of  the current data unresectable patients 
with RAS wildtype should receive an EGFR antibody 
based chemotherapy, whereas patients with RAS muta-
tion should receive two or three drug chemotherapy in 
combination with bevacizumab, if  an intensive treatment 
approach is chosen. For patients with a non-intense or 
sequential approach fluoropyrimidine and bevacizumab 
seems to be an efficacious and low toxic treatment op-
tion. 

Future research might help to further tailor anti 
EGFR treatment, excluding patients deriving no benefit 
from EGFR inhibition. Moreover, close meshed and 
timely information (e.g., acquired by liquid biopsies) about 
the current molecular tumour situation and potentially 
developing resistance might be helpful to guide treatment 
during the course of  disease.
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Abstract
Structural changes in the gut microbial community have 
been shown to accompany the progressive develop-
ment of colorectal cancer. In this review we discuss 
recent hypotheses on the mechanisms involved in the 
bacteria-mediated carcinogenesis, as well as the trig-
gering factors favoring the shift of the gut microbiota 
from a mutualistic to a pro-carcinogenic configuration. 
The possible role of inflammation, bacterial toxins and 
toxic microbiota metabolites in colorectal cancer onset 
is specifically discussed. On the other hand, the strate-
gic role of inflammation as the keystone factor in driv-
ing microbiota to become carcinogenic is suggested. 
As a common outcome of different environmental and 
endogenous triggers, such as diet, aging, pathogen 
infection or genetic predisposition, inflammation can 

compromise the microbiota-host mutualism, forcing the 
increase of pathobionts at the expense of health-pro-
moting groups, and allowing the microbiota to acquire 
an overall pro-inflammatory configuration. Consolidat-
ing inflammation in the gut, and favoring the bloom 
of toxigenic bacterial drivers, these changes in the gut 
microbial ecosystem have been suggested as pivotal 
in promoting carcinogenesis. In this context, it will be-
come of primary importance to implement dietary or 
probiotics-based interventions aimed at preserving the 
microbiota-host mutualism along aging, counteracting 
deviations that favor a pro-carcinogenic microbiota asset.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Colorectal cancer; Inflammation; Gut micro-
biome; Co-abundance groups

Core tip: By performing the co-abundance groups anal-
ysis of the publicly available datasets from microbiome 
surveys in colorectal cancer (CRC) patients, we have 
been successful in identifying pro-carcinogenic and pro-
tective groups of microorganisms, showing the poten-
tial to modulate the fate of CRC onset and progression. 
Possible mechanisms involved in microbiota-dependent 
carcinogenesis are reviewed, and the central role of 
inflammation as a trigger forcing the microbiota from 
a mutualistic configuration to a CRC-promoting asset is 
discussed. Finally, possible intervention strategies for 
modulating microbiome in order to preserve its mutual-
istic configuration along life span are suggested.
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HUMAN INTESTINAL MICROBIOTA 
Structure of the human intestinal microbiota
Outnumbering human cells 10 to 1, over 100 trillion mi-
crobes are hosted in the human body, with the majority 
of  them residing in the gut, in a continuum of  dynamic 
ecological communities, referred to as microbiome[1]. 
From 101 to 103 microbes per gram of  content in the 
stomach and duodenum, the human gut microbiota 
reaches a microbial density of  104 to 107 cells per gram in 
the jejunum and ileum, culminating with 1013-1014 cells in 
the colon and feces[2,3].

Metagenomic surveys of  the intestinal microbiota 
revealed an immense phylogenetic diversity, estimating 
more than 1000 species-level phylotypes across the hu-
man population, with at least 160 prevalent species per 
individual[4]. While phylogenetic diversity is high at the 
species level, most of  the endogenous bacteria in healthy 
adults belong to just two phyla, Firmicutes and Bacteroidetes, 
which account for > 90% of  the known phylogenetic cat-
egories of  the human gut. Members of  Actinobacteria, Pro-
teobacteria, Fusobacteria, Verrucomicrobia, Spirochaetes and Len-
tisphaerae are regularly present but scarce (< 1%-15%)[5-9].

Since the first application of  culture-independent 
methods a large inter-individual variability in microbial 
compositions was apparent[4], with twins sharing less than 
50% of  their species-level microbial taxa[10]. The multiple 
genetic and environmental factors that contribute to 
shape the individuality of  the gut microbiota composi-
tion are now beginning to be understood, reflecting 
interpersonal, geographical, lifestyle and temporal differ-
ences[11-13], and not least, perturbations caused by disease. 
Recent work has established that despite the unique fin-
gerprint of  microbial taxa per individual, a core of  > 50 
taxa can be found in nearly half  of  the human subjects 
sampled[4,8]. It has been suggested that individuals can be 
categorized into one of  three predominant variants or 
‘‘enterotypes’’ based on the abundance of  dominant gen-
era (Bacteroides, Prevotella or Ruminococcus)[14], though some 
researchers are now favoring the concept of  a continuum 
or gradient of  species functionality rather than a discon-
tinuous variation with segregated types[15]. Individuals 
have also been shown to share a set of  microbial genes 
involved in central metabolic pathways, and deviations 
from this functional core have been associated with al-
tered physiological states[16]. However, the subject-specific 
genetic diversity is remarkable and still remains largely 
unassigned, with a probably unique metagenomic geno-
type per individual[17].

Human gut microbiome and role in host physiology
The collective genome of  the human intestinal micro-
biota-microbiome-contains 3.3 million microbial genes, 
150-fold more than the human genome[4]. Adding this 
immense gene catalogue to host genetics, intestinal 

microorganisms are expected to exert a profound influ-
ence on human physiology and metabolism. In fact, gut 
microbes complement several gaps in our metabolic 
pathways, e.g., producing essential vitamins and oligo-
elements, as well as affording the extraction of  energy 
from otherwise indigestible carbohydrates[18], playing a 
major role in host energy balance and nutrition[19]. This 
function has probably been the initial evolutionary force 
toward the microbiota establishment as an animal and 
human symbiotic partner[20]. Other recognized functions 
include the support for colonization resistance against 
incoming enteropathogens. Mechanism involved in this 
barrier effect are: competition for food resources[21], inhi-
bition of  pathogen growth by means of  acetate produc-
tion[22], killing with bacteriocins[23], and immune response 
stimulation[24,25]. The gut microbiota also acts as an in-
tegral component of  the human immune system, finely 
calibrating the immunological potential and responses at 
different host ages[26,27]. The intimate interplay between 
gut microbes and the mucosal immune system has indeed 
proved to be crucial for immune education during our in-
fancy as well as for maintaining a well-balanced immune 
homeostasis along the adult life[26,28]. Of  note, accumulat-
ing data are also supporting the emerging concept of  a 
microbiota-gut-brain axis with a role in the regulation 
of  anxiety, cognition, pain and behavior, and a possible 
contribution to the pathophysiology of  central nervous 
system disorders[29-32]. 

Microbiota dynamics in response to 
diet-inflammation-age
The intestinal microbiota composition was believed to 
be stable throughout adulthood until few years ago[33,34]. 
More recently, with the bloom of  longitudinal studies 
in humans, the plasticity of  this ecosystem has become 
evident, highlighting that diet, environment, and physi-
ological changes can impact on both composition and 
functionality of  the gut microbiota[12,27]. Faith et al[35] 
investigated the normal long-term plasticity of  the hu-
man gut microbiota in healthy subjects. By applying a 
low-error amplicon sequencing approach, the Authors 
demonstrated that 40% of  the individual microbiota was 
variable over the time course of  5 years.

The effect of  changes in dietary habits is the plainest 
manifestation of  the ability of  the microbiota to adapt its 
architecture in response to environmental stimuli, with 
the speed and efficacy required for the maintenance of  
the nutritional function of  the host-microbiota symbiosis. 
Indeed, short-term dietary responses of  the microbiota 
composition were detected after 24 h and seemed to be 
driven principally by the type of  ingested fermentable 
carbohydrates[36,37]. These fluctuations could be consid-
ered a necessary feature of  an intestinal microbial ecosys-
tem able to rapidly adapt itself  to the host requirements, 
maximizing the efficiency of  nutrient extraction and sup-
porting health. Remarkably, the same changes in diet in 
different persons did not result in the same final micro-
biota configuration since the diet-related variations did 
not overcome the inter-individual differences. Conversely, 
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in the long term, people with similar dietary patterns may 
end up sharing a similar architecture of  the gut microbio-
ta; in fact, it has been shown that the presence or absence 
of  several bacterial taxa can be associated with the intake 
of  different nutrients[37]. 

Along with the dietary influence, a certain plasticity 
of  the human intestinal ecosystem is being observed in 
response to less obvious environmental stressors, such as 
climate and geography[38,39], as well as the degree of  ex-
posure to environmental bacteria, the latter being of  pri-
mary importance for the education and the maintenance 
of  the functionality of  the immune system from birth to 
adulthood[40-42]. Moreover, the consumption of  drugs, es-
pecially antibiotics but also anti-inflammatory medicines, 
impacts on the gut microbiota composition[43-45] and dif-
ferent configurations of  the microbiota, in turn, have the 
ability to promote or reduce the metabolization and ef-
fectiveness of  drugs[46]. Along adulthood and later in life, 
natural physiological changes add themselves to the list 
of  drivers of  modification in the microbiota structure, 
both temporarily (i.e., pregnancy or lactation[47]) and per-
manently, as in the aging process.

Aging can impact on the gut microbiota structure di-
rectly, by means of  age-related physiological processes in-
volving local and systemic inflammation (i.e., immunose-
nescence and inflamm-aging; see below), and indirectly, 
causing changes in dietary habits and lifestyle[48]. In-
creased threshold for taste and smell, together with chew-
ing problems caused by teeth and muscle loss, can lead to 
the consumption of  a restricted diet, poor in fibers and 
proteins that are known to strongly impact on microbiota 
composition[36,37]. Moreover, poor diet and diminished 
physical activity contribute to increase the chances of  
constipation and, consequently, of  slower intestinal tran-
sit time, which may impact on the composition of  the co-
lonic microbiota due to the reduced bacterial excretion[48]. 
The age-related increased drug consumption[49] and the 
interaction between different medicines can also be listed 
among the possible factors that rule changes in the gut 
microbiota. The subject-specific combination of  all these 
impacting environmental variables may be responsible for 
the inter-individual variability of  the gut microbiota com-
position that is known to increase along with aging[50,51]. 

The aged-type gut microbiota is typically character-
ized by a reduced biodiversity, an increased abundance 
of  opportunistic facultative anaerobes, and a decreased 
abundance of  species with anti-inflammatory properties 
(i.e., Faecalibacterium prausnitzii and other butyrate pro-
ducers)[7,44,52-55]. Interestingly, these deviations from the 
healthy adult-like profile overlap with those known to 
accompany several disorders characterized by systemic 
and/or chronic inflammation, such as obesity, metabolic 
syndrome and inflammatory bowel diseases[21,56,57]. Indeed, 
aging itself  involves chronic immune and inflammatory 
unbalances. Elderly are generally affected by a process 
called “immunosenescence” that causes a decline in im-
mune system functionality, and a chronic inflammatory 
status (“inflamm-aging”) characterizing the whole organ-
ism[58,59]. At the level of  the gut, inflamm-aging could be 

responsible for an increased stimulation of  the inflamma-
tory response, allowing opportunistic pathogens (patho-
bionts) to thrive to the detriment of  symbionts[60,61]. The 
age-related proliferation of  opportunistic bacteria could 
both contribute to and be nurtured by inflamm-aging, in 
a sort of  self-sustaining loop[55], possibly creating a pre-
disposing environment for diseases the risk of  which 
is known to increase along with age, such as colorectal 
cancer.

INTESTINAL MICROBIOTA AND 
COLORECTAL CANCER
Colorectal cancer (CRC) is the fourth most commonly 
diagnosed cancer in the Western world[62,63]. With more 
than one million of  new cases and 600000 deaths per 
year, CRC undoubtedly constitutes a significant burden 
for public health in Western world. 

CRC is the result of  a multistep process whose pro-
gression is associated with the gradual accumulation of  
genetic and epigenetic mutations. Sporadic in more than 
90% of  the cases, CRC develops gradually, proceeding 
from normal epithelium to adenomatous polyps and 
invasive carcinoma, defining a process that can be slow, 
taking more than 10 years depending on the mutation 
frequency[64]. Several genetic predispositions which can 
increase cancer risk have been identified. The principal 
driver mutations involved in CRC include tumor suppres-
sors adenomatous polyposis coli gene, β-catenin gene, 
deleted in colorectal cancer gene and p53[64], as well as the 
oncogenes Kirsten rat sarcoma[65] and myelocytomatosis 
oncogene[66,67]. However, even if  within the last years 
a growing number of  acquired genetic mutations have 
been described in CRC, trigger factors leading to their ac-
cumulation remain to be determined.

Environmental factors have been reported as the 
leading causes involved in CRC onset[68]. Chronic inflam-
mation and diet have been historically recognized as the 
prominent CRC drivers[69,70], however, recently, a new 
potential factor in CRC is emerging: the human intestinal 
microbiota[71-73]. For instance, the relevance of  a compro-
mised microbiota-host homeostasis in CRC onset has 
been highlighted by the recent finding that mice defec-
tive in the inflammasome function have an increased risk 
to develop CRC[74]. While the involvement of  diet and 
inflammation in CRC has been proved by “traditional” 
observational and epidemiological studies[70,75-77], only 
the recent widespread of  next-generation sequencing 
(NGS)-based approaches for gut microbiota characteriza-
tion allowed to identify characteristic ecosystem changes 
associated with CRC. Comparative NGS studies of  the 
gut microbiota structure in stools, luminal samples and 
swabs from CRC patients and age-matched healthy con-
trols have been carried out[78-80]. With respect to healthy 
controls, CRC patients were significantly enriched in 
fecal Fusobacterium, Enterococcaceae, Campylobacter, Erysip-
elotrichaceae, Collinsella, Peptostreptococcus and Anaerotruncus, 
and depleted in members of  the Clostridium cluster Ⅳ, 
such as Faecalibacterium prausnitzii (F. prausnitzii) and Rose-
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analysis must be taken with caution since based on a lim-
ited dataset, we can hypothesize the existence of  3 pro-
carcinogenic CAGs (Fusobacterium CAG, Prevotella CAG 
and Coprobacillus CAG) and 2 CRC protective CAGs (Bifi-
dobacterium CAG and Faecalibacterium CAG).    

Suggesting the involvement of  specific microbiota 
dysbiosis in CRC, NGS-based microbiome studies are 
imposing a more holistic vision of  the interplay between 
environment and genetics in CRC, where dietary fac-
tors and inflammation need to be considered against the 
background in the microbiota-host interaction process 
(Figure 2). However, the static nature of  these studies 
did not permit to comprehend whether dysbiosis are a 
cause or a consequence of  the disease onset. Further, 
these descriptive studies did not provide information 
on either the mechanisms by which members of  the gut 
microbial ecosystem can influence the CRC, or, more 
importantly, the triggers that shift the microbiota towards 
a carcinogenic configuration. With the attempt to deal 
with these questions, a new approach to study the role of  
microorganisms in CRC onset is emerging. Pairing NGS-
based microbiota surveys and the usage of  germ-free 
(GF), conventionalized and mono associated mice to test 
mechanistic hypotheses, new insights on the microbial 
ecology of  CRC have been provided[73]. 

Bacterial driver-passenger model 
Recently, a first dynamic model of  the microbial ecology 
involved in CRC onset and progression has been pro-
posed by Tjalsma et al[73]: the bacterial driver-passenger 
model. According to this model, CRC development is 
initiated by indigenous bacteria with pro-carcinogenic 
features - defined as bacterial drivers - that drive epithe-
lial DNA damage and contribute to CRC initiation. In a 
subsequent step, the local microenvironment is altered as 
a consequence of  the ongoing tumorigenesis and bacte-
rial drivers are replaced by bacterial passengers, microor-
ganisms showing a competitive advantage in the tumor 
microenvironment and being capable of  nurturing tumor 
progression. For instance, nutrients and co-factors specif-
ic of  the tumor microenvironment - such as the presence 
of  reactive oxygen species - can be selectively utilized by 
specific bacterial passengers[91].

Bacterial drivers are defined as intestinal bacteria 
showing pro-carcinogenic features - either transient or 
autochthonous microbiota components - that may initiate 
the process of  carcinogenesis. Several candidate bacterial 
drivers have been identified (Table 1), such as superoxide-
producing strains of  Enterococcus faecalis[92], genotoxin-
producing Escherichia coli strains[93], and toxigenic strains 
of  Bacteroides fragilis[94]. Furthermore, pro-inflammatory 
members of  Enterobacteriaceae, such as Shigella, Citrobacter 
and Salmonella have been associated with early stages of  
CRC as possible bacterial drivers[95,96]. Occasionally, bacte-
rial drivers act in concert with helper bacteria (or α-bugs) 
in carcinogenesis promotion[97]. Generally belonging to 
pro-inflammatory Enterobacteriaceae, these microorganisms 
are proposed to crowd out symbiont CRC-protecting 
anti-inflammatory microbiota components, such as F. 

buria. On the intestinal mucosa, CRC patients showed an 
increase of  Porphyromonas, Fusobacterium, Peptostreptococcus 
and Mogibacterium, whereas Faecalibacterium, Blautia and 
Bifidobacterium were depleted. This CRC-associated mi-
crobiome is enriched in pro-inflammatory opportunistic 
pathogens, e.g., Fusobacterium, Enterococcaceae and Campy-
lobacter[81-85], and microorganisms commonly associated 
with metabolic disorders, such as Erysipelotrichaceae[86,87], 
while depleted in microbial partners strategic to preserve 
the intestinal homeostasis[88], such as well-known butyrate 
producers (i.e., F. prausnitzii and Roseburia) and protective 
bifidobacteria[22,89]. These NGS data reflect an overall 
pro-inflammatory configuration for the CRC-associated 
gut microbial ecosystem, which can concur in compro-
mising the microbiota-host mutualism and, eventually, 
consolidate the disease state. Very recently, comparative 
analyses of  mucosal microorganisms on cancerous tissue 
and matched non-cancerous tissue have been carried out, 
allowing to detect microorganisms specifically enriched 
on CRC tumor sites[79,84,85]. Cancerous mucosa showed an 
overall decrease in bacterial diversity with respect to non-
cancerous tissues, and was characterized by a reduction 
in Faecalibacterium and higher abundances of  Fusobacterium, 
Bacilli and Phascolarctobacterium. These pro-inflammatory 
microorganisms can modulate the tumor microenviron-
ment, affecting the course of  CRC progression.

In order to explore dysbiosis of  the gut microbiota 
in CRC at the community level, we sought associations 
between individual genera. To this aim, we obtained co-
abundance groups (CAGs), groups of  microorganisms 
which correlate and cluster together, by a bioinformatics 
analysis[90] of  the publicly available dataset from Wu et al[80], 
a well characterized case-control study of  the CRC-as-
sociated microbiome. Six CAGs displaying significantly 
different inter-relationships from each other (P < 0.001) 
have been identified: Fusobacterium CAG, Prevotella CAG, 
Barnesiella CAG, Coprobacillus CAG, Faecalibacterium CAG 
and Bifidobacterium CAG. Significant associations between 
bacterial genera have been calculated and represented in a 
Wiggum plot (Figure 1). This network analysis allowed us 
to describe - to our knowledge for the first time - micro-
bial co-abundance networks which include microorgan-
isms previously associated with CRC risk or protection. 
According to our analysis, the CRC-associated microor-
ganisms Fusobacterium and Erysipelotrichaceae belong to the 
same CAG (Fusobacterium). Analogously, CRC-associated 
groups as Enterobacteriaceae, Escherichia, Shigella and Kleb-
siella co-vary within the same cluster (Prevotella). On the 
other hand, a common CAG (Bifidobacterium) is shared by 
non-CRC-associated groups as Bifidobacterium and Lachno-
spiraceae (a family member of  the Clostridium cluster Ⅳ). 
Other health-promoting mutualists belonging to the Clos-
tridium cluster IV, such as Faecalibacterim, Blautia, Roseburia, 
Dorea and Lachnospiraceae, group together in Faecalibacterim 
CAG. Finally, we identified one CAG (Barnesiella) includ-
ing both pro-carcinogenic microorganisms as Porphyro-
monadaceae and Eubacterium, as well as protective members 
of  the Clostridium cluster Ⅳ (Ruminococcus, Butyrococcus 
and Oscillibacter). Even if  data from this computational 
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prausnitzii, Roseburia or Bifidobacterium, favoring the subse-
quent tissue colonization by drivers. 

Passenger bacteria are always autochthonous mem-
bers of  the gut microbial community. Relatively poor 
colonizer of  a healthy intestinal tract, passengers show a 
competitive advantage in the tumor microenvironment 
(Table 1). However, differently from drivers, which are 
always pro-carcinogenic, passenger bacteria can be of  ei-
ther pro-carcinogenic or protective nature, depending on 
the microorganism. While in some cases the carcinogenic 
tissue has been shown to be selectively colonized by op-
portunistic pathogens, such as Fusobacterium[78,83,84], Strepto-
coccus gallolyticus[98] and Clostridium septicum[99], which can be 
involved in CRC progression, in other circumstances the 
tumor sites were enriched in passenger bacteria belonging 
to well-known mutualistic microbiota components, as Co-
rynebacteriaceae, Roseburia and Faecalibacterium, suggesting a 
possible protective role for these microorganisms as CRC 
quencher[78].  

Mechanisms possibly involved in microbial CRC 
promotion 
Gut microorganisms may promote CRC onset and pro-
gression by different processes (Table 1)[71], such as (1) 
the induction of  a chronic inflammatory state; (2) the 
biosynthesis of  genotoxins interfering with the cell cycle 
regulation or directly damaging DNA; (3) the production 
of  toxic metabolites; and (4) the activation of  dietary het-
erocyclic amines to pro-carcinogenic compounds. Here 
we will specifically discuss the role of  three of  these fac-
tors - inflammation, genotoxins and toxic metabolites – 
in CRC onset and progression. 

Chronic inflammatory disorders are associated with a 
higher risk of  cancer development[100]. Inflammation can 
nurture carcinogenesis by inducing gene mutations, inhib-
iting apoptosis or stimulating angiogenesis and cell pro-
liferation. By regulating cell survival, inflammation and 
immunity, nuclear factor (NF)-kB is at the connection 
between inflammation and cancer. In particular, experi-

ments carried out in mouse models of  colitis-associated 
cancer have been successful in demonstrating a dual role 
for NF-kB in carcinogenesis, which depends on the cell 
type[101]. While in enterocytes NF-kB contributes to tu-
mor initiation by suppressing apoptosis, in myeloid cells it 
is involved in the promotion of  tumor growth by means 
of  the production of  inflammatory mediators. Further, 
it has been recently demonstrated that elevated NF-kB 
signaling can activate mutations in the Wnt pathway, lead-
ing to the differentiation of  epithelial non-stem cells into 
tumor-initiating cells[102]. Generally, the activation of  NF-
kB results in the expression of  inflammatory cytokines 
[e.g., tumour necrosis factor-alpha, interleukin (IL)-1, IL-6 
and IL-8), adhesion molecules, enzymes involved in pros-
taglandin synthesis, nitric oxide synthase, angiogenic fac-
tors and anti-apoptotic genes, providing survival advan-
tages to precancerous or tumor cells in the gut[75,103]. The 
activation of  NF-kB as a result of  microbial sensing via 
the host Toll-like receptors (TLRs) has been proposed to 
support intestinal tumor growth under steady-state con-
ditions[104,105]. Several evidences have been reported in 
support of  the role of  the gut microbiota in the inflam-
mation-dependent carcinogenesis in the gut. Crohn’s 
disease and ulcerative colitis are often associated with an 
increased risk of  developing CRC and epidemiological 
data suggest that duration and severity of  chronic colitis 
represent a significant risk factor for colitis-associated 
CRC[106,107]. Furthermore, microbiota unbalances in favor 
of  pro-inflammatory opportunistic pathogens as Entero-
bacteriaceae and Clostridium difficile have been indicated to be 
involved in tumor progression[108,109] and, in the context 
of  the bacterial driver-passenger model, several bacterial 
drivers, such as Shigella, Citrobacter, Salmonella and toxigenic 
Bacteroides fragilis (B. fragilis), as well as the passengers Fuso-
bacterium and Streptococcus gallolyticus and Clostridium septicum, 
have been reported to support carcinogenesis by the 
induction of  a pro-inflammatory response[73]. Strikingly, 
by inducing azoxymethane (AOM)-colitis in conventional 
and GF IL-10 knockout (Il10-/-) mice, Uronis et al[110] were 

  Microorganism Role in CRC Mechanism Ref.

  E. faecalis Driver Production of superoxide [92]
  E. coli NC101 Driver Genotoxin production (colibactin) [122]
  B. fragilis Driver Genotoxin production (fragilisin) [94]
  Shigella Driver Induction of inflammation [73]
  Citrobacter Driver Induction of inflammation [73]
  Salmonella Driver Induction of inflammation [73]
  Enterobacteriaceae Helper Induction of inflammation [73]
  Fusobacterium Passenger Induction of inflammation [84]
  S. gallolyticus Passenger Induction of inflammation [98]
  C. septicum Passenger Induction of inflammation [99]
  F. prausnitzii Protective Butyrate production; anti-inflammatory properties [78]
  Roseburia Protective Butyrate production; anti-inflammatory properties [78]
  Bifidobacterium Protective Protection from pathogens; anti-inflammatory properties [71]
  Corynebacteriaceae Protective Anti-inflammatory properties [78]

Table 1  Microorganisms involved in colorectal cancer

Microorganisms involved in colorectal cancer (CRC), their role as driver, passenger or protective bacteria and the mechanisms involved in CRC induction 
or protection. E. faecalis: Enterococcus faecalis; E. coli: Escherichia coli; B. fragilis: Bacteroides fragilis; S. gallolyticus: Streptococcus gallolyticus; C. septicum: Clos-
tridium septicum; F. prausnitzii: Faecalibacterium prausnitzii.
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successful in demonstrating that microbial sensing via 
TLRs is essential to develop colitis-associated CRC. 

Inflammation also represents a molecular link be-
tween host immune response, intestinal microbiota and 
genotoxic events in the inflammation-associated CRC[111]. 
Several bacterial taxa that belong to the human gut mi-
crobiome in a subset of  the healthy population contain 
toxin-producing strains[5]. The long-term effects of  
chronic exposure to low doses of  such bacteria as well as 
the eventual contribution to the carcinogenic process of  
bacterial toxins remain to be elucidated. Toxins impinge 
on key eukaryotic processes, such as cellular signaling, 
and some directly attack the genome[112] these last by 
damaging DNA, either directly, by enzymatic attack, or 
indirectly, by provoking an inflammatory reaction that 
produces free radicals. Also, they can affect DNA repair 
mechanisms.

The capacity of  the B. fragilis toxin (BFT)-producing 
strains to promote colon tumorigenesis is mediated by 
the increased expression of  STAT3 that leads to the re-
cruitment of  the highly pro-inflammatory subset of  T 
helper type 17 lymphocytes, suggesting that the pro-carci-
nogenic role of  BFT is to promote a de-regulated inflam-
matory response[113]. BFT is a metalloprotease known to 
bind to colonic epithelial cells and stimulate cleavage of  
E-cadherin, thus increasing intestinal barrier permeabil-
ity and augmenting cell signalling via the β-catenin/Wnt 
pathway, which is constitutively activated in essentially all 
CRC. As a result, BFT stimulates proliferation and migra-
tion of  human colon cancer cells in vitro[114]. It is worth 
noting that the enterotoxigenic form of  B. fragilis (ETBF) 
is only present in approximately 10%-20% of  the healthy 
population whereas the fecal carriage of  ETBF is in-
creased of  about 40% in CRC patients[94,115]. 

However, although the B. fragilis toxin has been pro-
posed as one of  the main CRC driving suspects on the 
basis of  experimental work[113,116], very recent studies 
show that the most actively transcribed toxins in tumor 

tissue and surrounding mucosa from CRC patients are 
those derived from Escherichia coli (E. coli), Salmonella en-
terica and Shigella flexneri. This suggests a strong involve-
ment of  enterobacterial toxins in tumorigenesis. Also in 
this context, inflammation has been shown to increase 
toxigenic E. coli strains, promoting their adhesion to the 
host epithelia[111]. A number of  E. coli strains produce a 
wide array of  toxins, some of  which are turning out to be 
potentially harmful in humans, either directly damaging 
DNA or specifically disrupting cell signaling. 

The cytolethal distending toxins (CDTs), which com-
prise a family of  intracellular-acting bacterial protein tox-
ins produced by several gram-negative bacteria, belong to 
the first group. Their activity upon eukaryotic cells results 
in several consequences, the most characteristic of  which 
is the induction of  G(2)/M cell cycle arrest[117]. Active 
CDTs consist of  three subunits: CdtA and CdtC, which 
guide internalization, and CdtB, which enzymatically 
induces DNA double-strand breaks that recruit and acti-
vate the ataxia telangiectasia mutated kinase, thus trigger-
ing a DNA damage response (DDR). The DDR provides 
an efficient barrier to tumorigenesis through induction of  
cell death or senescence[118]. Cells exposed to sub-lethal 
doses of  the CDTs from Helicobacter hepaticus (H. hepati-
cus) or Haemophilus ducreyi exhibit increased frequency of  
mutations, accumulation of  chromosomal aberrations 
and enhanced anchorage-independent growth[119]. Fur-
thermore, chronic infection of  mouse liver and intestine 
with CDT-producing H. hepaticus or Campylobacter jejuni, 
respectively, is associated with dysplasia[119], confirming 
the capacity of  CDT-producing bacteria to induce pre-
neoplastic lesions in vivo. Very recently, Buc et al[120] dem-
onstrated a high prevalence of  genotoxin- and cyclomod-
ulin-producing mucosa-associated E. coli strains in CRC 
patients.

Furthermore, some commensal E. coli strains of  the 
phylogenetic group B2 harbour a 54 kb polyketide syn-
thase (pks) pathogenicity island encoding the enzymes 
required for the synthesis of  a putative hybrid peptide-
polyketide genotoxin, named colibactin[121]. Infection of  
mice with a pks+ E. coli strain has been linked to the ex-
pression of  pks genes required for colibactin production 
as well as to DNA damage induction[122]. The capacity 
of  colibactin to promote tumorigenesis in vivo has been 
recently proven in an animal model of  colitis-associated 
CRC. GF IL-10 knockout mice treated with the colon-
specific carcinogen AOM and monocolonized with pks+ 
E. coli showed a high incidence of  invasive adenocarcino-
ma if  compared to mice infected with an isogenic pks-de-
ficient strain or the control commensal bacterium pks-E. 
faecalis[93]. The detection of  E. coli isolates carrying the pks 
island in 66.7% CRC patients compared to 20% found 
in non-inflammatory bowel disease/non-CRC controls 
suggests a concerted action of  host inflammation and 
E. coli-derived pks in giving rise to a host microenviron-
ment that promotes DNA damage and tumorigenesis[93]. 
These authors also showed that optimal colonization by 
colibactin-producing E. coli strains is established in an 

Intestinal 
microbiome

Inflammation

Diet

Bacterial
toxins

Colorectal cancer

Figure 2  Colorectal cancer arises from the interplay between endogenous 
and exogenous factors, such as inflammation, diet, intestinal microbiome 
structure, and transcription and activity of bacterial genotoxins.
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already-inflamed gut. In fact, by remodeling the intestinal 
immune response and shifting the colonic bacterial com-
munity to one that further promotes CRC, bacterial driv-
ers permit the colonization of  colibactin-producing E. 
coli strains that actively contribute to disease progression.

A second group of  toxins includes those disrupt-
ing the cell signaling that regulates cell proliferation or 
induces inflammation. The E. coli cytotoxic necrotizing 
factor 1 (CNF1), which is expressed by many human 
isolates, activates the Rho GTPases[123], inducing dysfunc-
tions in already transformed epithelial cells, such as apop-
tosis counteraction, pro-inflammatory cytokines’ release, 
COX2 expression, NF-kB activation and boosted cellular 
motility. Also, CNF1 induces quiescent cells to enter 
the cell cycle and undergo DNA synthesis[124], interferes 
with normal cytokinesis, resulting in the production of  
multinucleated cells and in the onset of  aneuploidia. As 
cancer may arise when the same regulatory pathways are 
affected, it is conceivable that CNF1-producing E. coli 
infections can contribute to cancer development[125]. Our 
hypothesis is that these bacteria may act as passengers, 
reinforcing and favoring but not causing the development 
of  colorectal cancer. The pro-inflammatory capacity of  
CNF1 has recently been confirmed in Drosophila, where 
the toxin could activate one of  the key transcription fac-
tors of  the innate immune response, namely NF-kB, 
independently of  the triggering of  pathogen recognition 
receptors. Indeed, the CNF1-mediated activation of  the 
Rac2 GTPase triggers protective immunity via the in-
nate Rip kinase signaling that functions upstream of  NF-

kB[126]. Taken altogether, these data support the strategic 
role of  toxigenic E. coli strains in CRC onset and progres-
sion.

The gut microbiome is a major driver in shaping the 
gut metabolome[127]. Among microbial metabolites, sev-
eral have been identified as potentially important carcino-
gens or protective. Secondary bile acids in particular have 
been detected in elevated levels in CRC patient stools 
and have been shown to have carcinogenic properties in 
vitro[128]. A long list of  other metabolites are suspected at 
varying degrees to be implicated in CRC development, 
such as hydrogen sulfide[129], proteolysis products (ammo-
nia, amines, phenols)[130], and acetaldehyde[131]. Butyrate is 
the most sought-after beneficial metabolite as it is a ma-
jor energy source for colonocytes and more importantly 
has an anti-proliferative activity and induces apoptosis of  
CRC cells in vitro[132].

Triggering factors that force microbiota to become 
carcinogenic
Besides its role in CRC onset, inflammation surely exerts 
a central role in triggering the carcinogenic potential of  
the gut microbial ecosystem (Figure 3)[93]. Experiments 
relying on mice defective in components of  the immune 
system successfully demonstrated that chronic inflam-
mation alters the intestinal microbial community com-
position towards a configuration that predisposes to the 
disease[133]. According to Garrett et al[134], Tbet-/-/Rag2-/- 
mice, which are deficient in adaptive and innate immune 
function, developed a colitis phenotype transmissible 
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Figure 3  Environmental triggers, such as diet, aging and pathogen infections, can force microbiota changings that, in a genetically susceptible host, can 
drive to chronic inflammation in the gut. Inflammation shifts the gut microbiota towards a pro-inflammatory configuration, supporting colorectal cancer (CRC) driv-
ers as pathobionts at the expense of health-promoting CRC-protective microbiota components. As a consequence, a pro-inflammatory loop is established in the gut, 
directly supporting CRC onset and favoring colonization by toxigenic bacterial drivers directly involved in CRC promotion.
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to wild-type mice by the adoptive transfer of  their gut 
microbiota. Analogously, mice lacking the bacterial fla-
gellin receptor TLR5 exhibited a syndrome encompass-
ing insulin resistance, hyperlipidemia, and increased fat 
deposition associated with microbiota alterations. Strik-
ingly, these metabolic changes were transferable to wild-
type mice by acquiring the Tlr5-/- gut microbiota[134]. In 
this context, Arthur et al[93] specifically demonstrated that 
intestinal inflammation can boost the cancer-inducing 
activity of  the gut microbiota. According to the Authors, 
chronic inflammation in Il10-/- mice was sufficient to 
prompt microbiota shifts, supporting the AOM-induced 
carcinogenesis. Favoring the adhesion of  driver bacteria 
with genotoxic potential to the colonic mucosa - as well 
as the overall expansion of  pro-inflammatory Enterobacte-
riaceae in the gut - inflammation creates the environment 
that supports a bacteria-mediated carcinogenesis process. 
In particular, Arthur et al[93] showed that chronic colitis in 
Il10-/- mice was sufficient to favor a dramatic expansion 
of  E. coli NC101 on the intestinal mucosa. Harboring 
a pks pathogenicity island, E. coli NC101 codes for the 
genotoxin colibactin[121] that allows this microorganism 
to accelerate progression from dysplasia to invasive carci-
noma. Inflammation in the gut is also pivotal to initiate a 
microbiota-dependent pro-inflammatory loop detrimental 
for host health[71]. An aberrant inflammatory response in 
the gut can shift the balance between protective mutual-
ists and pathobionts in favor of  the latter[135,136]. By induc-
ing a pro-inflammatory loop, these microorganisms can 
work as bacterial drivers, consolidating the inflammatory 
state[28] and resulting in a self-sustained pro-inflammatory 
response that affects the microbial ecology of  the human 
gut, further compromising the microbiota-host mutual-
ism and supporting CRC.

Abnormal dietary inputs can lead to the expansion of  
pro-inflammatory microbes in the gut[137]. For instance, a 
diet rich in saturated milk fat has been reported to induce 
the expansion of  Bilophila wadsworthia, which may favor 
carcinogenesis in the gut by promoting pro-inflammatory 
TH1[138]. Indeed, high-fat diet impacts on gut microbiome 
have seen increased interest in the recent years as fat has 
been linked epidemiologically to intestinal inflammation 
and diseases. While as expected a high-fat diet modifies 
the microbiome, the fact that different fat compositions 
induced different changes in animal models calls for a 
more controlled dietary intervention in humans. For 
example, observational data suggested that Western diet 
(protein- and fat-enriched) and African diet (polysac-
charide-enriched) drive strikingly different microbiomes, 
possibly explaining different CRC rates[13,38,139]. Reciprocal 
diet exchanges indeed demonstrated that the microbiome 
and metabolome were rapidly responsive towards respec-
tive “beneficial” and “detrimental” states, as well as mark-
ers of  mucosal proliferation[13].

The process of  human aging has a well-documented 
impact on the gut microbiota structure[48,140], raising the 
question of  whether age-related microbiota dybioses 
can trigger a microbiota-dependent carcinogenic pro-
cess in the gut. Showing a pro-inflammatory configura-

tion, the aged-type gut microbial ecosystem can force a 
microbiota-dependent pro-inflammatory loop in the gut, 
compromising the microbiota-host mutualism and sup-
porting carcinogenesis. Strengthening this hypothesis, the 
incidence of  CRC has been reported to increase in the 
elderly; about 50% of  the Western population develops 
colorectal polyps at the age of  70 and 5% of  these pol-
yps progress to cancer[141]. 

The pervasive role of  genotoxins in CRC onset and 
progression, led researchers to investigate triggering fac-
tors that govern toxin biosynthesis and activity. Environ-
mental changes in the gut ecosystem, such as changes in 
pH, in oxygen availability or the presence of  a specific 
metabolite, have been suggested to have a role in the 
modulation of  toxin transcription. Intriguingly, interspe-
cies quorum sensing resulting from microbe/microbe 
interaction processes has been suggested to play a role 
in governing bacterial toxin production in the gut[72,142]. 
Even if  research in this field is still in its infancy, recent 
experimental works demonstrated the strategic role of  
microbe/microbe, microbe/host and microbe/environ-
ment interaction processes in regulating bacterial viru-
lence and toxin activity. In a recent experimental research 
based on GF and conventional mice, Kamada et al[143] 
demonstrated that changes in dietary substrates can result 
in a microbiota-dependent regulation of  virulence fac-
tors. According to the Authors, dietary changes can boost 
commensals capable to outcompete toxigenic patho-
gens for food sources, resulting in the down-regulation 
of  virulence genes and eventually pathogen clearance. 
Further, Marks et al[144] demonstrated that interkingdom 
signaling as a result of  the host response to the influenza 
A virus infection was sufficient to trigger the expression 
of  Streptococcus pneumoniae virulence genes, resulting in the 
transition from commensalism to pathogenicity. Even if  
S. pneumoniae is a common human nasopharyngeal oppor-
tunistic bacterium, these findings allow us to hypothesize 
the existence of  analogous processes in the gut ecosys-
tem, resulting in the activation of  a virulence phenotype 
and toxin transcription of  enterotoxigenic CRC drivers.

CONCLUSION
The worldwide diffusion of  NGS-based microbiota 
surveys in CRC patients, alongside the utilization of  GF, 
mono associated and humanized mice, led to an increas-
ing perception of  the pivotal role exerted by the gut mi-
crobiota in CRC onset and progression. Lights on the mi-
crobial ecology of  the process have been provided, and 
possible mechanisms involved suggested. This brought 
the researchers to focus their attention on triggering fac-
tors that turn the intestinal microbiota from a mutualistic 
configuration to a CRC-promoting asset. Inflammation 
has undoubtedly a central role in this process, being a 
common outcome shared by different triggering factors, 
such as diet, aging, microbe-microbe and microbe-host 
interactions (Figure 3). In fact, changes in diet, aging, as 
well as pathobiont-dependent pro-inflammatory dysbio-
sis of  the gut microbiota, can force the gut microbiota to 
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a pro-inflammatory asset, changing the microecology of  
the gut ecosystem and activating toxigenic CRC bacterial 
drivers. In this context, of  extraordinary importance will 
be the development of  strategies able to interfere and/or 
block these triggering factors, preserving the microbiota-
host mutualism along the entire life span. Different ap-
proaches can be implemented. Since diet represents the 
pivotal strategy to modulate composition and functional-
ity of  the gut microbiota, the most promising approach 
to preserve microbiota-host mutualisms relies on dietary 
interventions. For instance, diet can be modulated to 
boost health-promoting microbiota groups, such as anti-
inflammatory members of  the Clostridium cluster Ⅳ or 
short chain fatty acid producers of  the Clostridium cluster 
XIVa. Strengthening this perspective, in a life-long lon-
gitudinal study carried out in mice, Zhang et al[145] dem-
onstrated that different diets modulated differently the 
microbiome trajectories along with aging. In particular, 
according to the Authors low-fat diet and caloric restric-
tion increased the relative abundance of  phylotypes posi-
tively associated with the life span in the middle-life, and, 
at the same time, lowered the abundance of  opportunis-
tic pro-inflammatory pathogens, which could represent 
CRC bacterial drivers. 

A second approach for CRC prevention surely relies 
on the usage of  probiotic bacteria, such as Bifidobacterium 
and Lactobacillus. Probiotics have been demonstrated to be 
effective in reducing CRC risk in humans[146-149]. Showing 
immunomodulating properties, antimicrobial activities, 
as well as the capacity to interfere with toxin synthesis 
and activity, probiotic bacteria can act simultaneously on 
different CRC triggering factors. In fact, probiotics have 
been reported as effective in quenching host inflamma-
tory response[150], in inhibiting the colonization of  known 
CRC drivers[22,151] and in inactivating bacterial toxins[152] or 
interfering with their production[153,154]. 

Even if  significant steps forward have been carried 
out, we are still far from fully appreciating the multifacto-
rial role of  the intestinal microbiota in CRC. More longi-
tudinal microbiome surveys need to be carried out, and 
intestinal polyps as well as adenocarcinoma tissues must 
be sampled, in order to follow the gut microbiota dynam-
ics over time for the development of  colonic neoplasia. 
Microbiota on tumor sites needs to be compared with 
off-tumor matched tissues, as a better comparison than 
mucosal samples from healthy patients. Associations be-
tween structure and dynamics of  the gut microbiome and 
the different stages of  colonic neoplasia need to be better 
defined, causality should be further explored, possibly by 
using GF, mono associated as well as humanized animal 
models. Finally, meta-analysis integrating epidemiological 
studies with microbiome datasets will allow us to better 
define triggering factors that force the microbiota to be-
come carcinogenic, so that hypotheses can be verified in 
mice where possible intervention strategies can be tested. 
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Abstract
Colorectal cancer remains one of the most common 
and lethal malignancies worldwide despite the use of 
various therapeutic strategies. A better understanding 
of the mechanisms responsible for tumor initiation and 
progression is essential for the development of novel, 
more powerful therapies. The traditional, so-called “sto-
chastic model” of tumor development, which assumes 
that each cancer cell is tumorigenic, has been deeply 
challenged during the past decade by the identification 
of cancer stem cells (CSCs), a biologically distinct sub-
set of cells within the bulk of tumor mass. This discov-
ery led to the development of the hierarchical model 
of tumorigenesis which assumes that only CSCs have 
the ability to initiate tumor growth, both at primary and 
metastatic sites. This model implies that the elimination 
of all CSCs is fundamental to eradicate tumors and that 
failure to do so might be responsible for the occurrence 
of relapses and/or metastases frequently observed in 
the clinical management of colorectal cancer patients. 
Identification and isolation of CSCs is essential for a 

better understanding of their role in the tumorigenetic 
process and for the development of CSC-specific thera-
pies. Several methods have been used for this purpose 
and many efforts have been focused on the identifi-
cation of specific CSC-surface markers. This review 
provides an overview of the proposed roles of CSC in 
human colorectal tumorigenesis focusing on the most 
important molecules identified as CSC-specific markers 
in colorectal cancer and on the potential strategies for 
the development of CSC-targeted therapy.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: A better understanding of the mechanisms re-
sponsible for tumor initiation and progression is essen-
tial for the development of novel, more powerful thera-
pies for colorectal cancer patients. In this paper, we 
review the basic concepts of both the traditional “sto-
chastic”, and of the more recent, “hierarchical” models 
of tumor development. We then introduce the so-called 
cancer stem cells (CSCs) and provides an overview of 
the proposed roles of CSCs in human colorectal tu-
morigenesis focusing on the most important molecules 
identified as CSC-specific marker in colorectal cancer 
and on the potential strategies for the development of 
CSC-targeted therapy.
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INTRODUCTION
Colorectal cancer (CRC) is one of  the most common 
malignancies in Western countries and, although it can 
cause symptoms at a very early stage and can be easily 
detected and treated by resection, it remains the second 
leading cause of  cancer-related death in Europe and the 
third in the United States with a median survival time 
ranging from less than one to more than five years de-
pending on the stage of  disease at the diagnosis and the 
surgical techniques and/or chemotherapy used, especially 
for metastatic CRC[1]. Several studies have underlined the 
role of  environmental and lifestyle factors in colorectal 
carcinogenesis showing an increase in CRC incidence in 
parallel with economic development and adoption of  a 
western lifestyle in several countries.

CRC originates from epithelial cells lining the gas-
trointestinal tract which undergo sequential mutations in 
specific DNA sequences that disrupt normal mechanisms 
of  proliferation and self-renewal[2]. The intestinal tract 
consists of  the small intestine (duodenum, jejunum and 
ileum) and the large intestine or colon, which comprises 
the cecum, ascending, transverse and descending colon, 
sigmoid colon, rectum and anal canal. The innermost 
layer of  the colon wall (mucosa) is lined by an absorptive 
and secretory columnar epithelium which is folded into 
finger-like invaginations incorporated in the submucosa 
connective tissue to form the functional unit of  the intes-
tine, the crypts of  Lieberkühn (Figure 1). Normal human 
colon consists of  millions of  crypts containing about 
2000 cells and comprising the differentiated cell lineages 
(enterocytes, enteroendocrine cells and goblet cells). A 
fourth differentiated type, the Paneth-like cells, resides 
at the bottom of  colon crypts and has been shown to 
synthesize and secrete a variety of  antimicrobial fac-
tors[3]. Differentiated colon epithelial cells are subjected 
to a massive turnover throughout life, being replaced ap-
proximately every 5 d. The ability to maintain tissue ho-
meostasis is provided by a subset of  self-renewing undif-
ferentiated, multipotent stem cells which generate transit-
amplifying cells, committed progenitors[3]. These cells lie 
towards the bottom of  the crypt in the proliferative zone 
and through an asymmetric division are responsible for 
generating all epithelial cell types along the crypt-villus 
axis. The number of  long-lived stem cells per each crypt 
is commonly estimated to be between 4 and 6 cells even 
if  the precise number and what controls their numbers 
remain uncertain (Figure 1). Two distinct populations of  
putative stem cells have been identified at the base of  in-
testinal crypts. A population is marked by the expression 
of  the G-protein receptor Lgr5, a Wnt gene target, and 
positioned just above the Paneth cells at the crypt base, 
while the other resides at +4 position from the bottom 
of  the crypt and are marked by the expression of  the 
polycomb group gene Bmi1 and the telomerase reverse 
transcriptase, Tert[4,5]. Both cell types have been demon-
strated to fulfill the criteria for stem cells (pluripotency 
and self-renewal capacity)[4,5]. Several studies are trying 
to understand whether their stem cell characteristics are 

intrinsically determined or determined by the environ-
mental niche. It is widely accepted, however, that stem 
cell niches are formed by cellular components and extra-
cellular matrix which create a special microenvironment 
important for the maintenance of  stem cells properties, 
protect stem cells from differentiating and apoptotic 
stimuli and regulate the balance between proliferation 
and differentiation through direct interaction and secre-
tion of  various cytokines and growth factors[6]. The stem 
cells self-renewal and differentiation are also influenced 
by components in the crypt lumen derived from bacteria 
or epithelial cells as well as by morphogenetic factors se-
creted by intestinal sub-epithelial myofibroblasts[7].

Mounting evidence suggests that stem cells might play 
an important role in the process of  tumor development 
being able to acquire a tumorigenic potential and giving 
rise to the so-called cancer stem cells whose potential role 
as tumor initiating cells as well as targets of  cancer thera-
pies is discussed in this review.

Models of colorectal tumorigenesis
CRC has been an ideal model to study the malignant pro-
gression because different phases of  the same malignancy 
often coexist within the same patient and have provided 
basic information concerning human tumorigenesis. Al-
though most of  the CRCs are sporadic, a small percent-
age arises in the setting of  inherited syndromes, such as 
familial adenomatous polyposis (FAP), juvenile polyposis 
syndrome (JPS) and hereditary nonpolyposis colorec-
tal cancer (HNPCC or Lynch syndrome), which have 
been extremely useful for our understanding of  human 
colorectal tumorigenesis. The study of  these hereditary 
cancer syndromes, as well as of  sporadic CRC, has led to 
a detailed knowledge of  the sequence of  genetic muta-
tions underlying CRC development with the formulation 
of  a model of  multistep carcinogenesis which has been 
subsequently extended to the majority of  human can-
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Figure 1  Schematic representation of an individual colon crypt showing 
the position of different cell types. Stem cells lie at the bottom of the crypt 
and through an asymmetric division are responsible for generating all epithelial 
cell types along the crypt-villus axis.



cers[8]. It is now widely accepted that, regardless of  the 
starting event, CRC is the end result of  a variable concat-
enation of  genetic alterations that lead a normal colonic 
epithelial cell to transform into a colon cancer cell. Ac-
cording to the model of  colorectal tumorigenesis, initially 
proposed by Fearon et al[8] (also known as the adenoma-
cancer sequence), CRC development occurs through a 
series of  steps morphologically identifiable: initially there 
is localized proliferation of  the colon epithelium with the 
formation of  small adenomas which progressively grow 
with dysplasia and ultimately progress into invasive carci-
nomas. Most of  the CRC is characterized by a dysfunc-
tional regulation of  the Wnt/β-catenin pathway, essential 
for the development of  the normal colonic mucosa[9]. 
About 80% of  patients with FAP have loss or mutation 
in the APC (adenomatous polyposis coli) gene which 
encodes a protein that participates to the formation of  a 
complex that regulates the stability of  β-catenin. In the 
absence of  Wnt ligand this complex retains the β-catenin 
which is phosphorylated and degraded by the protea-
some. When the APC molecule is mutated, the cytosolic 
β-catenin levels are stabilized and the protein can then 
accumulate in the nucleus where it serves as a coactivator 
for the Tcf  family of  transcription factors which activate 
the expression of  specific target genes including some 
metalloproteinases, the fibronectin and oncogenes such 
as c-myc and cyclin D1[10]. The study of  JPS, a condi-
tion that predisposes to hamartomatous gastrointestinal 
polyps formation, has revealed the important role of  
SMAD/BMP (bone morphogenetic protein) in intesti-
nal architecture. JPS is due to germline mutations in the 
SMAD4 gene in 15%-20% of  cases and to mutations 
in the gene encoding BMP receptor 1A in 25%-40% 
of  cases. SMAD4 is an intracellular signal transducing 
transcription factor shared by the Transforming growth 
factor β, activin and BMP pathways. BMP family ligands 
are expressed by the villus mesenchyme, while epithelial 
cells display nuclear phosphorylated SMADs, implicating 
these cells as terminal recipients of  the signal[11]. Wnt and 

BMP pathways interact to control intestinal stem cells 
self-renewal through the PTEN-Akt pathway that helps 
to control the nuclear localization of  the Wnt pathway 
effector β-catenin[12]. Interaction between Wnt and Notch 
pathway, which maintains proliferative cells in normal 
scripts, is also deregulated in tumorigenesis[9]. Wnt signal-
ing, Hedgehog, BMP, Notch and Platelet-derived growth 
factors are involved in the process of  epithelial to mesen-
chymal transition and invasion[7].

According to the traditional model of  carcinogenesis 
a tumor may arise from any cell of  the body follow-
ing a series of  mutations conferring them an unlimited 
proliferation potential. The resulting mutated progeny is 
subject to additional mutations, due to genetic instability, 
and epigenetic changes, promoting the appearance of  a 
genetically heterogeneous tumor mass.

This view has been initially integrated in the so-called 
“stochastic model” of  tumor development which as-
sumes that each cancer cell isolated from the bulk tumor 
is tumorigenic and thus has the ability to proliferate ex-
tensively and regenerate a tumor with the same character-
istics of  the original tumor when injected in immunodefi-
cient mice (Figure 2).

The presence of  cell types with various degrees of  
differentiation within human CRC[13] and of  a stem cells 
overpopulation at the botton crypt during the process of  
adenoma development in patients with FAP, has suggest-
ed a hierarchical model of  CRC development as opposed 
to the stochastic model. According to this model, only 
a small fraction of  tumor cells would be able to support 
the neoplastic proliferation, the part that retains the char-
acteristics of  stem cells and that in itself  has a unlimited 
proliferative potential. The tumors would be organized 
as a normal tissue with a rare subpopulation of  undif-
ferentiated cells having the unique biological properties 
necessary for tumor initiation, maintenance, and spread-
ing[14] (Figure 2). These cancer cells displaying stemness 
features have been defined cancer stem cells (CSCs) and, 
similarly to normal stem cells, would be located in a niche 
with mesenchymal cells that would ensure their survival 
in a secure environment, regulating their proliferation 
through secretion of  soluble factors[15]. According to this 
model, these slow proliferating CSCs display self-renewal, 
unlimited proliferative potential and multipotency and 
would be responsible for tumor initiation and develop-
ment as well as local relapses and metastases. Moreover, 
CSCs would be highly resistant to traditional antineoplas-
tic agents due to the expression of  detoxifying enzymes, 
drug transporters and DNA repair mechanisms[15].

The origin of  CSCs remains unclear and it is still ob-
ject of  a debate whether they derive from more mature 
cells that reacquire stem cell properties during tumor 
formation or are the direct progeny of  mutated stem 
cells[15] (Figure 2). The discovery of  stem cells in the ma-
jority of  normal tissues, including colon crypts, supports 
the hypothesis that normal stem cells might represent a 
possible target for tumorigenic mutations and the origin 
of  CSCs due to both their longevity and their ability 
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Tumor initiation ability

(A) Stochastic model

(B) Cancer stem cell model
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Figure 2  Models of tumor development. (A) Stochastic model: every cancer 
cell isolated from the bulk tumor is tumorigenic and thus has the ability to prolif-
erate extensively and initiate tumor growth. (B) Cancer stem cell (CSC) model: 
only a rare subpopulation of undifferentiated cells has the unique biological 
properties necessary for tumor initiation, maintenance, and spreading.
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spheroids grown in vitro also expressed Msi-1[18]. Other 
potential markers of  CRC stem cells have been more 
recently identified including CD29, CD24 and Lgr5[19-21] 
(Table 1).

CD133/Prominin-1
Human CD133, also known as Prominin-1, is a 120 kDa 
cholesterol-interacting pentaspan-transmembrane gly-
coprotein that belongs to the Prominin family. CD133 
protein consists of  an extracellular N-terminal domain, 
a cytoplasmic C-terminus that contains five tyrosine resi-
dues including a tyrosine phosphorylation consensus site, 
two small cysteine-rich cytoplasmic loops and two large 
extracellular loops containing four consensus sequences 
for N-linked glycosylation[22] (Figure 4).

CD133 was first recognized as a surface protein mark-
er of  a subset of  hematopoietic stem cells and progenitor 
cells[22] and of  bone marrow-derived circulating endo-
thelial progenitors involved in postnatal angiogenesis, 
inflammation and tissue regeneration[23,24]. Subsequently, 
it was identified in several human normal tissues and on 
CSCs from a variety of  solid tumors including brain, co-
lon, liver, lung and prostate neoplasms[23,25].

Two studies first identified CD133 as a marker for 
stem cells in CRC. Ricci-Vitiani et al[16] showed the tu-
morigenic potential of  CD133+ human CRC cells and 
evidenced their ability to engraft and give rise to visible 
tumors in immunodeficient mice even after serial trans-
plantations. Simultaneously, O’ Brien et al[17] demonstrated 
an enrichment of  more than 200-fold of  cancer-initiating 
cells in the subsets of  CD133+ cells isolated from human 
CRC samples compared to unsorted cancer cell popula-
tions. Moreover, they showed that liver metastases are en-
riched with a population of  CD133+ cancer cells, a find-
ing also confirmed by our group[26], and observed that 
tumor xenografts generated from CD133+ cells repro-
duced the histological features of  the original tumor[17].

CD133 is concentrated in plasma membrane protru-
sions, containing lipid rafts, and more recently several 
studies have suggested a link between the release of  
CD133 contained in the membrane vesicles and cellular 
differentiation, proving that CD133 might play a key role 
in maintaining stem cell properties[27,28]. However, the 
discussion on the effective value of  CD133 and its use-
fulness as a CSC biomarker is still controversial because 
other studies have shown that the CD133- population 
of  CRC cells is also able to initiate tumor growth in im-
munodeficient mice[29]. More recently, Feng et al[30] pro-
posed another possibility to explain the central issue of  
the debate, showing that the sorted CD133+ and CD133- 
SW620 colon cancer cells can undergo a conversion 
between the two cell subsets, this resulting in contradic-
tory data. Moreover, Hsu et al[31], showed that the expo-
sure to environmental stress, hypoxia and cell-adhesion 
free condition, promoted switching of  SW620CD133- 
cells to SW620CD133+ cells while exposure to ECM 
components promoted switching of  SW620CD133+ 
to SW620CD133- cells. The switching between the two 

to self-renewal. Furthermore, the fact that despite the 
emergence of  new targeted agents and the use of  various 
therapeutic combinations, none of  the options currently 
available is curative for patients with CRC strengthens the 
model of  CSCs and supports the hypothesis that most of  
the currently available therapies only target the bulk of  
the tumor mass (mainly constituted by proliferating cells) 
while sparing the rare, quiescent CSCs which would be 
able to re-initiate tumor growth thus giving origin to both 
recurrences and metastases (Figure 3). This hypothesis 
supports the need of  a better characterization of  CSCs 
with the aim to develop CSCs-specific therapies which 
might represent a great advantage in the fight against 
cancer.

COLORECTAL CANCER STEM CELLS 
MARKERS
Several methods have been proposed in the last years 
for the identification and isolation of  CSCs but some of  
them require a great technical expertise, are extremely 
time-consuming or involve the use of  animals. Thus, 
many efforts have been focused on the identification of  
specific CSCs-surface markers which would allow the 
identification, and likely the isolation, of  CSCs using 
easier antibody-based techniques such as immunostain-
ing, Fluorescence-activated cell sorting (FACS) analysis, cell 
sorting, immunomagnetic separation, etc. One of  the first 
CSCs markers identified in human CRC was the CD133, 
a pentaspan transmembrane glycoprotein which was 
shown to specifically mark tumor-initiating cells within 
the bulk of  human CRC[16,17]. In the same period Dalerba 
et al[18] found that CD133+ cells population also express 
other specific stem cell antigens such as EpCAM, CD44 
and CD166 which can help to identify CSCs while a 
subsequent study showed that CD133 colon cancer cells 

Specific therapy

Tumor regressionCancer stem cell

Cancer non stem cell

Anticancer drug 
surviving cancer 
stem cells

Recurrent tumor

Figure 3  Advantages of a cancer stem cell-specific therapy compared to 
conventional anticancer therapies. The current anticancer drugs wipe out 
most of the bulk population but the surviving cancer stem cells (CSCs) can 
repopulate the tumor. Specific targeting of CSCs is essential for regression and 
complete eradication of the tumor.
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subpopulations might be important for the adaptation to 
the microenvironment in tumor colonization (Figure 5). 
On this base, the current concept that CSCs unidirection-
ally differentiate into non stem cells could be challenged 
by the findings that non CSCs can convert in a stem-
like state within the tumor depending on environmental 
stimuli[31].

Although the exact functional role of  CD133 is still 
controversial, several studies have addressed its potential 
diagnostic and prognostic value as well as its intracellular 
signaling pathways. Several papers investigated the prog-
nostic role of  CD133 expression by immunohistochem-
istry and showed a high prognostic relevance for colon 
cancer progression and metastasis. Kojima et al[32] linked 
CD133 overexpression with a worse outcome and a high-
er risk of  metastasis in CRC patients, a finding confirmed 
by Horst and others who showed that CD133 expression 
is an independent prognostic marker for overall sur-
vival[32,33]. Ong et al[34] demonstrated that high expression 
of  CD133 is associated with resistance of  CSC to 5-FU-
based chemotherapy as well as with a significant worse 

survival. Moreover, CD133+ cells have been shown to 
be more resistant to conventional radiation therapy, thus 
suggesting that post-chemoradiotherapy CD133 expres-
sion may predict the risk of  distant recurrence and poor 
survival in radiotherapy-treated CRC patients[35].

Chao et al[36] proposed that CD133+ CRC cells are 
more tumorigenic than CD133- cells due to their interac-
tion with carcinoma-associated fibroblasts in tumor mi-
croenvironment by the paracrine signaling axis CXCR4-
SDF-1 (Figure 6). This evidence was confirmed by Zhang 
et al[37] who showed that the co-expression of  CXCR4 and 
CD133 on tumor cells was an independent risk factor for 
poor overall survival in stage Ⅱ and Ⅲ CRC patients. The 
prognostic role of  CD133 in CRC patients was confirmed 
by Kemper et al[38] who showed a relationship between 
CD133 expression and the presence of  mutations in K-Ras 
or B-Raf  genes and suggested that CD133 might be regu-
lated by the Ras-Raf-Mek-Erk pathway (Table 2).

The study of  Mohammadi et al[39] was the first to 
evaluate the expression of  CD133 in premalignant 

  Marker Other name Gene location1 Function Ref.

  CD133 Prominin-1, AC133 Chr 4 (p15.32) Encoding of a pentaspan transmembrane glycoprotein which binds 
cholesterol in cholesterol-containing plasma membrane microdomains

[22]

  CD44 PGP-1, HUTCH-1, GP90, EPICAN, 
CDW44, MIC4

Chr 11 (p13) Cell adhesion molecule; involved in lymph node homing and lymphocyte 
activation

[55,56]

  EpCAM ESA, CD326, MK- 1, KSA, HEA125,  
BerEp4, 17-1A, GA733-2, KS1/4, 
EGP-2, EGP34, TROP-1

Chr 2 (p21) Epithelial cell adhesion molecule [70]

  CD24 HSA Chr 6 (q21) Mucin-like cell adhesion molecule [76]
  CD29 Β1 Integrin Chr 10 (p11.2) Receptor for extracellular matrix proteins; involved in regulation of  cell 

migration, proliferation, survival, differentiation and death
[82]

  Lgr5 GPR49 Chr 12 (q22-q23) Receptor for R-spondin proteins; marker for adult stem cells [89,90]
  CD166 ALCAM Chr 3 (q13.1) Cell adhesion molecule [96]

Table 1  Cell surface and intracellular molecules suggested as putative cancer stem cell markers in colorectal cancer and their most 
important features

1From http://www.ncbi.nlm.nih.gov/gene.
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Figure 4  Schematic representation of the CD133 molecule. CD133 consists 
of an extracellular N-terminal domain, a cytoplasmic C-terminus containing 
five tyrosine residues, two small cysteine-rich cytoplasmic loops and two large 
extracellular loops, each containing four consensus sequences for N-linked 
glycosylation.

  Marker Prognostic value Ref.

  CD133 Worse outcome and higher risk of metastasis [32]
Independent prognostic marker for overall 
survival

[33]

Association with CSC resistance to 5FU-based 
chemotherapy in CRC

[34]

Association with resistance to conventional 
radiotherapy in CRC

[35]

Prediction of distant recurrences after 
chemoradiotherapy in colon cancer patients

[35]

High tumorigenicity of CD133+ CRC cells 
compared to CD133- cells due to their interaction 
with CAFs by paracrine signaling axis of CXCR4-
SDF1

[36]

Risk factor for poor overall survival in stage Ⅱ 
and Ⅲ in colon cancer patients

[37]

Relationship with K-Ras and B-Raf mutations in 
CRC patients

[38]

Table 2  Prognostic value of CD133

CSC: Cancer stem cell; CRC: Colorectal cancer.
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colorectal lesions such as non-dysplastic serrated polyps 
that comprise hyperplastic polyps (HP) and the non-dys-
plastic subset of  sessile serrated adenoma-polyp-lesions 
(SSA/P/L) and its borderline variant. They showed that 
SSA/P/L and its borderline variant significantly express 
higher levels of  CD133 than HP. They demonstrated that 
this premalignant colorectal lesion could be easily identi-
fied by determining the CD133 immunoprofile thus sug-
gesting the usefulness of  CD133 immunohistochemical 
evaluation in the diagnostic clinic routine[39]. Our group 
also reported that CD133 expression in human CRC is an 
independent risk factor associated with patient survival in 
multivariate analyses[40]. However, overall the data avail-
able in the literature do not allow a definitive and clear-
cut assessment of  the potential prognostic significance 
of  CD133 expression which, as previously mentioned, is 
also the result of  different antibodies, protocols and scor-
ing criteria used for the evaluation of  CD133 expression 
levels in clinical samples[41]. Therefore, some controver-
sies could be a consequence of  using different types of  

primary anti-CD133 antibodies to identify CD133+ cells: 
most of  the studies use the anti-human CD133/clone 
AC133 monoclonal antibody (Miltenyi) recognizing a 
glycosylated extracellular epitope of  the CD133 molecule 
which can be downregulated independently from the 
corresponding mRNA and protein[28]. However, several 
other antibodies are available and are indistinctly used al-
though they recognize different epitopes of  the molecule 
and could give different results[41] (Figure 7).

The role of  CD133 in colorectal tumorigenesis has 
been also investigate in mice. Zhu et al[42], demonstrated 
that in a murine model of  colorectal tumorigenesis the 
endogenous activation of  the Wnt signaling was associ-
ated with a marked expansion of  CD133+ cells which re-
placed normal mucosa architecture giving rise to neoplas-
tic lesions. Our group analyzed by immunohistochemistry 
the expression of  CD133 in a mouse model of  colitis-
related colon tumorigenesis induced by a combined treat-
ment with azoxymethane and dextran sodium sulphate. 
In normal tissues rare scattered positive cells were de-
tectable at the bottom of  the crypts. The percentage of  

ECM components
Differentiation

Release in membrane 

vesicles

CD133-

CD133+

Environmental stress

HypoxiaCell-adhesion free 
condition

Figure 5  Signals regulating CD133 expression levels. The exposure to en-
vironmental stress, hypoxia and cell-adhesion-free condition promotes switch-
ing of CD133- to CD133+ cells while exposure to ECM components promotes 
switching of CD133+ to CD133- cells.
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Figure 6  Possible role of the interaction between CXCR4/CD133 cancer cells 
and SDF-1 ligands. The SDF-1 ligand secreted by carcinoma-associated fibro-
blasts (CAF) in tumor microenvironment interacts with CXCR4/CD133 expressing 
cancer cells and could drive primary tumor cells towards metastatic sites.

  Marker Prognostic value Ref.

  CD44 Association of CD44 downregulation with a lower meta-
static potential of CRC cells

[61]

Association of CD44 downregulation with a higher meta-
static and migratory potential of CRC cells

[62]

Association with a reduced survival [63]
Correlation of CD44 loss with a higher tumor aggressive-
ness

[64]

Relation with CRC cells proliferation but not with pa-
tients outcome

[65]

Association with lymph node involvement and invasion 
depth

[66]

Unfavorable prognostic factor for overall survival in 
advanced CRC

[66]

Correlation of CD44 loss with advanced tumor stage, 
vascular invasion, lymph node involvement and infiltrat-
ing tumor border

[67]

Association of CD44 loss in the lesion invasive front with 
adverse outcome of  CRC patients

[67]

Table 3  Prognostic value of CD44

CRC: Colorectal cancer.
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Figure 7  Epitopes recognized by different antibodies on CD133 molecule.
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positive cells significantly increased in dysplastic lesions 
and appeared to progressively decrease in the passage 
from dysplasia to adenoma and then to cancer although 
remaining constantly higher than in adjacent normal tis-
sues[43]. Overall these data, considered together with Mo-
hammadi findings, suggest that upregulation of  CD133 
expression likely occurs at early stages and contributes to 
the entire process of  colon tumorigenesis[43,44].

The identification of  the potential molecular path-
ways involved in the enhanced tumorigenicity associated 
with CD133 expression is of  great interest since it could 
be useful to identify and develop a targeted anticancer 
therapy against the CSC population. It has been re-
ported that the CD133 glycoprotein is phosphorylated 
on the tyrosine-828 and tyrosine-852 residues within its 
C-terminal cytoplasmic tail, in a Src kinase-dependent 
manner. The tyrosine-828, upon phosphorylation could 
serve as a binding site for the SH2 domains of  tyrosine 
kinases[44]. The phosphorylation of  tyrosine-852 does not 
require the binding to the SH2 domains. In this regard, 
Wei et al[45] showed that, in the glioma CSCs, the phos-
phorylation of  the tyrosine 828 is involved in the binding 
to p85 (PI3K regulatory subunit) and in the subsequent 
activation of  PI3K/Akt pathway, which, finally, promotes 
the self-renewal and tumor formation of  CSCs (Figure 
8). Wang et al[46] reported that the inactivation of  Akt 
and Erk pathways prevented the preferential survival of  
CD133+ colon cancer cells isolated from primary CRC 
and decreased their tumorigenicity. Moreover, the down-
regulation of  Akt and Erk by short interfering RNAs at-
tenuated the colony formation ability of  CD133+ cells[46]. 
More recently, it has been also showed that Silibinin, a 
chemo-preventive agent proved to be effective in several 
types of  cancer, acts by inhibiting the PP2Ac/Akt/
mTOR pathway which is associated with a reduction of  
CD133 expression in CRC spheroid cultures[47]. The Wnt 
signaling cascade plays various roles in stem cell main-
tenance, cell proliferation, differentiation and apoptosis 
and the deregulation of  the Wnt pathway is associated 
with cancers. Corbo et al[48] reported a positive correla-
tion among CD133 expression, Wnt pathway activation 
and increased SRp20 expression (splicing factor, a newly 

identified target gene of  the Wnt/β-catenin pathway) 
in colon cancer cells. Furthermore, fibronectin, a major 
extracellular matrix glycoprotein, has been shown to be 
required for maintaining CD133 and CD44 positive sub-
populations and tumorigenic capacity of  CRC cells by ac-
tivation of  Wnt/β-catenin and its downstream integrin-
Fak-Erk signaling pathways[49].

The regulation of  CD133 expression is not fully 
understood but several evidences suggest the existence 
of  multiple mechanisms involved in the regulation of  
CD133 expression and/or activity. As previously men-
tioned, CD133 is concentrated in plasma membrane 
protrusions and the release of  CD133-containing mem-
branous vesicles has been shown to contribute to the 
regulation of  CD133 expression levels in several cell 
types[27]. Post translational modifications (i.e., glycosyl-
ation) have been also suggested to play a role in the regu-
lation of  CD133 activity and its significance as a CSCs 
marker[28]. Indeed, it has been proposed that AC133, one 
of  the most important epitopes of  the molecule, rather 
than the entire molecule itself, might be important as 
CSCs marker.

Mak et al[50] proposed that CD133 expression is also 
regulated at a protein level by the deacetylase HDAC6, 
whose interaction with CD133 prevents its degradation 
by deacetylating α-tubulin and promotes the deacety-
lation of  β-catenin and the activation of  its signaling 
pathway. Moreover, they demonstrated that the inhibition 
of  HDAC6 promotes CD133 trafficking into endosomes 
by increasing α-tubulin acetylation and is associated with 
β-catenin degradation (Figure 9).

The regulation of  CD133 gene expression is also still 
poorly understood. Hypoxia and increased expression 
of  hypoxia-inducible factors (HIFs) are associated with 
tumor progression and patient mortality in many solid 
tumors such as colorectal cancer, in which high expres-
sion levels of  HIF-1α have been associated with poor 

Cytoplasm CD133

Src

P p85 p110

PI3K Akt
P P

PIP2 PIP3

Figure 8  Potential molecular pathways associated with CD133. The phos-
phorylation of the tyrosine 828 is involved in the binding to p85 (PI3K regulatory 
subunit) and in the subsequent activation of PI3K/Akt pathway, which, finally, pro-
motes the self-renewal and tumor formation of CSCs. CSCs: Cancer stem cells.
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Figure 9  Schematic representation of HDAC6-mediated regulation of CD133 
expression. HDAC6 physically binds to CD133 and stabilizes the β-catenin that 
in the nucleus promotes the activation of its target genes. Ac: Acetylated.
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prognosis[51]. Ohnishi et al[52] suggested that the activity of  
one of  the putative CD133 promoters (P5) is regulated 
by HIFs in human embryonic kidney and colon cancer 
cells. In particular, the CD133 promoter P5 appears to 
be activated by HIF-1α and HIF-2α through one of  
two E-twenty six (ETS) binding sites. This finding is 
consistent with the observation of  Mao et al[53] that the 
CD133+ populations in human CRC specimens express 
more HIF-1α than the CD133- cell population. More-
over, they engrafted human CRC specimens in BALB/c 
nu/nu mice and demonstrated that the majority of  the 
CD133+ population in tumor xenografts was localized in 
the hypoxic region. The same Authors also demonstrated 
that the percentage of  CD133+ cells increased following 
chemotherapy (5-fluorouracil, oxaliplatin or 5-fluorouracil 
plus oxaliplatin) thus indicating that CD133+ cells were 
less sensitive to drugs than the CD133- counterparts and 
that the tumor hypoxic region could be associated with 
chemotherapeutic resistance of  colon CSCs[53]. The pos-
sibility that potential epigenetic mechanisms might be 
also involved in the regulation of  CD133 expression in 
CRC has been suggested by Yi et al[54] who described an 
abnormal DNA hypermethylation in a CpG island in the 
promoter region of  the CD133 gene in colon cancer cells 
but further studies are required to definitively address this 
type of  regulation for CD133 expression.

All these findings suggest a potential key role of  
CD133 in the initiation and progression of  human CRC 
and support its value as a possible prognostic and diag-
nostic marker in CRC. The knowledge of  the regulatory 
mechanisms upstream of  CD133 and of  the molecular 
mechanisms activated downstream could be useful in 
the development of  targeted drugs specifically directed 
against CSCs, in an attempt to prevent recurrence, metas-
tasis and chemotherapy resistance in CRC patients.

CD44
CD44 is member of  a family of  transmembrane proteins 
that include at least 20 variants resulting from a single 
gene by both alternative splicing and post-translation 
modifications[55]. The human CD44 gene includes 20 
exons: exons 1-5 and exons 16-20 form a mRNA that 
code for a standard form of  CD44 which is present in 
all tissues (CD44s); exons 6-15 are subject to alternative 
splicing that, in theory, may give life to more than 1000 
variant isoforms of  CD44 (CD44v)[56]. The standard 
isoform of  human CD44 protein contains 363 amino 
acids and is formed by three regions: the extracellular 
(270 aa), the transmembrane (21 aa) and the C-terminal 
cytoplasmic (72 aa) domains. The presence of  variable 
exons, mainly involving the extracellular domain, confers 
to CD44 a large variability of  biological functions, that 
contributes to tumorigenicity when CD44 is expressed 
on tumor cells[56].

CD44 is a cell adhesion molecule that allows cell-
cell and cell-ECM interactions through the binding to its 
principal ligand, hyaluronic acid (HA). It is also involved 
in lymph node homing and lymphocyte activation, my-

elopoiesis, lymphopoiesis, and angiogenesis[56]. CD44s, 
the smallest CD44 isoform that lacks variant exons, is 
abundantly expressed by both normal and cancers cells, 
whereas the CD44v isoforms that contain a variable 
number of  exon insertions are mainly expressed by can-
cer cells[56].

CD44 is submitted to sequential proteolytic cleavages 
in the ectodomain and intramembranous domain, key 
events for the CD44 dependent cell-matrix interaction 
and signaling pathway. Cleavage of  CD44 ectodomain 
is regulated by multiple stimuli such as extracellular Ca2+ 
influx, activation of  protein kinase C or Ras and is medi-
ated by membrane-associated matrix metalloproteinases. 
The release of  the soluble ectodomain (soluble CD44) 
regulates cell attachment and migration and induces 
the intramembranous domain cleavage, mediated by 
the presenilin (PS)-dependent g-secretase, that releases 
the intracellular domain of  CD44 (CD44-ICD). CD44-
ICD translocates to the nucleus, where it activates gene 
transcription, including CD44 itself, via binding to TPA-
responsive elements[57] (Figure 10).

CD44 has been proposed as CSCs marker of  several 
solid tumors, including breast, pancreas, head and neck, 
non-small cell lung, hepatocellular and colon cancers[18,56]. 
CD44+ CRC cells display a greater ability to form colo-
nies in vitro and a higher tumorigenicity in vivo compared 
to CD44- cells. Moreover, only CD44+, but not CD44- 
CRC cells are able to retain the morphological and phe-
notypic characteristics of  tumor lesions from which they 
were derived following serial transplantations[58]. The 
association of  CD44 with CD54 (a member of  the immu-
noglobulin super-family also called intercellular adhesion 
molecule-1) has been shown to specifically identify rectal 
CSC displaying the ability to self-renew in vivo and in vitro, 
form spheres and recapitulate tumor bulk[59].

CD44 expression is regulated by the Wnt signaling 
pathway via β-catenin. In fact, activation of  β-catenin/
Tcf-4 signaling in intestinal tumors is associated with 
CD44 overexpression and deletion of  CD44 in APC Min/
+mice inhibits the initiation of  tumors[60]. CD44 appears 
to be essential for stemness maintenance of  colorectal 
CSCs since it is involved in the activation of  the tyrosine 
kinase receptor c-Met[58]; CD166, a mesenchymal stem 
cell marker (see below), has been suggested as a potential 
co-CSCs marker, together with CD44, in human CRC, 
since in xenograft CD44+/CD166+ cells have a higher 
tumorigenicity as compared to CD44+CD166- cells. The 
surface phenotype EpCAMhigh/CD44+/CD166+ has been 
proposed as an alternative to the CD133 positivity for the 
selection of  colon CSCs[18] and CD44+ CRC cells have 
been shown to display a higher proliferation, more robust 
formation of  colonies, less spontaneous apoptosis and a 
higher resistance to drug-induced cell death compared to 
CD44- cells[47].

More controversial are the findings regarding the 
role of  CD44 in tumor progression and in the develop-
ment of  metastases in CRC. Several studies showed that 
expression of  CD44 on tumor cells is correlated with 
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tumor progression and metastasis while others have sug-
gested an inverse correlation or no correlation at all[57,58].

Down-regulation of  CD44 was initially related to a 
decrease in the metastatic potential of  CRC cells[61], while 
more recently Dallas reported that down-regulation of  
CD44 leads to an increase of  the metastatic and mi-
gratory potential of  CRC cells[62]. It was observed that 
high-grade CRC have higher CD44 expression levels 
compared to low-grade tumors and this over-expression 
was associated with a reduced patients survival[63]. On the 
other hand, Ylagan et al[64] reported that the loss, rather 
than an increased expression, of  CD44 is associated with 
an increased tumor aggressiveness while Fernández et al[65] 
demonstrated that CD44 expression levels were related 
to proliferation in CRC, but not with patients outcome. 
Subsequently, CD44 expression in human CRC was as-
sociated with the depth of  invasion and lymph node 
involvement, and CD44s overexpression was suggested 
to be an independent unfavorable prognostic factor for 
overall survival in advanced CRC[66]. These findings were 
not confirmed by Lugli et al[67] who reported that the loss 
of  CD44 is associated with more advanced tumor stage, 
the presence of  vascular invasion, lymph node involve-
ment and an infiltrating tumor border. Patients with tu-
mors displaying a loss of  CD44 or CD166 expression in 
the invasive front of  the lesion had an adverse outcome 
compared with those expressing at least one of  the two 
markers[67] (Table 3).

Further studies are warranted to further understand 
the suitability of  CD44 molecule as a CSC marker in 
CRC and its role in human colorectal tumorigenesis.

EpCAM
Epithelial cell adhesion molecule (EpCAM), initially de-
scribed in 1979 as a tumor associated antigen in human 
CRC[68], is a 30-40 kDa transmembrane glycoprotein 
showing frequent and high-level expression in a variety 

of  human epithelial normal and cancer tissues, including 
colon[69]. It has been also detected on normal stem and 
progenitor cells and in cancer-initiating cells isolated from 
colon, breast, pancreas and prostate carcinomas[16,17,70]. 
Several evidences demonstrate that EpCAM is involved 
in cell adhesion, proliferation, differentiation and migra-
tion as well as in cancer and stem cells signaling[71,72].

The human EpCAM protein was independently iden-
tified by various research groups and, for this reason, 
several terms have been used to identify the molecule on 
the basis of  the monoclonal antibody used to identify 
it[70]. However, it has been lately agreed the use of  the 
term “EpCAM”, without other specifications[70].

EpCAM displays a marked expression gradient from 
crypts to the apex of  villi in normal colon tissue: adeno-
ma development is associated with an increased EpCAM 
expression, and EpCAM overexpression is frequently 
observed in colorectal carcinoma[73]. Denzel et al[72] dem-
onstrated that EpCAM is less accessible to antibodies 
in colon adenomas than in cancer because, in the last 
condition, EpCAM is activated by proteolysis in EpICD, 
the intracellular domain of  EpCAM, and is intracellularly 
redistributed in dispersed patterns. They also showed that 
EpICD translocates into the cytoplasm together with the 
scaffold protein FHL2 and joins to the transcriptional 
regulator β-catenin to form a complex which, within the 
nucleus, interacts with Lef  and binds to DNA induc-
ing c-myc, cyclin A and cyclin E expression[72] (Figure 
11). These findings were further confirmed by the ob-
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servation that nuclear and cytoplasmic EpICD in solid 
epithelial cancers, such as colon, are increased, while the 
expression of  membrane EpEx, the extracellular domain 
of  EPCAM, is absent or reduced[74].

EpCAM was initially identified as a marker of  hu-
man colorectal CSCs by Dalerba et al[18] who focused on 
two markers previously identified on human breast CSC: 
CD44 and EpCAM. Two main populations of  epithelial 
cells were sorted from primary human CRCs by FACS: 
EpCAMhigh/CD44+ and EpCAMlow/CD44- and their tu-
morigenic properties were assessed. The results obtained 
demonstrated that the injection of  200 to 500 EpCAMhigh/ 
CD44+ cells in NOD/SCID mice were sufficient to give 
rise to a tumor, whereas up to 104EpCAMlow/CD44- cells 
failed to form visible tumors. The xenograft tumors from 
EpCAMhigh/CD44+ reproduced the histopathology and 
phenotypic heterogeneity of  the original tumors including 
the presence of  variable percentages of  both EpCAMhigh/
CD44+ and EpCAMlow/CD44- cell populations[18]. They 
also verified that human EpCAMhigh/CD44+ cells from 
xenogenic colorectal tumors can be further stratified on 
the basis of  the expression of  the protein surface mark-
er CD166, which could be used for the enrichment of  
colorectal CSCs[18]. Similar conclusions were also reached 
by Dylla et al[75] who suggested that one of  the possible 
reasons of  CRC resistance to chemotherapeutic agents 
might be at least in part attributed to the presence of  
EpCAM+/CD44+ CSC since residual tumors after che-
motherapy are enriched of  these cells.

All these findings about EpCAM signaling and its in-
volvement in various cellular processes, provide a strong 
basis for further studies to better understand its potential 
clinical, prognostic and therapeutic value in CRC patients.

CD24
CD24 is a small, heavily glycosylated mucin-like adhesion 
molecule consisting of  27 amino acids with several po-
tential O- or N-linked glycosylation sites, which lead to a 
molecular mass ranging between 38 and 70 kDa[76]. CD24 
is attached to cell membranes by a phosphatidylinositol 
anchor and is expressed physiologically in the developing 
pancreas and brain and in pre-B lymphocytes, in regen-
erating muscle, in normal keratinocytes and in renal tu-
bules[76]. It is physiologically localized in lipid rafts where 
it seems to be involved in the regulation of  cell adhesion 
and signaling[76].

CD24 is expressed in various hematologic malig-
nancies and solid tumors such as neuroblastoma, rhab-
domyosarcoma, renal cell carcinoma, breast, ovarian, 
prostate, lung, colorectal and gastric cancer[76,77]. The 
observations that CD24 is one of  the possible ligands of  
P-selectin and one of  the adhesion receptors expressed 
by activated endothelial cells and platelets suggest that 
this molecule might play a role in the process of  cancer 
metastasis[76].

Nestl et al[77] initially reported an increased expression 
of  CD24 RNA in CRC: they showed that CD24 mRNA 
was weakly detectable in normal colonic mucosa but 
highly expressed in tumor cells, and to a lesser extent in 

the surrounding stroma. Later, Weichert et al[78] analyzed 
CD24 protein expression in colon cancer cell lines and 
human CRC and correlated it to clinic-pathological vari-
ables including patient survival. From this study emerged 
that the majority of  CRCs showed both membranous 
and cytoplasmic CD24 staining, and that the membra-
nous CD24 staining was associated with metastasis but 
was not significantly related to other clinic-pathological 
variables, while the cytoplasmic staining could be con-
sidered an independent prognostic marker related with 
a poor patient survival[78]. Conversely, Sagiv et al[19] failed 
to demonstrate any prognostic significance of  CD24 
expression level in CRC: in their study CD24 was simi-
larly highly expressed in both adenomas and carcinomas. 
Moreover, unlike Weichert findings, they only reported a 
membranous staining. The same study also showed that 
CD24 is expressed early in the multistep process of  CRC 
carcinogenesis, a finding consistent with its potential role 
as CSC marker.

Contradictory data have been reported in the litera-
ture concerning the prognostic value of  CD24 whose 
expression levels have been reported to be not related 
with survival of  CRC patients despite their significant 
relationship with conventional clinic-pathological factors 
such as tumor invasiveness and degree of  differentia-
tion[79]. Therefore, the real prognostic role of  CD24 in 
CRC remains still unclear and controversial and it should 
be better elucidated by further studies.

Spheroid cultures of  primary CRC have tumor-initi-
ating capacity and are capable of  inducing tumors upon 
xenotransplantation. These tumors resemble the original 
neoplasms both from a morphological point of  view and 
the expression of  specific markers[16]. Vermeulen et al[14] 
suggested that the co-expression of  CD133 and CD24 
could improve the identification of  the clonogenic popu-
lation within the spheroid cultures, and that both markers 
are downregulated during cell differentiation. CD24 was 
also used, in association with CD44, to identify and char-
acterize CSCs from CRC cell lines by Yeung et al[80]. They 
demonstrated that the CD44+/CD24+ subpopulation of  
cells, isolated using FACS sorting, was the most clono-
genic, giving rise to the highest proportion of  megacolo-
nies (complex structures resembling colonic crypts) com-
pared to CD44-/CD24- cells. CD24+ subpopulation was 
also shown to exhibit cancer stem-like properties such 
as enhanced chemotherapy-resistance, self-renewal and 
tumorigenic capacity both in vitro and in vivo, compared to 
CD24- subpopulation isolated from CRC cell lines[80].

To our knowledge only few studies have investigated 
the underlying molecular mechanisms and the exact role 
played by this cell surface marker in CRC tumorigenesis. 
Thus, CD24 has been shown to activate Erk1/2 and p38 
MAPKs and to increase the activity of  Src and induce 
miR-21 expression, which in turn inhibits the expression 
of  Pdcd4 and PTEN. On the other hand, the expression 
of  CD24 and Src appears to be suppressed by miR34a 
through the downregulation of  miR21[81].

Further studies are warranted to clarify the real activ-
ity of  CD24 in CSCs and the key regulatory molecular 
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networks involved in its role in colorectal tumorigenesis.

CD29
CD29 (β1-integrin) is a member of  the integrin fam-
ily and consists of  a large extracellular domain, a single 
transmembrane stretch and a short cytoplasmic domain. 
It acts as a receptor for extracellular matrix proteins and 
activates signaling molecules and pathways that regulate 
cell migration, proliferation, survival, differentiation and 
death[82].

In fact, CD29, by binding with fibronectin or Type I 
collagen, allows activation of  Fak by Src leading to the 
activation of  Erk that regulates cell proliferation. Erk, 
through phosphorylation of  myosin light chain (MLC) by 
MLC kinase, also regulates cytoskeleton reorganization 
and cell motility. Moreover, CD29 regulates cell survival 
through the activation of  Akt pathway[83].

CD29 has been initially described as an epidermal 
stem cell marker, and subsequently as a regulator of  sper-
matogonial stem cells homing and of  hematopoietic stem 
cells[22]. In normal human colon, CD29 is expressed at 
the bottom of  the crypts, where it identifies a cell popu-
lation that is capable of  forming colonies in agar. For this 
reason, CD29 has been proposed as a stem/progenitor 
cell marker[27] and as a marker of  colon CSCs. In fact, it 
has been shown that CD133+CD29+ colon CSCs are bio-
logically characterized by self-renewal, proliferation and 
differentiation[14,20].

CD29, with E-cadherin, mediates cell-cell and cell-
collagen interactions that are required for the mainte-
nance of  the differentiated phenotype of  human CRC 
cells. Thus, CD29 downregulation may be responsible of  
the switch from differentiated to undifferentiated phe-
notype in vivo[84]. CD29 seems to be also implicated in the 
enhancement of  the metastatic activity of  CRC cells. In 
fact, Okazaki et al[85] showed that CD29 was significantly 
increased in vivo in metastases derived from human CRC 
cells. CD29 expression appears also to increase in the 
passage from adenoma to adenocarcinoma and with in-
creasing tumor stage[86].

CD29 expression may be also associated with overall 
survival in CRC patients. In fact, loss of  CD29 expres-
sion is associated with advanced stage and with poor 
prognosis and CD29 expression decreases in metastatic 
lesions[87], although other Authors have suggested that 
CD29, in combination with CD49b, might contribute 
to the acquisition of  a metastatic potential in CRC cells. 
Finally, CD29 expression has been shown to identify the 
population of  CRC cells that are more resistant to radio 
and chemo-therapy[88]. Further studies are needed to un-
derstand the specific role of  CD29 as CSC marker as well 
as in the progression of  CRC.

Lgr5
Lgr5, (Leucine-rich repeat-containing G protein-coupled 
receptor 5) also known as Gpr49, is an orphan G protein 
coupled receptor, characterized by a large leucine-rich 
extracellular domain and seven transmembrane domains. 

It is a receptor for R-spondin proteins which represent 
secreted agonists of  the canonical Wnt/β-catenin signal-
ing pathway[89,90].

Lgr5 is a member of  the glycoprotein hormone re-
ceptor subfamily that includes the thyroid-stimulating, 
the follicle-stimulating and the luteinizing hormones re-
ceptors[21].

Lgr5 was first identified in human colon cancer cell 
lines harboring Wnt activating mutations as a Wnt target 
gene[4,91] and was then shown to be overexpressed in oth-
er human malignancies such as ovarian, hepatocellular, 
esophageal and basal cell carcinomas[92].

Since Lgr5 is one of  Wnt target genes, it is not sur-
prising that this protein is found expressed in different 
stem cells[5,93]. In the intestine Lgr5 is expressed in mature 
intestinal stem cells at the bottom crypt[4,5]; more specifi-
cally, Barker et al[4], using in situ hybridization demonstrat-
ed that Lgr5 is selectively expressed on few proliferating 
cells alternated with Paneth cells at the bottom of  the 
crypts in the small intestine. These cells, known as crypt 
base columnar cells, are cycling cells and represent intes-
tinal stem cells. These findings have suggested that Lgr5 
could have an important role in colorectal carcinogenesis 
and that it could be an ideal marker of  colorectal CSCs.

Several research groups have investigated whether 
Lgr5 could play a role in colorectal tumorigenesis and sev-
eral studies suggested that there is a close correlation be-
tween Lgr5 expression and colon cancer progression[90,92].

In fact, Lgr5, which is normally localized to the basal 
intestinal crypt area, is expressed only in the peripheral 
region of  adenomas and ubiquitously in established 
adenocarcinomas. It has been hypothesized that the ac-
cumulation of  genome mutations occurring during the 
process of  malignant transformation, might lead to loss 
of  Lgr5+ cells polarity that can thus migrate to the tu-
mor-host interface (carcinoma in situ) and then in all the 
tumor (advanced cancer)[94]. The selective expression of  
Lgr5 in the peripheral region of  adenomas supports the 
hypothesis that it might mark intestinal CSCs. In favor of  
this hypothesis is the work of  Batlle et al[95] that reported 
that Lgr5 is selectively expressed on human colon CSCs. 
This finding has been further confirmed by Kemper[38] 
who demonstrated that Lgr5 identifies the CSC fraction 
in CRC and that it is expressed at high levels in spheroid 
cultures derived from primary CRC (that are known to be 
enriched for CSCs) and decreased following cellular dif-
ferentiation[38].

Since Lgr5 is expressed at high levels in both colorec-
tal adenomas and adenocarcinomas it likely plays an 
important role not only in the early but also in the late 
events of  tumorigenesis, such as invasion and metastasis. 
Moreover, high Lgr5 expression has been shown to cor-
relate with mesenchymal characteristics of  tumors, such 
as high expression of  vimentin and low expression of  
miR-200c, and with increased invasiveness and lymph 
node metastases[92,94].

Overall, the available evidence suggests that Lgr5 
could play a key role in the development and progression 
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of  CRC and might represent a useful marker to identify 
and/or target CSC in colon cancer.

CD166
Activated leukocyte cell adhesion molecule (ALCAM), 
also known as CD166, is a member of  a subgroup of  
transmembrane glycoproteins in the immunoglobulin su-
perfamily, characterized by the presence of  five extracel-
lular immunoglobulin-like domains (VVC2C2C2)[96].

CD166 is able to form low-affinity hemophilic inter-
actions and much stronger heterophilic interactions with 
CD6 expressed on T lymphocytes, thymocytes and on a 
subset of  B cells[97].

Beside hematopoietic cells, expression of  CD166 
has been reported in a wide variety of  tissues and cells 
including selected epithelia, lymphoid and myeloid cells, 
fibroblasts, neurons, hepatocytes, pancreas acinar and 
islet cells[98]. CD166 is also present in a large number of  
tumors including breast, lung, colon and prostate cancer 
and melanoma[98].

In the small intestine and in the colon, CD166 was 
observed at high levels on the surface of  cells within 
the stem cell niche at the base of  the crypt, but little is 
known about its endogenous function. However, CD166 
seems to be involved in the morphogenesis of  tubular 
structures by cell-cell and cell-matrix interactions[99].

Expression of  CD166 in colon cancer has been ana-
lyzed by several groups with conflicting results. Weichert 
et al[100] suggested that CD166 up-regulation is an early 
event in colon tumorigenesis because it was found in 
all adenomas of  the colon. Moreover, they reported by 
immunohistochemistry both a cytoplasmic and mem-
branous staining for CD166 in CRC and a correlation 
between high membranous CD166 expression and poor 
prognosis. On the contrary, Horst and collaborators did 
not find any correlation between CD166 expression and 
CRC patients outcome[101].

The study conducted by Lugli revealed an association 
between the loss of  CD166 and an increase in tumor size, 
lymph node metastasis, tumor infiltration and a shorter 
overall survival[67].

These findings have been partially confirmed by a 
recent work showing that CD166 expression is a positive 
prognostic marker for overall survival in CRC patients. 
CD166 expression in well differentiated CRC suggests 
a role of  the protein in the early stages of  tumorigen-
esis and, since CD166 seems to be involved in cell-cell 
and cell-matrix adhesion, its loss may be associated with 
reduced cell adhesion and therefore with a higher meta-
static potential of  tumors[102].

It has been recently suggested that CD166 may con-
tribute to the identification of  colorectal CSCs[18] but its 
role in CRC tumorigenesis as well as a marker of  CSC 
remains to be defined. 

THERAPEUTICS RELEVANCE OF 
COLORECTAL CANCER STEM CELLS
Cancer stem cells are believed to be resistant to chemo- 

and radiation-therapy and are indicated to be the cause 
of  cancer relapse and metastasis: conventional anticancer 
therapy wipes out the bulk populations but the surviv-
ing CSCs repopulate the tumor (Figure 3). Therefore, 
targeting both CSC and the bulk populations is essential 
for complete tumor eradication. Thus, the identification 
of  colorectal CSC markers and their signaling pathway 
is crucial for the development of  novel therapies which 
could specifically target these cells.

The potential therapeutic strategies aimed at selec-
tively target CSCs, which are beginning to be experimen-
tally validated, include the elimination of  CSCs through 
agents which target specific markers of  CSC (such as 
monoclonal antibodies) or interfere with CSC-specific 
pathways[103].

Todaro et al[104] demonstrated that CD133+ colon CSC 
produce and use the cytokine IL-4 to protect themselves 
from apoptosis caused by conventional chemotherapy 
agents, 5-fluorouracil and oxaliplatin. In fact, the simulta-
neous treatment with antibodies to IL-4 greatly increased 
the antitumoral cytotoxic activity of  the drugs.

It has been also reported that a 5-fluorouracil and 
oxaliplatin chemoresistant derivative of  the HT29 human 
CRC cell line displayed an enrichment of  CD133+ and 
CD44+ cells with an increased expression of  the Type 1 
insulin-like growth factor receptor (IGF-IR). Treatment 
with a monoclonal antibody to IGF-IR induced a signifi-
cant inhibition of  tumor growth, thus demonstrating an 
enhanced sensitivity of  colon CSC to IGF-IR specific 
targeted therapy[105].

More recently, Bach et al[106] used measles viruses, on-
colytically active against various types of  human cancer, 
to generate CD133-specific measles viruses (MV) and to 
provide a new CSC-specific anticancer therapy. They were 
able to efficiently infect the primary colon spheres to test 
the oncolytic activity of  CD133-MV on colon primary 
tumor cells. The infection caused a rapid loss of  CD133+ 
cells and, when implanted in NSG mice, the CD133-
MV infected tumor spheres formed tumors smaller than 
uninfected tumor spheres. However, no effect in term of  
tumor volume was observed when the resected tumors 
were transplanted in secondary mice and the re-isolated 
tumors contained 70% of  CD133+ cells[106].

Given that CD133 is also expressed on normal stem 
cells, Bostad et al[107] have developed a site-specific strat-
egy that allows to release the drug only in the tumor area. 
They developed an immunotoxin targeting CD133 by 
using the photochemical internalization (PCI) technol-
ogy. The biotinylated anti-CD133 antibodies were mixed 
with streptavidin-saporin (sap) to form the model of  
anti-CD133-sap immunotoxin. Saporin, a plant toxin, is a 
potent ribosome inactivating protein and was used as the 
toxin component of  the immunotoxin. The aim of  this 
technology was to avoid the degradation of  the drug by 
the lysosomes before the drug has interacted with its bio-
logical target, and the main advantage should be the accu-
mulation of  the photosensitizer preferably in the neoplas-
tic tissue. This report demonstrated that the CD133high 
population of  WiDr colon cancer cells is more resistant 
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to photodynamic therapy than the CD133low population 
but the PCI of  a CD133-targeting toxin is able to sen-
sitize and destroy these resistant cells. Thus, PCI-based 
anti-CSC strategy could be a specific method for a selec-
tive killing of  CD133+ CSCs while sparing normal stem 
cells[107]. Chen et al[108] tested the effects of  CD133 mono-
clonal antibody (Miltenyi) on hepatocarcinoma cells. The 
CD133 monoclonal antibody treatment, under extracel-
lular low glucose condition, inhibited the proliferation of  
hepatocarcinoma cells, suppressed spheroid and colony 
formation, attenuated xenograft tumors and improved 
the efficiency of  chemotherapy. Moreover, Swaminhatan 
and others developed nanoparticles formulated using the 
biodegradable poly (D, Llactide- co-glycolide) polymer 
and surface functionalized with an anti-CD133 antibody 
(CD133NPs). The CD133NPs were loaded with paclitax-
el and were able to reduce the fraction of  tumor-initiating 
cells in vitro and tumor recurrence in the MDA-MB-231 
xenograft tumor model[109].

EpCAM has been also suggested as a potential target 
for the development of  a CSC-specific therapy for CRC. 
Several clinical trials have already evaluated the efficacy 
of  a monoclonal antibody to EpCAM for a targeted 
treatment of  CRC. Edrecolomab, a murine monoclonal 
anti-EpCAM antibody, was the first immunotherapeutic 
agent licensed for the use in a large-scale human anti-
tumor immunotherapy trial. In 1994, Riethmüller et al[110] 
randomly assigned to adjuvant therapy with Edrecolomab 
a series of  patients with a resected Dukes’ C CRC: they 
showed an improved survival rate, and a reduction of  
mortality and disease recurrence[110,111]. These promising 
results were not further confirmed. In fact, Punt et al[111] 
showed that the addition of  Edrecolomab to fluoroura-
cil and folinic acid in the adjuvant treatment of  resected 
stage Ⅲ CRC did not provide any further improvement 
in term of  survival, and that the immunotherapy alone 
was associated with a significant shorter disease-free sur-
vival[111]. Similar findings have been reported by Fields et 
al[112] who adopted a combination of  fluorouracil-based 
therapy and Edrecolomab for the treatment of  stage Ⅲ 
colon cancer patients, getting poor results.

More recently, Waldron et al[113] have characterized 
a biospecific target toxin, which is composed by anti-
EpCAM and anti-CD133 scFv (single-chain variable 
fragment), and have focused on three different types of  
carcinoma: head and neck, breast, and colon carcinoma. 
The toxin, called deimmunized CD133KDEL (dCD-
133KDEL), was synthesized using an anti-CD133 scFv 
that recognized the loop two of  the extracellular domain 
of  CD133 and both the glycosylated and unglycosylated 
forms of  CD133. The anti-CD133 scFv was fused with 
an anti-EpCAMscFv and with a truncated form of  Pseu-
domonas exotossin A (PE38) and the construct called 
dEpCAMCD133KDEL and showed a strong inhibition 
of  proliferation in CRC cell lines.

CD44 can represent a suitable therapeutic target for 
CRC, since it presents two distinct forms between normal 
and cancer cells. In fact, the different local environmen-
tal pressures are responsible for different splicing and 

post-translational modifications which give rise to differ-
ent CD44 molecules that can be recognized by specific 
agents useful for both diagnosis and therapy[114].

CD44 knockdown was shown to inhibit tumor 
growth and metastasis in vivo[61], a finding confirmed 
by Du et al[58] who used lentiviral RNA interference to 
stably knock down CD44 or CD133 in CRC primary 
cells isolated from patients. These Authors reported that 
knockdown of  CD44 reduced clonal formation, whereas 
CD133 knockdown had little effect compared to control.

The combination of  curcumin and dasatinib has 
been also suggested as a therapeutic strategy for chemo-
resistant CRC. In fact, the combination therapy with cur-
cumin and dasatinib inhibited the growth of  chemo-re-
sistant HT29 and HCT-116 CRC cells, the formation of  
colonospheres and extracellular invasion. The expression 
of  CSC markers CD133, CD44, CD166 and ALDH1 
displayed a 25%-30% decrease in cells treated with cur-
cumin and dasatinib thus suggesting that the combination 
may be used as a specific CSC targeted therapy to prevent 
recurrence of  CRC[115].

Another study demostrated that difluorinated-cur-
cumin in combination with 5-fluorouracil and oxaliplatin, 
the standard of  CRC chemotherapy, was more potent 
than curcumin in reducing CD44 and CD166 expression 
in chemo-resistant CRC cells. This effect was associated 
with growth inhibition, induction of  apoptosis and disin-
tegration of  colonospheres[116].

Misra et al[114] demonstrated that CD44v6 knock-
down reduced the ability of  CRC cells to signal through 
hyaluronan-CD44v6. They encapsulated plasmidic DNA 
coding CD44v6 shRNA into transferrin (Tf)coated 
nanoparticles which are recognized by Tf-receptor (TF-R) 
present at high level on tumor cells which then internal-
ize the particles by receptor-mediated endocytosis. These 
nanoparticles were delivered within pre-neoplastic and 
neoplastic colon tissues in the Apc Min/mice model, 
causing inhibition of  the CD44v6 expression. This inhi-
bition was associated with a reduced adenoma number 
and growth through a hyaluronan/CD44v6/ErB2/Cox 2 
interaction pathway[114].

Mesoporous silica nanoparticles (MSNs) have been 
proposed as nanocarriers for several anticancer treat-
ments. Yu et al[117] have developed a targeted drug delivery 
system based on hyaluronic acid (HA) modified MSNs 
(HA-MSNs). HA-MSNs have a specific affinity to CD44 
overexpressed on CRC cells and can enter cells via the 
HA receptor mediated endocytosis pathway. Doxorubicin 
(Dox), an anticancer drug, has been encapsulated into 
MSNs with or without HA. HCT-116 cells were treated 
with free Dox, Dox-HA-MSNs or Dox-MSNs. The cells 
treated with Dox-HA-MSNs presented a stronger inhibi-
tion of  proliferation (51%) compared to the other two 
groups[117].

A new potential therapeutic approach targeting 
CSCs was suggested by Sagiv et al[118] who showed that 
the growth of  human CRC cells lines, expressing the 
presumptive CSC marker CD24, was inhibited after 
treatment with three different anti-CD24 monoclonal 
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antibody which showed a synergistic effect with chemo-
therapeutic agents[19,118].

Downregulation of  CD29 expression by antisense oli-
gonucleotide in the HT-29 human CRC cell line reduced 
both tumor cells migration in vitro and hepatic metastasis 
in vivo[37]. Interestingly, barberine, a botanical alkaloid with 
cytotoxic effects on most type of  cancer cells, can inhibit 
the migration of  SW480 and HCT116 CRC cells through 
a decrease of  CD29 expression level via AMP-activated 
protein kinase thus suggesting the possibility to use this 
drug to specifically target CD29-expressing CSCs[119]. 

Targeting of  CSC can be also obtained by interfer-
ing with the pathways involved in stemness maintenance 
such as Wnt, Hedgehog and Notch. Several approaches 
for CRC therapy have focused on Wnt pathway inhibi-
tion. Wnt family proteins are secreted intercellular sig-
naling molecules that act as ligands to activate a specific 
signal transduction pathway. Upon binding of  Wnt to its 
receptor Frizzled (FZD), the protein Disheveled (Dvl/
Dsh) is activated and inhibits the Glycogen synthase 
kinase 3 (GSK-3) activity. The latter binds to axin, APC 
and Casein Kinase 1 (CK1), and forms a complex that 
binds β-catenin and promotes its degradation. When 
Wnt signaling inhibits GSK-3, β-catenin dissociates from 
the complex and enters the nucleus, where it binds to the 
DNA binding protein Tcf/Lef, becoming a transcription 
factor[120]. Efforts have been mainly devoted to the identi-
fication of  small molecules inhibiting this pathway.

Chen et al[121], in a screen of  a synthetic chemical li-
brary, identified a new small molecule able to inhibit the 
Wnt signaling. This compound, called IWP (inhibitor 
of  Wnt production), inhibits the activity of  Porcupine, 
a membrane-bound acetyltransferase, essential for Wnt 
production[121]. Similarly, using report-based screen-
ing approaches, Huang et al[122] found a small molecule, 
XAV939, that inhibits Wnt through the tankyrase inhibi-
tion, an event leading to an increase in the stability of  
axin and subsequent β-catenin degradation[122].

Pyrvinium, another small molecule promoting the 
degradation of  β-catenin was identified by Thorne et 
al[123]. This molecule, promotes β-catenin phosphorylation 
through casein kinase activation. It was shown that pyr-
vinium treatment of  CRC cells bearing APC or β-catenin 
mutation inhibits both Wnt signaling and proliferation[123].

Several studies have focused on the identification 
of  molecules capable of  destroying the interaction be-
tween Tcf/Lef  and β-catenin and therefore of  inhibiting 
α-catenin-dependent transcription. Three of  these com-
pounds were shown to inhibit CRC cells growth both in 
vitro and in vivo[124].

Emami et al[125] developed a compound, ICG-001, 
which specifically inhibited a co-activator essential for 
Wnt pathway activation. Treatment of  CRC cell lines 
bearing APC or β-catenin mutations with ICG-001 in-
duced cell death in a dose-dependent fashion while not 
affecting normal epithelial cells. An analogue of  this 
compound was recently approved for phase Ⅰ clinical 
testing[126].

The Wnt pathway has been also successfully inhibited 
using a specific anti-Wnt monoclonal antibody, which 
inhibits the proliferation and induces apoptosis in CRC 
cells, even in those with downstream mutations[127]. Nu-
merous groups have tried to inhibit the Wnt pathway by 
inhibiting the FZD receptor activity.

A member of  FZD family, FZD7, results predomi-
nantly expressed in CRC cells and it is implicated in 
canonical Wnt signaling in cells with APC or CTNNB1 
mutations. The use of  specific siRNA to knockdown the 
expression of  endogenous FZD7 has proved effective in 
reducing the metastatic potential of  CRC cells[128]. Similar 
effects have been obtained using an antibody targeting 
FZD7[129]. Remarkable results have been also obtained 
using inhibitors of  Delta-like ligand 4 (DLL4), an im-
portant component of  the Notch pathway. Human CRC 
xenografts treated with an anti-DLL4 antibody in combi-
nation with irinotecan have showed a reduction of  CSCs 
and of  tumor growth whereas treatment with irinotecan 
alone increased the percentage of  CSCs[130,131].

CONCLUSION
The CSC model of  tumorigenesis postulates that tumors 
are not cellularly homogenous but display a hierarchical 
structure and contain a rare population of  cells, the CSC, 
that display the same self-renewal and proliferative po-
tentials as normal stem cells associated with the capacity 
to give rise to tumors (Figure 2). As previously described, 
mounting evidence suggests the existence of  a CSC pop-
ulation in human CRC[16,17].

It has been hypothesized that CSC may derive from 
transformation of  quiescent, normal long-term stem cells 
or could result from the de-differentiation of  more ma-
ture cells[15-17]

. In CRC, the first hypothesis is supported by 
the observation that normal and cancer stem cells share 
similar properties and surface markers (i.e., CD133 and 
Lgr5). However, it cannot be excluded that CSC might 
derive from cells that, at some specific stages of  differen-
tiation, undergo malignant transformation acquiring new 
properties including stem-like features. This hypothesis 
might explain the different aggressiveness of  tumors 
which might relate to the different differentiation degree 
of  cells undergoing the transformation event(s) as evi-
denced by the different tumor grading[15] (Figure 12).

The ability to identify and isolate CSC is essential to 
fully characterize them and to understand the molecular 
mechanisms responsible for their establishment and their 
maintenance. As mentioned, several approaches have 
been used to identify and isolate CSC the most important 
being the antibody-based technologies targeting CSC-
specific surface markers. However, different antibodies, 
techniques and protocols are used in different studies and 
these certainly contribute to the conflicting results pres-
ent in the literature. Thus, it will be important to define 
standardized procedures and reagents to identify CSC 
in clinical samples. Moreover, several questions remain 
unresolved especially regarding the significance of  CSC 
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markers and whether they play a direct role in essential 
CSC properties such as self-renewal and tumor-initiation 
ability or they are just markers of  stem-like cells with no 
relevant physiological functions[44]. This is a very impor-
tant issue in view of  the possibility to develop specific 
anti-CSC therapies.

Indeed, the CSC model of  tumorigenesis implies that 
targeting of  CSC is essential for a complete eradication 
of  the disease (Figure 3). This consideration fits well with 
the disappointing daily experience of  oncologists facing 
occasional complete responses that do not translate into 
cure for patients. Indeed, the model hypothesizes that 
CSC must be completely eliminated in order to eradicate 
the disease and prevent recurrences/metastases. How-
ever, CSC have been reported to be relatively resistant 
to standard anticancer therapies, such as radiation and 
chemotherapy, which target rapidly proliferating cells[103].

Thus, initial responses to treatment could represent 
therapeutic effectiveness against the bulk cancer cells 
while sparing rare quiescent CSC which would then be re-
sponsible for tumor re-growth both at primary and meta-
static sites. According to this model, a better understand-
ing of  the biology of  CSC is essential to improve efficacy 
of  anticancer therapies and several groups are pioneering 
the possibility of  specifically targeting CSC through mul-
tiple approaches, as previously described[107,117,123]. A big 
issue will be the identification of  substantial differences 
between normal and cancer stem cells and/or specific 
therapeutic strategies that would allow the development 
of  drugs specifically targeting CSC while sparing normal 
counterparts. From this perspective, another important 
point to keep in mind is that standard response param-
eters might not be suitable to evaluate specific CSC-
targeting therapies. Indeed, current evaluation criteria 
only take in consideration the effects of  treatment on 
tumor bulk and thus might underestimate the effect of  

a therapy specifically targeting a rare population of  cells 
within tumor mass. Thus, it will likely be important to re-
examine the standard criteria to evaluate response therapy 
and other approaches, such as new CSC-specific imaging 
techniques, might be needed to this aim. This does not 
mean that conventional therapies will no longer have 
a place in the future anti-cancer protocols despite the 
fact that CSC may be resistant to them. Indeed, it seems 
realistic to anticipate that a useful approach to improve 
current treatment of  solid tumors, including CRC, will be 
the combination of  a specific anti-CSC treatment with 
traditional agents (i.e., 5-fluorouracil and/or oxaliplatin) 
that can debulk the mass of  cancer cells.

In conclusion, the CSC model of  tumorigenesis has 
the potential to radically revolutionize the way how we 
look at malignant diseases as well as the clinical manage-
ment of  CRC patients. To this aim, it will be essential a 
definitive assessment of  the roles that putative CSCs play 
in the development of  human CRC and in specific as-
pects of  malignancy. The ultimate proof  of  the relevance 
of  CSCs in tumor development and in the clinical man-
agement of  CRC cancer patients will be the demonstra-
tion that specific targeting of  CSCs can improve patients 
outcomes, a goal strongly awaited by scientists, oncolo-
gists and, especially, patients.
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Abstract
Colorectal cancer (CRC) is one of the most common 
cancer worldwide and results from the accumulation of 
mutations and epimutations in colonic mucosa cells ul-
timately leading to cell proliferation and metastasis. Un-
fortunately, CRC prognosis is still poor and the search 
of novel diagnostic and prognostic biomarkers is highly 
desired to prevent CRC-related deaths. The present 
article aims to summarize the most recent findings con-
cerning the use of either genetic or epigenetic (mainly 
related to DNA methylation) biomarkers for CRC diag-
nosis, prognosis, and response to treatment. Recent 
large-scale DNA methylation studies suggest that CRC 
can be divided into several subtypes according to the 
frequency of DNA methylation and those of mutations 
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TOPIC HIGHLIGHT

in key CRC genes, and that this is reflected by differ-
ent prognostic outcomes. Increasing evidence suggests 
that the analysis of DNA methylation in blood or fecal 
specimens could represent a valuable non-invasive di-
agnostic tool for CRC. Moreover, a broad spectrum of 
studies indicates that the inter-individual response to 
chemotherapeutic treatments depends on both epigen-
etic modifications and genetic mutations occurring in 
colorectal cancer cells, thereby opening the way for a 
personalized medicine. Overall, combining genetic and 
epigenetic data might represent the most promising 
tool for a proper diagnostic, prognostic and therapeutic 
approach.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Colorectal cancer; Genetic biomarkers; Epi-
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Core tip: We summarize the most recent findings con-
cerning genetic and epigenetic biomarkers of colorectal 
cancer. The article aims to provide an overview of the 
currently available diagnostic and prognostic biomark-
ers of the disease. Attention is also paid to the possible 
application of those biomarkers for the choice of the 
most proper therapy.
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INTRODUCTION
It is now clear that cancer is a multi-step process resulting 
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from the accumulation of  both genetic and epigenetic 
alterations of  the genome[1]. Gene mutations and epigen-
etic modifications have been initially viewed as two sepa-
rate mechanisms participating in carcinogenesis. However 
recent evidence points to a crosstalk between these two 
mechanisms in cancer formation, suggesting that gene 
mutations have the potential of  disrupting several epi-
genetic patterns and that epigenetic modifications can 
drive genome instability and mutagenesis[2,3]. For example, 
the whole exome sequencing of  thousands of  human 
cancers revealed unexpected mutations in genes involved 
in epigenetic mechanisms, and those mutations have the 
potential to disrupt DNA methylation patterns, histone 
modifications, and nucleosome positioning[3]. Similarly, 
epigenetic inactivation of  DNA repair genes, such as 
hMLH1, hMSH2, MGMT and BRCA1, is often associ-
ated with genome instability and increased frequency of  
point mutations of  cancer-related genes[2].

Colorectal cancer (CRC) is one of  the most frequent 
cancers in humans, with over one-million new cases 
diagnosed worldwide every year[4]. The disease occurs 
sporadically in most of  the cases (75%-80%) as a result 
of  the accumulation of  both mutations and epigenetic 
modifications of  several genes[5], and large-scale DNA 
methylation studies suggest that CRC can be divided into 
at least three-four subtypes according to the frequency 
of  DNA methylation and those of  mutations in key CRC 
genes[6,7]. The sequential process of  gene mutations and 
epigenetic alterations is believed to drive the progression 
toward malignant adeno-carcinomas because those events 
affect signalling pathways that regulate hallmark behav-
iours of  cancer. Gene mutations create a clonal growth 
advantage that leads to the outgrowth of  progressively 
more malignant cells, which ultimately manifests itself  as 
invasive adeno-carcinoma. The 5-year survival rates are 
approximately 90% for early CRC patients but decrease 
to less than 10% in patients with distant metastases, by 
this the need to identify biomarkers to improve the pre-
diction of  clinical outcomes in CRC[8]. Further progress is 
very much desirable in non-invasive diagnostic methods 
to enable early diagnosis, pre- and postoperative staging, 
and to assist in selecting the most suitable neo-adjuvant 
and adjuvant therapeutic methods and post-treatment. 
Novel biomarkers which are absent in healthy persons 
and present in CRC are still being investigated, especially 
those that can be detected at early development stage of  
the disease and used in screening tests. Unfortunately, 
no molecule that would meet all of  the foregoing criteria 
has been identified so far. Carcinoembryonic antigen still 
remains the only tumour marker of  recognised efficacy in 
monitoring patients during and after CRC therapy[9]. 

There is an increasing interest to identify mutations 
in key genes of  tumourigenesis, such as APC, CTNNB1, 
BRAF and KRAS because they are involved in the Wnt 
and the Ras-Raf-MEK-MAPK signalling cascades (MAPK, 
mitogen-activated protein kinase; MEK, MAPK/ERK ki-
nase) and therefore play a substantial role in the adenoma-
carcinoma and in the serrated adenoma pathways. There 

are also attempts to “personalise” chemotherapy based 
on presence or absence of  specific genetic biomarkers. 
For example, therapy with anti-EGFR (epidermal growth 
factor receptor) antibodies is desirable in patients with ad-
vanced CRC and absence of  KRAS or BRAF mutations, 
and defining tumours phenotype - microsatellite instability 
(MSI) or microsatellite stability (MSS) and testing for the 
presence or absence of  18q chromosome deletion is very 
much desirable in standard 5-fluorouracil (5-FU)-based 
therapy[9,10]. 

DNA methylation represents one of  the most studied 
epigenetic marks in CRC[11], since methylation of  CpG 
islands in the promoter region of  a gene might induce 
chromatin conformational modifications and inhibit the 
access of  the transcriptional machinery, thus altering gene 
expression levels. Promoter hypermethylation is com-
monly associated with gene silencing as well as promoter 
demethylation with gene expression. The ever-growing 
number of  genes that show epigenetic alterations in can-
cer emphasizes the crucial role of  these epigenetic altera-
tions, and particularly of  DNA methylation, for future 
diagnosis, prognosis and prediction of  response to thera-
pies[12]. Lao et al[11] (2011) reviewed the genes that seem to 
be more commonly methylated in the multi-step process 
leading from normal colonic epithelium to adenocarcino-
ma, observing that some of  them are frequently methyl-
ated in the passage from a normal colon epithelium to an 
aberrant crypt focus, whilst others are methylated in the 
passage from an aberrant crypt focus to polyp/adenoma, 
or could have a role in CRC progression and metastasis. 
Concerning CRC diagnosis, there is increasing interest 
in searching for aberrantly methylated genes in plasma 
DNA and in the DNA obtained from faecal material, as 
non-invasive diagnostic tools[13,14]. Methylation of  certain 
genes, such as for example those involved in the extracel-
lular matrix (ECM) remodelling pathway, were associated 
with worse survival in CRC, suggesting that epigenetic 
biomarkers could gain prognostic value[15]. There is also 
active research focusing on epigenetic signatures in CRC 
for their possible interaction with chemotherapeutic 
agents[16].

Given the enormous potential of  both gene muta-
tions and DNA methylation biomarkers in CRC diagno-
sis, staging, prognosis and response to treatment, active 
research is currently ongoing to develop rapid, cost ef-
fective and reproducible tools for the detection of  those 
marks[12]. Aim of  this article is to review currently avail-
able genetic and DNA methylation biomarkers for CRC 
diagnosis, staging, prognosis and treatment.

GENETIC BIOMARKERS IN CRC
Genetic and cytogenetic biomarkers
In 1990, Fearon and Vogelstein proposed a model for 
colorectal cancer tumourigenesis, which defines the ge-
netic alterations involved in transformation from normal 
intestinal mucosa to colorectal carcinoma. This aberrant 
transformation is a multi-step process that includes genet-
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ic alterations such as mutation of  the APC (adenomatous 
polyposis coli gene), located on chromosome 5q, which 
is thought to occur early on during the development of  
adenomatous polyps, the activation of  KRAS (v-Ki-ras2 
Kirsten rat sarcoma viral oncogene homolog gene), an 
oncogene located on chromosome 12p12, during the ad-
enomatous stage and loss of  chromosomal regions 17p 
and 18q that contain tumoural suppressor genes as tu-
mour protein p53 (TP53) and DCC (deleted in colorectal 
carcinoma), in the transition to carcinoma in situ[17]. A lot 
of  studies, by different approaches, identified these com-
mon alterations described by Fearon and Vogelstein and, 
in addition, others changes such as gain of  chromosomes 
7, 8q, 13q and 20q, together with loss of  the 1p, 4,8p and 
22q chromosomal regions were also identified[18-20]. Some 
studies have suggested that the loss of  heterozygosity 
(LOH) of  17p and 18q could be associated with more ad-
vanced stages of  the disease; the loss of  17p and 18q are 
believed to play an important role in the pathogenesis of  
CRC since these two chromosomes carry genes relevant 
to the malignant transformation of  the gut epithelium 
and also probably play an important role in the metastatic 
process. In this regard, recent findings showed that break-
points in the 17p11.2 chromosomal region were preferen-
tially found in primary colonic tumours in CRC patients 
with liver metastases[21,22]. The deletion of  the long arm of  
chromosome 18 (loss of  18q or LOH of  18q) is the most 
common cytogenetic abnormality in CRC and seems to 
be associated with poor prognosis as 18q contains several 
important tumour suppressor genes, such as SMAD7, 
SMAD4, and SMAD2 that are transcriptional mediators 
in the TGF-β signalling pathway and DCC[23,24]. Mouse 
studies demonstrate that loss of  SMAD4 expression 
changes the role of  TGF-β from growth suppressor to 
growth promoter, thus increasing the tumorigenic and 
metastatic potential of  colorectal cancer cells[25]. Loss 
of  SMAD activity occurs in 10% of  the colorectal can-
cers and is associated with advanced-stage disease, the 
presence of  lymph node metastases and shorter overall 
survival and it has been shown to be a significant in-
dependent prognostic factor for worse recurrence-free 
and overall survival, particularly in patients with stage Ⅲ 
disease. Patients with stage Ⅲ disease and intact SMAD4 
expression with microsatellite instability were found to 
have similar outcomes compared with patients with stage 
Ⅱ disease, whereas patients with stage Ⅱ disease and loss 
of  SMAD4 expression without microsatellite instabil-
ity status had outcomes similar to patients with stage Ⅲ 
disease[26]. Retention of  SMAD4 expression has also been 
found to be a predictive marker for a threefold increase in 
benefit from 5-FU-based chemotherapy[27] while the loss 
of  SMAD4 seems to be a predictive marker for a poorer 
response to 5-FU[28]. So this chromosome instability (CIN) 
could have a prognostic value, as patients with CIN+ dis-
ease have a poorer prognosis[29]. 

Microsatellite Instability 
Over the CIN, another form of  genomic instability fre-

quent in CRC is the microsatellite instability, observed at 
the nucleotide level, frequently resulting in deletions or 
insertions of  a few nucleotides. Microsatellites are poly-
morphic tandem repeats of  short nucleotide sequences 
distributed through the genome prone to frame shifts 
and base-pair substitutions during replication if  DNA 
mismatch repair (MMR) genes are impaired. So MSI re-
fers to a clonal change in the number of  repeated DNA 
nucleotide units in microsatellites and appears in tumours 
with deficient mismatch repair due to the inactivation of  
the four MMR genes: MSH2, MLH1, MSH6 and PMS2 
and while it is typically associated with hereditary non-
polyposis colorectal cancer (HNPCC), most MSI-high tu-
mours occur sporadically[30]. Sporadic MSI tumours tend 
to be more proximal, to occur in older females, to be 
poorly differentiated and mucinous, and to show marked 
lymphocytic infiltration[31,32]. Despite their resistance to al-
kylating agents and cisplatin, MSI-high tumours have bet-
ter recurrence-free and overall survival. In patients with 
stage Ⅱ disease, MSI-high status was found to confer the 
same advantage in long-term outcomes as that conferred 
by stage T3 over T4[26]. MSI positive tumours are associ-
ated with a better prognosis in all stages of  the disease. 
Patients with MSI tumours have a significant survival ad-
vantage compared with patients with non-MSI tumours[33] 
and are associated with resistance to 5-FU chemotherapy 
and shorter survival of  patients after treatment with 
the drug[34,35]. MSI can be thus seen as one of  the most 
promising positive prognostic markers for CRC patients 
and can be detected using a panel of  five markers (BAT25, 
BAT26, D2S123, D5S346, and D17S2720, particularly 
analyzing this 5 loci, MSI-H is defined as instability at 2 
loci or more, and MSI-L, as instability at 1 locus) and a 
recent study using this panel observed that the presence 
of  MSI-H was significantly higher in carcinomas than in 
adenomas, confirming the prognostic value of  MSI in 
CRC[36].

APC gene
Mutations in the APC gene are responsible for familial 
adenomatous polyposis (FAP) and the majority of  spo-
radic CRC. The APC gene encodes a multifunctional 
protein with important roles in Wnt signaling pathway, 
intercellular adhesion, cytoskeleton stabilization, cell 
cycle regulation, and apoptosis. Mutations of  APC may 
lead to unregulated transcription of  oncogenes such as 
c-myc and cyclin D1, thereby promoting tumourigenesis. 
Mutations in Wnt/APC/CTNNB1(β-catenin) signalling 
pathway members have been found in many CRC and 
more than 90% of  patients have alterations that affect it. 
In light of  the critical role of  the Wnt/APC/CTNNB1 
signalling pathway in maintaining proper colorectal cell 
function, it is possible that genetic variants in this path-
way might affect CRC progression. A meta-analysis pro-
vides a complete and systematic picture of  the role of  
three APC polymorphisms (D1822V, E1317Q, I1307K) 
in the risk of  colorectal neoplasia, particularly the I1307K 
variant was associated with a significantly increased risk 
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a 21-kD protein (p21ras) involved in the G-protein signal 
transduction pathway, modulating cellular proliferation 
and differentiation. KRAS abnormalities are one of  the 
earliest events in the stepwise progression of  colorectal 
neoplasms, being detectable even in histologically un-
remarkable epithelium and aberrant crypt foci adjacent 
to cancers. Mutations of  the KRAS oncogene result in 
constitutive activation of  this signal transduction pathway 
and, consequently, unregulated proliferation and impaired 
differentiation[39]. The KRAS wild-type (WT) protein is 
transiently activated during tightly regulated signal trans-
duction events. The binding of  mAbs to EGFR nor-
mally induces receptor internalization, causing a direct 
inhibition of  tyrosine kinase activity and the blockage 
of  downstream RAS/RAF/MAPK signalling (Figure 1). 
However, activating KRAS mutations result in a consti-
tutively active GTP-bound protein which consequently 
renders the downstream pathway permanently “switched 
on” irrespective of  the activation status of  upstream re-
ceptors including EGFR. In such an instance, the binding 
of  an anti-EGFR mAb to EGFR and the inhibition of  
ligand-mediated receptor activation will fail to elicit any 
pathway suppressive effects. This constitutive pathway 
activation leads to unregulated proliferation, impaired 
differentiation, and resistance to anti-EGFR therapies[40] 
(Figure 1). Up to 90% of  activating mutations of  KRAS 
are detected in codons 12 (82%-87%) and 13 (13%-18%), 
but less frequently in codons 61, 63 and 146 and they are 
generally observed as somatic mutations. The most com-
mon types of  KRAS mutations in CRC are point muta-
tions, particularly G > A transitions and G > T trans-

for colorectal neoplasia while the E1317Q one was as-
sociated with a significantly elevated adenoma risk. This 
meta-analysis may provide genetic insight into possible 
strategies for the prevention of  colorectal neoplasia[37]. 

A very recent study, applying a comprehensive ap-
proach to systematically evaluate the tag single-nucleotide 
polymorphisms (tSNPs) in two key genes of  the Wnt 
pathway, APC and CTNNB1, identified, by survival tree 
analysis, a higher-order genetic interaction profile consist-
ing of  the APC rs565453, CTNNB1 rs2293303 and APC 
rs1816769 and this was significantly associated with over-
all survival; these SNPs might influence APC/CTNNB1 
splicing and expression by altering the consensus splicing 
site sequences, the transposable elements, and the tran-
scription factor binding sites. If  validated, these biomark-
ers might be valuable to facilitate the identification of  
good treatment[8]. 

Recently, it was found that, in advanced-stage cancer, 
patients with APC mutation/high miR-21, an activator 
of  the Wnt signaling pathway, had poorer overall survival 
so APC mutation and miR-21 expression could be used 
to predict the clinical outcome of  CRC[38].

KRAS gene
The status of  KRAS is generally accepted as a predic-
tive marker for response to established EGFR inhibitors 
used for CRC because mutant KRAS is associated with 
resistance to anti-EGFR monoclonal antibody (mAb) 
immunotherapy with agents such as centuximab or 
panitumumab (Figure 1). It is the only established bio-
marker in clinical practice for CRC. The KRAS encodes 
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versions. The codons 12 and 13 code for two adjacent 
glycine residues located in the proximity of  the catalytic 
site[41]. Specific KRAS mutations may be heterogeneous 
in their phenotype. For example, codon 12 mutations 
were associated with a mucinous phenothype of  CRC. By 
contrast, CRCs associated with codon 13 mutations were 
rather non-mucinous, but were characterized as more 
aggressive tumours with a greater metastatic potential[42]. 
However, a recent study observed that patients with an 
isolated p.G12A mutation (no other KRAS mutations) 
had aggressive disease (stage Ⅲ or Ⅳ and extensive meta-
static or recurrent disease)[43,44]. 

KRAS mutations have also emerged as a major pre-
dictor or resistance to anti-EGFR mAbs, as confirmed by 
small data sets[45-47], and both retrospective and prospec-
tive trials[48-51]. In these studies, patients with metastatic 
CRC harbouring KRAS mutations had no benefits from 
treatment with cetuximab or panitumumab either alone 
or in combination with standard chemotherapy. This 
discovery led to the first practical implementation of  
personalized medicine in metastatic CRC, and KRAS 
mutations can be considered a highly specific negative 
biomarker for benefit of  anti-EGFR mAbs. However 
it is intriguingly now coming to light that not all KRAS 
mutations are equal in their biological characteristics and 
their impact on mediating EGFR resistance, and that 
not all KRAS mutations will confer resistance to EGFR 
inhibitor therapy, probably due to heterogeneity of  tu-
mours[52-54]. 

Other clinicopathological and prognostic biomarkers of 
CRC
BRAF (V-raf  murine sarcoma viral oncogenes homolog 
B1) is a member of  the RAF gene family, it encodes a 
serine-threonine protein kinase, a downstream effector of  
activated RAS[55]. In the past decade, many studies have 
shown that BRAF somatic mutation presents in approxi-
mately 10% of  CRCs[56,57]. A hotspot for BRAF mutation 
is the conversion of  valine 600 to glutamic acid (V600E) 
within the kinase activation domain of  the BRAF protein 
and this account for 80% of  the BRAF mutations in 
CRC. This hot spot is suggested to be biologically dis-
tinct from other infrequent BRAF mutations, because the 
cancer cells having the V600E mutation can grow with-
out functional RAS, and thus the BRAF V600E mutation 
has not been found in CRCs with KRAS mutations[58,59]. 
BRAF mutations have been linked with high grade, right 
side tumours, female gender, older age and MSI-H tu-
mours[51]. A distinct pattern of  metastatic spread has also 
been observed in BRAF mutant tumours, namely higher 
rates of  peritoneal metastases, distant lymph node metas-
tases and lower rates of  lung metastases[60]. A very recent 
study demonstrated sex-related differences in the prog-
nostic value of  BRAF mutations in CRC, being particu-
larly evident in men, in fact, BRAF mutation was associ-
ated with a significantly reduced cancer-specific survival 
in overall adjusted analysis[61]. 

Phosphatidylinositide-3-kinases (PI3K) are lipid ki-

nases that promote various biological processes includ-
ing cellular proliferation and survival. Mutations in the 
PIK3CA gene, which encodes the p110α catalytic sub-
unit of  PI3K, have been identified in many human solid 
tumours[62]. In colorectal cancers, PIK3CA mutations, 
which are found in 10%-20% of  the cases, have been re-
ported to be associated with specific clinicopathological 
features and molecular events, tumour proximal colonic 
location, mucinous differentiation, KRAS mutation, 
high levels CIMP and loss of  MGMT expression[63]. It 
is unclear whether PIK3CA mutation defines a clinically 
and/or biologically relevant subset of  tumours as there is 
significant overlap with KRAS and BRAF V600E muta-
tion; a recent study observed that the adverse prognostic 
effect of  PIK3CA mutation on survival was restricted to 
patients with a BRAF wild type tumour[63]. The major-
ity of  activating PIK3CA mutations map to three sites: 
exon 9, codons 542 and 545 in the helical domain, and 
exon 20, codon 1047 in the kinase domain. Mutation at 
any one of  these sites has been shown to result in a gain 
of  enzymatic function and to promote oncogenic trans-
formation in vitro and in vivo (Figure 1). Co-existence of  
PIK3CA exon 9 and 20 mutations is associated with poor 
prognosis of  CRC patients[64,65]. More recently, PIK3CA 
mutation was associated with longer survival in patients 
who use aspirin regularly after diagnosis[66]. 

Loss of  PTEN expression (PTEN is a key tumour 
suppressor gene involved in the homeostatic maintenance 
of  PI3K/AKT signalling) was associated with a higher 
rate of  distant metastasis[67]. However, patients with 
PTEN expression had significantly longer overall survival 
than patients with PTEN loss tumour[68].

TP53 is a tumour suppressor gene encoding a protein 
involved in the regulation of  cell division, growth arrest 
and apoptosis. A recent study[69] demonstrated that p53 
expression was a significant prognostic factor for disease-
free survival for the patients with stage Ⅲ tumour and 
also found stage Ⅲ tumours with wt-p53 high expression 
were associated with a significantly better prognosis after 
chemotherapy, according to previous findings[70].

A very recent study[71], exploring candidate tumour 
suppressor genes at chromosome 4q25-q28.2, found 
a novel candidate tumour suppressor gene, namely 
NDST4, identified at 4q26. This gene was markedly 
downregulated in CRC tumours and this genetic aberra-
tion was increased considerably in tumours with higher 
pathological stages (T3 and T4). NDST4 is one member 
of  the N-deacetylase/N-sulfotransferase (heparan glu-
cosaminyl) (NDST) family, which is responsible for hepa-
ran sulfate (HS) biosynthesis on a core protein to form 
heparan sulphate proteoglycans (HSPGs) that contribute 
to the tissue structure and function during development 
and adult homeostasis. The loss of  function of  NDST4 
might impair the modification of  HS chains of  specific 
HSPGs, leading to more invasive tumour cells through 
remodelling of  the interaction of  cell adhesion receptors 
and ligands. The genetic loss of  NDST4 might serve as a 
biomarker of  adverse prognosis for patients with CRC[71].
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Genetic biomarkers of response to treatment
During the last few years, chemotherapeutic agents, 
such as oxaliplatin, irinotecan, cetuximab, panitumumab, 
bevacizumab, aflibercept and regorafenib, have been 
approved as an addition to the traditional fluorouracil 
(5-FU) treatment, increasing the median overall survival. 
The survival of  patients with metastatic CRC (mCRC) 
progressively improved over the past decades was due 
primarily to new chemotherapeutic combinations (5-FU, 
irinotecan, oxaliplatin) and the introduction of  new 
therapies, among which there are two monoclonal anti-
bodies against the receptor of  epidermal growth factor 
receptor, cetuximab and panitumumab, effectual in the 
treatment of  mCRC. However, these treatments are toxic 
and expensive, by this, the necessity to select patients 
most likely to have benefit with the treatment. Several 
analyses have revealed that patients with KRAS muta-
tions receiving first and subsequent lines of  treatment do 
not respond to cetuximab or panitumumab, and that they 
show no survival benefit from such treatments (Figure 1). 
Therefore, patients with mCRC with KRAS codon 12 or 
KRAS codon 13 mutated tumours are presently excluded 
from treatment with anti-EGFR mAb. Recent study has 
demonstrated, for the first time, that KRAS wt status is 
associated with better response to bevacizumab based 
chemotherapy and represents a positive prognostic fac-
tor for patients with advanced CRC treated in the first-
line setting[72]. Codon 12 KRAS and BRAF mutations 
predict for adverse outcome of  CRC patients receiving 
cetuximab[73]. KRAS mutations are, also, predictive of  
resistance to anti-EGFR antibodies when combined with 
irinotecan[49], response negatively affected also by NRAS, 
BRAF and PI3KCA mutations[43,74,75], as well as by a wild-
type TP53[76]. So KRAS status has emerged as a major 
predictor of  resistance to anti-EGFR mAb in the clinical 
setting but probably it is not the only to determine this 
type of  resistance, in fact, a recent meta-analysis showed 
that BRAF mutation is associated with poor response 
to anti-EGFR mAbs and it is an adverse prognostic bio-
marker of  the survival of  patients with mCRC[77]. Regular 
aspirin use was associated with lower risk of  BRAF wt 
colorectal cancer but not with BRAF mutated cancer risk. 
These findings suggest that BRAF mutant colon tumour 
cells may be less sensitive to the effect of  aspirin[78]. In 
addition to KRAS and BRAF mutations, loss of  PTEN 
expression and PIK3CA mutation is likely to be predictive 
of  a lack of  benefit to anti-EGFR therapy in metastatic 
colorectal cancer[79] (Figure 1); PTEN expressing tumours 
had statistically higher response rate for cetuximab based 
treatment than tumours with PTEN loss[68].

CRCs with MSI are reported to have a significantly 
better prognosis compared with CRCs without MSI 
(non-MSI), while MSI CRCs show resistance to 5-FU 
based chemotherapies. Although high frequency MSI 
tumours have better stage independent prognosis com-
pared to those with CIN, MMR deficient CRC appears to 
be resistant to fluorouracil based treatment, but sensitive 
to other therapeutic regimens[80]. A summary of  genetic 

biomarkers for CRC is shown in Table 1.

DNA METHYLATION BIOMARKERS IN 
CRC
Global DNA hypomethylation and depletion of  overall 
5-methylcytosine content in CRC tissues was observed for 
the first time in 1983, by Feinberg and Vogelstein. It was 
observed predominantly at CpG dinucleotides in repeti-
tive sequences, occurring gradually, age-dependently, and 
early in carcinogenesis[81]. It was also clear from the be-
ginning that global DNA hypomethylation in CRC tissues 
was accompanied by hypermethylation and transcription-
al silencing of  tumours suppressor genes or genes coding 
for DNA repair proteins[82]. Subsequent studies revealed 
that hundreds of  genes are aberrantly methylated in the 
average CRC genome, and their number is ever-growing, 
including genes of  the Wnt signalling pathway such as 
APC, AXIN2, DKK1, SFRP1, SFRP2, WNT5A, the 
DNA repair genes MGMT, hMLH1, and hMLH2, cell 
cycle-related genes such as CDKN2AINK4a(p14), CDKN-
2AA-INK4b(p15), and CDKN2AARF(p16), the RAS signalling 
genes RASSF1A and RASSF1B, and many more[11,83,84]. 
Although all CRCs are characterized by the presence of  
hypermethylation, a specific subgroup of  them, denoted 
as the CpG island methylator phenotype (CIMP+), 
displays extensive levels of  methylated genes[85]. By an 
epigenetic point of  view, CRCs can be broadly divided 
into CIMP+ and non-CIMP tumours, but taking into 
account also genetic alterations, several subgroups have 
been proposed. For example, Hinoue and coworkers re-
cently proposed the following four subtypes: (1) CIMP-
high tumours exhibiting a very high frequency of  cancer-
specific DNA hypermethylation associated with MLH1 
methylation, microsatellite instability, and the BRAF 
V600E mutation; (2) CIMP-low tumours associated with 
KRAS mutations and characterized by methylation of  a 
subset of  CIMP-high associated genes; (3) Non-CIMP 
tumours characterized by TP53 mutations and frequent 
occurrence in the distal colon; and (4) Non-CIMP tu-
mours showing a low frequency of  cancer-specific gene 
mutation and hypermethylation, and enriched of  rectal 
tumours[7]. Increasing evidence suggests that several of  
those epigenetic modifications can be valuable biomark-
ers for CRC diagnosis, progression, prognosis, tendency 
to metastasis, and response to treatment (Table 2).

Methylation biomarkers of CRC diagnosis
Aberrant patterns of  DNA methylation from CRC cells 
can be detected in tumours-derived cell-free DNA found 
in blood or feces of  cancer patients, and there is also 
evidence that often DNA methylation profiles in blood 
reflect those in CRC tissues[86]. This led researchers to 
search for DNA methylation biomarkers in those speci-
mens and to develop blood-based and stool-based non-
invasive and cost-effective epigenetic CRC diagnostic 
tools[87]. The presence of  aberrantly methylated septin 9 
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(SEPT9) in plasma is a valuable and minimally invasive 
blood-based PCR test (Figure 2), showing a sensitiv-
ity and a specificity of  almost 90% in the detection of  
CRC[13,87,88], and represents a currently commercialized 
test as it is able to detect CRC at all stages and loca-
tions[89]. Researchers have evaluated the possibility to 
include the methylation analysis of  additional genes, such 
as for example ALX4 and HLTF, to increase the sensi-
tivity of  this blood-based test[90,91]. Others are searching 
for different blood-based biomarkers than SEPT9. For 
example, the methylation status of  secreted frizzled-
related protein 2 gene (SFRP2) in CRC tissues, serum 
and fecal DNA was able to detect almost 67% CRCs[92], 
and recent genome-scale search of  DNA-methylation 
biomarkers for blood-based detection of  CRC revealed 
that methylated thrombomodulin (THBD) gene detects 
74% of  stage Ⅰ/Ⅱ CRCs at a specificity of  80%[93], and 
that methylation of  the syndecan 2 (SDC2) gene has a 
sensitivity of  92% for stage Ⅰ CRC[94].

A stool-based test for the methylation analysis of  the 
vimentin (VIM) gene is available in the United States 
(Figure 2) and has a specificity and sensitivity of  almost 
80%[14]. Several hypermethylated genes isolated from 
stool samples have been utilised as biomarkers for the de-
tection of  CRC or colorectal adenomas, including APC, 
p16, hMLH1, MGMT, SFRP1, SFRP2 and VIM[95]. Two 
meta-analyses of  those studies revealed that the sensitiv-
ity for the detection of  CRC or adenomas ranged from 
62% to 75%[95,96]. Recently, hypermethylation of  fibrillin-1 
(FBN1) was detected in CRC stool samples, and showed 
72% sensitivity and 93% specificity for detecting CRC[97].

DNA methylation biomarkers of CRC staging and 
prognosis
A few years ago, Lao and Grady reviewed the genes that 
seem to be more commonly methylated in the multi-
step process leading from normal colonic epithelium to 
adenocarcinoma. At least six genes (SLC5A8, SFRP1, 
SFRP2, CDH13, CRBP1, and RUNX3) and two loci 

(MINT1 and MINT31) have been consistently found 
to be methylated in the passage from a normal colon 
epithelium to an aberrant crypt focus. Other genes 
(p14, HLTF, ITGA4, p16, CDH1 and ESR1) resulted 
frequently methylated in the passage from an aberrant 
crypt focus to polyp/adenoma, and four additional genes 
(TIMP3, CXCL12, ID4, and IRF8) could have a role in 
CRC progression and metastasis[11]. More recent stud-
ies revealed additional epigenetic biomarkers linked to 
CRC staging and progression. A high degree of  LINE-1 
hypomethylation was found in early-onset CRC, a clini-
cally distinct form of  CRC that is often associated with 
a poor prognosis[98]. LINE-1 hypomethylation leads to 
the activation of  proto-oncogenes in CRC metastasis[99]. 
There is also indication that the clinical outcome of  MSI 
CRCs depends on LINE-1 methylation, suggesting that 
lower LINE-1 methylation status serves as a significant 
prognostic parameter of  adverse prognosis[100]. Serrated 
adenomas form a distinct subtype of  colorectal pre-
malignant lesions that may progress to malignancy along 
a different molecular pathway than the conventional 
adenoma-carcinoma pathway, and loss of  expression of  
the slit homolog 2 (SLIT2) gene by promoter hypermeth-
ylation and loss of  heterozygosity events are significantly 
associated with serrated adenoma development[101]. Meth-
ylation of  the WNT5A gene, a member of  the WNT 
gene family, has been frequently detected in early gastric 
carcinomas[102]. Also somatic mutations, allele loss, and 
DNA methylation of  the cub and sushi multiple domains 
1 (CSMD1) gene, whose function is still unclear, correlate 
with earlier clinical presentation in CRC[103]. 

Concerning CRC prognostic biomarkers, it was 
shown that DNA methylation of  p14, RASSF1A and 
APC genes, defines a poor prognosis subset of  CRC 
patients independently of  both tumour stage and differ-
entiation[104], whilst MGMT methylation seemed to play 
a protective role[104], and MLH1 inactivation through hy-
permethylation was found to be related to improved sur-
vival[105]. A meta-analysis of  11 studies indicated that p16 

Table 1  Examples of genetic biomarkers for colorectal cancer

Biomarkers Ref.

Genetic biomarkers Prognosis
   Breakpoints of 17p11.2    Found in primary colonic tumours in CRC patients with liver metastasis [22]
   Loss of 18q    Poor prognosis [23,24]
   Loss of SMAD    Advanced stage disease (Ⅲ), lymph node metastases, shorter overall survival [26]
   APC mutations    Poorer overall survival [39]
   KRAS mutations    Heterogeneous phenotype of CRC [43,44,45]
   BRAF mutations    Specific phenotype and metastasis [61,62]
   PIK3CA mutations    Poor prognosis and specific clinicopathological features [64]
   Loss of PTEN    High rate of distant metastasis [68]
   TP53 expression    Worse prognosis [70,71]
   Loss of NDST4    Adverse prognosis [72]
Candidate biomarkers Chemoresistance/Chemosensitivity
   Loss of SMAD4    Poorer response to 5-FU [28]
   MSI    Resistance to 5-FU [83]
   KRAS, BRAF, PI3KCA, PTEN mutations    Resistance to anti-EGFR mAb [46-52,74,75,79-81]

CRC: Colorectal cancer; mAb: Monoclonal antibodies; 5-FU: 5-fluorouracil.
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hypermethylation might be a predictive factor for unfa-
vourable prognosis of  CRC patients[106]. Homeodomain-
only protein X-β gene (HOPX-β) promoter methylation 
was recently shown to be frequent in human cancers and 
was suggested to act as a tumours suppressor gene. Par-
ticularly, HOPX-β promoter methylation was associated 
with worse prognosis of  stage Ⅲ CRC patients and also 
with poor differentiation[107]. Methylation of  genes in the 
extracellular matrix (ECM) remodelling pathway, such as 
IGFBP3, EVL, CD109 and FLNC, was associated with 
worse survival, suggesting that methylation of  this path-
way might represent a prognostic signature in CRC[108]. 
Similarly, hypomethylation of  the insulin growth factor 
Ⅱ (IGF2) differentially methylated region in colorectal 
tumours was associated with poor prognosis[109]. Con-
versely, methylation of  the polycomb group target genes, 
including SFRP1, MYOD1, HIC1, and SLIT2, resulted in 
favourable prognosis in non-CIMP male patients[110].

Lymphovascular invasion of  CRC was related to 
methylation of  the gene encoding the secreted protein 
acidic and rich in cysteine (SPARC) in stromal cells[111]. 
Others analysed DNA methylation in mucosal wash fluid 
from patients undergoing colonoscopy, observing that 
methylation of  the micro-RNA (miR-34b/c) had the 
greatest correlation with invasive tumours[112]. Methyla-
tion of  miR-128 in CRC samples led to an upregulation 
of  its target gene NEK2 that resulted in lymphatic inva-
sion and peritoneal dissemination[113]. It was also shown 
that epigenetic silencing of  miR-126 contributes to tu-
mour invasion and angiogenesis in CRC[114].

DNA methylation biomarkers and CRC chemotherapy 
Epigenetic signatures in CRC are also of  interest for their 
possible interactions with chemotherapeutic agents. In-
deed, the epigenetic silencing of  a particular gene might 
result in chemosensitivity or chemoresistance toward a 
particular therapeutic agent[16]. Crea et al[16] proposed a 
panel of  genes whose aberrant methylation could con-
tribute to chemosensitivity or chemoresistance to 5-FU, 
irinotecan, and oxaliplatin, three of  the most frequently 
used drugs in CRC treatment. 5-FU antitumor activity is 
mainly exerted by inhibiting thymidylate synthase, in the 
de novo synthesis of  pyrimidines. Increased TYMS expres-
sion is one of  the major mechanisms of  5-FU chemore-
sistance, and there is indication that histone acetylation/
deacetylation processes, rather than DNA methylation 
of  the promoter, might be of  relevance in epigeneti-
cally regulating TYMS expression in CRC. Several other 
genes that participate in pyrimidine metabolism might 
represent potential molecular determinants of  5-FU 
chemoresistance, including dihydropyrimidine dehydro-
genase (DYPD), thymidine phosphorylase (TYMP), and 
uridine monophosphate/cytidine monophosphate kinase 
(UMPK) genes. Their potential epigenetic contribution to 
5-FU resistance in CRC patients is under investigation[16]. 

Hypermethylation of  the gene encoding the transcrip-
tion factor AP-2 epsilon (TFAP2E) was found in 51% 
of  CRC patients and resulted in clinical nonresponsive-
ness to chemotherapy (5-FU, irinotecan or oxaliplatin)[115]. 
Functional assays showed that TFAP2E chemoresistance 
is mediated through its downstream target gene DKK4, 
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Table 2  Examples of DNA methylation biomarkers for colorectal cancer diagnosis, progression, prognosis and treatment

DNA methylation biomarkers Ref.

Methylated genes/loci Frequently methylated in 
   SLC5A8, SFRP1, SFRP2, CDH13, CRABP1, RUNX3, MINT1, 
   MINT31, WNT5A

   Normal colon epithelium → aberrant crypt focus [11,105]

   p14, HLTF, ITGA4, CDKN2A/p16, CDH1, ESR1    Aberrant crypt focus → polyp/adenoma [11]
   TIMP3, CXCL12, ID4, IRF8, MGMT, hMLH1    Polyp/adenoma → metastasis [11]
   SPARC, miR-34b/c, miR-126, miR-128    Lymphovascular invasion, metastasis [114-117]
Methylation biomarkers CRC Diagnosis 
   SEPT9, SFRP2, THDB, SBC2    Blood-based PCR test for the detection of CRC [91-97]
   VIM, FBN1    Stool-based test for the detection of CRC [14,100]
Methylation biomarkers Prognosis
   p14, RASSF1A, and APC    Poor prognosis [107]
   MGMT, hMLH1    Improved survival [107,108]
   p16    Poor prognosis [109]
   HOPX-β    Worse prognosis of stage Ⅲ CRC [110]
   Extracellular matrix genes 
   (IGFBP3, EVL, CD109 and FLNC)

   Worse survival [111]

   IGF2 hypomethylation    Poor prognosis, short survival [112]
   Polycomb genes (SFRP1, MYOD1, HIC1, and SLIT2)    Favourable prognosis in non-CIMP male patients [113]
   miR-34b/c, miR-126, miR-128    Invasive tumors [115-117]
Candidate biomarkers Chemoresistance/Chemosensitivity 
   TFAP2E    No responsiveness to 5-FU, irinotecan, oxaliplatin [118]
   DYPD, TYMP, UMPK, SPARC    Their methylation might affect 5-FU treatment1 [16,119]
   UGT1A1    Its methylation might affect irinotecan treatment1 [119]
   MGMT    Clinical response to dacarbazine is restricted to those with MGMT 

   hypermethylation
[120]

1Suggested biomarkers from cell culture studies, with limited or no evidence in humans. CRC: Colorectal cancer; miR: micro-RNA; PCR: Polymerase chain 
reaction; 5-FU: 5-fluorouracil.
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encoding for dickkopf  homolog 4 protein[115]. 
Other genes whose methylation might be associated 

with decreased sensitivity to 5-FU or irinotecan chemo-
therapy are SPARC coding for the matricellular protein 
osteonectin[116], and UGT1A1 coding for the UDP gluc-
uronosyltransferase- 1A1 enzyme, the major enzyme in-
volved in irinotecan detoxification[16]. 

CRC patients who had failed standard therapies (ox-
aliplatin, irinotecan, 5-FU, or cetuximab or panitumumab 
if  KRAS wild type) were treated with dacarbazine, an 
alkylating agent that exerts its antitumor activity induc-
ing base pair mismatches[117]. Hypermethylation of  the 
MGMT gene occurs in almost 40% of  CRC patients, and 
clinical responses to dacarbazine are confined to those 
tumours harbouring epigenetic silencing of  the MGMT 
gene[118].

FUTURE PERSPECTIVES
In addition to genetic aberrations, DNA methylation also 
plays important roles in the development of  CRC. Re-
cent genome-scale approaches revealed that CRCs exhibit 
multiple genetic alterations, including allelic imbalances 
(copy number alterations) at various chromosomal loci. 
For example, alongside with mutations of  TP53, KRAS, 
BRAF, and PIK3CA, genomic losses commonly occurred 
at 3q26.1, 4q13.2, 6q21.32, 7q34, 8p12-23.3, 15qcen and 
18, while gains were commonly found at 1q21.3-23.1, 
7p22.3-q34, 13q12.11-14.11, and 20. Moreover, the total 
number of  copy number alterations were significantly 
associated with the aberrant DNA methylation of  six 
marker genes[118]. Similarly, transcriptome analyses are 
revealing thousands of  genes whose expression is altered, 

likely through promoter methylation, in CRC tissues[119]. 
Goal of  present and future research is to identify those 
biomarkers that could allow a feasible, cost-effective and 
non-invasive diagnosis of  CRC, as well as to understand 
which panel of  biomarkers can be used to better define 
patient’s prognosis and the best choice of  available treat-
ments (Figure 2). Several examples are provided within 
this review suggesting the need to combine genetic and 
epigenetic data for a better diagnostic, prognostic and 
therapeutic approach. Integration of  those data with 
transcriptome and proteome profiles could represent a 
valuable strategy to further understand the molecular 
pathways involved in CRC, as well as to improve life ex-
pectancies and quality of  life of  the patients.
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Abstract
In recent years, the need to identify molecular mark-
ers characterized by high sensitivity and specificity in 
detecting and monitoring early and colorectal cancer 
lesions has increased. Up to now, none of the markers 
or panels of markers analyzed have met the rigorous 
standards required of a screening program. The impor-
tant discovery of circulating nucleic acids in biological 
fluids has aroused intense scientific interest because 
of their usefulness in malignant and non malignant 
diseases. Over time, their yield and stability have been 
identified and compared with other “standard” biomar-
kers. The analysis of circulating DNA from blood and 
stool is a relatively simple and non-invasive procedure, 
representing a very attractive marker to detect genetic 
and epigenetic mutations and to monitor disease pro-
gression. A correlation between blood and stool bio-
markers could also help to enhance currently available 
diagnostic approaches. However, various processing 
and analytic problems need to be resolved before such 
an approach can be applied in clinical practice. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Although the importance of circulating free 
DNA is widely recognized, numerous studies evaluating 
its presence in blood and stool samples have reported 
analytic variability and non conforming approaches. 
Nonetheless, circulating free DNA has shown high po-
tential as a biomarker for the early non-invasive detec-
tion of cancer and for monitoring disease progression. 
Population studies are now needed to confirm its use-
fulness for colorectal cancer diagnosis. 
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HISTORY OF CIRCULATING NUCLEIC 
ACIDS 
Circulating nucleic acids in the plasma of  healthy and 
diseased individuals were identified[1] a few years before 
the discovery of  the double helical structure of  DNA[2]. 
Almost 20 years later, circulating DNA was identified in 
the serum and plasma of  subjects with systemic lupus 
erythematosus[3]. Around the same time, circulating DNA 
was identified in other diseases characterized by tissue 
destruction such as hepatitis, metastatic carcinoma and 
miliary tuberculosis, suggesting that serum DNA might 
originate from endogenous tissue breakdown[4]. In 1977, 
levels of  circulating DNA in the serum of  individuals 
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with different types of  cancer were found to be related to 
response to radiotherapy treatment. In particular, for the 
first time, circulating DNA was more accurately quanti-
fied using a sensitive radioimmunoassay based on anti-
DNA antibodies obtained from lupus erythematosus 
patients[5]. This quantification revealed that increased or 
high DNA circulating levels were mainly present in pa-
tients characterised by a lack of  response to treatment. 

The presence of  extractable amounts of  DNA in the 
plasma of  cancer patients was also identified, suggesting 
that circulating DNA may be shed from tumours[6]. Other 
researchers reported findings of  KRAS and NRAS gene 
mutations from the primary tumor in the plasma and se-
rum of  individuals with cancer, providing clear evidence 
of  the origin of  circulating DNA from tumors[7-14]. Ex-
tracellular nucleic acids, present in different body fluids 
such as plasma, serum, bronchial lavage, urine and faecal 
fluids, have aroused the interest of  the scientific com-
munity in recent years[15,16] representing a valid biomarker 
for the early, non-invasive detection of  cancer or for the 
monitoring of  disease progression. Early diagnosis is 
fundamental to reduce morbidity and mortality, especially 
as patients diagnosed at early stages show long-term sur-
vival[17]. 

Unfortunately, the quantity of  circulating free DNA 
in these body fluids is usually low and its isolation re-
mains a challenge. However, rapid technological advances 
have led to an improved sensitivity and specificity for the 
detection of  cell-free nucleic acids, opening up new pos-
sibilities for the non-invasive detection and monitoring 
of  various malignant diseases[15].

ORIGIN OF CIRCULATING FREE DNA 
Circulating free DNA is a double-stranded molecule of  
low molecular weight which, although mainly fragmented 
in 70-200 base pairs (bp), also has sections up to 21 kilo-
bases in length[18]. In healthy individuals, apoptosis and 
necrosis of  lymphocytes and other nucleated cells are 
mainly involved in the release of  circulating nucleic acids 
into the blood. Apoptosis leads to DNA degradation 
in which chromosomal DNA is first cleaved into large 
fragments (50-300 kb) and then into multiples of  nucleo-
somal units (180-200 bp)[19]. The contents of  apoptotic 
cells are rapidly ingested by phagocytes or neighbouring 
cells[20] and the DNA is consequently completely digested 
by DNase Ⅱ in lysosomes[19]. Thus, DNA fragments re-
leased by apoptosis may be removed before entering the 
circulation[19,20]. However, apoptotic DNA is probably the 
primary source of  circulating nucleic acids, especially if  
we take into account the fact that normal plasma DNA 
on electrophoresis exhibits band sizes equivalent to 
whole-number multiples of  nucleosomal DNA (185-200 
bp)[21]. In cancer patients, the origin of  circulating nucleic 
acids remained unknown for many years. Although in-
creased circulating free DNA levels cannot be regarded as 
specific to cancer, different size distributions have been 
observed in cancer patients[22,23]. Currently, the hypothesis 

on the endogenous origin of  circulating DNA proposed 
by Tan et al[3] is widely accepted[4]. Initially, circulating 
DNA was thought to be a derivative of  increased and ab-
normal apoptotic pathways in cancerous lesions[24,25] be-
cause of  its ladder pattern revealed by gel electrophoresis 
similar to the one shown by apoptotic cells[26,27]. However, 
it must be remembered that apoptosis is a mechanism 
apparently lost by proliferating cancer cells and that its 
restoral is highly problematic[9,24,27]. Another hypothesis 
is that circulating DNA derives from “micrometastatic” 
tumor cells shed in the circulation. However, some au-
thors reported that the amount of  DNA isolated from 
the plasma of  cancer patients was very high and did not 
correspond to the number of  cancer cells present in the 
circulation[28,29]. Tumor necrosis is thought to be related 
to high amounts of  DNA fragments found in the plasma 
of  patients with large or advanced/metastatic tumors, 
suggesting that this mechanism may be related to circulat-
ing DNA[5,30,31]. However, other pathways could also be 
involved[4], and probably abnormal DNA degradation or 
secretion mechanisms may lead to increased DNA levels 
and differing DNA fragmentation, contributing to the 
presence of  high levels of  circulating free DNA[24,32] (Fig-
ure 1).

ORIGIN OF CIRCULATING FREE RNA
Less is known on the origin of  circulating free RNA[33]. 
More than 25 years ago, RNA in proteolipid complexes 
were first identified in the serum of  cancer patients[34]. 
Initially, circulating RNA was found in the serum of  
healthy individuals and patients with melanoma, breast 
cancer and hepatocellular carcinoma[35-37]. Numerous 
studies have reported that specific RNA is present in 
the plasma of  patients with a variety of  cancers and that 
these molecules are more stable than expected[38], sug-
gesting that free circulating RNA is probably protected 
by vesicles or vesicle-like structures. Apoptosis would also 
appear to be involved in the release of  circulating free 
RNA, and the binding of  proteins or phospholipids may 
explain the resistance to RNase degradation in the blood-
stream[39,40]. Moreover, mRNA and miRNA are found in 
particles such as exosomes released into the bloodstream, 
which may help to preserve these nucleic acids in the 
blood and increase the amount in circulation. In fact, it 
has been seen that the higher levels of  mRNA identified 
in cancer patients than in healthy individuals are mainly 
associated with exosome fraction[37].

EARLY DIAGNOSIS OF COLORECTAL 
CANCER 
Colorectal cancer (CRC) incidence and mortality rates 
vary markedly around the world. However, rates are sub-
stantially higher in males than in females[41], representing 
the third most commonly diagnosed cancer in males and 
the second in females[42]. CRC is caused by a molecular 
alteration in the epithelial cells of  the colon, specifically, 
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in proto-oncogenes and tumor suppressor genes such as 
APC, KRAS, SMAD 2/4 and p53. Epigenetic alterations 
have gained recognition as a key mechanism in color-
ectal carcinogenesis. In particular, hypermethylation of  
CpG islands present in gene promoter sequences leads 
to the inactivation of  tumor suppressor genes. The vast 
majority of  tumors (about 50%-80%) present chromo-
somal instability, while a smaller fraction (10%-15%) is 
characterized by microsatellite instability (MSI). CRCs 
with hypermethylation changes in numerous different 
CpG-rich DNA regions are defined as showing CpG 
island methylation phenotype (CIMP). CIMP-positive 
cancer also seems to be associated with MSI and BRAF 
mutations[43,44]. Conversely, hypomethylation of  specific 
sequences may decrease the fidelity of  chromosomal 
segregation[45], suggesting that it could be involved in the 
chromosomal instability phenotype[46]. DNA methylation 
changes probably cause adenomatous precursor lesions 
to progress into malignant tumors. 

The importance of  screening tools to identify early 
stage CRC is acknowledged worldwide. Colonoscopy is 
currently considered to be the “gold standard” for CRC 
screening. However, it is estimated that less than 60% of  
eligible individuals over 50 years of  age have undergone 
this test for various reasons, the main one being the inva-
siveness of  the procedure[47]. The immunochemical fecal 
occult blood test (iFOBT), a non invasive screening CRC 
approach that uses antibodies against human globulin, 
has reduced CRC mortality by 15%-33%[48,49]. However, 

this test is characterized by frequent false-negative and 
false-positive results, and its sensitivity in detecting pre-
cursor lesion such as adenomas is very low (10%-20%)[50]. 

NUCLEIC ACIDS IN SERUM AND PLASMA
Numerous studies have been published on circulating 
free DNA in both plasma and serum of  different tumor 
types including colorectal[51-60]. A summary of  the most 
important studies on colorectal cancer patients is shown 
in Table 1. 

It is known that serum contains a higher amount of  
free circulating DNA than plasma. Different hypotheses 
for this have been put forward, e.g., an unequal distribu-
tion of  DNA during separation from whole blood[61]. 
However, differing levels of  circulating free DNA have 
been observed in experiments using serum and plasma, 
and the optimal material to process remains open to de-
bate[31]. 

The most important serum markers for CRC detec-
tion are carcinoembryonic antigen (CEA), carbohydrate 
antigen 19-9 (CA19-9) and tissue inhibitor of  matrix met-
alloproteinases (TIMP)-1. However, CEA is currently the 
only marker used for prognosis, follow-up and monitor-
ing of  disease status. Although high levels of  serum CEA 
are often associated with an increased risk of  recurrence 
and poor prognosis. It is not uncommon to detect nor-
mal levels in patients with advanced CRC or early stage 
patients who subsequently develop recurrence or distant 
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Figure 1  Hypothesis for circulating free DNA development. The primary tumor releases cells into the bloodstream or intestinal lumen. In healthy individuals, apop-
tosis and necrosis are the main pathways linked to cell degradation and, consequentially, to DNA fragmentation. In cancer patients, in addition to the aforementioned 
necrosis and apoptosis, there would seem to be abnormal mechanisms of DNA degradation or secretion that increase levels and fragmentation of DNA. CTC: Circu-
lating tumor cells. 
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et al[51] observed that circulating free DNA levels de-
creased progressively during follow-up in disease-free pa-
tients but increased in those who relapsed. This finding is 
in line with the first observation on circulating free DNA 
made by Leon et al[5] who suggested that the decrease in 
free DNA in cancer patients before and after treatment 
may be due to the therapy’s inhibitory effect on the pro-
liferation of  cancer cells. Conversely, in the early stages 
of  cancer, when little cell death occurs, circulating DNA 
may already be present in higher than normal concentra-
tions. 

Analysing two sites of  Alu repeats by a quantitative 
PCR approach, Umetani et al[64] found that serum DNA 
integrity values were higher in 32 CRC patients than in 
controls. Interestingly, the serum free circulating DNA 
concentration was 4- to 6-fold higher in patients than 
in healthy individuals. This ALU sequencing approach 
would also appear to be able to discriminate between 
healthy individuals, CRC patients who have undergone 
surgery and those who have not been submitted to surgi-
cal treatment[67]. 

These studies revealed a higher sensitivity of  circulat-
ing DNA then CEA quantitation in CRC patients. Serum 

metastases[62]. Thus, the use of  CEA assessment for the 
early diagnosis and monitoring of  CRC is limited by 
relatively poor sensitivity and specificity[63]. In 2006, Frat-
tini et al[51] quantified circulating DNA plasma levels of  
70 patients submitted to surgery for primary CRC at the 
time of  surgery and during follow-up and comparing this 
marker with CEA. It was found that circulating DNA 
levels in all patients at the time of  surgery were about 
25-fold higher those of  20 healthy donors. Of  note, only 
37% of  patients had altered CEA levels[51]. Moreover, 
Boni et al[52] observed a statistically significant difference 
in plasma circulating DNA levels between healthy donors 
and CRC patients. A significant difference was also ob-
served between circulating DNA and CEA values in CRC 
cases, calculated in only 47% of  cases[52]. 

Sensitivity and specificity of  serum free circulating 
DNA and CEA values were also examined in other stud-
ies, confirming high levels of  circulating free DNA in 
CRC patients with respect to healthy individuals. Con-
versely, sensitivity values of  CEA were around 35%, even 
when specificity was higher[17,65]. Sensitivity and specificity 
values increased to 88% and 71%, respectively, consider-
ing the two markers in combination[17]. Moreover, Frattini 

Table 1  Summary of studies that have tested DNA integrity and genetic alteration markers in blood samples in colorectal cancer

Study Biomarker(s) Methods Case analyzed Main results

Flamini et al[17], 2006 Serum cfDNA
CEA

cfDNA and CEA

qRT PCR CRC: 75
HD: 75

Sensitivity Specificity
81% 73%
39% 97%
88% 71%

Frattini et al[51], 2006 Plasma cfDNA DNA Dipstick Kit CRC: 70
HD: 20

CRC (T0) mean value DNA: 495.7 ng/mL 
CRC (FU at 4 mo) mean value DNA: 170.6 ng/mL 
CRC (FU at 10 mo) mean value DNA: 240.9 ng/mL 

CRC (FU at 10 mo)(DFP) mean value DNA: 136.2 ng/mL 
CRC (FU at 10 mo)(RP) mean value DNA: 694.4 ng/mL 

HD: mean value DNA 10.3 ng/mL 
Altered in only 37% of CRC patients

Umetani et al[61], 2006 Plasma cfDNA
Serum cfDNA

ALU qRT PCR Breast, Colorectal, Thyroid 
Cancer: 22

Thyroid A: 2

Mean ± SD value plasma cfDNA: 180 ± 150 pg/μL

Mean ± SD value serum cfDNA: 970 ± 730 pg/μL

Umetani et al[64], 2006 Absolute serum 
DNA

Integrity serum DNA 
Alu repeats (2 sites)

ALU qRT PCR CRC: 32
HD: 51

CRC (Ⅰ-Ⅱ) mean absolute value DNA: 1.63 ng/μL
CRC (Ⅰ-Ⅱ) mean integrity DNA: 0.22 ng/μL
CRC (Ⅲ-Ⅳ) mean absolute DNA: 1.73 ng/μL
CRC (Ⅲ-Ⅳ) mean integrity DNA: 0.22 ng/μL

Boni et al[52], 2007 Plasma cfDNA
CEA

qRT PCR CRC: 67
HD: 67

CRC: Mean value DNA 57.93 ng/mL 
HD: Mean value DNA 0.85 ng/mL 
Evaluated in only 47% of patients

Danese et al[65], 2010 Serum cfDNA
CEA

RT-PCR CRC: 118
P: 49

HD: 26

Sensitivity Specificity
83% 92%
36% 100%

Mead et al[31], 2011 Plasma cfDNA 
(4 DNA markers) 

CEA

PCR
ELISA

CRC: 24
P: 26

HD: 35

AUC: cfDNA: 0.81
AUC (CEA and cfDNA): 0.855

P: Sensitivity: 83%; Specificity 72%
Czeiger et al[66], 2011 Serum cfDNA Fluorometric 

Assay
CRC: 38
HD: 34

Sensitivity Specificity
42% 94%

da Silva Filho et al[67], 
2013 

Serum cfDNA
Alu repeats (2 sites)

qPCR CRC not operated on: 27
CRC operated on: 33

HD: 30

CRC not operated on: 0.08-62.10 pg/μL
CRC operated on: 0.01-186.7 pg/μL

HD: 0.01-26.11 pg/μL
Mean value range (according to different Alu analysis)

cfDNA: Cell-free circulating DNA; HD: Healthy donors; A: Adenomas; P: Polyps; T0: Time 0; FU: Follow up; DFP: Disease free patients; RP: Recurrence 
patients; AUC: Area under the receiver-operating characteristic (ROC) curve; qRT PCR: Quantitative real time polymerase chain reaction; ELISA: Enzyme-
linked immunosorbent assay. 

De Maio G et al . Colorectal cancer diagnosis



961 January 28, 2014|Volume 20|Issue 4|WJG|www.wjgnet.com

CA19-9, CA72-4 and TIMP-3 are currently being evalu-
ated for screening purposes[68-70], while serum methyla-
tion markers such as TAC1, SEPT9 and EYA4 are under 
investigation as biomarkers for adenoma and early CRC 
detection[71]. In particular, SEPT9 has been investigated 
with the aim of  improving detection rates of  malignant 
lesion precursors[72], but sensitivity values do not appear 
to be better than those obtained with stool[73]. Ahlquist 
et al[73] reported higher SEPT9 values than those of  the 
stool DNA multimarker test only for stage Ⅳ CRC. 
Available data do not, therefore, justify the application of  
SEPT9 as a single biomarker for the detection of  prema-
lignant and early malignant lesions in a screening popula-
tion. The analysis of  paired samples, i.e., stool DNA mul-
timarker test and plasma SEPT 9, showed a sensitivity of  
82% and 14% for adenoma detection, respectively, and 
87% and 60% for CRC, respectively[73]. 

Interestingly, a recent meta-analysis by Yang et al[74] 
concluded that stool DNA was not suitable for CRC 
screening in average- rather than high-risk individu-
als, yielding a low detection value for precancerous le-
sions. Amir et al[75] demonstrated a correlation between 
SEPT9_V1 overexpression and drug resistance in various 
cancer cell lines. The potential of  plasma biomarkers to 
identify individuals at risk of  developing drug resistance 
was also demonstrated by Misale et al[76] in a metastatic 
colorectal cancer population.

Cell free mRNA has also been evaluated in plasma, 
in particular by the quantification of  mRNA levels of  
hTERT, a ribonucleoprotein involved in the maintenance 
of  correct length of  telomeric chromosome ends, overex-
pressed in a wide number of  tumors, including colon and 
rectal cancers[77,78]. In particular, a correlation has been 
found between plasma mRNA levels and tumor stage in 
CRC patients, suggesting that plasma RNA quantification 
could be useful for early diagnosis and follow up[77,78].

NUCLEIC ACIDS IN STOOL
Non-invasive, no bowel preparation and the sampling 
design are some of  the main advantages of  molecular 
stool analysis. A greater understanding of  the molecular 
pathogenesis and the natural history of  CRC has helped 
researchers to improve methods for molecular stool 
screening[79]. In 1952, Bader et al[80] reported that cancer 
of  the rectum, sigmoid and descending colon could be 
detected by the cytological analysis of  colonocytes. DNA 
from colonocytes shed in stool can be used to character-
ize the colonic epithelium involved in carcinogenesis. 
Colonocytes are, in fact, exfoliated continuously into the 
fecal stream[81], and their concentration in the intestinal 
lumen of  CRC patients can increase of  4.5-fold with 
respect to healthy individuals[82]. It has been seen that an-
other important stool element are mucus and its cellular 
cargo, found on the surface of  stool after defecation[83,84]. 
Colonic mucus would seem to have protective properties 
that create a niche in which colonocytes are preserved 
in relative abundance[81,84]. For these reasons, although 

the mucus present on stool surface after defecation may 
have been picked up in the distal large bowel, it may also 
contain cells derived from the entire colorectal mucosa[85]. 
This would explain why malignant cells from the cecum 
and other right-sided CRCs can be isolated from stool 
after defecation[86] despite the luminal contents gener-
ally being liquid in the most proximal part of  the large 
bowel. Stool tests based on isolated colonocytes rather 
than blood markers may offer better results due to the 
higher rate of  neoplastic cell exfoliation, especially when 
used alone or in combination with current routine diag-
nostic tests, such as iFOBT[70]. However, as it is extremely 
difficult to discriminate between normal and malignant 
cells using standard morphological criteria, considerable 
interest has arisen in identifying biomarkers secreted by 
CRC cells rather than normal colonocytes[79]. Adeno-
mas and CRC characteristically exfoliate non-apoptotic 
colonocytes, unlike normal colonic mucosa, which typi-
cally sheds apoptotic colonocytes[87]. The carcinogenetic 
process can lead to genetic mutations and/or epigenetic 
alterations that prevent normal colonocytes apoptosis[50]. 
Non-apoptotic colonocytes shed from diseased mucosa 
and isolated in the stool can release segments of  200 bp 
or more in length of  intact DNA (L-DNA), making the 
latter a potentially effective stool biomarker. 

A number of  authors have proposed different meth-
ods to develop valid DNA integrity analysis (DIA) assays 
to improve sensibility and specificity in the detection of  
pre-malignant and malignant lesions. Results from studies 
carried out on stool biomarkers since 2000 are summa-
rized in Table 2.

In one of  the first studies to focus on this topic, 
Boynton et al[91] evaluated the length and integrity of  
L-DNA fragments using oligonucleotide-based hybrid 
captures with specific target sequences of  200 bp, 400 
bp, 800 bp, 1.3 kb, 1.8 kb and 24 kb in PCR reactions; 
56% sensitivity and 97% specificity were obtained. The 
authors concluded that CRC was related to the presence 
of  high molecular weight bands[91]. Another approach to 
quantify stool L-DNA was carried out using fluorescence 
primers, capillary electrophoresis and standard curves 
(fluorescence long DNA, FL-DNA)[92]. In this pilot study 
on 56 patients and 38 healthy volunteers, FL-DNA evalu-
ation using a cut-off  of  25 ng showed a sensitivity of  
about 76% and a specificity of  93% compared to a spe-
cificity of  97% and a sensitivity of  only 50% when a non 
quantitative DNA amplification method was utilized[92]. 

Long DNA has been also evaluated by analysing hu-
man Alu repeats using Real Time PCR assay showing a 
specificity of  100% but a sensitivity of  44%[96]. To im-
prove accuracy in detecting neoplastic and pre-neoplastic 
lesions, different combinations of  DNA integrity and 
genetic alteration analyses have been proposed in the last 
few years. Ahlquist et al[88] explored the feasibility of  stool 
assays evaluating panels of  selected DNA alterations to 
discriminate between subjects with colorectal cancer and 
healthy individuals. The pilot study, using an assay based 
on L-DNA analysis, APC, TP53 and KRAS gene deter-
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mination and BAT26 microsatellite instability evaluation, 
reported 91% sensitivity and 93% specificity in detecting 
CRC[88]. This high accuracy was not confirmed in a large 
multicenter study of  more than 4000 subjects conducted 
by Imperiale, who reported obtaining 52% sensitivity in 

detecting CRC[94]. However, results from Imperiale’s study 
confirmed that molecular analysis identified CRC and ad-
enomas more accurately than the standard FOBT[94]. An-
other large study performed by Ahlquist some years later 
using a similar approach based on L-DNA evaluation, 

Table 2  Summary of studies that have tested DNA integrity and genetic alteration markers in stool samples

Study Biomarker(s) Methods Assay for Long DNA Case analyzed Sensitivity Specificity

Ahlquist et al[88], 2000 Stool DNA integrity L-DNA (4 sites) Hybrid CRC: 22 91% 93%
KRAS, TP53, APC Mutation analysis Capture A ≥ 1 cm: 11 82% NA

BAT 26 MSI PCR HD: 28
Tagore et al[89], 2003 Stool DNA integrity L-DNA (6 sites) Hybrid CRC: 52 64% 96%

KRAS, TP53, APC Mutation analysis Capture AA: 28
BAT 26 MSI PCR HD: 212 57% NA

Calistri et al[90], 2003 Stool DNA integrity L-DNA (8 sites) PCR CRC: 56 62% 97%
KRAS, TP53, APC Mutation analysis HD: 38

D2S123, D5S346, D17S250
BAT 25, BAT 26 MSI

Boyton et al[91], 2003 Stool DNA integrity L-DNA (6 sites) Hybrid CRC: 27 56% 97%
Capture HD: 77

PCR
Calistri et al[92], 2004 Stool DNA integrity FL-DNA (8 sites) Capillary CRC: 85 76% 93%

Electrophoresis HD: 59
Whitney et al[93], 2004 Stool DNA integrity L-DNA (4 sites) Magnetic CRC: 86 70% 96%

KRAS, TP53, APC Mutation analysis Bead-Based HD: 100
BAT 26 MSI Sequence-Specific 

Purification
Capture

Imperiale et al[94], 2004 Stool DNA integrity L-DNA (4 sites) Hybrid Capture CRC: 31 52% 95%
KRAS, TP53, APC Mutation analysis PCR AA: 407 15% NA

BAT 26 MSI P: 648 8% NA
HD: 1423

Kutzner et al[95], 2005 Stool DNA integrity L-DNA (4 sites) Hybrid CRC: 57 65% 91%
APC Mutation analysis Capture HD: 44

BAT 26 MSI PCR
Zou et al[96], 
2006

Stool DNA integrity L-DNA: Alu-assay (2 sites) RT PCR CRC: 18 44% 100%
HD: 20

Itzkowitz et al[97], 2007 Stool DNA integrity L-DNA (4 sites Locus D, Locus Y) RT PCR CRC: 40 88% 82%
Vimentin Methylation analysis HD: 122

Abbaszadegan et al[98], 
2007 

Stool DNA integrity L-DNA: (1476 bp fragments) PCR CRC: 25 64% 95%
p16 Methylation analysis HD: 20

BAT 26 MSI
Ahlquist et al[99], 2008 Stool DNA integrity L-DNA (4 sites) PCR CRC: 12 25% 96%

KRAS, APC, TP53 Mutations Analysis A ≥ 1 cm: 135 17% NA
BAT 26 MSI A < 1 cm: 469

Stool DNA test 1 P: 341 4% NA
HD: 1473 5% NA

Itzkowitz et al[47], 2008 Stool DNA integrity L-DNA ( 4 sites, Locus D, Locus Y) RT PCR CRC: 82 83% 82%
Vimentin Methylation Analysis HD: 363

Calistri et al[100], 2009 Stool DNA integrity FL-DNA (8 sites) Capillary CRC: 100 79% 89%
Electrophoresis HD: 100

Calistri et al[101], 2010 Stool DNA integrity FL-DNA (8 sites) Capillary CRC: 26 Cancer risk prediction with 
markers combinationiFOBT iFOBT Electrophoresis A HR: 264

A LR: 54
HD: 216

Kalimutho et al[102], 
2011 

Stool DNA integrity L-DNA (4 sites) QdHPLC CRC: 28 86% 81%
Calprotectin ELISA A: 69 17% NA

HD: 95 72% 75%
Ahlquist et al[103], 2012 Stool DNA integrity L-DNA QuARTS CRC: 252 85% 89%

KRAS Mutations Analysis A ≥ 1 cm: 133 63% NA
NDRG4, BMP3, vimentin, Methylation Analysis A < 1 cm: 94 54% NA

TFP12/a-actine HD: 293

L-DNA: Long-DNA; FL-DNA: Fluorescence long DNA; CRC: Colorectal cancer; A: Adenoma; AA: Advanced Adenoma; A HR: Adenoma high risk; A LR: 
Adenoma low risk; HD: Healthy donors; HP: Hyperplasic polyps; NA: Not available; RT-PCR: Real time polymerase chain reaction; QdHPLC: Quantitative 
denaturing high performance liquid chromatografy; QuARTS: Quantitative allele specific real-time target and signal amplification; MSI: Microsatellite in-
stability. 
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an assessment of  21 tumor-specific point mutations and 
BAT 26 microsatellite analysis reported a sensitivity of  
only 25% in detecting cancer[99]. However, the author also 
showed that sensitivity could be increased to 58% by us-
ing a different molecular approach based on 3 broadly in-
formative markers (KRAS mutation, APC mutator cluster 
region and vimentin gene methylation)[99]. Around the same 
time, Itzkowitz et al[47] used an approach based on the 
analysis of  vimentin and different-sized DNA fragments of  
different loci, obtaining a sensitivity of  83% and a specifi-
city of  82% in detecting CRC. Other combinations of  ge-
netic and epigenetic, MSI and DNA integrity markers has 
been tested over the past ten years in an attempt to define 
an effective assay for CRC detection. Kalimutho et al[102] 

used an approach based on quantitative-denaturing high 
performance liquid chromatography detection of  APC, 
BRAF, KRAS and p53 genes to quantify fecal DNA integ-
rity status. Results showed that the four-gene amplification 
analysis increased sensitivity with respect to single gene 
amplification, calprotectin evaluation or iFOBT, the latter 
two assessed using commercial kits[102]. More recently, a 
next generation stool DNA test based on a quantitative al-
lele-specific real-time target and signal amplification assay 
was developed with the aim of  detecting early-stage CRC, 
despite the laboriousness and cost of  this approach, a 
sensitivity of  85% for CRC and a specificity of  89% were 
obtained[103]. Long DNA values have also been evaluated 
in combination with iFOBT, showing that a combined ap-
proach could better predict the presence of  tumor or high 
risk adenoma lesions in the colon[101]. 

An interesting study by Kanaoka et al[104] comparing st-
ool cyclooxygenase-2 (COX-2) and CEA mRNA levels re-
vealed that faecal CEA mRNA specificity was lower than 
that of  COX-2. Furthermore, no significant differences in 
median faecal CEA mRNA values between CRC patients 
and control subjects were detected by Koga et al[105]. Us-
ing the RNA extraction method published by Kanaoka et 
al[104], Hamaya et al[106], confirmed significantly higher fae-
cal COX-2 mRNA expression levels in CRC patients than 
in controls. Moreover, faecal mRNA levels of  CEA, E-cad 
and CD45 showed significantly higher values in CRC pa-
tients than in controls. 

CONCLUSION
Circulating cell-free nucleic acids are potentially excellent 
marker for early diagnosis, disease monitoring and more 
accurate tumour staging. 

Molecular markers that could be used to monitor or 
predict a relapse in a presymptomatic phase of  follow-up 
could have a great impact on the management and, po-
tentially the survival of  CRC patients. Several studies have 
proposed the use of  the circulating free DNA quantifica-
tion as a screening method for CRC diagnosis. Extraction 
of  circulating DNA and RNA from biological fluids e.g., 
blood and stool, is a simple, relatively noninvasive and 
low cost procedure, thus representing a very attractive 
tool to detect genetic and epigenetic mutations, whereas 

analysis of  gene alterations are generally expensive and 
time consuming. Furthermore, the evaluation of  circulat-
ing free DNA exclusively derived from tumor cells rep-
resents a useful strategy to monitor disease progression. 
In fact, molecular alterations present in metastatic and 
primary tumors from the same patient can vary, deter-
mining different aggressiveness and/or responsiveness to 
treatments. Thus, the possibility of  monitoring molecular 
alterations using simple tests based on nucleic acids ob-
tained from blood samples could permit a more efficient 
assessment of  disease status and response to treatments. 

Unfortunately, the results from studies carried out 
in this area also highlight great variability in terms of  
DNA and RNA concentration, yield, and sensitivity and 
specificity, indicating the presence of  various pre-analytic 
(serum preparation with or without coagulation accelera-
tor, interval between collection and centrifugation, stor-
age and cryopreservation of  samples) and analytic factors 
(type of  extraction with organic solvents, commercial 
kits, use of  magnetic beads) that could influence the di-
agnostic value of  the method. In addition, human faecal 
RNA is an understudied type of  biospecimen due to the 
difficulty of  sample preservation[107]. In particular, sample 
collection, storage and handling are very important issues 
for DNA and RNA extracted from stool and could have 
a substantial impact on the performance of  a specific 
test[107,108]. For these reasons, standardization of  sample 
collection and analysis is fundamental to ensure good 
reproducibility and large, multicenter studies are needed 
to clarify the role of  these molecular markers in a clinical 
setting.
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Abstract
Long-standing inflammation has emerged as a hallmark 
of neoplastic transformation of epithelial cells and may 
be a limiting factor of successful conventional tumor 
therapies. A complex milieu composed of distinct stro-
mal and immune cells, soluble factors and inflammatory 
mediators plays a crucial role in supporting and pro-
moting various types of cancers. An augmented inflam-
matory response can predispose a patient to colorectal 
cancer (CRC). Common risk factors associated with CRC 
development include diet and lifestyle, altered intestinal 
microbiota and commensals, and chronic inflamma-
tory bowel diseases. Cysteinyl leukotrienes are potent 
inflammatory metabolites synthesized from arachidonic 
acid and have a broad range of functions involved in 
the etiology of various pathologies. This review discuss-
es the important role of cysteinyl leukotriene signaling 
in linking inflammation and CRC.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Eicosanoids; Cysteinyl leukotrienes; CysL-
T1R; CysLT2R; Inflammation; Colorectal cancer

Core tip: Despite several advances in diagnostic and 
therapeutic options, colorectal cancer (CRC) continues 
to be a major health problem and one of the leading 
causes of cancer-related deaths. The inflammatory 
milieu has been widely recognized as one of the en-
abling characteristics of cancer development. Cysteinyl 
leukotrienes are pro-inflammatory eicosanoids impli-
cated in chronic inflammatory bowel diseases and CRC 
development. Hence, targeting cysteinyl leukotrienes 
and their receptors could provide alternative therapeu-
tic approaches or be used in combination with existing 
therapies for more efficient treatment of CRC. 
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INTRODUCTION
Colorectal cancer (CRC) is a global health care burden, 
with more than 1 million new cases diagnosed every year. 
It is the third most common malignancy and the fourth 
leading cause of  cancer-related deaths worldwide[1]. A 
diet high in fat but low in fiber, excessive alcohol con-
sumption, obesity and lack of  physical activity, disruption 
of  normal gut microbiota and the presence of  long-term 
inflammatory bowel diseases (IBDs) such as ulcerative 
colitis (UC) and Crohn’s disease (CD) predispose to CRC. 
Inflammation is a host-driven response to internal and 
external stimuli to counter non-self  or self-molecules and 
maintain tissue homeostasis. However, chronic inflamma-
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tion can be a major health problem in allergic, cardiovas-
cular, fibrotic, local and systemic inflammatory diseases 
and several cancers[2-9]. In 1863, Rudolf  Virchow was the 
first to speculate about the role of  long-term inflamma-
tion in cancer based on his observations that cancerous 
tissues were frequently infiltrated by leukocytes[10]. Cur-
rent epidemiological data indicate that more than 25% of  
all cancers are related to long-term infections and other 
types of  unresolved inflammation[11-13]. Evidence from 
observational studies and randomized trials concerning 
the protective action of  non-steroidal anti-inflammatory 
drugs (NSAIDs) such as aspirin have indicated not only 
a reduced long-term risk of  esophageal, gastric, biliary, 
breast, prostate, lung, and CRC but also a lowered risk 
of  metastasis[14-18]. Inflammation present in the tumor 
microenvironment is characterized by high leukocyte in-
filtration, ranging in size, distribution and composition, 
such as tumor-associated macrophages (TAMs), mast 
cells, dendritic cells (DCs), natural killer cells (NKs), neu-
trophils, eosinophils and lymphocytes[19-21]. These cells 
produce a variety of  cytotoxic mediators such as reactive 
oxygen and nitrogen species, serine and cysteine proteas-
es, membrane-perforating agents, matrix metalloprotein-
ases, pro-inflammatory cytokines, interferons (IFNs) and 
increased levels of  enzymes such as cyclooxygenase-2 
(COX-2), 5-lipoxygenase (5-LOX) and phospholipase A2 
(PLA2), hence contributing to carcinogenesis[22-25]. This 
review addresses the role of  cysteinyl leukotrienes in 
inflammation-induced colorectal carcinogenesis.

EICOSANOIDS 
Eicosanoids, from the Greek word “eicosa” meaning 
“20,” are biologically active lipophilic molecules pre-
dominantly metabolized from arachidonic acid (AA), a 
20-carbon polyunsaturated essential fatty acid, that are 
involved in physiological processes such as inflamma-
tion[14]. AA belongs to the ω-6 family of  polyunsaturated 
fatty acids and is usually found esterified at the second 
carbon position in the phospholipids of  membranes. It 
serves as a precursor to several lipid pro-inflammatory 
mediators such as prostaglandins (PGs), prostacyclins, 
thromboxanes (TXAs), lipoxins and leukotrienes (LTs), 
which have individual as well as overlapping functions in 
acute and chronic inflammation[26]. Aberrant AA metabo-
lism is often linked to production of  pro-inflammatory 
eicosanoids, chronic inflammatory diseases and carci-
nogenesis. The first eicosanoids were discovered in the 
1960s, although in 1930 scientists had found that certain 
substances present in biological fluids such as sputum 
had the potential to induce contraction and relaxation in 
smooth muscles; they termed them“slow-reacting sub-
stances of  anaphylaxis.” Despite these early observations, 
it was not until 1979 that “leukotrienes” were identified 
and defined by Samuelsson and co-workers for their bio-
logical effects in inflammatory processes[27]. On account 
of  their fundamental and seminal work on different 
eicosanoids, mainly the prostaglandins, and for their dis-

covery of  the role of  anti-inflammatory compounds such 
as aspirin on prostaglandin metabolism, the scientists 
Bengt Samuelsson, John Vane and Sune Bergström were 
awarded the Nobel Prize for Physiology and Medicine in 
1982. 

AA, which is stored as diacylglycerol (DAG), is re-
leased from the phosphatidylinositol 4,5-bisphosphate 
(PIP2) present in the outer nuclear envelope of  cells, 
from which it is mobilized into the cytoplasm either by 
activation of  calcium-dependent cytosolic PLA2 or by the 
combined action of  phospholipase C (PLC) and DAG 
lipase[26,28]. Once in the cytosol, AA can be enzymati-
cally metabolized in a three-directional manner either by 
cytochrome P450 or by the COX pathway into prosta-
glandins, prostacyclins or thromboxanes, or through the 
5-LOX pathway into leukotrienes A4 (LTA4), B4 (LTB4), 
C4 (LTC4), D4 (LTD4) and E4 (LTE4) (Figure 1). The 
last three alternative derivatives to LTA4 are collectively 
termed “cysteinyl leukotrienes” (CysLTs) owing to the 
presence of  a cysteine residue and are structurally similar 
but functionally distinct. The role of  these eicosanoids in 
maintaining intestinal epithelial cell homeostasis is well 
documented[29-32]. Various epidemiological, clinical, and 
laboratory studies have shown that dysregulation of  the 
COX and LOX pathways results in chronic inflammation 
and subsequently cancer[14,29]. 

LEUKOTRIENES AND THEIR RECEPTORS
The term leukotriene is derived from the two words leuko 
for white blood cells and trienes, meaning three conju-
gated double bonds, indicating that the ability to generate 
LTs from AA is largely restricted to leukocytes[28]. 

Synthesis of  LTs is initiated by 5-LOX in concert 
with 5-lipoxygenase-activating protein (FLAP). The latter 
does not exhibit any enzymatic activity but facilitates the 
interaction between 5-LOX and its substrate AA. The 
first step in this pathway is oxygenation of  AA to yield 
unstable 5-hydroperoxyeicosatetraenoic acid (5-HPETE), 
which immediately undergoes dehydration to form LTA4. 
Further metabolism of  LTA4 either generates LTB4 by the 
action of  LTA4 hydrolase (LTA4-H) or leads to conjuga-
tion with glutathione in the presence of  LTC4 synthase 
(LTC4-S) or glutathione S-transferase to yield LTC4. Af-
ter carrier-mediated transport of  LTB4 and LTC4 to the 
extracellular milieu, LTC4 can be further metabolized to 
LTD4 through the cleavage of  glutamic acid from the 
glutathione moiety, and additional glycine cleavage yields 
LTE4

[28,33] (Figure 1).
5-LOX is expressed predominantly by neutrophils, 

eosinophils, monocytes, macrophages and mast cells. 
Although nonleukocytes express 5-LOX and FLAP to 
a lesser extent and are not believed to synthesize appre-
ciable amounts of  LTs, expression of  LTA4-H and/or 
LTC4-S, uptake of  exogenous LTA4 and further metabo-
lization is possible, via a process referred to as transcel-
lular biosynthesis[34].

 CysLT signaling is initiated upon binding of  a li-
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gand to one of  the two G-protein-coupled receptors 
(GPCRs), CysLT1R and CysLT2R located at the plasma 
membrane[35,36], although the presence of  other CysLT 
receptors such as GPR17, P2Y12, and CysLTER have also 
been suggested[37-39]. Both CysLT1R and CysLT2R can also 
be localized to the nuclear membrane, since CysLT1R has 
a bipartite nuclear localization sequence and CysLT2R 
possesses an interferon regulatory 7 (IRF7) site, which in 
turn carries a nuclear localization sequence domain[40-42]. 
While the affinity of  CysLT1R for LTD4 is high, the 
CysLT2R has a low but an equal affinity for LTD4 and 
LTC4

[35,36]. Functionally, CysLTs induce smooth muscle 
contraction, vascular leakage, eosinophil recruitment in 
inflammatory diseases, mucus production and chemo-

taxis[43-46]. 
LTB4 also plays a pivotal role in inflammatory pro-

cesses such as leukocyte chemoattraction, particularly of  
granulocytes and T cells, induction of  rapid invasion and 
recruitment of  these cells to the plasma membrane of  
endothelial cells, production of  reactive oxygen species, 
and induction of  gene expression[47,48]. LTB4 mediates 
its signaling via two GPCRs: BLT1 and BLT2

[49,50]. BLT1 

binds to LTB4 with an affinity higher than that of  the 
BLT2 receptor. The tissue distribution of  the two recep-
tors is quite different. Whereas BLT1 expression in both 
mice and humans has been reported to be predominantly 
restricted to peripheral leukocytes, BLT2 expression in 
humans appears to be fairly ubiquitous, with the highest 
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Figure 1  Overview of arachidonic acid metabolism. Arachidonic acid (AA) is a polyunsaturated fatty acid found in the phospholipids of cell membranes. AA is mo-
bilized into the cytoplasm mostly by the activation of calcium-dependent cytosolic phospholipase A2 (cPLA2). Free AA in the cytosol can be enzymatically metabolized 
to eicosanoids through three major pathways: the cytochrome P450, cyclooxygenase (COX) and/or 5-lipoxygenase (5-LOX) pathways. In the P450 pathway, AA is 
metabolized to epoxyeicosatrienoic acids (EETs), hydroxyeicosatetraenoic acids (HETEs) and hydroperoxyeicosatetraenoic acids (HPETEs). In the COX pathway, AA 
is enzymatically converted to the intermediate prostaglandin H2 (PGH2), which is then sequentially metabolized to prostanoids, including prostaglandins (PGs), such 
as PGE2, PGF2, PGD2 and PGI2, and thromboxanes (TXs) such as TXA2 by specific prostaglandin and thromboxane synthases. In the LOX pathway, AA is metabo-
lized by 12- and 15-LOX to 8-, 12- and 15-HPETE or by 5-LOX and 5-lipoxygenase activating protein (FLAP) to intermediary 5-HPETE. 5-HPETE is further processed 
to form leukotrienes (LTs), the first of which is the unstable leukotriene A4 (LTA4). LTA4 is subsequently converted to leukotriene B4 (LTB4) by LTA4 hydrolase or together 
with glutathione to leukotriene C4 (LTC4) by LTC4 synthase and glutathione-S-transferase. LTC4 is converted by ubiquitous enzymes to form leukotriene D4 (LTD4) and 
leukotriene E4 (LTE4). The members of the multidrug resistance-associated protein (MRP) family are efflux transporters for both PGs and LTs. The cysteinyl leukotri-
enes (CysLTs) LTC4, LTD4 and LTE4 act via G protein-coupled receptors CysLT1R and CysLT2R at the cell surface and induce different signaling mechanisms.
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eases such as asthma, psoriasis, rheumatoid arthritis 
and IBD[68], LTB4 has pro-tumorigenic effects in breast 
cancer, melanoma, lymphoma, and head and neck carci-
noma[69-72]. Increased expression of  LTB4 and its receptor 
BLT1 have been demonstrated in human CRC tissue[73]. 
Ihara et al[73] demonstrated significant expression of  BLT1 
in the colon cancer cell lines Caco-2 and HT-29. Using 
both the 5-LOX inhibitor AA-861 and selective BLT1 
antagonist U75302 in these cell lines, the authors showed 
induction of  apoptosis and reduced proliferation[73]. 
LTB4-stimulated extracellular signal-regulated kinase (Erk) 
activation in these cancer cells was also abrogated by 
U75302. A subsequent study investigated the effective-
ness of  another LTB4 receptor antagonist (LY293111) in 
combination with gemcitabine, an anti-tumor adjuvant 
and radiosensitizer, on the proliferation rate of  human 
colon cancer cell lines LoVo and HT-29 in an athymic 
heterotrophic xenograft mouse model and found a signif-
icant reduction in tumor growth due to apoptosis via the 
mitochondrial pathway[74]. The findings from these and 
several other studies emphasize the role of  LTB4 signal-
ing in colon cancer cells and warrant the use of  specific 
LTB4 receptor antagonists to suppress CRC expansion.

Among the eicosanoids derived from the COX-path-
way, PGE2 is the most abundant and extensively studied 
in cancer, including CRC[29]. In both the spontaneous 
adenomatous polyposis coli (Apc)Min/+ mouse model of  
intestinal cancer and the azoxymethane (AOM)-induced 
CRC mouse model, PGE2 has been shown to increase 
the tumor burden[75,76]. Selective inhibition of  PGE2 syn-
thesis, through genetic deletion of  microsomal PGES 
(mPGES-1), significantly reduced tumor formation in an 
ApcMin/+ and AOM-induced mouse model of  intestinal 
and CRC, respectively, and further established the role of  
PGE2 in tumorigenesis[77,78]. 

Increased expression of  the enzymes responsible for 
production of  PGs and LTs-COX-2 and 5-LOX, respec-
tively has been documented in human colorectal adeno-
carcinomas compared with adjacent normal mucosa[79-81]. 
Various clinical trials over the past two decades have 
highlighted the use of  eicosanoid-depressing and anti-
inflammatory drugs in the prevention and treatment of  
CRC. Two groups of  compounds have shown promising 
results: aspirin (NSAID) and celecoxib (COX-2 selective 
inhibitor)[82].

Cysteinyl leukotrienes, their receptors and colorectal 
cancer
Upregulated expression of  CysLT1R has been observed 
in several human cancers, including transitional cell 
carcinoma (TCC) in the bladder, neuroblastomas, and 
brain, prostate, breast, and CRCs[6,80,83-86]. We have shown 
that high CysLT1R tumor expression is associated with a 
poor survival prognosis in breast and CRC patients[80,86], 
whereas concomitant low CysLT1R and high CysLT2R 
expression indicate a good prognosis in CRC patients[87]. 
We have also demonstrated high CysLT1R expression in 
established colon cancer cell lines[42,80]. The CysLT1R and 

level observed in the spleen, liver, and lymphocytes[51]. 

CYSTEINYL LEUKOTRIENES AND THEIR 
RECEPTORS IN COLORECTAL CANCER 
IBD and colorectal cancer 
Inflammation and CRC initiation and dissemination go 
hand in hand[10,52]. The most well-established connection 
exists between IBD-both UC and CD- and CRC[53-55]. 
“IBD” is a name given to a group of  prolonged inflam-
matory disorders of  the intestinal tract associated with 
debilitating symptoms and epithelial damage. The risk 
of  developing CRC is 30%-50% higher in patients with 
IBD[56,57]. IBDs are characterized by increased leukocyte 
infiltration into the intestinal wall, where they can in-
duce non-specific inflammation through activation and 
production of  AA-derived pro-inflammatory metabo-
lites such as LTs and PGs and subsequent tissue injury. 
Thus, the gastrointestinal tract is richly supplied with 
these eicosanoids that mediate several gastrointestinal 
diseases, including cancers. High levels of  LTs such as 
LTE4 have been detected in the urine of  patients with 
UC and CD[58,59]. Among CysLTs, the presence of  LTD4 
at an IBD site increases the risk of  consequential cancer 
development, and specific LTD4 antagonists have been 
shown to reduce colonic inflammation[60]. Although UC 
is fundamentally similar to CD, a few differences exist, 
primarily the presentation of  a cytokine profile with a T 
helper 2 (Th2) antibody-mediated response[61]. CD is an 
autoimmune disease associated with T helper 1 (Th1)-
mediated cytokines such as interleukin-12 (IL-12), IFN-γ 
and tumor necrosis factor-alpha (TNF-α)[61,62].

Colitis-associated cancer (CAC) is known to be highly 
infiltrated by several cells of  the innate immune system, 
including neutrophils, mast cells, NKs, DCs and TAMs[63]. 
Moreover, recent evidence supports the concept that 
malignant tumors also recruit a specific subpopulation of  
myeloid cells called myeloid-derived suppressor cells[64]. 
These cells share some characteristics with monocytes, 
macrophages, neutrophils, and DCs and help suppress 
any potential anti-tumor immune response and tumor 
angiogenesis. As in several cancers, including CRC, in 
which the major inflammatory cellular components are 
macrophages, TAMs contribute immensely to cancer 
growth and expansion. TAMs are macrophages that dis-
play an M2 type (alternatively activated phenotype) and 
secrete high levels of  Th2 cytokines, growth factors and 
inflammatory mediators that promote tumor growth, 
angiogenesis, and metastasis[65,66]. We have observed a 
high intra-tumoral density of  TAMs in colon cancer tis-
sue compared with the adjacent normal tissue, and M2 
macrophages were required for effective colon cancer 
cell migration via factors derived from M2 macrophages 
and their association with signal regulatory protein alpha 
(SIRP-α) through CD47[67]. 

Eicosanoids and colorectal cancer
Apart from its role in inflammation-associated dis-
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CysLT2R expression ratio seems to be important in the 
disease etiology of  CRC. Accordingly, we have shown 
that these two receptors are co-localized and form het-
ero- and homodimers in a human intestinal epithelial cell 
line and that LTC4 stimulation of  CysLT2R negatively 
regulates the plasma membrane expression of  CysLT1R 
by inducing internalization of  the receptor heterodimer 
complex[88]. The expression of  CysLT1R has also been 
positively correlated with the cell survival factors COX-2 
and Bcl-xL in tumor specimens from patients with 
CRC[80].

We have previously observed that LTD4, via CysLT1R, 
induces upregulation of  proteins associated with CRC 
- such as COX-2, β-catenin, and Bcl-2 - in intestinal epi-
thelial cells[89]. Upregulation of  β-catenin expression was 
shown to be dependent on phosphoinositide 3 kinase 

(PI3K)-glycogen synthase kinase 3β (GSK-3β) signal-
ing[30]. Moreover, our previous work has shown that 
LTD4-induced CysLT1R signaling results in cell prolifera-
tion, survival, and migration through distinct signaling 
pathways. LTD4-induced CysLT1R-signaling through 
cAMP response element-binding protein (CREB) and 
p90 ribosomal s6 kinase (p90RSK) was shown to induce 
survival and proliferation, respectively, while inducing mi-
gration via the PI3K-Rac signaling pathway[90,91] (Figure 2).

COX-2 expression has also been detected in various 
colon cancer cells[92], and we have shown that LTD4 via 
CysLT1R enhances survival by activating the mitogen-
activated protein kinase kinase (Mek)/Erk signaling path-
way and increasing COX-2 and subsequent Bcl-2 expres-
sion in the colon cancer cell line Caco-2[93]. Furthermore, 
we have demonstrated that LTD4 via CysLT1R induces 
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Figure 2  Signaling pathways of LTD4 and CysLT1R. Upon stimulation with LTD4, various downstream signaling pathways become activated. LTD4 induces cell 
membrane ruffles through phosphoinositide 3-kinase (PI3K) signaling, which in turn stimulates protein kinase Akt/PKB and the small GTPases Rho and Rac. Akt/PKB 
can inhibit glycogen synthase kinase-3 β (GSK-3β), which comprises the destruction complex for cytosolic β-catenin together with Axin and adenomatous polyposis 
coli (APC). Inhibition of the destruction complex leads to the accumulation of β-catenin in the cytosol and translocation to the nucleus. In the nucleus, β-catenin inter-
acts primarily with members of the T-cell factor/lymphoid enhancer factor (TCF/LEF) family of transcription factors to activate target genes, leading to the expression 
of various proteins, such as cyclin D1, COX-2 and c-Myc, which contribute to diverse cellular processes, including proliferation and migration. LTD4-CysLT1R signal-
ing also regulates cell proliferation via mitogen-activated protein kinase (MAPK)/extracellular signal-regulated kinase (Erk) pathways. LTD4-CysLT1R in turn activates 
phospholipase C (PLC), Raf-1 and mitogen-activated protein kinase kinase (MEK-1/2). This activation leads to the translocation of p-Erk from the cytosol to the 
nucleus and interaction with p90RSK, which can activate various transcription factors. Conversely, LTD4-CysLT1R mediates survival through protein kinase Cα (PKCα) 
and the transcription factor cAMP response element-binding protein (CREB). β-cat: β-catenin.
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increased proliferation and migration in the colon cancer 
cell line HCT-116, probably via the GSK-3β/β-catenin 
pathway with subsequent increased transcription of  the 
target genes MYC and CCD1[94]. By contrast, decreased 
expression of  CysLT2R has been observed in different 
colon cancer cell lines (Caco-2 and SW480) compared 
with an epithelial intestinal cell line, and LTC4 stimulation 
of  CysLT2R has been shown to induce differentiation as 
demonstrated by increased intestinal alkaline phospha-
tase activity in Caco-2 cells[42]. In the same colon cancer 
cell line, anti-tumorigenic IFN-α was shown to induce 
CysLT2R promoter activity and expression, whereas mi-
togenic epidermal growth factor (EGF) displayed the op-
posite effect, suppressing CysLT2R promoter activity and 
expression. LTC4-mediated CysLT2R signaling suppressed 
EGF-induced cell migration, and IFN-α induced expres-
sion of  the differentiation marker mucin-2 and alkaline 
phosphatase activity[95]. 

These results indicate potential pro- and anti-tumor-
igenic properties conveyed by CysLT1R and CysLT2R, 
respectively, in CRC.

LEUKOTRIENE RECEPTOR ANTAGONISTS 
AND LEUKOTRIENE SYNTHESIS 
INHIBITORS
CysLT1R antagonists have been used in studies of  inflam-
matory diseases such as rheumatoid arthritis and athero-
sclerosis[96,97]. The CysLT1R antagonists pranlukast, zaf-
irlukast and montelukast are commercially available and 
are currently in clinical use to treat asthmatic patients[98]. 
Emerging data suggest that the pro-inflammatory CysLTs 
might have an important role in solid tumors. 

CysLT1R antagonist treatment has been shown to 
inhibit tumor growth by inducing apoptosis in a variety 
of  human urological cancer cell lines (e.g., renal cell car-
cinoma, bladder cancer, prostate cancer, and testicular 
cancer)[99]. Montelukast has been shown to induce early 
apoptosis in a bladder transitional cell carcinoma (TCC) 
cell line, as well as in three different prostate cancer cell 
lines[6,83]. In addition, montelukast has been shown to in-
duce the intrinsic apoptotic pathway, resulting in cleavage 
of  caspases 3 and 9, and cell cycle arrest in neuroblas-
toma cell lines[84].

Studies in CysLT1R-deficient mice have revealed its 
role in enhanced vascular permeability during an acute 
inflammatory response[100]. Pranlukast and montelukast 
have been shown to reduce vascular permeability by regu-
lating vascular endothelial growth factor (VEGF) expres-
sion in allergen-induced asthmatic lungs of  mice[101]. Fur-
thermore, the two abovementioned CysLT1R antagonists 
have been shown to inhibit the permeability of  periph-
eral capillaries, thereby preventing tumor metastasis in a 
Lewis lung carcinoma metastasis model[102]. Proliferation 
and migration of  endothelial cells are needed to form 
new vessels, a process required in cancer development. 
Montelukast has been shown to reduce LTD4-CysLT1R-
mediated migration of  the endothelial cell line EA.hy926 

via the Erk1/2 pathway[103]. In line with aforementioned 
data, we have demonstrated in a nude mouse xenograft 
model of  colon cancer that reduction of  tumor growth 
can be accomplished with CysLT1R antagonist treatment. 
The molecular mechanisms underlying the observed inhi-
bition of  tumor growth was attributed to the reduction in 
proliferation, induction of  apoptosis and impairment of  
angiogenesis[104].

We have also shown that the CysLT1R antagonist 
ZM198,615 reduces proliferation in the colon cancer cell 
lines Caco-2 and SW480[105]. Cianchi et al[106] reported the 
additive effects of  the COX-2 selective inhibitor cele-
coxib, when combined with either the 5-LOX inhibitor 
MK886 or CysLT1R antagonist LY171883, in reducing 
the proliferative ability of  Caco-2 and HT29 cells. The 
combined treatment was also shown to induce apoptosis, 
whereas none of  these compounds had any effect alone. 

The COX pathway is the most extensively studied 
among eicosanoid pathways in CRC prevention and/or 
therapy. However, the cardiovascular side effects asso-
ciated with long-term usage of  NSAIDs and selective 
COX-2 inhibitors have raised some concerns. Other ap-
proaches are being explored, such as inhibition of  5-LOX 
activity. Simultaneous dual inhibition of  COX-2 and 
5-LOX activity could possibly provide a more effective 
and tolerable therapy than COX-inhibition alone. Accord-
ingly, the anti-tumor effects of  celecoxib in colon cancer 
cells were augmented when combined with inhibition of  
5-LOX activity using the FLAP inhibitor MK886[106]. The 
combined inhibition of  COX-2 and 5-LOX activity have 
also shown a more pronounced anti-tumor growth effect 
in a cigarette smoke-promoting mouse xenograft model 
of  CRC[107]. However, targeting either the COX or LOX 
pathway alone resulted in a shunt toward the other path-
way, except in the latter study, in which a shunt was ob-
served when COX-2 activity was targeted with celecoxib. 
The abovementioned studies investigated the effects on 
CRC growth targeting the eicosanoid production in epi-
thelial cells. However, the activity of  5-LOX of  mast cells 
was also shown to be important in intestinal polyp forma-
tion in APC∆468 mice. The mast cells were found to utilize 
5-LOX to promote proliferation of  intestinal epithelial 
cells and recruit myeloid-derived suppressor cells to the 
polyp site[108]. Another possible effective chemopreventive 
option against CRC could be the modification of  AA me-
tabolism. ApcMin/+ mice with the fed diets containing high-
ly purified ω-3 polyunsaturated fatty acids were shown 
to have their mucosal AA replaced, presumably with a 
reduction in the production of  pro-inflammatory media-
tors. Reduced polyp formation could be observed in both 
the intestine and the colon of  these mice. These effects 
were associated with significantly decreased proliferation, 
COX-2 expression, and nuclear β-catenin accumulation, 
as well as a concomitant increase in apoptosis in the in-
testinal epithelium[109]. A reduction in size and number of  
rectal polyps has also been observed in patients with he-
reditary CRC (familial adenomatous polyposis, FAP) who 
have undergone colectomy and received highly purified 
ω-3-polyunsaturated fatty acids[110].
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CONCLUSION
Deregulated AA metabolism creates an imbalance in the 
tissue homeostatic events of  proliferation, regeneration 
and repair, and host defense. Additionally, deregulated 
AA metabolism contributes to sustained inflamma-
tory processes that could result in CRC development. 
Among the implicated inflammatory mediators are the 
eicosanoids, such as CysLTs. Thus, the modification of  
CysLT signaling could pave the way for the development 
of  new personalized medicine for patients with CRC[104]. 
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Abstract
Despite the recent advances in the therapeutic modali-
ties, colorectal cancer (CRC) remains to be one of the 
most common causes of cancer-related death. CRC 
arises through accumulation of multiple genetic and 
epigenetic alterations that transform normal colonic ep-
ithelium into adenocarcinomas. Among crucial roles of 
epigenetic alterations, gene silencing by aberrant DNA 
methylation of promoter regions is one of the most im-
portant epigenetic mechanisms. Recent comprehensive 
methylation analyses on genome-wide scale revealed 
that sporadic CRC can be classified into distinct epig-
enotypes. Each epigenotype cooperates with specific 
genetic alterations, suggesting that they represent 
different molecular carcinogenic pathways. Precursor 
lesions of CRC, such as conventional and serrated ad-
enomas, already show similar methylation accumula-
tion to CRC, and can therefore be classified into those 
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epigenotypes of CRC. In addition, specific DNA meth-
ylation already occurs in the normal colonic mucosa, 
which might be utilized for prediction of the personal 
CRC risk. DNA methylation is suggested to occur at an 
earlier stage than carcinoma formation, and may pre-
dict the molecular basis for future development of CRC. 
Here, we review DNA methylation and CRC classifica-
tion, and discuss the possible clinical usefulness of DNA 
methylation as biomarkers for the diagnosis, prediction 
of the prognosis and the response to therapy of CRC.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Colorectal cancer; Colorectal adenoma; Ab-
errant crypt foci; Genetic mutation; Epigenotype; DNA 
methylation; Colorectal carcinogenesis

Core tip: Colorectal cancer (CRC) is a heterogeneous 
disease which involves several distinct molecular carci-
nogenetic pathways. Recent comprehensive genome-
wide analyses clarify detailed DNA methylation statuses 
of cancer-related genes in CRC. We and others have 
investigated the association between DNA methylation 
and genetic alterations, and performed classification 
of CRC/their precursors, including conventional ad-
enomas, serrated adenomas, non-polypoid colorectal 
neoplasms and aberrant crypt foci. In addition, we also 
evaluated the usefulness of DNA methylation markers 
as surrogate biomarkers for diagnosis, prognosis and 
therapeutic application of CRC. Here, we review the 
DNA methylation status and classification of CRC to 
understand the roles of DNA methylation in colorectal 
carcinogenesis.
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INTRODUCTION
Colorectal cancer (CRC) arises through accumulation of  
multiple acquired genetic and epigenetic alterations that 
cause malignant transformation of  normal colonic epi-
thelium to adenocarcinoma[1,2]. These carcinogenetic pro-
cesses were first described in the model of  the adenoma-
carcinoma sequence[3], and somatic mutations of  tumor-
suppressor genes (e.g., APC, p53 and DCC) and activating 
mutations in the KRAS oncogene are well-known genetic 
alterations involved in this model[3-5] (Table 1). 

CRC can be biologically divided into those with mi-
crosatellite instability (MSI), characterized by DNA rep-
lication and repair defects, and those with chromosomal 
instability (CIN), characterized by aneuploidy, multiple 
chromosomal rearrangements and accumulation of  
somatic mutations in oncogenes[6]. These genomic insta-
bilities have been reported to be closely associated with 
the molecular heterogeneity of  CRC[7], which is a factor 
responsible for the significant variability in the prognosis 
and treatment response among patients with the same 
stage of  CRC[8]. Since the distinct molecular subtypes of  
CRC are difficult to be accurately distinguished histologi-
cally or clinically, technologies that can detect significant 
molecular alterations in CRC on genome-wide scale 
had been expected to be developed. Recently, exome 
sequencing analyses revealed the involvement of  many 
somatic mutations of  genes, including SMAD4, FBXW7, 
TCF7L2, and FAM123B[9-11]. Although hundreds of  mu-
tations, on average, are found in genomes of  CRC, only 
a small set of  functionally important genes are proposed 
to be involved with cancer formation as driver genes in 
individual cancer[11]. Whereas key mutational changes are 
necessary for the initiation and progression of  CRC, the 
number of  genes silenced by epigenetic mechanisms is 
greater than the number of  genetic mutations in CRC[11], 
suggesting a crucial role of  epigenetic alterations.

Recently, we and other groups performed epigeno-
typing of  CRC, by unsupervised hierarchical clustering 
method using comprehensive and quantitative methyla-
tion data (Table 2). These results demonstrated that CRC 
can be clearly clustered into three DNA methylation 
epigenotypes[12-14]. Interestingly, each of  the epigenotypes 
showed a unique association with a variety of  genetic 
mutations (i.e., BRAF, KRAS and TP53) and the genomic 
instability status of  sporadic CRC, indicating that they 
develop through distinct carcinogenetic pathways. More-
over, the intermediate-methylation subtype with KRAS 
mutation showed a poorer prognosis than other subtypes, 
suggesting that the DNA methylation status could be 
used as prognostic markers. Subsequently, we conducted 
epigenotyping of  conventional adenomas and serrated 
adenomas, and showed that these precursor lesions of  
CRC can also be classified into the three epigenotypes[15]. 
These findings suggested that epigenotype development 

occur at an earlier stage than carcinoma formation, and 
is already completed at the adenoma stage. In this review, 
we focus on the importance of  DNA methylation and 
provide an overview of  the classification of  CRC and 
their precursors, and discuss the clinical applications of  
aberrant DNA methylation as biomarkers for the diag-
nosis, prediction of  the prognosis and the response to 
therapy of  CRC.

ABERRANT DNA METHYLATION ON 
GENE PROMOTERS
Two major types of  epigenetic alterations closely linked 
to CRC are aberrant DNA methylation and covalent his-
tone modifications[16]. Gene silencing by aberrant DNA 
methylation of  its promoter region is one of  the most 
important epigenetic mechanisms to inactivate the ex-
pression of  tumor-suppressor genes. While the majority 
of  CpG sites in the genome are known to be methylated 
in normal mammalian cells, unmethylated CpG sites are 
typically present in the genomic regions known as CpG 
islands. CpG islands are reported to overlap the promoter 
regions in 60%-70% of  genes and tend to be protected 
from methylation; however they can be aberrantly meth-
ylated during the carcinogenetic process[17]. Investigation 
of  genes using aberrant methylation as markers is useful 
to identify novel tumor-suppressor genes and methyla-
tion markers for cancer classification[18-23]. Therefore, 
several methods for genome-wide analysis have been de-
veloped since the 1990’s[24-28]. These epigenetic alterations 
have been noted to play crucial roles not only in cancer 
progression, but also in cancer initiation, since the altera-
tions have been identified in the pre-cancerous “normal” 
tissues that could modify cancer risk[2,29-31]. Recently, 
genome-wide DNA methylation analysis tools have been 
developed to reveal the detailed epigenetic backgrounds 
of  CRC[12-14]. Importantly, gene silencing resulting from 
aberrant DNA methylation cooperates with other genetic 
mechanisms to alter the key molecular pathways critical 
in colorectal carcinogenesis[29] (Figure 1). 

CLASSIFICATION OF CRC USING DNA 
METHYLATION INFORMATION
CpG island methylator phenotype 
In 1999, Toyota et al[21] reported that some CRCs show a 
significantly high frequency of  aberrant DNA methyla-
tion in specific CpG islands, named CpG island meth-
ylator phenotype (CIMP). CIMP-positive CRC shows 
DNA hypermethylation at a specific subset of  genomic 
loci[32,33] and is highly enriched for an activating mutation 
of  BRAF[34,35]. Hypermethylation of  CpG islands in gene 
promoter regions results in transcriptional repression. 
For example, CIMP-mediated gene silencing of  the mis-
match repair gene MLH1 by promoter hypermethylation 
is the molecular basis for MSI in sporadic microsatellite-
unstable CRC, and most sporadic microsatellite-unstable 
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CRC are therefore CIMP-positive[36]. CIMP-positive CRC 
inversely correlates with CRC with CIN[37,38], tends to oc-
cur in the proximal colon, and is commonly observed in 
women[32], suggesting that they appear to develop distinct 
carcinogenetic pathway from CIMP-negative CRC. 

DNA methylation markers and CRC epigenotypes
Since the first CIMP markers were identified by Toyota et 
al[20,21], many other CIMP markers have been described, 
e.g., MLH1, NEUROG1, SOCS1, RUNX3, IGF2 and 
CACNA1G[18-22,35]. Using quantitative real-time PCR, 
Ogino et al[39] selected five CIMP markers to distinguish 
high from low levels of  CIMP-mediated gene promoter 
methylation, and found that CIMP-low CRC tends to be 
associated with male sex and KRAS mutations. CIMP-
low appears to be independent of  the MSI status, sug-
gesting that CIMP-low might be a different subtype 
of  CRC from CIMP-high and CIMP-0. However, no 
clear difference was observed between CIMP-low and 
CIMP-0, because these methylation markers were specific 
for CIMP-high and not ideal for identification of  the 
CIMP-low subtype. Sensitive and specific markers for 
CIMP-low were needed to be determined.

According to the results of  unsupervised two-way 
hierarchical clustering based on the quantitative DNA 

methylation data of  27 previously reported gene pro-
moter and genetic alterations, including mutations of  
BRAF, KRAS, and p53, Shen et al[13] proposed that CRC 
can be classified into three subsets, CIMP1, CIMP2, and 
CIMP-negative. This report successfully showed the ex-
istence of  three clusters of  CRC with different molecular 
characteristics: (1) CIMP1 with MSI-high (80%), BRAF 
mutation (53%) and high-methylation; (2) CIMP2 with 
KRAS mutation (92%) and different methylation; and 
(3) CIMP-negative with p53 mutation (71%) and absence 
of  these methylations. Integrated genetic and epigenetic 
analysis was found to be important, and genetic markers 
performed better than epigenetic markers in their classifi-
cation of  CRC[13]. 

To clarify whether CRC can be classified into more 
than two subsets using information on methylation ac-
cumulation alone, we performed comprehensive two-way 
unsupervised hierarchical clustering, using quantitative 
methylation data of  genome-widely selected novel mark-
ers that were established through MeDIP-chip analysis. 
We demonstrated that CRC can be clearly classified into 
three distinct epigenotypes: high-, intermediate-, and low-
methylation epigenotypes (HME, IME, and LME). HME 
was strongly correlated to the presence of  the BRAF 
mutation (71%) and MSI-high (76%), and IME was 
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Table 1  Colorectal carcinogenic pathways and genetic alterations

MSI Methylation KRAS BRAF TP53 Reports

Adenoma-carcinoma sequence - +/- ++ - + Grady et al[1]

Vogelstein et al[3]

Serrated pathway + ++ + ++ +/- Howkins et al[32]

Weisenberger et al[35]

De novo pathway - - + - - Yashiro et al[58]

Kinney et al[59]

MSI: Microsatellite instability.

Table 2  Reports on colorectal cancer classification by methylation information

Ref. Marker selection Methylation analysis methods Classification method Methylation phenotypes

Toyota et al[20] Genome-wide (MCA-RDA) COBRA Methlation frequency CIMP+
CIMP-

Weisenberger et al[35] MethyLight markers MethyLight Hierarchical clustering CIMP+
CIMP-

Ogino et al[39] Reported markers MethyLight Methylation frequency CIMP-high
CIMP-low

CIMP-0
Shen et al[13] Reported markers Pyrosequence Hierarchical clustering CIMP1

COBRA CIMP2
MCA CIMP-negative
MSP

Yagi et al[14] Genome-wide (MeDIP-chip) MassARRAY Hierarchical clustering HME
IME
LME

Hinoue et al[12] Genome-wide (Infinium 27k) MethyLight Hierarchical clustering CIMP-H
CIMP-L

Non-CIMP

CIMP: CpG island methylator phenotype; MCA: Methylated CpG island amplication; RDA: Representation difference analysis; COBRA: Combined bi-
sulfite restriction analysis; MSP: Methylation-specific PCR; MeDIP: Methylated DNA immunoprecipitation; LME: Low-methylation epigenotype; IME: 
Intermediate-epigenotype; HME: High-methylation epigenotype.
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from conventional adenomas through the adenoma-
carcinoma sequence[3], whereas the serrated pathway has 
been considered as an alternative pathway distinct from 
the adenoma-carcinoma sequence. The serrated pathway 
is known to involve mutation of  BRAF, MLH1 methyla-
tion and CIMP[34,35]. While serrated adenomas are com-
monly CIMP-high and carry the BRAF mutation[34,40-45], 
conventional adenomas rarely exhibit these genetic and 
epigenetic alterations[40]. In addition, the risk factors for 
CIMP-high serrated adenomas are reported to be simi-
lar to those of  CRC with CIMP[40]. Serrated adenoma is 
therefore considered to be a precursor of  CIMP-positive 
CRC. Although CIMP-high and BRAF mutation were 
frequently observed at the adenoma stage, the preva-
lence of  MLH1 methylation was lower than that of  
CRC with CIMP[40-42,45]. Interestingly, MLH1 methylation 
was more frequently observed in proximal, large serrated 
adenomas[40], suggesting that MLH1 methylation is a late 
event in the serrated pathway, and heralds the transition 
from serrated adenoma to CRC, involving the mutator 
phenotype.

Epigenotype of conventional adenomas
While the genetic and epigenetic features among conven-
tional and serrated adenomas have been demonstrated to 
be widely different, existence of  DNA methylation phe-
notypes within conventional adenomas and their correla-
tion to genetic mutations were not fully investigated. We 
investigated whether conventional adenomas could be 
classified into epigenotypes, and our CRC classification 
markers successfully classified conventional adenomas 
into two distinct epigenotypes, IME and LME[15]. There 
were no remarkable differences in the morphological and 

strongly correlated to the presence of  the KRAS muta-
tion (63%)[14]. In our analysis, p53 mutation was absent in 
HME, but was detected in both IME and LME. It was 
noteworthy that the methylation markers were clustered 
into two groups: (1) Group-1 markers included most of  
the known CIMP markers and showed methylation spe-
cifically in HME CRC; and (2) Group-2 markers includ-
ing novel methylation markers which showed methylation 
in both HME and IME. It was also noteworthy that 
patients with IME KRAS-mutation(+) CRC showed a 
significantly worse prognosis. 

Subsequent to our report, Hinoue et al[12] performed 
DNA methylation profiling of  CRC using Illumina In-
finium DNA methylation beadarray, and reported that 
CRC can be classified into three distinct epigenotypes 
(CIMP-H, CIMP-L and Non-CIMP), consistent with 
previous reports[13,14]. Genetic and epigenetic features of  
CIMP-H/CIMP-L CRC are also in agreement with those 
observed in the CIMP1/CIMP2 CRC[13] and the HME/
IME CRC[14]. According to the frequency of  p53 muta-
tion, they proposed that non-CIMP CRC could be classi-
fied into two distinct sub-groups; one with a significantly 
higher frequency of p53 mutations (65%) and frequent 
occurrence in the distal colon, and the other with absence 
of  both cancer-specific DNA methylation and gene muta-
tions, and more frequent occurrence in the rectum.

CLASSIFICATION OF PRECURSOR 
LESIONS OF CRC
Genetic and epigenetic alterations of serrated adenomas
The majority of  sporadic CRC is thought to develop 
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Figure 1  Carcinogenetic pathway and classification of colorectal cancer. Colorectal cancer (CRC) arises through accumulation of multiple acquired genetic and 
epigenetic alterations. Adenomas and CRCs can be classified into several sub-groups based on the status of DNA methylation and associated genetic mutations, 
suggesting that the different types of CRC developed through different molecular carcinogenetic pathways. DNA methylation accumulation occurs during aberrant cell 
expansion and is usually completed at adenoma stage. Non-polypoid colorectal neoplasms are hypothesized to develop through de novo pathway, whereas the epi-
genetic features of laterally spreading tumors have not yet been fully investigated. 
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pathological features among the two epigenotypes. While 
IME adenomas showed a significantly high frequency of  
the KRAS mutation (62%), LME adenomas did not show 
any genetic alterations, similar to the case of  LME CRC. 
Interestingly, there was no difference in the methylation 
level between IME adenoma and IME cancer, suggest-
ing that accumulation of  aberrant DNA methylation is 
mostly completed at the adenoma stage. This indicated 
that additional aberration(s) other than DNA methyla-
tion are needed for adenomas to transform into CRC. 
The progression of  adenomas to CRC is postulated to be 
associated with p53 abnormalities[3], and DNA methyla-
tion of  some genes, e.g., MGMT, CXLC12, TIMP3, ID4 
and IRF8, might also be involved in the development to 
CRC[46,47].

Genetic and epigenetic alterations of non-polypoid 
colorectal neoplasms
Non-polypoid colorectal neoplasms that do not exhibit 
a macroscopic protruding appearance have been docu-
mented not only in Japan[48-53], but also in western coun-
tries[54,55]. They are characterized by lateral extensions 
along the luminal wall with a low vertical axis, and such 
tumors with a diameter of  > 10 mm are called laterally 
spreading tumors (LSTs)[48]. The incidence of  genetic al-
terations such as KRAS, BRAF and p53[49,56-58] and MSI[59] 
were less common in these non-polypoid colorectal neo-
plasms than those in conventional adenomas. In addition, 
a high percentage of  these lesions are reported to exhibit 
high-grade dysplasia and rapidly invade the submuco-
sal layer despite their small sizes[50-52,60]. Therefore, non-
polypoid colorectal neoplasms are hypothesized to de-
velop through an alternative carcinogenetic pathway (i.e., 
de novo pathway) different from the adenoma-carcinoma 
sequence and the serrated pathway. LSTs are usually cat-
egorized into two subtypes based on their macroscopic 
morphology: the granular type and non-granular type[48]. 
Whereas the epigenetic features of  LST have not yet 
been fully investigated, Hiraoka et al[61] reported frequent 
methylation of  CIMP-markers and frequent KRAS mu-
tation in the granular type, but not in the non-granular 
type. LST might be composed of  several subtypes which 
exhibit distinct molecular pathway, and further investi-
gations are needed to reveal the genetic and epigenetic 
features of  nonpolypoid colorectal neoplasms and their 
association with colorectal carcinogenesis.

CLASSIFICATION OF ABERRANT CRYPT 
FOCI
Aberrant crypt foci and colorectal carcinogenesis
Aberrant crypt foci (ACF) are microscopic mucosal ab-
normalities, a subset of  which postulated to be the earli-
est precursors of  CRC[62]. ACF show increased expression 
of  proliferative markers[63], and a significant correlation 
has been reported to exist between the presence of  ACF 
and synchronous advanced neoplasia[62,64-71], suggesting a 
positive role of  these lesions in colorectal carcinogenesis. 

Therefore, ACF have been recognized as a useful sur-
rogate biomarker for CRC surveillance[72] and been used 
in recent chemoprevention trials[73-77]. Histopathologically, 
human ACF can be sub-classified into two categories: 
dysplastic and heteroplastic[62]. Dysplastic ACF resemble 
adenomas and sometimes lack mucin production[78], and 
are more common in familial adenomatous polyposis 
(FAP) patients than in sporadic CRC patients[79]. In con-
trast, heteroplastic ACF resemble hyperplastic polyps and 
lack dysplasia, and are highly identified in sporadic CRC 
patients.

Genetic and epigenetic alterations in aberrant crypt foci
Although all ACF from FAP patients carry the APC mu-
tation[79], both the dysplastic and heteroplastic ACF from 
sporadic CRC patients frequently carry KRAS mutation, 
but not the APC mutation[79-81]. While BRAF mutation 
has rarely been identified in ACF[79,82], Rosenberg et al[83] 
reported that heteroplastic ACF with serrated pathology 
exclusively exhibit BRAF mutation. Although there was 
a report that CIMP-high was less frequently observed in 
ACF in sporadic CRC patients[80], the methylation status 
of  ACF has not been well investigated. In our DNA 
methylation analysis in heteroplastic ACF, ACF showed 
frequent KRAS mutation, consist with previous reports. 
The levels of  aberrant DNA methylation were signifi-
cantly lower compared to adenomas[82], suggesting that 
DNA methylation accumulation might be requested dur-
ing aberrant cell expansion in adenoma formation, but 
not in ACF formation. 

DNA METHYLATION IN APPARENTLY 
NORMAL MUCOSA
Some of  genes showing aberrant methylation in CRC, 
such as ESR1, IGF2 and TUSC3 are also methylated in 
histologically normal colonic epithelium. Aberrant DNA 
methylation of  these genes is considered to increase in an 
age-dependent manner, and approximately half  of  them 
have also been shown to be involved in the pathogenesis 
of  CRC[84-86]. 

The concept of  “field cancerization” was proposed 
to explain the multiple primary lesions, local recurrence 
and increased susceptibility of  normal tissue to malignant 
transformation[87]. The field changes occur at the molecu-
lar level, and these abnormalities of  the normal colonic 
epithelium could be potential biomarkers for assessing 
the personal risk for future CRC development. Suzuki et 
al[88] reported that a higher incidence of  hypermethylation 
and down-regulation of  the SFRP genes, negative regula-
tors of  the WNT signaling pathway, were observed in the 
normal colonic mucosa from patients with CRC, than in 
that from patients without CRC. In addition, Kawakami 
et al[89] reported that higher methylation levels of  age-re-
lated markers, such as ESR1 and MYOD, were observed 
in the normal colonic mucosa from patients with CIMP-
positive CRC than in that from patients without CRC. It 
was reported, in contrast, that lower methylation levels 
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of  these markers were observed in the normal colonic 
mucosa from patients with CRC than from patients with-
out CRC[90,91]. Recently, genome-wide DNA methylation 
analysis revealed that the gene methylation levels involved 
in the metabolic pathways of  carbohydtates, lipids and 
amino acids were significantly different among normal 
colonic mucosa specimens obtained from patients with 
and without CRC[92]. While DNA methylation accumula-
tion is expected to contribute to field cancerization in the 
colon, further studies are necessary to establish useful 
surrogate biomarkers for CRC surveillance. 

CLINICAL APPLICATION OF DNA 
METHYLATION MARKERS
Early CRC detection could contribute to a reduction of  
CRC-related mortality. However, strategies such as colo-
noscopy are invasive, whereas the less-invasive fecal blood 
test shows low sensitivity and specificity[93]. Identification 
of  noninvasively testable, high-quality biomarkers for 
CRC is therefore necessary. Recent genome-wide analyses 
were conducted to identify candidate DNA methylation 
markers for early CRC detection, by comparing the DNA 
methylation levels between CRC and/or adenomas, and 
matched normal colonic mucosa[93-96]. For example, Mori 
et al[94] reported that the methylation status of  VSX2 
showed a high discriminative accuracy (83% sensitivity 
and 92% specificity). These potential biomarkers may al-
low reliable discrimination of  CRC patients from tumor-
free patients. Several clinical studies have been carried 
out to confirm the usefulness of  stool and blood DNA-
based methylation markers for early CRC detection[97,98]. 
In any application, classification marker genes are specifi-
cally methylated in some epigenotypes, therefore, genes 
that are commonly methylated in all CRCs, regardless of  
the epigenotype, would be useful markers for early CRC 
detection. 

The MSI status has been proposed as a biomarker for 
determination of  the prognosis and/or the effectiveness 
of  FU chemotherapy in advanced CRC patients[99]. KRAS 
mutation in advanced CRC has been reported to be as-
sociated with a poor prognosis[100], and the usefulness of  
determining its presence for predicting a lack of  response 
to EGFR-targeted therapy is well proven[101]. Our previ-
ous study revealed that IME CRC with KRAS mutation is 
associated with a poor prognosis. DNA methylation bio-
markers for prediction of  the therapeutic responses of  
CRC, however, have not been identified yet. Additional 
studies are needed to establish methylation biomarkers 
for application in clinical practice, e.g., for prediction of  
the prognosis and of  the responses to therapy of  CRC. 

CONCLUSION
Recent comprehensive genome-wide methylation analyses 
revealed that sporadic CRC can be classified into three 
distinct epigenotypes. Each of  these CRC epigenotypes 
cooperates with specific genetic alterations, suggesting 

that they develop through different molecular carcinoge-
netic pathways. Serrated adenomas are commonly CIMP-
high and carry BRAF mutation, thus postulated to be 
precursor lesions of  CIMP-positive, MSI-high proximal 
CRCs. MLH1 methylation has been suggested to be a 
late event in the serrated pathway, and heralds the tran-
sition from serrated adenoma to CIMP-positive CRC. 
Conventional adenomas can also be classified into two 
distinct epigenotypes. DNA methylation accumulation 
is mostly completed by the adenoma stage, and conven-
tional adenomas are hypothesized to be precursors of  
CIMP1/IME/CIMP-low and CIMP0/LME/Non-CIMP 
CRCs. ACF showed significantly lower methylation levels 
than adenomas, suggesting that DNA methylation ac-
cumulation is a prerequisite for aberrant cell expansion in 
adenoma formation, but not in the formation of  ACF. 

DNA methylation may predict the molecular basis of  
CRC, and these markers might be present as useful sur-
rogate markers for the diagnosis, prediction of  the prog-
nosis and the response to therapy of  CRC. Some genes 
already showed aberrant methylation in apparently nor-
mal colonic mucosa, and their methylation may be related 
to field cancerization of  CRC and predict cancer risk. 
Continued efforts to investigate the associations between 
molecular mechanisms of  CRC and genetic/epigenetic 
alterations may allow us to understand colorectal carcino-
genesis, and lead to the translation of  these insights into 
clinical practice.
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Abstract
Radiofrequency ablation (RFA) causes focal coagula-
tion necrosis in tissue. Its first clinical application was 
reported in 2000, and RFA has since been commonly 
used in both primary and metastatic lung cancer. The 
procedure is typically performed using computed to-
mography guidance, and the techniques for introducing 
the electrode to the tumor are simple and resemble 
those used in percutaneous lung biopsy. The most 
common complication is pneumothorax, which occurs 
in up to 50% of procedures; chest tube placement for 
pneumothorax is required in up to 25% of procedures. 
Other severe complications, such as pleural effusion 
requiring chest tube placement, infection, and nerve 
injury, are rare. The local efficacy depends on tumor 
size, and local progression after RFA is not rare, occur-
ring in 10% or more of patients. The local progression 
rate is particularly high for tumors > 3 cm. Repeat 
RFA may be used to treat local progression. Short- to 
mid-term survival after RFA appears promising and is 
approximately 85%-95% at 1 year and 45%-55% at 

3 years. Long-term survival data are sparse. Better 
survival may be expected for patients with small me-
tastasis, low carcinoembryonic antigen levels, and/or 
no extrapulmonary metastasis. The notable advantages 
of RFA are that it is simple and minimally invasive; 
preserves pulmonary function; can be repeated; and is 
applicable regardless of previous treatments. Its most 
substantial limitation is limited local efficacy. Although 
surgery is still the method of choice for treatment with 
curative intent, the ultimate application of RFA may be 
to replace metastasectomy for small metastases. Ran-
domized trials comparing RFA with surgery are needed.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Radiofrequency ablation (RFA) for pulmonary 
metastasis of colorectal cancer is technically simple. 
The procedure rarely results in death. The most com-
mon complication is pneumothorax, which occurs in up 
to 50% of patients. Severe complications are rare. Lo-
cal progression after RFA is not rare and occurs in 10% 
or more of cases. The short- to mid-term survival after 
RFA appears promising and is approximately 85%-95% 
at 1 year and 45%-55% at 3 years. Long-term survival 
data are sparse. Better survival may be expected for 
patients with small metastasis, low carcinoembryonic 
antigen levels, and/or no extrapulmonary metastasis.
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INTRODUCTION
Colon cancer is the third most common cancer and the 
second most common cause of  cancer-related mortality 
in the United States, and 10%-30% of  patients with co-
lon cancer have pulmonary metastasis at presentation[1,2]. 
Even if  metastasis is not initially present, the cancer may 
recur in the lungs after curative resection of  the primary 
cancer. Kobayashi et al[3] surveyed 5230 patients who 
underwent curative resection for colorectal cancer and 
found that 906 patients (17%) developed recurrence at a 
median of  1.4 years after surgery. The first recurrence site 
in 250 patients (5%) was the lungs, which was the second 
most common site of  recurrence after the liver (373 pa-
tients, 7%). Although lung recurrence is usually accompa-
nied by recurrence at other sites, recurrence was confined 
to the lungs in 2%-10% of  patients who develop distant 
metastases[4,5].

A meta-analysis demonstrated that patients with un-
treated locally advanced or metastatic colorectal cancer 
had a median survival of  8 mo[6]. The International Regis-
try of  Lung Metastases[7] revealed that the 5-year survival 
rate for patients who underwent complete resection of  
lung metastasis was 36%, compared to 13% for patients 
who did not undergo complete resection. A large-scale, 
multicenter retrospective study in Japan[3] also reported 
significantly better survival in patients who underwent 
resection for pulmonary recurrence. Thus, surgery is 
considered the treatment of  choice for curative intent. 
However, that study[3] also indicated that less than half  
(38%) of  the patients with pulmonary recurrence under-
went surgical resection. Mitry et al[2] reported that only 
4% of  patients with synchronous pulmonary metastases 
and 14% of  patients with metachronous pulmonary me-
tastases were curatively resected. These data indicate that 
many patients with pulmonary metastases are not consid-
ered suitable for surgery. Therefore, the development of  
less invasive local therapies, such as radiofrequency abla-
tion (RFA), may be attractive.

PRINCIPLE AND TECHNIQUES OF LUNG 
RFA 
RFA causes focal coagulation necrosis in tissue via the 
delivery of  energy in the form of  an alternating electri-
cal current with a frequency of  460-500 kHz in the radio 
wave range. The alternating electrical current causes the 
agitation of  ionic dipolar molecules in surrounding tissue 
and fluids, resulting in frictional heating. The exposure of  
cells to temperatures of  50-52 ℃ for 4-6 min may induce 
cytotoxicity[8]. Between 60 ℃ and 100 ℃, there is a near 
instantaneous induction of  protein coagulation, which 
irreversibly damages key cytosolic and mitochondrial 
enzymes, as well as nucleic acid-histone protein complex-
es[8]. Thus, the aim of  the RFA procedure is to generate 
temperatures > 50 ℃ in cancer cells.

Since Dupuy et al[9] reported the first clinical use of  
RFA to treat lung cancer in 2000, RFA has been com-

monly used as a treatment for both primary and meta-
static lung cancer. The thermal and electrical conductivity 
of  air are low, and thus the effects of  RFA on the lungs 
may be tissue-specific. Accordingly, it has been demon-
strated that a given quantity of  RF current produces a 
larger volume of  ablation of  tumors in the lungs than in 
subcutaneous tissues or the kidneys[10]. Conversely, alveo-
lar air and ventilation may limit the ablation zone in the 
surrounding parenchyma, as saline infusion into the lung 
parenchyma to reduce alveolar air and bronchial balloon 
occlusion enlarged the ablation zone in animal experi-
ments[11,12]. This difficulty in ablating the marginal paren-
chyma may account for the relatively high frequency of  
local progression after RFA of  lung cancer.

RFA is indicated in patients who are considered non-
surgical candidates and for whom the treatment of  lung 
cancer is expected to contribute to prolonged survival. 
The procedure is not indicated in patients with poor per-
formance status (e.g., PS ≥ 3), leucocyte count < 3000 
cells/μL, uncorrected coagulopathy (e.g., a platelet count 
< 50000/μL or a prothrombin time-international ratio 
> 1.5), poor pulmonary function (e.g., predicted forced 
respiratory volume in 1 sec ≤ 1000 mL), poor cardiac 
function (e.g., New York Heart Association Class ≥ III), 
uncorrected diabetes (e.g., HbA1c ≥ 7), and uncontrol-
lable extrapulmonary cancer. The procedure is feasible, 
but patients with tumors in contact with the heart and 
aorta are at a higher risk of  local progression[13]. 

The electrode used for lung RFA is usually either a 
multitined expandable electrode or an internally cooled 
electrode[14]. The multitined expandable electrode, which 
is more commonly used for lung RFA, consists of  an ar-
ray of  multiple electrode tines that expand from a single, 
centrally positioned large needle cannula. The internally 
cooled electrode consists of  dual-lumen needles with 
non-insulated active tips, in which internal cooling is 
achieved by continuous perfusion with chilled saline. 

We suggest that the procedure should be performed 
by physicians who are familiar with both computed 
tomography (CT)-guided intervention and RFA. The 
procedure is usually conducted under local anesthesia, 
but epidural or general anesthesia may also be used. CT 
is the only image-guidance modality that can be used for 
lung RFA. CT fluoroscopy permits a near real-time image 
display, thereby facilitating the procedure. The techniques 
used to introduce the electrode into the tumor under CT 
guidance are simple and similar to those used in percu-
taneous lung biopsy. A prospective multicenter clinical 
trial showed that treatment was successfully completed in 
99% (105/106) of  patients[15]. Multiplanar reconstruction 
of  CT images is useful for confirming proper positioning 
of  the electrode. After introducing the electrode into the 
tumor, a given RF energy is applied for a variable dura-
tion. In our institution, an ablation algorithm based on 
electrode type is used; this algorithm has been described 
in the literature[16]. The procedure should aim to obtain 
an ablative margin of  at least 0.5 cm around the tumor 
to treat the microscopic extension of  cancer cells around 
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the macroscopic mass and thereby decrease the risk of  
local progression. To obtain an adequate ablative margin, 
repositioning of  the electrode followed by application of  
RF energy (so-called “multiple overlapping ablations”) 
may be performed.

RADIOLOGICAL EVALUATION OF LOCAL 

EFFICACY
Figure 1 shows radiological images of  a pulmonary 
metastasis from a colorectal cancer patient treated with 
RFA. Local efficacy is evaluated primarily by sequential 
follow-up CT scans. During the first 6 mo after RFA, 
the size of  the ablated lesion may exceed the tumor size 

before ablation because the lesion includes the ablated 
marginal parenchyma surrounding the tumor[17-19]. Thus, 
at a given time point during this period, local efficacy 
cannot be evaluated by comparing the tumor size with 
the pretreatment tumor size. Consequently, CT images 
are first obtained in the early period (e.g., 1 mo) after RFA 
as a point of  reference. Thereafter, it is possible to evalu-
ate local efficacy by comparing the size and geometry of  
the ablation zone with the previous CT images. When the 
tumor is completely ablated, the ablation zone gradually 
decreases in size[20] and typically becomes scar-like tissue. 
Local tumor progression is considered to occur when the 
ablation zone increases in size[20]. In our experience, in 
most cases of  local tumor progression, a nodule appears 
in the periphery of  the ablation zone that always enlarges 
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Figure 1  Pulmonary metastasis in a 68-year-old man with colorectal cancer treated with radiofrequency ablation. A: Computer tomography (CT) image before 
radiofrequency ablation (RFA) showing a tumor (arrow) 1.1 cm in size in the right middle lobe; B: Positron emission tomography (PET) image before RFA showing 
increased fluorodeoxyglucose (FDG) uptake by the tumor (arrow); C: CT fluoroscopic image obtained during RFA showing the treatment of the tumor with a multitined 
expandable electrode (arrow); D: CT image 1 mo after RFA showing cavity formation around the ablated tumor (arrow); E: CT image 3 mo after RFA showing cavity 
collapse and an increase in the size of the ablation zone (arrow) beyond the tumor size before RFA; F: PET image 6 mo after RFA showing the disappearance of FDG 
uptake; G: CT image 24 mo after RFA showing the shrinkage of the ablation zone (arrow) and its appearance as a focal atelectasis. 
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time of  the study was 38%. The 1-, 2-, and 3-year over-
all survival rates were 85%, 64%, and 46%, respectively, 
and the median overall survival was 33 mo. The 1- and 
2-year local progression-free survival rates were 74% and 
56%, respectively. The 1- and 2-year local progression-
free survival rates were 88% and 69%, respectively, for 
the patients in which the largest lung metastasis was ≤ 
3 cm, and 27% and 18%, respectively, for the patients in 
which the largest lung metastasis was > 3 cm. The 1- and 
2-year overall progression-free survival rates were 61% 
and 34%, respectively. The median overall progression-
free survival was 15 mo. Univariate analyses identified the 
following factors as significant for local progression-free 
survival: the size of  the largest lung metastasis, the loca-
tion of  the lung metastases, and post-RFA carcinoem-
bryonic antigen (CEA) levels at 1 and 3 mo. According 
to multivariate analysis, a largest lung metastasis of  > 3 
cm (HR = 8.3) and post-RFA CEA level of  > 5 ng/mL 
at 1 mo (HR = 3.5) were independently associated with 
reduced local progression-free survival. Two factors were 
found to be significant for overall progression-free sur-
vival: sex and size of  the largest lung metastasis. In mul-
tivariate analysis, only a largest lung metastasis of  > 3 cm 
(HR = 5.1) was independently associated with reduced 
overall progression-free survival. Yan et al[27] also reported 
a learning curve for RFA in which morbidity was re-
duced. The same group[28] reported the outcomes of  an 
open-label prospective trial of  RFA for 148 nonsurgical 
candidates with lung metastases from several primary 
cancers; 73% of  these patients had primary colorectal 
cancer. Although the data for the colorectal cancer pa-
tient subgroup was limited, the median overall survival 
for patients with colorectal cancer was found to be 60 
mo.

Simon et al[29] reported a mixed population comprising 
153 nonsurgical candidates with 189 lung cancers, includ-
ing 18 patients with pulmonary metastasis from colorec-
tal cancer. Although the data from the colorectal cancer 
subgroup were scarce, the 1-, 2-, 3-, and 5-year survival 
rates for those patients were 87%, 78%, 57%, and 57%, 
respectively. Lencioni et al[15] performed a prospective, 
multicenter clinical trial of  RFA using a mixed popula-
tion comprising 106 nonsurgical candidates with primary 
lung cancer and pulmonary metastasis from various pri-
mary cancers. In total, 53 patients had metastases from 
colorectal cancer. No procedure-related deaths occurred. 
Complete treatment was confirmed for ≥ 1 year in 91% 
of  the patients with pulmonary metastases from colorec-
tal cancer. The 1- and 2-year overall survival rates for the 
patients with colorectal metastases were 89% and 66%, 
respectively. The cancer-specific 1- and 2-year survival 
rates were 91% and 68%, respectively.

Hiraki et al[30] assessed the outcomes of  27 nonsurgi-
cal candidates with pulmonary metastases from colorectal 
cancer; these patients comprised a total of  41 RFA ses-
sions. There was no mortality or sequela. Pneumothorax 
occurred after 49% of  the sessions, and chest tube place-
ment was required after 7.3% of  the sessions. Pleural 

if  untreated. Such a nodule generally exhibits some de-
gree of  contrast enhancement that distinguishes it from 
the unenhanced necrotic tumor tissue[20]. Thus, contrast-
enhanced CT images can be helpful in confirming the di-
agnosis of  local progression. However, in our experience, 
local progression is diagnosed by careful observation of  
the size and geometry of  the ablation zones. Therefore, 
we are of  the opinion that contrast-enhanced CT is pref-
erable but not essential for diagnosing local progression.

Positron emission tomography may also be used to 
evaluate local efficacy. Focal areas of  increased fluorode-
oxyglucose uptake at the ablated zone are suggestive of  
local tumor progression. However, attention should be 
paid to possible false-positive results during the first 3 
mo[17,21] or even at 24 mo[22] after RFA, due to inflamma-
tion induced by RFA. 

REVIEW OF STUDIES ON RFA OF 
PULMONARY METASTASES FROM 
COLORECTAL CANCER
A review of  the literature was conducted by searching 
the PubMed database. The results were limited to studies 
published in English, and the search was performed with 
the keywords “colorectal”, “lung”, and “radiofrequency 
ablation”. The citations of  all electronically identified 
articles were further manually searched for potentially 
relevant studies. Human clinical studies on the efficacy 
of  RFA of  pulmonary metastases from colorectal cancer 
were selected, while animal experiments, case reports, 
and reviews were excluded. All relevant articles were sub-
sequently evaluated. 

Table 1 summarizes the results for the use of  RFA 
to treat pulmonary metastases in patients with colorectal 
cancer. A group at St. George Hospital in Australia pub-
lished several reports on the use of  RFA to treat pulmo-
nary metastases in patients with colorectal cancer[18,23-28]. 
In 2003, Steinke et al[18] published their preliminary study, 
which mainly focused on morbidity. In total, 20 non-
surgical candidates with 41 pulmonary metastases from 
colorectal cancer were treated with RFA. The procedure 
resulted in technical failure for 1 tumor. A total of  10 
(50%) patients developed pneumothorax, and 5 patients 
(25%) required chest tube placement. Intrapulmonary 
hemorrhage occurred in 3 (7.5%) of  the 40 tumors, but 
all cases were self-limiting. In 2007, Yan et al[26] reported 
the mid-term outcomes of  55 nonsurgical candidates, 
including morbidities, local efficacy, and survival. No 
hospital mortality was reported. The periprocedural 
morbidity rate was 42%, which included intrapulmonary 
bleeding (9%), pneumothorax (29%), pleural effusion 
(7%), and persistent pleuritic chest pain for more than 1 
wk (4%). Some patients experienced more than 1 adverse 
event. In total, 9 patients had pneumothorax that re-
quired chest tube placement (16%). The median duration 
of  hospital stay was 1 d, and the median follow-up period 
was 24 mo. The proportion of  local progression at the 

Hiraki T et al . RFA for colorectal pulmonary metastasis
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procedures. The local progression analysis included 268 
tumors with > 6 mo of  imaging follow-up data available 
for review. On a tumor-by-tumor basis, 52 (19%) of  268 
tumors progressed locally. The mean and median times 
to local progression were 9 and 8 mo (range 2-27 mo), 
respectively. The median overall survival and 3-year sur-
vival rate were 41 mo and 57%, respectively. No signifi-
cant prognostic factors were identified, although survival 
tended to be better in patients with smaller tumors. 

In summary, RFA for colorectal pulmonary metastasis 
is a safe procedure that rarely results in death. The most 
common complication is pneumothorax, which occurs 
in up to 50% of  procedures. Chest tube placement for 
pneumothorax is required after up to 25% of  procedures. 
Other severe complications, such as pleural effusion re-
quiring chest tube placement, infection, and nerve injury, 
are rare. Local tumor progression after RFA is not rare 
(10% or more) and is particularly common for tumors 
> 3 cm. Short- to mid-term survival after RFA appears 
promising, with survival rates of  approximately 85%-95% 
at 1 year and 45%-55% at 3 years. Long-term (5 years or 
more) survival data are sparse. Significant prognostic fac-
tors include number and size of  pulmonary metastases, 
CEA levels, and extrapulmonary metastasis.

The ultimate application of  RFA may be to replace 
metastasectomy. Accordingly, survival data after surgical 
resection of  pulmonary metastases from colorectal can-
cer should be assessed. Pfannschmidt et al[35] systemati-
cally reviewed 20 published series of  surgical resection 
of  pulmonary metastases from colorectal cancer. The 
postoperative mortality ranged from 0% to 2.4%, and ap-
proximately 40% of  patients remained alive 5 years after 
resection. Fiorentino et al[36] also performed a systematic 
review of  51 articles on pulmonary metastasectomy in 
colorectal cancer. Most pulmonary metastasectomies 
were performed for a single metastasis. The 5-year sur-
vival rate after single metastasectomy was approximately 
50%, whereas the rate after multiple metastasectomy was 
30%. Recently, Gonzalez et al[37] performed a systematic 
review of  25 studies involving a total of  2925 patients 
and found that the median 5-year survival rate was 
43.5%. At present, data for long-term survival after RFA 
are too sparse to compare with surgical data, although 
the short- to mid-term survival data are promising. In our 
opinion, given the high local progression rate for tumors 
> 3 cm after RFA, patients with such tumors should un-
dergo surgery whenever operable. As a therapy for small 
tumors, RFA may be competitive with metastasectomy, 
which must be validated in future trials. 

ADVANTAGES AND DISADVANTAGES 
OF LUNG RFA
RFA has various notable advantages. The procedure is 
simple and can be performed percutaneously using lo-
cal anesthesia. The procedure is also safe and minimally 
invasive. Thus, RFA may enable long-term survival or 
even a cure for patients with pulmonary metastases who 

are considered nonsurgical candidates because of  comor-
bidities and/or refusal to undergo surgery. Given that 
pulmonary metastases are usually of  a multifocal nature 
and, consequently, pose a high risk of  intrapulmonary de 
novo recurrence after therapy, the treatment for pulmo-
nary metastases must be repeatable and should preserve 
as much of  the parenchyma as possible to preserve pul-
monary function. The repeatability of  the procedure may 
also be a great advantage of  RFA. Repeat procedures 
may also be used to effectively treat local tumor progres-
sion[38]. The influence of  RFA on pulmonary function 
was found to be minimal[39-41], and RFA may be applied 
regardless of  previous treatments. Consequently, this 
method can be used as a second salvage treatment for re-
currence after surgery, radiation therapy, or chemothera-
py and in combination with other treatments to eradicate 
multiple cancers. 

There are also disadvantages of  the use of  RFA. CT 
is used for the procedure, which is associated with ra-
diation exposure to both the patient and the physician. 
Thus, the use of  CT fluoroscopy, although useful, should 
be minimized. The procedure is also accompanied by a 
high risk of  pneumothorax. The most substantial disad-
vantage of  RFA may be its limited local efficacy. 

CONCLUSION
RFA for pulmonary metastasis of  colorectal cancer is 
safe and minimally invasive. The most common com-
plication, which occurs in up to 50% of  cases, is pneu-
mothorax. However, in most cases, this can be treated 
conservatively. The local efficacy of  RFA depends on the 
tumor size, and local progression after RFA is not rare, 
occurring in 10% or more of  cases. The local progression 
rate is particularly high for tumors > 3 cm. The short- to 
mid-term survival data after RFA are promising, with 1- 
and 3-year survival rates of  approximately 85%-95% and 
45%-55%, respectively. Long-term survival data remain 
sparse. Better survival may be expected for patients with 
small metastasis, low carcinoembryonic antigen levels, 
and/or no extrapulmonary metastasis. The ultimate ap-
plication of  RFA may be to replace metastasectomy for 
small metastases. Future studies should include random-
ized trials comparing RFA with surgery.
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Abstract
Single-port laparoscopic surgery (SPLS) is implemented 
through a tailored minimal single incision through which 
a number of laparoscopic instruments access. Introduc-
tion of operation-customized port system, utilization of 
a camera without a separate external light, and instru-
ments with different lengths has brought the favorable 
environment for SPLS. However, performing SPLS still 
creates several hardships compared to multiport lapa-
roscopic surgery; a single-port system inevitably leads 
to clashing of surgical instruments due to crowding. To 
overcome such difficulties, investigators has developed 
novel concepts and maneuvers, including the concept 
of inverse triangulation and the maneuvers of pivoting, 
spreading out dissection, hanging suture, and translu-
minal traction. The final destination of SPLS is expected 
to be a completely seamless operation, maximizing the 
minimal invasiveness. Specimen extraction through 
the umbilicus can undermine cosmesis by inducing a 
larger incision. Therefore, hybrid laparoscopic tech-
nique, which combined laparoscopic surgical technique 
with natural orifice specimen extraction (NOSE) - i.e. , 
transvaginal or transanal route-, has been developed. 
SPLS and NOSE seemed to be the best combination in 

pursuit of minimal invasiveness. In the near future, ro-
botic SPLS with natural orifice transluminal endoscopic 
surgery’s way of specimen extraction seems to be pur-
sued. It is expected to provide a completely or nearly 
complete seamless operation regardless of location of 
the lesion in the abdomen.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Colorectal neoplasms; Colectomy; Laparos-
copy; Natural orifice endoscopic surgery; Single-port 
laparoscopic surgery 

Core tip: Single-port laparoscopic surgery (SPLS) has 
clear-cut benefits in terms of cosmesis and reduced 
wound morbidity. The technical difficulties have been 
overcome by novel concepts and maneuvers, including 
the concept of inverse triangulation and the maneuvers 
of pivoting, spreading out dissection, hanging suture, 
and transluminal traction. Cosmetic demerits, caused 
by the specimen extraction through the single-port site, 
can be selectively overcome by natural orifice speci-
men extraction, such as using transvaginal or transanal 
route. In the near future, robotic SPLS with natural ori-
fice transluminal endoscopic surgery’s way of specimen 
extraction seems to be pursued.
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Table 1  Acronyms of single port laparoscopic surgery
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lated with short-term operative outcomes, such as reduc-
tion in postoperative pain and duration of  ileus, quicker 
postoperative recovery, shorter hospital stay, and earlier 
return to normal activity[1-7]. Furthermore, a randomized 
clinical trial reported a reduction in tumor relapse fol-
lowing laparoscopic surgery, suggesting long-term onco-
logic benefits[8]. The reasons were attributed to various 
potential mechanisms, including a lower stress response 
after surgical trauma, an attenuated cytokine response, 
minimal tumor handling, accurate application of  the no-
touch technique, and lower complication rates.

Conventional laparoscopic surgery (CLS) usually re-
quires 3-6 small incisions for ports. These incisions are 
not only cosmetically unappealing, but also increase the 
wound pain and potential wound morbidity, such as ab-
dominal wall bleeding, port-site hernia, and internal or-
gan damage. The ardent pursuit of  minimal invasiveness 
and the increasing recognition of  patient’s satisfaction 
has led to the ultimate form of  laparoscopic surgery, 
single port laparoscopic surgery (SPLS). Ever since the 
first attempt of  SPLS hysterectomy in 1992[9], SPLS was 
adopted by general surgery in procedures such as appen-
dectomy[10], cholecystectomy[11], and adrenalectomy[12]. 
Colorectal surgeons were also eager to employ the novel 
SPLS technique in right hemicolectomy[13,14], sigmoid-
ectomy[15,16], and total colectomy[17,18]. The spectrum of  
SPLS applications has extended from benign diseases 
to malignant colorectal cancers[13,16,19] and the safety and 
feasibility of  SPLS in colorectal surgery is supported by 
many reports and comparative studies[14,20-22].

PrEsEnt: Exclamation and 
frustration 
SPLS nomenclature
The exact nomenclature of  laparoscopic surgery, which 
is performed through only on minimal incision, has 
not been determined. The surgical procedure has been 
variously referred depending on the continent, country, 
hospital, department, and even individual operator (Table 

1). In this paper, we referred to it as SPLS, which is the 
most widely used terminology in South Korea. 

Beneficial effects of SPLS
SPLS is implemented through a tailored minimal single 
incision through which a number of  laparoscopic instru-
ments access. This single incision site usually functions 
as (1) an access port entering into abdominal cavity; (2) 
a specimen-extracting orifice; and (3) a pathway for a 
drain. The preferred single incision site is the umbilicus. 
Umbilicus is the thinnest part of  the abdomen; has no 
vessel or nerve; and can be regarded as predetermined, 
ready-made scar which can hide artificial scar effectively. 
Furthermore, centrally located, it can provide a shortcut 
to various intra-abdominal organs in all abdominal quad-
rants. Other sites besides umbilicus, however, can be 
utilized as a single incision for various reasons, including 
abandoning the umbilicus due to possible adhesion and 
making incision at predetermined ileostomy site. We ex-
perienced several cases of  abdominoperineal resection 
and low anterior resection using SPLS other than tran-
sumbilical route due to the latter reason, and found it to 
be acceptable in terms of  operative proficiency and cos-
mesis[15]; no wound was identified postoperatively except 
for the ileostomy site, simulating an even more “scar-less” 
operation than using the umbilicus.

Besides cosmetic superiority, the potential benefits 
of  SPLS is to reduce wound morbidity. The number and 
overall size of  the wound directly affect wound morbid-
ity, such as injuries of  vessels, bowel, and other intra-
abdominal organs, and trocar site hernia[23]. Weiss et al[24], 
in their analysis of  1145 consecutive series of  SPLS, 
reported that SPLS reduced wound complication more 
than CLS (2.38% vs 8.45%, P = 0.015).

Other benefits of  SPLS over CLS have not deter-
mined yet. Until now, a series of  comparative studies 
suggested a number of  potential benefits of  SPLS, 
including pain reduction and fastened postoperative re-
covery[20,25-27], and others did not[28-31]. The severity and 
duration of  pain after an operation influences postop-
erative recovery, which is reflected by duration before 
re-initiation of  a diet, return to normal activity, and the 
length of  hospital stay. Therefore, the effect of  SPLS on 
postoperative pain needs to be determined first. Tsimoy-
iannis et al[25], in a randomized controlled trial comparing 
outcomes following cholecystectomies either by CLS 
(n = 20) or SPLS (n = 20), showed that SPLS more re-
duced postoperative pain scores. However, prospective, 
large-scaled clinical trials of  the short- and long-term 
outcomes are essential to determine the precise effects 
of  SPLS.

SPLS is particularly useful in operations which are 
aimed at more than two target organs in different quad-
rants; for the umbilicus provides a shortcut to reach all 
intra-abdominal organs. Combined appendectomy and 
cholecystectomy is one of  examples. Colorectal surgery 
involves the most extensive area in the abdomen because 
the colorectum is extensively distributed. Therefore, the 
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Acronym Details

eNOTES Embryonic natural orifice transluminal endoscopic surgery
LESS Laparo-endoscopic single site surgery
NOTUS Natural orifice trans-umbilical surgery
OPUS One port umbilical surgery
SPAS Single port access
SPL Single port laparoscopy
SIPLS Single instrument port laparoscopic surgery
SIMPL Single incision multi-port laparoscopic-endoscopic
SILS Single incision laparoscopic surgery
SLIT Single laparoscopic incision transabdominal
SLAPP Single laparoscopic port procedure
SSL Single site laparoscopy
TUES Trans-umbilical endoscopic surgery
TULA Trans-umbilical laparoscopic assisted
TUSPLS trans-umbilical single port laparoscopic surgery



merit of  SPLS is pronounced in colorectal surgery. Fur-
thermore, SPLS may be the optimal choice in selected 
patients with a history of  multiple abdominal opera-
tions. Open or laparoscopic surgery can equally put such 
patients in the risk of  iatrogenic bowel perforation. In 
these situations, SPLS can be attempted because a single 
minimal incision provides a safe settlement point from 
which the dissection can be initiated cautiously.

SPLS poses several challenges, such as the handling 
of  straight instruments in parallel with the laparoscope 
through a small single incision. Technical limitations 
of  instrumentation in SPLS has led to advancement in 
techniques to overcome the limitations. Such technical 
advancements are unique to SPLS; difficult or unable to 
apply to CLS; and therefore show the potential of  SPLS 
to outperform CLS.

Instrument for SPLS
Ports: In the beginning, a homemade glove port, which 
combines a wound retractor and a surgical glove, has 
been utilized. More recently, commercial single ports, 
including the OCTO port (Dalim medical Co., South 
Korea) and the SILS port (single-incision laparoscopic 
surgery port, Covidien, United States) have also been de-
veloped and introduced (Figure 1). For convenience, we 
categorized the single ports into two subtypes depend-
ing on detachability; one-piece (SPLS port, R-port etc.) 
type and two-piece (Glove port, OCTO port etc.) type. 
We think that the two-piece type is more convenient 

in colorectal surgery considering the comfortability of  
specimen extraction through the port site. We also classi-
fied the single ports into the terminal type and preoccu-
pied type according to the presence of  a common chan-
nel; it can be called as terminal type when laparoscopic 
instruments share a common channel in the single port 
except for their entrance, and called as preoccupied type 
when each individual laparoscopic instrument has its 
own independent access to the abdominal cavity. We 
preferred the terminal type because it can be used with 
smaller incisions and evokes less instrumental clinching. 

Camera: Utilization of  a camera without a separate ex-
ternal light not only provides more space externally but 
also reduces the chance of  it being knocked out of  place 
by a surgeon. We prefer a camera with 5-mm diameter 
due to various reasons, such as taking up lesser space 
and leaving small incision. The 30-degree telescope pro-
vides an extensive vision, especially in the deepest por-
tion of  the pelvic cavity.

Working instruments: As SPLS is based on well-estab-
lished laparoscopic foundation, SPLS can be reproduced 
using conventional laparoscopic instruments. Fixed 
straight instruments are usually preferred in SPLS be-
cause they can transmit constant force and maintain 
throughout retraction. Numerous articulating devices, 
however, have been developed to actively manipulate and 
fulfill tasks regardless of  instrument position. The prac-
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Figure 1  Ports designed for single-port laparoscopic surgery. A: Materials for making homemade glove port (two-piece, terminal type); B: OCTO port (Dalim 
medical Co., South Korea) (two-piece, terminal type); C: Single incision laparoscopic surgery port (Covidien, United States) (one-piece, preoccupied type); D: Com-
mercial glove port (Sejong medical Co., South Korea) (one-piece, terminal type).
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tical utility of  their flexibility raises controversy. Judging 
from our experience, articulating devices were particu-
larly convenient when utilized with one hand rather than 
with both hands and/or when applied to the patients 
with a prominent pelvic promontory. Instruments with 
longer (44-45 cm) shaft lengths than conventional de-
vices (33-34 cm) are advantageous in the procedures in 
the left upper quadrant (LUQ), such as splenic flexure 
dissection. Considerable instrumental clinches occurred 
outside rather than inside of  abdominal cavity. We have 
overcome the clinches to a large extent using different-
length instruments and a reduced bulk camera. 

An instrument placed through a single port divides 
the hole in the port into two. Therefore, when an instru-
ment cannot, or is difficult to reach the targeted organ, 
we recommend to draw the instrument completely out 
of  the abdomen and re-insert it into another compart-
ment bordered by the instrument.

Challenge and response
Performing SPLS is more strenuous than CLS. The envi-
ronment provided by SPLS inevitably results in motion 
limitations and clashing of  surgical instruments due to 
crowding. Furthermore, SPLS significantly increases 
the difficulty of  colonic exposure and dissection due to 
inability of  triangular dissection which has been consid-
ered a cornerstone of  laparoscopic surgery. Such dif-
ficulties prompted the development of  instruments and 
maneuvers to overcome the limitations. Herein, some of  
these attempts, including the maneuvers which were in-
genuously developed at our institution, will be discussed.

Inverse triangulation: Laparoscopic surgeons have per-
formed convenient traction and dissection using the concept 
of  triangulation. SPLS, however, provides the unfavorable 
surroundings for triangulation, often resulting in the chop-
sticks or sword fighting effect due to parallel alignment 
of  instruments. We have attempted to overcome the lim-
itations using a new concept of  “inverse triangulation” 

(Figure 2). Inverse triangulation refers to the formation 
of  an inverted triangle viewed from the operator; one 
single-incision port site and two instrumental ends which 
are positioned in a crossing-over pattern comprise three 
triangles. The two instrumental ends do not encounter, 
but assist each other by creating tension. The operation 
is carried out with the two instruments crossed-over. 
The surgeon’s right hand holds the left-sided instrument 
and vice versa. Inverse-triangulation makes it convenient 
to perform various kinds of  laparoscopic procedure, 
including dissection, traction, and resection. And, in-
verse triangulation does not increase the umbilical pain 
because the range of  motion of  the instruments is re-
stricted within the umbilical port.

Pivoting: Colorectum is located extensively in four quad-
rants of  the abdomen, and the umbilicus is located in the 
center of  four quadrants. Therefore, a pan-abdominal 
approach without additional incisions is possible through 
the umbilicus. Furthermore, SPLS is advantageous in the 
operation which includes more than two target organs in 
different quadrants, such as combining splenectomy and 
appendectomy. The only requirements in such a situation 
are positional changes of  the patient and shifts of  opera-
tion members.

Spreading out dissection: Whether it is laparoscopy or 
open surgery, the operation of  the patient with multiple 
adhesions demands a great deal of  hard works. In CLS, 
even if  a port for camera is successfully entered, inser-
tion of  an additional port far apart from the camera port 
can be threatening due to potential risk of  intestinal in-
juries. However, SPLS has an advantage over CLS in that 
it does not require risky additional port insertion; only 
after securement of  single-port access, dissection of  ad-
herent tissue can be expanded from the single-port site 
with safety.

Hanging suture: Application of  a hanging suture is 
helpful when sustained maintenance of  the visual field 
overcoming an obstacle is required. For example, the 
practice of  total mesorectal excision (TME) for rec-
tal cancer is limited during SPLS due to narrow pelvic 
cavity and hindering structures. To facilitate TME, the 
peritoneal fold (in males) or the uterus (in females) can 
be elevated by placing an intracorporeal stitch through 
the low abdominal wall (Figure 3). Thereafter, adjusting 
patient’s position according to the procedure can further 
optimize operative field.

Transluminal traction: In the low colorectal surgery, 
the support of  a colorectum, which is determined to 
be dissected, can facilitate dissection by way of  adjust-
ing the organ’s direction. This support can be provided 
by transrectal application of  instruments, such as PPH 
(Procedure for Prolapsed and Hemorrhoid Endo-Sur-
gery, Ethicon, United States), a circular stapler, an anal 
trocar, or colonoscopy (Figure 4).
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Figure 2  Concept of triangulation vs inverse triangulation. Triangulation in 
multiport laparoscopic surgery allows traction on tissues to improve dissection 
along anatomical planes (A). In inverse triangulation of single-port laparoscopic 
surgery, the two instrumental ends do not encounter, but assist each other by 
creating tension (B). Therefore, the operation is carried out with the two instru-
ments crossed-over. 
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futurE: WaY to ultimitE scarlEss 
surgErY
SPLS is mainly accomplished by two persons. The op-
erator both holds an organ structure and dissects it with 
bimanual manipulation. Therefore, the operator’s contri-
bution is more substantial than any other procedures. An 
assistant’s role is, however, usually to steer a laparoscope. 
Therefore, the assistant’s role can be replaced by an in-
strument, such as a camera holder (laparoscopic instru-
ment holder, Sejong medical Co., South Korea) (Figure 
5). If  the instrument replaces an assistant surgeon, the 
surgical team is only comprised of  a surgeon and a scrub 
nurse. Surgery department often lacks manpower; there-
fore such instrument-dependent SPLS can overcome the 
personal defect. We found it is particularly advantageous 

in the operations of  which target organ is localized in a 
single quadrant, such as appendectomy, cholecystectomy, 
and herniorrhaphy.

SPLS was initially designed to achieve a seamless op-
eration. Reaching a “completely seamless operation” is 
the final destination, while maintaining comparable ther-
apeutic outcomes as CLS. In spite of  attempts to reduce 
the number and size of  the skin incision, the bulk of  the 
specimen inevitably affects the length of  incision, mostly 
the umbilical incision. Laparoscopic surgeons attempted 
to solve this problem by borrowing idea from natural 
orifice transluminal endoscopic surgery (NOTES). Con-
sequently, hybrid laparoscopic technique, which com-
bined laparoscopic surgical technique with natural orifice 
specimen extraction (NOSE), has been developed[32-41]. 
Of  NOSE, transvaginal[32-37] or transanal[38-41] route of  
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Figure 3  Hanging suture. To facilitate operative field during total mesorectal excision, the uterus in female (A) or the peritoneal fold in male (B) were elevated by 
placing an intracorporeal stitch through the low abdominal wall. 

Figure 4  Transluminal traction. A PPH (procedure for Prolapsed and Hemorrhoid Endo-Surgery, Ethicon, United States) was utilized to support the colorectum dur-
ing dissection and to facilitate dissection by shifting the colorectum’s location as well. 
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specimen retrieval has been preferred in laparoscopic 
surgery. SPLS and NOSE are the best combination in 
pursuit of  minimal invasiveness. In operations which in-
clude the formation of  a stoma, such as abdominoperi-
neal resection or low anterior resection with diverting il-
eostomy, SPLS can be initiated through a predetermined 
stoma site and the specimen can be extracted through 
the stoma site (Figure 6). Therefore, the ideal seamless 
operation can be accomplished by this way.

Transanal endoluminal laparoscopic surgery (TELS) 
is displayed in the rectal lumen using a port established in 
the anus[42-44]. And, laparoscopic assisted transanal trans-
abdominal proctosigmoidectomy is a combined approach 
to remove low rectal cancer via the anus and abdominal 

cavity[45-48]. Ideal seamless operation can be designed by 
combining these two operative procedures. First, after 
making an incision in anus, the dissection proceeds for-
ward, and then the specimen is extracted via anus, and 
colo-anal anastomosis is achieved through the anus. Such 
an accomplishment can be remarked as one of  the most 
advanced forms of  SPLS[49,50].

The advent of  robotic surgery should be addressed 
when discussing the future of  minimally invasive sur-
gery. Because the robotic surgery is performed using a 
laparoscopic approach, an upgraded version of  robotic 
surgery will be single-port robotic surgery[51]. It seemed 
that robotic SPLS combined with NOTE’s way of  speci-
men extraction would be attempted in the near future[52]. 
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Figure 6  Umbilicus-sparing single-port laparoscopic surgery. After making a incision for single-port to the predetermined enterostomy site (A), a single-port was 
inserted (B), and operation was accomplished through the enterostomy site (C). Postoperatively, no scar, except for enterostomy, remained (D).
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Figure 5  Laparoscopic instrument holder. An installation of a laparoscopic instrument holder in operation bed (A). Application of a laparoscopic instrument holder 
during single-port laparoscopic surgery (B).



It is expected to provide a completely or nearly complete 
seamless operation regardless of  location of  the lesion 
in the abdomen.
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Abstract
Chronic abdominal pain accompanying intestinal in-
flammation emerges from the hyperresponsiveness of 
neuronal, immune and endocrine signaling pathways 
within the intestines, the peripheral and the central 
nervous system. In this article we review how the 
sensory nerve information from the healthy and the 
hypersensitive bowel is encoded and conveyed to the 
brain. The gut milieu is continuously monitored by 
intrinsic enteric afferents, and an extrinsic nervous 
network comprising vagal, pelvic and splanchnic af-
ferents. The extrinsic afferents convey gut stimuli to 
second order neurons within the superficial spinal cord 
layers. These neurons cross the white commissure and 
ascend in the anterolateral quadrant and in the ipsilat-
eral dorsal column of the dorsal horn to higher brain 
centers, mostly subserving regulatory functions. With-
in the supraspinal regions and the brainstem, path-
ways descend to modulate the sensory input. Because 
of this multiple level control, only a small proportion of 
gut signals actually reaches the level of consciousness 

to induce sensation or pain. In inflammatory bowel 
disease (IBD) and irritable bowel syndrome (IBS) pa-
tients, however, long-term neuroplastic changes have 
occurred in the brain-gut axis which results in chronic 
abdominal pain. This sensitization may be driven on 
the one hand by peripheral mechanisms within the 
intestinal wall which encompasses an interplay be-
tween immunocytes, enterochromaffin cells, resident 
macrophages, neurons and smooth muscles. On the 
other hand, neuronal synaptic changes along with 
increased neurotransmitter release in the spinal cord 
and brain leads to a state of central wind-up. Also life 
factors such as but not limited to inflammation and 
stress contribute to hypersensitivity. All together, the 
degree to which each of these mechanisms contribute 
to hypersensitivity in IBD and IBS might be disease- 
and even patient-dependent. Mapping of sensitization 
throughout animal and human studies may significant-
ly improve our understanding of sensitization in IBD 
and IBS. On the long run, this knowledge can be put 
forward in potential therapeutic targets for abdominal 
pain in these conditions.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Afferent nerves; Chronic pain; Inflammatory 
bowel disease; Irritable bowel syndrome; Sensitisation; 
Sensory nerves; Visceral hypersensitivity

Core tip: This review reports on the neuroanatomy of 
gastrointestinal pain disorders. The encoding and con-
veying of information from the gastrointestinal wall to 
the central nervous system is described with emphasis 
on the peripheral level, the spinal cord and the higher 
brain centers. Besides the basic principles of visceral 
hypersensitivity are reviewed taking into consideration 
peripheral sensitization (and the main mediators in-
volved) and central wind-up phenomena in order to 
better understand the mechanisms involved in chronic 
abdominal pain in inflammatory bowel disease and ir-
ritable bowel syndrome patients. 
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INTRODUCTION
Chronic abdominal pain frequently originates from a lo-
cal inflammatory reaction in the lower gastrointestinal 
(GI) tract. Indeed, 50%-70% of  patients with inflamma-
tory bowel disease (IBD), encompassing ulcerative colitis 
(UC) and Crohn’s disease (CD), present with abdominal 
discomfort or pain[1,2]. The bulk of  IBD research merely 
focuses on treatment algorithms for the achievement 
and the maintenance of  endoscopic remission of  muco-
sal lesions but this approach insufficiently resolves con-
comitant pain[3,4]. A retrospective 5 year follow-up study 
in CD patients revealed a high prevalence of  chronic 
narcotic users which exemplifies the analgesic shortcom-
ing[5]. Farrokhyar and colleagues reported symptoms 
compliant to Rome Ⅱ diagnostic criteria for irritable 
bowel syndrome (IBS) in approximately one-third of  
patients with inactive CD[4,6]. IBS entails a heterogeneous 
group of  functional lower GI disorders characterized 
by abdominal pain and altered bowel habits[7]. While 
routine diagnostic tests exclude alarming features for 
organic pathology, some though not all investigators 
discovered subclinical evidence of  a low-grade ileitis 
and colitis in several IBS patients such as mildly elevated 
levels of  fecal calprotectin[8,9], an increase in proinflam-
matory cytokines including IL-6, IL-8, tumor necrosis 
factor (TNF)-α and IL-1β[10], colonic lymphocytosis and 
mastocytosis[11]. Aside from concerns of  some regarding 
these findings[12,13], observations linking symptoms to a 
bout of  enteritis hypothesize that a previous transient 
inflammation contributes to IBS etiology[14]. IBD on the 
other hand manifests as a chronic uncontrolled immu-
nologic reaction with recurrent flares of  inflammation[15]. 
Hence, there are indications supporting and opposing 
overlap between IBD and IBS. A more acknowledged 
statement, regardless of  the inflammatory origin, is that 
the pathology has imprinted changes in the gut-brain 
neuronal connection and so manifests in a diffuse and 
poorly localized chronic pain in the abdomen. The afore-
mentioned features characterize pain in IBS and IBD pa-
tients and are partially attributed to the complex sensory 
innervation pattern of  the pelvis. The colorectum is ex-
tensively innervated, albeit only a low density of  extrin-
sic afferents provides the substantial link with the central 
nervous system (CNS) for perception. The extrinsic 
colon afferents branch to other organs (e.g., colorectum, 
bladder, reproductive organs) within the abdominal cav-
ity and organize into web-like plexuses scattered through 
the abdomen. Due to this anatomical organization sig-
nals of  multiple pelvic organs, rather than restricted to 
the colon, converge to a relatively extensive number of  

spinal cord segments[16]. Within the spine other body 
signals may join and together the information travels via 
supraspinal levels to the higher brain centers. Impor-
tantly it is known that somatic input outnumbers the 
visceral input and that the visceral input is entering the 
spinal cord at different segments. This ambiguous signal 
transduction from the gut via the three-neuron chain to 
the brain explains why the experienced pain has a poor 
topological relation and cannot always be pinpointed. 
In IBD and IBS, each level of  control is susceptible to 
neuromodulatory changes or sensitization. Therefore, 
we review how stimuli in the healthy and the hypersensi-
tive bowel are detected, encoded, and conveyed to the 
brain to be either unconsciously, consciously or painfully 
perceived. For reasons of  clarity, we will start with a de-
scription of  the anatomical structures involved.

PERIPHERAL AFFERENT PATHWAYS 
SUPPLYING THE GASTROINTESTINAL 
TRACT
Intrinsic innervation: the enteric nervous system
The intestinal wall of  the esophagus, the stomach, the 
small intestine and the colon house a dense neuronal 
network (about 108 neurons), the enteric nervous system 
(ENS), also referred to as the “little brain-of-the-gut’’. 
This intrinsic network comprises enteric nerve cell bodies 
of  sensory, inter- and motor neurons grouped into gan-
glia and interconnected by bundles of  nerve processes 
forming plexuses of  which the best characterised are the 
myenteric plexus (Auerbach’s plexus) and the submucosal 
plexus (Meissner’s plexus)[17-19]. The ENS controls motil-
ity, mucosal secretion and absorption, mucosal growth, 
local blood flow and the immune function in the gut[18]. 
The connective link between the CNS and the ENS is 
bidirectional: the brain influences the function of  the 
ENS and vice versa. When the brain encounters stressful 
life events, the lower gut gets overstimulated resulting in 
diarrhea. When the lower gut responds to food poisoning 
with powerful propulsive colon contractions, the body 
experiences aversion towards the ingested meal and ab-
dominal cramping pain. With referral to the latter, high-
amplitude propagating contractions in the ileocecum 
and sigmoid colon of  IBS patients in response to eating 
correlate to abdominal pain[20]. Support to this hypothesis 
comes from reports on antispasmodics giving short-term 
pain relief  in at least a subset of  diarrhea-predominant 
IBS patients[21]. Likewise, antispasmodic agents may be 
effective in IBD, especially in those patients who are in 
remission and have mild to moderate chronic pain[22]. Be-
sides their role in ileocolonic dysmotility, intrinsic enteric 
afferents containing serotonin, substance P, CGRP can 
initiate or intensify neurogenic inflammation upon release 
and thereby sensitise adjacent extrinsic gut nerves. The 
relevance of  the enteric nervous system to pain primarily 
lies within the excitation of  these extrinsic afferents by 
neuropeptides.
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Extrinsic sensory innervation of the gastrointestinal 
tract 
The extrinsic primary afferents of  the GI tract provide 
the anatomical connection with the CNS and so a basis 
for both nonpainful (e.g., satiety, passage of  gas, etc.) and 
painful (e.g., inflammation, ischemia, extensive distension) 
gut sensations. The GI tract receives a dual innervation 
with complementary roles in gut signaling: a splanch-
nic and a vagal plus pelvic afferent population. These 
afferents run alongside the efferent orthosympathetic 
(splanchnic nerves) and parasympathetic nervous system 
(vagal/pelvic nerves) respectively, but are never referred 
to as such[23]. It is assumed that the vagal/pelvic nerves 
subserve homeostatic functions, whereas the splanchnic 
innervation principally conveys nociception. This simple 
dichotomy of  function, however, appears far more com-
plex than formerly assumed. 

Vagal innervation: The vagal nerve is the largest sen-
sory pathway in the body with up to 80% of  the fibers 
being afferents. The vagal nerve branches to the entire 
gut, except the transverse and distal portion of  the colon. 
The vagal cell bodies reside in the ganglion nodosum and 
the central nerve endings terminate in the nucleus of  the 
solitary tract in the dorsal medulla. Vagal afferents mainly 
regulate feeding behavior by upper gut reflexes (e.g., gas-
tric accommodation, gastric emptying, gastric/pancreatic 
secretion, emesis) and the perception of  hunger, fullness, 
satisfaction, bloating and nausea. Three types of  vagal fi-
bers were characterized in the mouse by an in vitro vagus-
gastro-esophageal set-up: mechanoreceptors, tension 
receptors and specific chemoreceptors activated by bile. 
Vagal mechanical afferent endings within the muscle lay-
ers are classified into two types: intramuscular arrays and 
intraganglionic laminar endings. Intramuscular arrays run 
parallel in either the longitudinal or circular muscle layers 
and have been suggested to respond to muscle stretch. 
Intraganglionic laminar endings branch extensively in 
connective tissue surrounding myenteric ganglia and 
convey info about distension and muscle contraction[24]. 
The tension-sensitive afferents respond maximally at dis-
tensions within the physiological range and are activated 
by normal peristaltic contractions. This implies that the 
vagal afferents take care of  physiological perception of  
mechanical stimuli[25,26], whereas pain evoked by disten-
sion of  the upper GI tract is probably mediated via the 
splanchnic afferents. However, vagal afferents have been 
shown to be implicated in the pain reactions evoked by 
gastric acid challenge[27]. The activity of  lower gut vagal 
afferents modulates spinal transmission. The latter is sup-
ported by the observation of  increased pain responses to 
colorectal distension after subdiaphragmatic vagotomy in 
rats[28,29]. In humans, lower thresholds for the perception 
of  pain have been described in patients who had previ-
ously undergone vagotomy in the course of  a Billroth I 
gastrectomy compared with pain thresholds in healthy 
controls[30]. The exact mechanism is still controversial, 
but likely involves specific relay nuclei such as the nucleus 

raphe magnus and ventral locus coeruleus. On the one 
hand vagal afferents have been shown to facilitate noci-
ceptive transmission[25], whereas on the other hand the 
vagal nerve appears to participate in an antinociceptive 
descending pathway mediated by nanomolecules such as 
but not limited to opioids[28,31]. This discrepancy may be 
explained by differences in stimulation parameters: low 
intensity stimulation of  vagal afferents facilitates, while 
high intensity stimulation inhibits nociception[31]. IBD 
patients may benefit from chronic vagal stimulation since 
the vagal nerve stimulation exerts anti-inflammatory ef-
fects. Previous studies in a sepsis model showed that the 
vagal nerve regulates the cholinergic tonus so that the 
immune response of  macrophages and immunocytes is 
dampened[32]. 

Pelvic innervation: The pelvic nerves mainly innervate 
pelvic structures: the colorectum, the bladder and the 
reproductive organs. Pelvic afferents represent 30%-50% 
of  the total number of  neurons and converge visceral 
information onto spinal neurons in the lumbosacral seg-
ments L6-S2 of  the spinal cord in mice and rats[33]. Their 
cell bodies are located in the lumbosacral dorsal root 
ganglia (DRG). The pelvic nerve contains serosal, mu-
cosal, muscular (e.g., intraganglionic laminar ending and 
intramuscular arrays), muscular/mucosal afferents and is 
specialized to detect circular stretch, the primary stimulus 
generated by low-intensity colorectal distension or stool 
passage[34]. Pelvic afferents transmit similar modalities 
of  information as the vagal afferent system i.e., physi-
ological sensation (e.g., urgency, desire to defecate, etc.). 
In addition, animal data support the idea that they form 
the afferent branch of  extrinsic gut reflexes such as the 
cologastric inhibitory reflex[35,36]. They are a subject of  
interest in pain research as a bilateral pelvic nerve section 
almost entirely abolished pain-related behavior to nox-
ious colorectal distension in rats[23,34]. Following TNBS 
colitis, however, pain responses partially recovered[37]. 
Hence, the pelvic nerve is involved in normal physiology 
and acute pain, rather than in inflammatory pain which is 
more specifically mediated by splanchnic afferents. How-
ever, animal experiments in rat have shown pelvic fiber 
sensitization when a chemical irritant is applied to colonic 
tissue, posing a role in nociception of  the pelvic nerve 
under inflammatory circumstances[36].

Splanchnic innervations: The splanchnic nerves in-
nervate the entire GI tract and are the functional coun-
terpart of  the vagal plus pelvic nerves. Visceral afferents 
located in splanchnic nerves project to the spinal cord. 
Unlike the pelvic afferents, visceral information from the 
colorectum carried by the splanchnic nerves project onto 
thoracolumbar segments T10 - L2 in mice and rats[33]. 
Their cell bodies are located in the thoracolumbar DRG 
near the spinal cord, with peripheral projections ending 
at various levels within the gut wall. These splanchnic 
afferent fibers course through the prevertebral ganglia 
(celiac, superior and inferior mesenteric ganglion) where 
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cending pathways project to higher brain centers where 
pathways origin and descend to fine-tune the sensory 
input[43,44].

Ascending pathways
Central ascending pathways involved in bowel sensations 
include both pathways ascending in the anterolateral 
quadrant (ALQ) of  the white commissure and the dorsal 
column of  the dorsal horn (Figure 1). Pathways ascend-
ing in the ALQ transmit noxious cutaneous stimuli and 
also carry nociceptive information of  visceral origin. This 
idea is largely based on anterolateral cordotomies per-
formed in the 20th century to relieve pain due to damage 
to the spinal cord by disease or trauma[45]. The pathways 
in the ALQ are the spinoreticular, spinomesencephalic, 
spinohypothalamic and spinothalamic tracts[46]. The for-
mer three tracts mainly subserve regulatory functions 
below the level of  consciousness. The spinoreticular tract 
projects to the dorsal reticular nucleus in the brainstem, 
which is involved in the affective-motivational proper-
ties (emotional component of  pain) of  visceral stimula-
tion. The spinomesencephalic tract conveys information 
from the spinal cord to the periaqueductal gray (PAG) 
and other midbrain regions. The spinohypothalamic tract 
conducts sensory information from the spinal cord di-
rectly to the hypothalamus. The hypothalamus together 
with other parts of  the limbic system (amygdala, medial 
thalamus, ACC), locus coeruleus and PAG regulate arous-
al and emotional, autonomic and behavioral responses. 
The spinothalamic tract mediates the sensations of  pain, 
cold and heat, and also contributes to touch sensation. 
Projections of  the spinothalamic tract have been traced 
to the thalamus in humans and in laboratory animals. The 
thalamus is a major relay station where multiple somatic 
and visceral inputs converge. Before the information is 
conveyed via the third order neurons to the cortex, the 
thalamus will process the nociceptive information. Hu-
man observations coupled with an extensive repertoire of  
experimental data suggest that particularly the posterolat-
eral nucleus of  the thalamus is involved in the processing 
of  visceral information, including both innocuous and 
noxious visceral inputs. The thalamus, relays to cortical 
regions such as the pregenual anterior cingulate cortex 
(pACC), mid cingulate cortex, the insula and the somato-

they may form ‘‘en passant’’ synapses with efferent sym-
pathic neurons. From animal data splanchnic afferents 
are thought to constitute the main nociceptive path-
way from the gut as they signal different modalities of  
mechanosensory information[34,38]. In the upper GI tract 
splanchnic afferents appear to mediate gastric mechano-
nociception, but not gastric chemo-nociception which 
is mediated by vagal sensory neurons. This is supported 
by the finding that in rodents pain-related responses to 
gastric distension are blocked by splanchnicectomy, but 
not by vagotomy[39]. In the lower GI tract, splanchnic 
afferents convey signals of  abdominal discomfort. In-
deed, the majority of  splanchnic afferents of  the colon 
encountered in mice are located in the serosa (36%) and 
mesenteric (50%) membranes, often associated with 
mesenteric blood vessels. Likewise, the mucosal spinal 
afferents are often found near submucosal blood ves-
sels where they form varicose branching axons. The 
bare endings of  the submucosa and mesenteric afferents 
are likely to respond to distortion of  the gut during 
stretch or contraction, especially at levels that give rise 
to pain[40,41]. Hence, they are tuned to encode stimuli into 
the noxious range[34]. In the rat, both anatomical and 
functional evidence points to a specific role of  splanch-
nic afferents in pain during colitis[37,42].

Very recently Brookes and co-authors suggest a novel 
classification into five “structurally distinct” types of  sen-
sory endings within the gut wall forming the anatomical 
extrinsic sensory pathways described by these authors as 
the vagal pathway, the thoracolumbar spinal pathway pro-
jecting via the splanchnic nerves and the lumbosacral spi-
nal pathway projecting via the pelvic and rectal nerves[23]. 

CENTRAL PATHWAYS CONVEYING 
VISCERAL SIGNALS FROM THE LOWER 
GI TRACT
Extrinsic primary afferents innervating the lower GI 
tract primarily synapse with second-order neurons in the 
dorsal horn of  the thoracolumbar and lumbosacral spi-
nal cord segment. Fibers terminate predominantly in the 
superficial laminae Ⅰ and Ⅱ, but also reach deeper lay-
ers such as the laminae V and X of  the gray matter. As-

Dorsal columnar 
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Figure 1  Cross section of the spinal 
cord. The central branches of the visceral 
afferents innervating the lower gastroin-
testinal tract travel via the dorsal root gan-
glia (DRG) and project onto the second 
order neurons in laminae Ⅰ, Ⅱ, Ⅴ, Ⅹ of 
the spinal gray matter. Ascending path-
ways arise in the anterolateral quadrant 
(ALQ; purple zone) and the dorsal column 
(DC; green zone) region in the spinal cord 
and project to higher brain centers ( , 
medulla, thalamus).
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sensory cortex. Notably, visceral sensation is primarily 
represented in the secondary somatosensory cortex[47]. 
In these cortical regions the nociceptive signals are pro-
cessed, integrated and eventually perceived as ‘‘painful’’. 
Brain images provided by H(2)(15)O micro positron-
emission tomography (PET) scanning performed during 
colorectal distension in rats suggest that the cerebellum is 
also involved in visceral nociception[48], which is support-
ed by findings in healthy humans documenting cerebel-
lar activation in response to painful visceral stimuli such 
as distension of  the colorectum[49]. A number of  recent 
studies has pointed to a specific role of  the dorsal funiculus 
[dorsal column (DC) in animals] in viscerosensory transmis-
sion and visceral nociception. Experimental data from 
different groups have identified the DC as being more 
important in visceral nociceptive transmission than the 
spinothalamic, spinohypothalamic, spinomesencephalic 
and spinoreticular tracts[50,51]. The bulk of  evidence rests 
on the great effectiveness of  limited midline myelotomy 
in reducing intractable pelvic cancer-related pain in hu-
mans and on a number of  experimental observations in 
animals[52]. The DC contains collateral branches of  prima-
ry afferent fibers that ascend from the dorsal root entry 
level to the medulla. In addition, it contains the ascending 
axons of  tract cells of  the dorsal horn. These tract cells 
form the postsynaptic DC pathway, which along with 
primary afferent axons, travel in the DC and synapses 
in the DC nuclei. The postsynaptic DC cells in rats and 
monkeys were shown to receive inputs from the colon, 
the ureter, the pancreas and epigastric structures[53]. A DC 
lesion does not reduce pain caused by noxious cutaneous 
stimuli in humans[54], which argues for a selective role of  
the DC pathway in visceral pain such as pain evoked by 
enteritis.

Descending pathways
It is well recognized that spinal nociceptive transmission 
is modulated by descending pathways from various su-
praspinal structures, including the nucleus raphe magnus, 
the periventricular gray of  the hypothalamus and the 
midbrain PAG. At cortical level, the ACC is the most im-
portant source of  descending modulatory pathways, pro-
jecting to the amygdala and the PAG which is probably 
the key pain modulatory region. Descending modulation 
of  spinal nociceptive processing can be either inhibitory 
or facilitatory. In the late 1960s it was shown that focal 
electrical stimulation in the midbrain PAG of  the rat per-
mitted abdominal surgery in the absence of  general anes-
thesia due to the pain suppressive effects of  stimulation 
of  this specific region[55]. The PAG - rostral ventromedial 
medulla (RVM) - dorsal horn circuitry is the best charac-
terized nociceptive modulatory pathway through which 
pain is endogenously inhibited. Endogenous opioids are 
key mediators in the descending pain inhibitory path-
ways. Specifically the pACC is assumed to send inhibitory 
signals to pontomedullary networks since it contains a 
high content of  opioids. Additionally, monoaminergic 
neurotransmitters such as noradrenaline, serotonin and 

dopamine positively or negatively modulate pain signal-
ing with remarkably opposing effects, depending on the 
extent of  transmitter release, the receptor type, receptor 
affinity and the location in the spinal cord the descending 
pathways project towards[47,56,57]. Further, it is shown that 
the excitability of  spinal dorsal horn neurons to periph-
eral sensory stimulation are enhanced or increased by 
stimulation of  the RVM including the reticular formation 
of  the serotonergic nucleus raphe magnus[58-60]. These 
findings support a role of  the RVM and raphe magnus in 
a facilitatory descending pathway.

PRINCIPLES OF VISCERAL 
HYPERSENSITIVITY
Visceral hypersensitivity refers to an increased percep-
tion of  stimuli arising from the viscera. Specific terms 
are used to describe the hypersensitivity: allodynia and 
hyperalgesia. The perception of  pain in response to stimuli 
that are normally not perceived as painful is referred to 
as allodynia. The term allodynia strictly does not apply 
to visceral pain since the visceral organs are normally 
almost insensate but the concept of  visceral allodynia is 
useful to understand sensitization in a variety of  gut dis-
orders. An increase in pain perception to stimuli that are 
normally perceived as painful is referred to as hyperalge-
sia[61]. Concerning IBD and IBS, we focus this review on 
colorectal hypersensitivity. A hypersensitive colorectum is 
considered the hallmark feature of  all IBS subtypes[62,63] 
as altered rectal perception is documented in 61% of  IBS 
patients meeting Rome Ⅱ criteria[64]. It is currently the 
most widely accepted mechanism for abdominal pain. 
Some investigators have even suggested that this physi-
ological hallmark is useful in clinical diagnosis[65]. Based 
on the current scientific evidence, the mechanisms of  
visceral hypersensitivity have been formulated in a num-
ber of  hypotheses. These include (1) the sensitization of  
peripheral visceral afferent neurons; (2) the sensitization 
of  spinal cord dorsal horn neurons; (3) the altered de-
scending excitatory and inhibitory influences to the spinal 
cord nociceptive neurons; and (4) the misinterpretation 
of  innocuous sensation as noxious due to cognitive and 
emotional biasing (e.g., hypervigilance, pain catastrophiz-
ing)[47,66]. The degree to which each of  these mechanisms 
generate visceral hypersensitivity and therefore pain 
symptoms is still unclear. However, it is assumed that 
these mechanisms are rather complementary than mutu-
ally exclusive.

Peripheral sensitization 
The gut is not only provided with an extensive neuronal 
network, it also houses highly specialized immunocytes 
and epithelial cells equipped with the machinery to 
participate in sensitization in the event of  a potential 
threat[67]. In IBD and some IBS subsets, inflammation 
likely triggers the peripheral sensitization. Enterochro-
maffin cells (ECC) and mast cells function as interme-
diaries between the ‘‘inflammatory soup’’ (e.g., tissue 
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acidosis, cytokines, arachidonic acid metabolites) and 
the neuroenteric system (Figure 2). ECC are interposed 
between epithelial cells of  the GI mucosa where they act 
as sensors or ‘‘taste bottoms’’ of  the intraluminal milieu. 
EEC contain large numbers of  electron-dense secretory 
granules with a range of  peptides such as but not limited 
to serotonin, cholecystokinin and secretin positioned to-
wards their basement membrane. In response to luminal 
nutrients, toxins and mechanical stimulation the ECC 
release their content into the gut wall which influences 
the neuromuscular apparatus. Serotonin release for in-
stance is well known to activate vagal afferent endings 
in the upper GI tract serving as an emetic trigger[68]. A 
proportion of  postinfectious irritable bowel syndrome 
(PI-IBS) patients have ECC hyperplasia and multivari-
ate analysis has shown that ECC count is an important 
predictor of  developing PI-IBS (relative risk 3.8)[4,69]. 
Also the endocrine cell population in patients with CD 
ileitis showed an increase in ECC number, both at af-
fected and nonaffected sites of  the ileum. In a study on 
colonic tissue, the ECC area was likewise significantly 
increased in active CD and UC[47]. The same was found in 
colorectal tissue from UC patients in remission. Recently, 
a nematode-infected (Trichuris muris) immunodeficient 
mice model revealed an interaction between CD4+ T 
cells and ECC. The infection evoked Th2 response lead 

to ECC hyperplasia via the presence of  IL-13 receptors 
on ECC, resulting in an increase in serotonin produc-
tion[70]. The 5-HT receptor subtypes that are involved in 
visceral hypersensitivity are 5-HT3, 5-HT4 and 5-HT2B. 
5-HT3 antagonists (alosetron and cilansetron) prevent 
the activation of  5-HT3 receptors on extrinsic afferent 
neurons and decrease hyperalgesia and abdominal pain 
in IBS patients[71]. More recently, evidence emerged that 
5-HT4 receptor-mediated mechanisms regulate visceral 
sensitivity as tegaserod, a partial 5-HT4 agonist, normal-
ized postinflammatory hypersensitive colon in the rat[72]. 
In a recent patient study, tegaserod significantly reduced 
the inhibitory effects of  colorectal distension on the RIII 
reflex in 12 of  15 patients[73]. Finally a role for 5-HT2B has 
been stated, but needs further verification. Serotonergic 
mechanisms are likely implicated in PI-IBS patients based 
on an increased number of  ECC[74-76], an increased mast 
cell population[77], an increased postprandial serotonin 
release[78]. The metabolism of  5-HT might also be dis-
rupted in both IBS and IBD. In this regard, it has been 
suggested that decreased serotonin-selective reuptake 
transporter (SERT) expression in IBD and IBS patients 
is associated with GI dysfunction in these disorders[79-81]. 
SERT, which is expressed on enterocytes, terminates the 
actions of  serotonin by removing it from the interstitial 
space. The role of  SERT in GI pathology is further sup-
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ported by the observation that colonic sensitivity to CRD 
was attenuated in mice after long-term treatment with 
paroxetine, a SERT inhibitor[82]. Polymorphisms of  the 
serotonin re-uptake transporter gene may also play a role 
in disturbance of  gut function. IBS patients with dele-
tion/deletion genotype of  SERT polymorphism more 
often experience abdominal pain compared to those ex-
pressing other SERT polymorphisms[83]. 

Mast cells are bone-marrow derived cells that circulate 
in the bloodstream as immature progenitors and matu-
rate and reside within the mucosal and connective tissues 
(Figure 2). Mast cells possess a plethora of  mediators that 
can be rapidly released out of  preformed granules like 
histamine, serotonin, serine proteases (e.g., tryptase), pro-
teoglycans or that can be de novo synthetized such as pros-
taglandins (e.g., PGE2, PGD2), leukotrienes (e.g., LTC4, 
LTD4), platelet activating factor (PAF), and cytokines (e.g., 
TNFα, IL-6)[84,85]. In mice, serotonin is also present in 
mucosal mast cells in the lamina propria and some studies 
have suggested that human mast cells may also contain 
serotonin especially in conditions associated with masto-
cytosis[86]. Within the GI wall the close proximity between 
mast cells and neurons is intriguing and a bidirectional 
interaction between them is generally accepted[67,87,88]. 
Recently, it was shown that the number of  mast cells 
close to afferent fibers was significantly increased in rats 
with DSS colitis, and that nerve fibers reacted stronger 
to compound 48/80-evoked mast cell degranulation[89]. 
Visceral hypersensitivity, evoked by the chemical irritant 
TNBS but also by chronic juvenile stress from maternal 
separation, can be treated with the mast cell stabilizer ke-
totifen and is abolished in mast cell deficient rats[90,91]. In 
patients, ketotifen increases the threshold for discomfort 
in patients with IBS with visceral hypersensitivity, reduces 
IBS symptoms and improves health-related quality of  life 
regardless from the poor correlation with mast cell activa-
tion in biopsies[92]. There is considerable clinical evidence 
for mast cell involvement in human IBD. In colorectal 
mucosa from patients with CD and UC, the amount of  
mast cell tryptase was significantly increased, as was the 
number of  mast cells in the lamina propria and submu-
cosa[93]. The same observations were made in the afflicted 
ileum of  CD patients[4,94]. The secretion profile of  mast 
cells derived from UC patients was also shifted, releasing 
greater amounts of  histamine, PGs and leukotrienes[95,96]. 
Moreover, rates of  tryptase secretion were increased in 
both inflamed and noninflamed tissue from UC patients 
indicating that mast cell activation/proliferation can be 
altered remote from the site of  active inflammation[4,97]. 
Also in IBS patients sufficient data support a role for 
mast cells. Mast cell infiltration was associated with 
symptoms of  bloating in IBS patients[98]. In addition, acti-
vated mast cells in close proximity to colonic nerves were 
significantly correlated with the severity and frequency 
of  abdominal pain or discomfort[99]. The experimental 
observation that mast cell mediators, released from the 
colonic mucosal biopsies from IBS patients but not of  
healthy patients, excite rat nociceptive visceral afferents 

further provide evidence of  a pivotal role of  mast cells in 
IBS hypersensitivity and have been confirmed by several 
other groups in different countries[100,101]. 

Protease-activated receptors (PARs) are a family of  
4 receptor types activated by serine proteases such as 
thrombin and tryptase (Figure 2). PARs have a wide-
spread distribution throughout the GI tract enabling the 
involvement in all the aspects of  gut physiology, including 
inflammation and nociception. PAR1, 2 and 4 have been 
implicated in the modulation of  nociceptive mechanisms, 
since they are expressed by nociceptive DRG neurons 
containing CGRP and SP. However, the function of  these 
receptors in nociceptive signaling might be opposite. 
PAR2 was found to be activated by trypsin and the mast 
cell mediator tryptase, whereas PAR1 and 4 are activated 
by thrombin[102]. In rodents, PAR1 and PAR4 exert anti-
nociceptive signals whereas PAR2 is clearly a pronocicep-
tive agent regarding both mast cell- and formalin-induced 
hyperalgesia in mice[103]. A role for PARs in inflammatory 
disorders is evidenced by several studies: the expression 
of  PAR1 and PAR2 is upregulated in tissues from CD 
or UC patients[104,105], the levels of  the PAR2 agonists 
trypsin and mast cell tryptase are elevated in mouse co-
lon[106], elevated colonic luminal serine protease activity 
has been observed in IBS-D patients[107]. The generation 
of  pain symptoms has been suggested by the observation 
that mice injected with mediators released from colonic 
biopsies of  IBS patients, exhibit enhanced nociceptive re-
sponses to CRD, whereas transgenic mice without PAR2 
failed to show such mechanical hyperalgesia[107,108]. From 
these findings, it would appear that PAR2 antagonists and 
PAR1 and PAR4 agonists have potential in the control of  
visceral pain and hyperalgesia symptoms in both IBD and 
IBS. In mice, PAR2-mediated mechanical hyperalgesia re-
quires sensitization of  the ion channel transient receptor 
potential vanilloid 4 (TRPV4), since deletion of  TRPV4 
prevented PAR2 agonist-induced mechanical hyperalgesia 
and sensitization[109,110]. Accordingly, mast cell tryptase-
induced PAR2 activation is proposed as a mechanism for 
TRPA1 sensitization as it was shown that PAR2-induced 
hyperalgesia was absent in TRPA1 knockout mice[111]. 

Nerve growth factor (NGF) is synthetized by epi-
thelial cells and mast cells when triggered by IL-1β and 
TNFα (Figure 2)[112]. NGF influences development 
and function of  afferents by binding to its high affinity 
TrKA receptor. Indeed, NGF can modulate the expres-
sion of  membrane bound receptors such as TRPV1 and 
TRPA1 localized at peripheral afferents. The described 
NGF-mediated mechanism could regulate inflamma-
tory hyperalgesia seen in IBD, as hypersensitivity in rats 
with inflamed colon can be reversed by anti-NGF anti-
body treatment[113]. NGF has been implicated in several 
chronic inflammatory processes. In CD, NGF mRNA is 
increased in 60% and TrkA mRNA in 54% in UC, NGF 
mRNA expression was enhanced in 58% (2.4-fold; P < 
0.01) and TrkA mRNA expression in 50% of  the pa-
tients. Enhanced expression of  NGF and TrkA in both 
neural and non-neural structures suggests activation of  
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this neuroimmune pathway in chronic inflammation in 
CD and UC[114]. 

A population of  cells that is recently taken into ac-
count in the modulation of  neuroimmune interactions 
are the peripheral glial cells. These cells are capable of  
modulating enteric neurotransmission, modulate inflam-
mation and control intestinal barrier function. They are 
capable of  these interactions as they contain precursors 
for neurotransmitters such as GABA and NO; they ex-
press receptors for purines and they are able to produce 
cytokines (IL-1β, IL-6, TNFα), NGF and neuropeptides 
(NKA and SP) after activation[115]. There is recent evi-
dence for a paracrine purinergic neuro-glial communica-
tion and also after injection of  endotoxins in mice glial 
cells are activated[116,117]. Changes in enteric glial cells have 
been described in IBD[118]. Recently, the role of  glial cells 
has been investigated in rectal biopsies of  UC patients; 
the expression of  S100, a marker for enteric glial cells, 
was associated with an increase of  inducible nitric oxide 
synthase expression[119]. Inflammation increases the syn-
thesis of  PGs through upregulation of  cyclooxygenase-2 
(COX-2). For instance, in patients with active CD and 
UC a six- to eightfold increase in COX-2 mRNA was 
demonstrated in the bowel wall[120]. Although suppression 
of  PG production in the gut by COX inhibitors carries 
the risk of  severe GI mucosal damage, blockade of  PG 
receptors expressed by sensory neurons appears to be 
an alternative way of  preventing the proalgesic action of  
PGs. PGE2 and PGI2 have been proven to be key me-
diators of  inflammatory hyperalgesia. Primary afferent 
neurons express PG receptors of  the EP1, EP2, EP3, EP4 
and IP type. PG receptors are also found at the central 
synapse in the spinal cord. For instance, PGE2 is recog-
nized as playing a prominent role in the CNS as well as 
peripheral tissues[121].

Perhaps the most intriguing players in peripheral hy-
peralgesia and pain are the transient receptor potential 
(TRP) ion channels of  the vanilloid type 1 (TRPV1), the 
vanilloid type 4 (TRPV4), the ankyrin type 1 (TRPA1) 
and the melastatin type 8 (TRPM8) (Figure 2). These 
TRPs are expressed on gut afferents including those that 
conduct noxious stimuli to the spinal cord and co-ex-
press with the above listed G protein-coupled receptors 
(e.g., EP1, 5HT3, BK1, PAR2) and growth factor recep-
tors (e.g., TrKA receptors). Their close proximity allows 
the TRPs to couple their activity to mutual downstream 
pathways which enables them to integrate a diversity of  
stimuli present in the inflammatory milieu[122]. TRPV1, 
the best characterized TRP, acts as an immediate sensory 
alarm in response to mechanical stretch or distension, 
mild acidification (pH < 5.9), noxious heat (> 42 ℃) and 
spice ingredients such as capsaicin[123,124]. Also endovanil-
loids such as anandamide, unsatured N-acyldopamines 
and lipoxygenases of  arachidonic acid are known to di-
rectly activate TRPV1. Many proalgesic factors are asso-
ciated with TRPV1-induced hyperalgesia (e.g., bradykinin, 
5-HT, NGF, PAR2, endogenous metabolites)[125]. Experi-
mental animal models have shown that TRPV-/- mice 

have decreased pain-related responses to colorectal dis-
tension, whereas capsaicin application will increase pain 
to colorectal distension in animals. These data in animals 
suggest the involvement of  TRPV1 signalling pathways 
in colonic pain. Of  clinical relevance is that TPRV1 
expression is increased in UC and CD[126]. TRPV1 is 
upregulated not only in inflammation but also in the ab-
sence of  overt inflammation as is typical of  functional 
GI disorders. This is true for patients with IBS in which 
increased density of  TRPV1 in the rectosigmoid corre-
lated with pain severity[127]. A similar correlation between 
pain intensity and number of  mucosal TRPV1-positive 
nerve fibers is found in patients with quiescent IBD who 
continue to complain of  abdominal pain[126,127]. TRPA1 is 
a receptor characterized by a long ankyrin repeat at the 
N-terminal site that serves as a binding site for a range 
of  environmental irritants, oxidants and spices such as 
mustard oil, wasabi and horseradish[128]. Recent findings 
have also found that TRPA1 is involved in cold trans-
duction and mechanosensation[129,130]. Moreover, TRPA1 
contributes to inflammatory hyperalgesia via PAR2 ac-
tivation[111]. Clinically, an autosomal dominant mutation 
in the fourth transmembrane of  TRPA1 was described 
in one family that underlies a familial episodic pain syn-
drome[131]. Further, TRPA1 is a candidate mechanosen-
sor for mechanical hyperalgesia in colitis and overactive 
bladder[130,132]. TRPA1 is almost exclusively present in a 
TPRV1-positive population of  sensory nociceptors and 
does not co-express with TRPV1 in other tissues. In this 
regard, a study quantifying TRPA1-positive neurons in 
trigeminal ganglia has demonstrated that TRPA1 is ex-
pressed in anout 55% of  TRPV1-positive neurons while 
NGF treatment of  trigeminal ganglia increases TRPA1 
expression to anout 80% of  TRPV1-positive cells. Sev-
eral lines of  evidence has shown that TRPV1 exerts a 
modulatory role on TRPA1 channels[133]. With concern 
to hypersensitivity of  the colon, we recently have shown 
that TRPV1 and TRPA1 synergistically decrease viscero-
motor responses in rats with TNBS colitis but not in 
control rats[134].

Central sensitization
Apart from sensitization in the periphery, the gut im-
pulses are modulated or amplified in the spinal cord 
and higher brain centers; a process referred to as central 
sensitization. The co-morbidity of  IBS with disorders 
such as but not limited to depression, anxiety, and pain-
ful bladder syndrome or of  IBD with interstitial cystitis 
may originate from central sensitization[16,135,136]. The 
leading hypothesis to explain these co-occurrences is a 
viscerovisceral and a viscerosomatic cross-sensitization, 
with somatic and visceral afferents converging onto the 
same second order neuron in the spinal cord or third 
order neuron in the supraspinal centers and an overlap 
within yet undefined brain fields[137]. Clinical evidence 
for a role of  CNS sensitization in visceral pain comes 
from functional resonance magnetic imaging (fMRI) and 
PET studies on referred pain to adjacent structures or at 
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remote distance from the (actual) injured organ[138]. More 
direct evidence for enhanced spinal processing in IBS 
patients has been confirmed through analysis of  rectal 
distensions on the RⅢ reflex, a nociceptive withdrawal 
reflex used as an objective tool to investigate pain pro-
cessing at the spinal and supraspinal level. Whereas slow 
ramp rectal distension induced inhibition of  this reflex 
in healthy volunteers, it facilitated the reflex in IBS[139]. 
Proof  of  altered brain activity has been shown with 
brain imaging studies and the potential of  this research 
should be further explored[140]. The current know-how 
on brain imaging can be extensively consulted in review 
articles by Van Oudenhove et al[141], Smith et al[142] and 
Mayer et al[57,140]. 

Sensitized ascending and descending pathways: 
Upon repetitive stimulation by extrinsic primary affer-
ent neurons, intracellular signaling cascades are activated 
within the spinal dorsal horn neurons. This leads to 
amplified responses to both innocuous and noxious 
input due to two major mechanisms: the facilitation of  
excitatory synaptic responses (so-called wind-up) and the 
downregulation of  descending inhibitory influences[47,143]. 
The main mediator of  wind-up is the neurotransmitter 
glutamate. When the presynaptic release of  glutamate is 
triggered, glutamate acts on the ligand-gated ion chan-
nels NMDA (N-methyl-D-aspartate) receptors, kain-
ate, AMPA (α-amino-5-hydroxy-3-methyl-4-isoxazole 
propionic acid) and metabotropic glutamate receptors 
(mGLUR) expressed by the dorsal horn neurons. In ad-
dition to this direct effect, hyperstimulation of  spinal 
neurons phosphorylates NMDA receptors which further 
increases NMDA receptor responsiveness to glutamate 
and increases synaptic strength[144]. AMPA receptor 
trafficking from the intracellular stores to the synaptic 
plasma membrane has also shown to augment glutamate 
responsiveness in a mice model of  visceral nocicep-
tion induced by intracolonic capsaicin[145]. The potential 
therapeutic effect of  glutamate removal has also been in-
vestigated in experimental animal models. In this regard, 
it has been shown that ceftriaxone attenuates visceral 
hypersensitivity to CRD in rats with DSS and TNBS coli-
tis. This effect was mediated via overexpression of  spinal 
glutamate transporter-1 which increased removal of  ex-
tracellular glutamate[146]. Other important mediators of  
central sensitization include substance P (SP), PGE2 and 
brain-derived neurotropic factor which respectively target 
spinal neurokinin-1 receptor expression, PGE2 receptors 
and tyrosine kinase B receptors[147]. For example, PGE2 
suppresses glycinergic transmission via activation PGE2 
receptors of  the EP2 subtype and subsequent PKA-
dependent blockade of  glycine receptors containing the 
α3 subunit (GlyRα3)[148]. The result of  this blockade is 
the discontinuance of  dorsal horn nociceptive neurons 
from their inhibitory control by glycinergic neurons. This 
PGE2-evoked mechanism facilitates nociceptive input 
from the spinal cord. Similarly, a loss of  GABAergic syn-
aptic inhibition also increases nociceptive signaling[149]. 

COX-2, the enzyme that forms PGE2 is markedly up-
regulated in the spinal cord during acute and chronic pe-
ripheral inflammation. In the spinal cord, basal release of  
PGE2 is increased after peripheral inflammation[150]. Apart 
from neuron-neuron interactions, also glial cell-nerve 
interactions modulate signaling at the neuronal synapse, 
although this research is still in its infancy. Spinal glial 
cell activation is believed to be important in facilitation 
of  nociceptive signals in various pain conditions. Under 
physiological conditions, glial cells are quiescent. How-
ever, during inflammation glial cells produce a variety of  
nociceptive agents such as TNFα, IL-1 and NO[151]. Most 
information has been obtained from experimental animal 
models of  injury[152]. For instance, it has been shown that 
neonatal colonic irritation-induced visceral hypersensitiv-
ity in rats is accompanied by an increased expression of  
OX42, indicating glial cell proliferation. Visceral hyper-
sensitivity was blocked with minocycline, an inhibitor of  
glial cell activation[153]. Recently, morphological remodel-
ing of  colonic afferent central nerve terminals was pro-
posed in a mice model of  hypersensitivity after TNBS 
inflammation. However, overall the ‘‘sprouting’’ theory 
of  central afferent colonic nerve endings as a mechanism 
of  central sensitization remains controversial[154]. Studies 
using functional brain imaging techniques have shown 
inflammation-induced modulation of  activity in brain re-
gions involved in visceral sensation, such as the ACC of  
the limbic system.

Electrophysiological studies in laboratory animals 
have shown that ACC sensitization occurs in viscerally 
hypersensitive rats[155]. It was revealed that for instance 
IBS was associated with decreased gray matter density 
in various brain areas, including medial and ventrolat-
eral prefrontal cortex, posterior parietal cortex, ventral 
striatum, thalamus, and PAG. Further, IBS patients show 
brain responses consistent with hyperresponsiveness to 
gut distension in terms of  vigilance, arousal and perhaps 
sensory sensitization[156]. Taken together, emerging evi-
dence of  structural brain changes in IBS is intriguing, 
but should be interpreted with great caution until more 
knowledge about the nature and implications of  the ob-
served alterations becomes available[63,157]. 

Accumulating evidence also suggests that descending 
facilitatory influences may contribute to the development 
and maintenance of  hyperalgesia and thus contribute to 
chronic pain states. In this regard, a role for the RVM 
in the maintenance of  hyperalgesic states following 
peripheral tissue injury activated by NMDA receptors, 
neurotensin receptors and NO is established[58]. Impaired 
ability to activate the descending pain inhibitory system 
has been hypothesized in IBS[57]. Aside from IBS patients, 
patients with active UC have been reported with reduced 
threshold to perception and reduced maximal tolerance 
to anorectal balloon distension[158]. CD children and ado-
lescents suffering from abdominal pain despite remission 
had a lower rectal sensory pain threshold compared to 
healthy patients in a study conducted by Faure and co-
workers[159]. Paradoxically, in other studies conducted in 
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chronic quiescent intestinal inflammatory states such as 
CD or UC, patients experience attenuated rectal percep-
tion and increased threshold for discomfort. UC patients 
with mild mucosal inflammation of  the rectum had lower 
thresholds for discomfort during rectosigmoid disten-
sion compared to healthy patients[2]. A central descending 
inhibitory mechanism of  sensory pathways in chronic 
inflammatory states, which would not be active in IBS 
patients, might be responsible for this seemingly dis-
crepancy. This concept is further supported by a study 
showing that colonic inflammation is not necessarily as-
sociated with increased afferent input to the brain and 
that, in response to colorectal distension, inhibition of  
limbic/paralimbic circuits was observed in UC and con-
trol patients, but not in IBS patients[57]. Strong inhibitory 
mechanisms counteracting inflammation-induced hyper-
sensitivity can be activated in chronic inflammatory pa-
thologies, but seem to be deficient in patients with IBS-
associated visceral hypersensitivity[160].

A recent meta-analysis of  published studies on brain 
responses to rectal distension have shown differences 
between IBS patients and healthy controls[161]. Recently, 
Larsson and co-workers have shown that hypersensitive 
patients with IBS had greater activation of  the insula and 
reduced deactivation in the pregenual ACC during nox-
ious rectal distension compared to healthy patients and 
normosensitive IBS patients[162].

FUTURE DIRECTIONS
New therapeutic strategies may arise from the progress-
ing identification of  molecular prognostic markers and 
characterization of  the molecular basis of  IBD and IBS. 
Recently, dysfunction of  microRNAs (miRNAs), which 
are non-coding RNA molecules that regulate gene expres-
sion, was postulated to play a role in IBD and IBS. Wu et 
al[163] showed that miRNAs regulate colonic epithelial cell-
derived chemokine expression and that colonic tissues 
from patients with ulcerative colitis have altered miRNA 
expression patterns. An increased expression of  miR-29a 
was also observed in blood microvesicles, small bowel 
and colon tissues of  IBS patients with increased intestinal 
membrane permeability[164]. Recent evidence suggests that 
miR-29 expression is upregulated in human dendritic cells 
in response to NOD2 signals with concomitant down-
regulation of  interleukin-23[165]. Interestingly, dendritic 
cells with NOD2 polymorphisms from Crohn’s disease 
patients fail to induce miR-29 upon pattern recognition 
receptor stimulation[165]. Moreover, experimental colitis in 
miR-29-deficient mice is more severe and associated with 
significantly enhanced levels of  IL-23 and T helper 17 in 
the intestinal mucosa[165]. In respect to visceral pain, it was 
recently suggested that epigenetic central mechanisms are 
involved in the regulation of  stress-induced visceral hy-
persensitivity in rats[166]. Overall, these results suggest that 
modulation of  genetic and epigenetic regulatory mecha-
nisms and profiling of  miRNAs may represent promising 
strategies for the treatment of  pain associated with IBD 

and IBS.

CONCLUSION
Chronic abdominal pain in IBD and IBS requires notion 
of  how the lower gut becomes highly sensitive to any 
kind of  stimulus. Noninvasive markers, including PET 
and fMRI, combined with pharmacology are used to 
assess hypersensitivity in these pathologies. In support, 
functional anatomical and physiological studies in ro-
dents are being conducted[167]. Together these approaches 
discovered a significant amount of  the neuroanatomical 
substrates and molecules in gut hypersensitivity, yet the 
degree to which each of  these mechanisms contribute 
to hypersensitivity remains unknown. In both IBD and 
IBS, the complex interplay of  sensitization occurs at dif-
ferent sites of  action among the brain-gut axis and can 
be broadly categorized: sensitization of  visceral afferents, 
sensitization of  spinal cord ascending afferents, altered 
descending excitatory and inhibitory influences to the 
spinal cord nociceptive neurons and misinterpretation of  
non-noxious sensation as noxious due to cognitive and 
emotional biasing (hypervigilance)[47].

IBS and IBD have many of  the mechanisms and 
molecules in visceral peripheral and CNS sensitization in 
common. Currently, no unambiguous neuronal marker 
exists that discriminates IBD and IBS. However, an inac-
tive descending inhibitory control is hypothesized in IBS, 
but not in IBD. A recent study has suggested differences 
in coping behavior between IBD and IBS[168]. These 
differences among IBD and IBS certainly merit more 
appraisal, however, should be interpreted with caution. 
There are proportionally less studies on sensitivity in IBD 
patients than in IBS patients, therefore making head-to-
head comparisons difficult. The shortage of  studies on 
sensitivity in IBD patients may be attributed to the risk 
of  jeopardizing remission by the barostat-induced disten-
sions performed for sensitivity measurements. Neverthe-
less in both cases neuroplastic changes are quite common 
and the observed differences may not per se reflect dis-
order-specific changes, but may be attributed to affective 
disturbances, negative emotions in anticipation of/during 
visceral stimulation, and altered pain-related expecta-
tions and learning processes[63]. Expectation of  pain may 
explain up to 50% of  the variation of  pain ratings[169]. 
Indeed, abdominal pain is not linearly related to periph-
eral sensory input. A considerable proportion (about one 
third) of  IBS patients have a normal rectal perception, 
and a proportion of  both UC and CD patients had in-
creased thresholds for perception and discomfort[2]. Due 
to the multi-factorial complexity of  sensitization in IBD 
and IBS, there is presently a rather limited success of  
available therapeutic approaches for IBS and the func-
tional IBS-like symptoms in IBD. Technological progress 
that allows mapping of  sensitization may be interesting 
to screen patients. In patients with peripheral sensitiza-
tion mechanisms, the combination of  anti-inflammatory 
properties and analgesic properties within one drug 
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seems a promising route for translational research. In pa-
tients with CNS disorders, approaches such as cognitive 
therapy or anti-depressive agents that decrease anxiety or 
hypervigilance might be beneficial. 

In summary, the mechanisms of  hypersensitivity in 
response to bowel inflammation are complex and need 
to be further unraveled. Determining the level of  sensi-
tization is crucial for the assessment of  disease activity 
and for tailoring therapy. Several of  these already defined 
mechanisms can be coined up as potential targets for the 
development of  therapeutic options for inflammatory GI 
pain. 
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Abstract
AIM: To investigate the impact of portal inflow on liver 
remnants in a stable pig model of small-for-size syn-
drome. 

METHODS: Twenty pigs underwent mesocaval shunt 
(MCS) surgery followed by 85%-90% hepatectomy. 
The control group had no shunt placement; the S1 
group had portal flow maintained at an average of 2.0 
times the baseline values; and the S2 group had portal 
flow maintained at an average of 3.2 times the baseline 
flow. The effect of portal functional competition on the 
liver remnant was investigated for 48 h postoperatively. 
Data were presented as mean ± SD. Statistical signifi-

cance was determined using Student’s t  test (SPSS, 
Chicago, IL, United States). Values of P  < 0.05 were 
considered statistically significant.

RESULTS: At 24 h after hepatectomy, biochemical and 
histological changes were not significantly different be-
tween the S1 and S2 groups, but changes in both sets 
of variables were significantly less than in the control 
group. At 48 h, biochemical and histological changes 
were significantly less in the S2 group than in the S1 or 
control group. The regeneration index was significantly 
higher in the S2 group than in the S1 group, and was 
similar to that in the control group. Apoptosis index, se-
rum lipopolysaccharide, and bacterial DNA levels were 
significantly lower in the S2 group than in the other two 
groups. 

CONCLUSION: Diversion of portal inflow using MCS 
reduces portal overflow injury. Excessive diversion of 
portal inflow inhibits liver regeneration following major 
hepatectomy. Maintaining portal inflow at an average 
of 3.2 times above baseline helps promote hypertrophy 
of the liver remnant and reduce apoptosis.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Portal flow; Portal diversion; Small-for-size 
syndrome; Mesocaval shunt

Core tip: We established a model of small-for-size syn-
drome in pigs undergoing 85%-90% hepatectomy with 
mesocaval shunt (MCS) placement to define the opti-
mal portal inflow required to preserve liver regenera-
tion. Our findings indicate that diversion of portal inflow 
by MCS reduces injury from portal overflow following 
major hepatectomy, whereas excessive diversion of 
portal flow can retard liver regeneration. Preservation 
of portal inflow to at least 3.2 times above baseline lev-
els appeared to promote hepatocyte hypertrophy and 
reduce apoptosis.
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INTRODUCTION 
Major hepatectomy with partial graft transplantation 
causes simultaneous death and regeneration of  hepato-
cytes. Small-for-size syndrome (SFSS) develops follow-
ing this procedure if  the functional liver mass is inad-
equate to maintain a balance between regeneration and 
metabolic demands[1-4]. Portal venous hypoperfusion of  
an extremely small residual liver or partial liver allograft 
is considered to be one of  the most important factors 
leading to dysfunction following hepatectomy[5]. Por-
tal diversion to the vena cava, using a mesocaval shunt 
(MCS) or portocaval shunt (PCS), is used to relieve 
portal hypoperfusion in both experimental and clinical 
settings[6-10]. However, the functional competition that 
occurs between the portal vein and systemic circulation, 
and its impact on the liver remnant have yet to be inves-
tigated. 

In this study, we established a model of  SFSS in pigs 
undergoing 85%-90% hepatectomy with MCS place-
ment. Portal vein inflow (PVF) was regulated by modu-
lating the size of  the MCS. The study was undertaken 
to define the optimal portal inflow required to preserve 
liver regeneration.

MATERIALS AND METHODS
Experimental animals
Twenty-five male Bama miniature pigs (15-20 kg), aged 
4-6 mo were obtained from the Pig and Poultry Produc-
tion Institute (Guangxi Province, China). The pigs were 
raised from a closed herd and kept under strict quaran-
tine. All experiments were conducted in accordance with 
Chinese legislation on protection of  animals and com-
plied with the Principles of  Laboratory Animal Care (NIH 
publication No. 85-23, revised 1985). The study was 
approved by the Animal Care and Use Committee and 
the Ethics Committee of  the Chinese People’s Liberation 
Army General Hospital. Every effort was made to mini-
mize any suffering of  the animals used in this study. 

Surgical procedures 
The pigs were deprived of  food for 8 h before the opera-
tion. Initial sedation was achieved with a deep intramus-
cular injection of  ketamine (15-20 mg/kg) and chlor-
promazine (6-8 mg/kg), which were administered 15 min 
after atropine (0.01 mg/kg). Oxygen saturation and heart 
rate were monitored throughout the operation, and an-
esthesia was maintained using 1.5% halothane in oxygen 
titrated to provide anesthesia. 

Central venous access was established using a cath-

eter in the right femoral vein. Normal saline (1 L) and 
5% dextrose (500 mL) were administered intravenously 
during the surgical procedure. No attempt was made to 
lower central venous pressure.

An upper-midline incision was made, and a 16-gauge 
catheter was inserted into the main portal vein via the gas-
troduodenal vein to measure portal vein pressure (PVP). 
Two ultrasonic probes (TS420; Transonic Systems, Ithaca, 
NY, United States) were used to assist the laparotomy. A 
9-mm diameter probe was placed around the main por-
tal vein (downstream of  the gastroduodenal vein), and a 
3.5-mm probe was placed around the hepatic artery near 
its origin from the celiac artery. The origin of  the hepatic 
artery was isolated by ligation of  the right gastric and 
gastroduodenal arteries. MCSs with different anastomotic 
diameters (5-10 mm) were implanted. Left trilobectomy 
was performed, together with partial right-posterior-lobe 
resection, without hepatic pedicle occlusion[11]. Parts of  
the right posterior and caudate lobes were retained to 
leave a residual hepatic volume of  10%-15% of  the nor-
mal liver volume.

The mesenteric venous inflow was diverted through 
an MCS constructed using the prepared left renal vein 
with the PVF partly occluded (Figure 1). MCS, PVF and 
hepatic artery flow (HAF) were measured before and 30 
min after MCS implantation. If  the portal vein inflow was 
> 3.5 times higher than baseline or if  shunt occlusion oc-
curred, the shunt was closed, and the pigs were assigned 
to the control group (n = 6). Measurement of  portal flow 
was repeated 10 min later. If  the portal flow was < 1.8 
times the baseline value, the shunt was adjusted to in-
crease the portal flow to 1.8-2.3 or 3.0-3.5 times the base-
line value. If  necessary, an empty balloon with a catheter 
was placed around the shunt so that blood flow could be 
regulated by expanding the balloon. Animals with a por-
tal flow 1.8-2.3 times the baseline value were assigned to 
the S1 group (n = 7). Animals with a portal flow 3.0-3.5 
times the baseline value were assigned to the S2 group (n 
= 7). Five animals were excluded from the study because 
of  shunt obliteration or other surgical complications dur-
ing the observation period. 

Forty-eight hours after hepatectomy, the animals were 
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Figure 1  Photograph of the vascular anastomosis with the renal vein. 
IVC: Inferior vena cava; RV: Renal vein; MCS: Mesocaval shunt; SMV: Superior 
mesenteric vein.

IVC
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reopened. PVP, PVF and HAF were recorded and blood 
and tissue samples were obtained. Local anesthetic (50 
mg marcaine in 20 mL) was administered subcutaneously 
to the abdominal wound. Halothane was discontinued 
postoperatively and a single dose of  375 mg penicillin 
was given intramuscularly to all pigs. Normal saline (500 
mL) and 10% glucose solution (500 mL) were adminis-
tered during recovery and daily thereafter. 

The pigs were monitored until 48 h after hepatec-
tomy, when they were anesthetized and reopened before 
euthanasia. Injury to the sinusoidal endothelial cells, dy-
namic PVF and HAF, injury and regeneration of  the liver 
remnant, serum endotoxin levels, and bacterial transloca-
tion were compared between the three groups. At the 
end of  the experiments, the pigs were sacrificed by an 
overdose of  potassium chloride.

Blood and serum analysis 
Serial serum samples were collected during the follow-up 
period. Blood sampling was performed preoperatively, at 
2 h after hepatectomy, then daily until euthanasia. Serum 
levels of  alanine aminotransferase (ALT), total bilirubin 
(TB), international normalized ratio (INR), hyaluronic 
acid (HA), and thymidine kinase (TK) activity were de-
termined. HA levels were monitored to reflect the de-
gree of  sinusoidal endothelial damage[12,13]. Values were 
determined using the Pharmacia HA radiometric assay 
kit (Shanghai Yi Hua Scientific, Inc., China). TK activity 
was used as an index of  hepatic regeneration[14] and was 
measured in serial serum samples using the Liaison TK 
assay. Results were expressed as dpm/mL protein (Jingmei 
Biotech Co. Ltd., Shenzhen, China).

Tissue analysis 
Hepatic tissue was sampled in the three groups at 48 h 
after hepatectomy. Each biopsy sample was divided into 
two sections. One was immediately cut into 1-mm cubes 
and fixed in 2.5% glutaraldehyde in cacodylate buffer 
(0.1 mol/L sodium cacodylate-HCl, pH 7.4) overnight at 
4 ℃ prior to sectioning for transmission electron micros-
copy (TEM). The other section was preserved in 10% 
formaldehyde prior to embedding in paraffin. The tissue 
samples were sectioned and stained with hematoxylin and 
eosin (HE) using standard histological techniques.

The pigs were sacrificed at 48 h after hepatectomy, 
and the patency of  the MCS was verified surgically. The 
liver was excised, weighed and processed. Hepatic tissue 
was sampled for proliferating cell nuclear antigen (PCNA) 
staining and in situ terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick end labeling (TUNEL). 

For histology and morphometry, 4-μm-thick sec-
tions, prepared from formalin-fixed, paraffin-embedded 
liver tissues, were stained with hematoxylin-phloxin-saf-
fron and periodic acid Schiff  staining. PCNA expression 
was detected by immunostaining using a monoclonal 
anti-PCNA-antibody kit (Jingmei Biotech). In addition, 
3-μm sections were stained in situ with TUNEL using 
an apoptosis in situ detection kit (Jingmei Biotech Co., Ltd, 
Shenzhen, China) according to the manufacturer’s in-

structions. 

Hepatic regeneration and apoptosis
Increases in liver volume and PCNA index (PI) were used 
to quantify hepatic regeneration. The rate of  increase in 
liver volume after hepatectomy was evaluated as: regen-
erated liver volume at sacrifice/estimated remnant liver 
volume at operation × 100%. PCNA data were expressed 
as the percentage of  PCNA-stained hepatocytes per total 
number of  hepatocytes (PI). The percentage of  TUNEL-
positive cells relative to the total cell count was used to 
estimate the apoptosis index (AI). Counts were made in 
10 high-power fields for each of  the three groups.

Lipopolysaccharide and bacterial translocation
Lipopolysaccharide (LPS) levels were quantitated using 
the limulus amebocyte lysate (LAL) assay, which is based 
on the methods introduced by Iwanaga and colleagues[15]. 
The assay was performed using a commercially available 
chromogenic LAL endpoint QCL 1000 Kit (Yihua Bio-
Science, Shanghai, China) following the manufacturer’s 
instructions. Standards and samples were analyzed in du-
plicate.

Real-time polymerase chain reaction assay for total 
bacterial quantification
DNA was extracted from blood using the Fast DNA 
Spin Kit (Qiagen, Valencia, CA, United States) according 
to the manufacturer’s instructions. Total bacterial quan-
tification was performed using 16S rRNA-gene-targeted 
primers. The universal primers were 5’-TTCCGGTT-
GATCCTGCCGGA-3’ forward, 5’-GGTTACCTTGT-
TACGACTT-3’ reverse[16,17]. 

Real-time polymerase chain reaction (PCR) was per-
formed on an iCycler IQ real-time detection system cou-
pled to iCycler optical system interface version 2.3 soft-
ware (Bio-Rad, Veenendaal, Netherlands). Serially diluted 
genomic DNA from selected bacterial isolates was used 
as a real-time PCR control for total bacterial quantifica-
tion. PCR bacterial counts were expressed as log10 cells/g 
tissue ± SE. 

Statistical analysis
Data were presented as mean ± SD. Statistical signifi-
cance was determined using Student’s t test (SPSS, Chi-
cago, IL, United States). Values of  P < 0.05 were consid-
ered statistically significant.

RESULTS
Operative characteristics 
The operative characteristics are shown in Table 1. There 
were no significant differences among the three groups (P 
> 0.05).

Hemodynamic studies
Systemic arterial pressure was monitored throughout 
the study. Serial changes in PVF and HAF are shown in 
Table 2. At baseline, PVF, HAF and PVP in the three 
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lial injury, accompanied by sinusoidal dilation, hydropic 
changes in hepatocytes and hemorrhage in the hepatic 
parenchyma (Figure 3A and C). In the S1 and S2 groups 
there was only mild sinusoidal injury to the hepatic mi-
croarchitecture and no intraparenchymal hemorrhage 
was seen (Figure 3B and D). Serial changes in HA levels 
in the three groups are shown in Figure 4. Following 
85%-90% hepatectomy, serum HA levels increased in all 
three groups. At 2 h after hepatectomy, HA levels were 
significantly higher in the control group than in the S1 or 
S2 groups.

Liver regeneration and apoptosis
The rate of  increase in the weight of  the liver remnants 
was significantly higher in the S2 group than in the con-
trol or S1 groups. The rate of  increase was lower in the S1 
group than in the control group (Figure 5A). There were 
also differences between the three groups with respect to 
the estimated PI in PCNA-stained tissue at 48 h PH (Fig-
ure 5B and C). 

At 2 h after hepatectomy, TK activity was significantly 
higher in the control group than in the S1 or S2 groups 
(Figure 5D). TK levels in the S2 group remained stable, 

groups did not differ significantly. However, at 24 or 48 
h after hepatectomy, PVF and portal-to-arterial flow ratio 
in the S2 group were significantly lower than in the con-
trol group, and significantly higher than in the S1 group. 
HAF in the S2 group was significantly higher than in the 
control group, and did not differ significantly from that in 
the S1 group. PVP in the S2 group was significantly lower 
than in the control group, and did not differ significantly 
compared with the S1 group.

Hepatocellular injury
Preoperative and serial postoperative measurements of  
serum ALT, TB, and INR are shown in Figure 2. During 
the first 24 h after hepatectomy, all parameters except 
ALT were significantly higher in the control group than 
in the S1 group. There were no significant differences in 
TB or INR between the groups. However, at 48 h after 
hepatectomy, serum ALT, TB and INR were significantly 
lower in the S2 group than in the S1 and control groups. 

Sinusoidal endothelial injury
In the control group, there was no portal diversion. Both 
HE and TEM examination showed significant endothe-

Control group S1 group S2 group P  value1 P  value2

  Body weight (kg) 17.8 ± 3.1 18.1 ± 2.9 18.5 ± 3.9 0.85 0.87
  Left trilobes (g) 351.2 ± 14.9 357.5 ± 17.2 365.5 ± 15.8 0.89 0.91
  ETL (g) 443.1 ± 18.8 446.9 ± 21.5 457.0 ± 19.8 0.77 0.86
  WRL (g) 391.8 ± 19.4 389.8 ± 17.4 400.8 ± 21.4 0.95 0.92
  ERL(g) 51.3 ± 6.8 57.1 ± 8.5 56.2 ± 7.1 0.89 0.84
  Proportion of ERL 11.8% ± 2.3% 12.8% ± 3.3% 12.2% ± 3.5% 0.87 0.83

Table 1  Operative characteristics 

Control group, no shunt placement; S1 group, portal flow maintained at an average 2.0 times baseline values; S2 group, portal flow maintained at an average 
3.2 times baseline flow. Data expressed as mean ± SD. Estimated total liver volume (ETL) = (weight of left trilobes) × 100/80; WRL: Weight of resected liver; 
ERL: Estimated residual liver volume. 1The difference between the control group and S2 group; 2The difference between S1 and S2 groups. 

Control group S1 group S2 group P  value1 P  value2

  PVF, L/min per 100 g
     BAS   59.4 ± 11.4   62.1 ± 11.4   67.4 ± 11.6 0.840 0.780
     PH 451.8 ± 31.1 146.8 ± 21.1 218.8 ± 29.3 0.000 0.001
     EUT 220.3 ± 41.3   69.8 ± 18.6 125.3 ± 31.6 0.000 0.000
  HAF, mL/min per 100 g
     BAS 19.4 ± 4.5 18.3 ± 3.4 19.9 ± 4.1 0.920 0.910
     PH   6.1 ± 2.5 12.1 ± 3.5 14.9 ± 2.5 0.001 0.061
     EUT   5.5 ± 2.1 11.1 ± 3.4 13.2 ± 4.2 0.000 0.052
  P/A
     BAS   3.1 ± 0.2   3.4 ± 0.3   3.4 ± 0.2 0.780 0.940
     PH 74.0 ± 8.1 12.1 ± 2.8 14.8 ± 3.1 0.001 0.040
     EUT 40.8 ± 6.6   6.3 ± 1.2   9.5 ± 1.8 0.000 0.001
  PVP
     BAS   6.4 ± 1.8   6.9 ± 1.3   6.0 ± 0.8 0.930 0.750
     PH 13.8 ± 2.6   7.6 ± 1.6   8.7 ± 1.4 0.022 0.061
     EUT 15.9 ± 2.5   8.9 ± 1.2   9.6 ± 1.5 0.001 0.042

Table 2  Changes in portal vein inflow and hepatic artery flow at baseline, 24 and 48 h after hepatectomy, and at euthanasia in the 
three groups of animals 

All flow values are reported in mL/min per 100 g hepatic tissue. BAS: Baseline; EUT: Euthanasia; NS: Not significant; P/A: Portal-to-arterial flow ratio; 
PVF: Portal vein inflow; HAF: Hepatic artery flow. 1The difference between the control group and S2 group; 2The difference between the S1 and S2 groups. 
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and at 48 h after hepatectomy, they were significantly 
higher than in the S1 group and comparable to those in 
the control group.

At 48 h after hepatectomy, there were high numbers 
of  TUNEL-positive cells in the liver remnant (Figure 6A). 
The AI at 48 h after hepatectomy was significantly lower 
in the S2 group than in the control group (Figure 6B).

DISCUSSION
Animal experiments have shown that hepatectomy de-

creases the size of  the hepatic vascular bed and has the 
potential to increase portal pressure and vascular resis-
tance, resulting in excessive portal flow and hemody-
namic instability[3,4,18]. Similar findings have been reported 
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Figure 2  Changes in serum alanine aminotransferase, total bilirubin and 
international normalized ratio values. A: Alanine aminotransferase (ALT); B: 
Total bilirubin; C: International normalized ratio (INR). aP < 0.05 for comparison 
between S1 and control groups; cP < 0.05 for comparison between S2 and S1 
groups.

Figure 3  Sinusoidal endothelial injury following hepatectomy. A and B: He-
matoxylin and eosin staining; C and D: Transmission electron microscopy of tis-
sue samples taken 1 h after hepatectomy (× 400 magnification). Structure of the 
endothelial lining was preserved (arrow); Sinusoidal endothelial lining destroyed 
(arrow head).
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in clinical practice[7,8,19,20] and contribute to high postop-
erative morbidity and mortality rates[3,6,8]. Furthermore, 
severe damage to the sinusoidal endothelial cells of  the 
remnant liver at 3 h postoperatively has been reported as 
one of  the main factors responsible for the high mortal-
ity rates in dogs undergoing massive hepatectomy[21]. 

Many studies have shown that diversion of  portal 
inflow, using PCS, or MCS and splenectomy, can re-

lieve overflow injury and improve survival and progno-
sis[3,4,21-24]. Despite these encouraging results, the use of  
PCS is associated with a marked delay in liver regenera-
tion[25,26]. This is thought to be the result of  over-reduc-
tion of  vascular shear stress in the portal vein, possibly 
accompanied by diversion of  hepatotrophic factors into 
the systemic circulation. This technique may also lead to 
loss of  portal flow between the liver remnant and system-
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Figure 4  Serial changes in hyaluronic acid levels in the three groups. aP < 0.05 for comparison between S1 and control groups; cP < 0.05 for comparison be-
tween S2 and S1 groups. HA: Hyaluronic acid.
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ic shunt. The problem is exacerbated as portal systemic 
pressure increases in the regenerating liver. To overcome 
these difficulties associated with MCS or PCS, sufficient 
portal inflow and pressure needs to be preserved to pro-
mote liver regeneration without injuring the sinusoidal 
endothelium. 

The optimum portal inflow required to stimulate liver 
regeneration with minimal or no overflow injury to the 
liver remnant remains unknown. This is because opinions 
regarding the manageable upper limit of  portal pressure 
differ between transplant centers. Workers in Japan[27] set 
the appropriate PVP at < 20 mmHg, whereas another 
study[24] recommended PVP < 15 mmHg for living donor 
liver transplantation (LDLT). Another group[28] reported 
that small left-lobe grafts with < 40% graft volume/stan-
dard liver volume can be used safely with a portal flow 
< 25 mmHg. In two other studies of  LDLT[20,23], suitable 
cutoff  values for portal inflow were reported to be 250 
and 260 mL/min/100 g tissue. 

A previous study in pigs[25] showed that it was neces-
sary to maintain portal vein flow at approximately two 
times the baseline value in order to produce a favorable 
outcome. However, this study provided no information 

about the effects of  portal functional competition on op-
timum portal inflow for the liver remnant. 

In our study, we demonstrated that using an MCS in 
the S1 and S2 groups relieved sinusoidal endothelial injury 
relative to that seen in the control group with no shunt. 
Liver regeneration (determined by rate of  growth and 
PI) in the S2 group using a median portal inflow 3.2 times 
above baseline, was similar to that in the control group at 
48 h after hepatectomy, and was significantly higher than 
in the S1 group with a median portal inflow of  2.0 times 
baseline. The AI in the S2 group was significantly lower 
than in the S1 and control groups, indicating the portal 
inflow regimen used in the S2 group supported liver re-
generation and reduced apoptosis. 

LPS levels indicated that the inflammatory response 
at 48 h after hepatectomy was less marked in the S2 group 
than in the S1 and control groups, further supporting the 
rationale for preserving > 3 times the baseline portal flow 
per unit tissue volume.

It has previously been demonstrated that competition 
between the portal vein and systemic circulation begins 
after a functional MCS has been established[20,23]. In our 
study the PVF per unit volume was lower in the S1 and 
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Figure 6  Terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling staining and AI. A: Terminal deoxynucleotidyl transferase-mediated 
dUTP-biotin nick end labeling (TUNEL) assay results at 48 h partial hepatectomy (× 400 magnification). Many TUNEL-positive cells (arrows) were present in the liver 
remnant; B: Microphotometric evaluation of apoptosis index (AI) in TUNEL-stained tissue at 48 h after hepatectomy. Values are expressed as mean ± SD. aP < 0.05 
for comparison between S1 and control groups; cP < 0.05 for comparison between S2 and S1 groups. Percentage of TUNEL-positive cells relative to the total cell count 
was used to estimate AI.
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S2 groups than in the control group. In these groups, hy-
pertrophy of  the liver remnant resulted in an increase in 
vascular resistance per unit volume. 

In the S1 group, the PVF per unit volume decreased 
to the baseline value at 48 h after hepatectomy, whereas 
in the S2 group, portal inflow remained twice that at 
baseline at the same time point (Table 2). These results 
indicate that preserving portal flow at twice the baseline 
level was insufficient to sustain hypertrophy of  the liver 
remnant. However, preserving approximately 3.2 times 
the baseline portal flow resulted in a high growth rate and 
a PI similar to that in the control group. 

Portal overflow injury, LPS/bacterial translocation, 
and inflammatory responses represent an important 
mechanism of  pathogenesis. The liver contains reticulo-
endothelial cells (Kupffer cells), and it has been shown 
that function of  the reticuloendothelial system decreases 
significantly after major hepatectomy[29,30]. Innate immu-
nity is also significantly impaired following major liver 
resection[26,31], and portal hypertension has been shown to 
increase LPS absorption and bacterial translocation and 
cause severe inflammation[31,32]. In our study the marked 
LPS/bacterial translocation and inflammation responses 
seen in the control and S1 groups delayed liver regenera-
tion and aggravated apoptosis and injury to the liver rem-
nant (Figure 7). These responses were far less marked in 
the S2 group.

Taken together our findings indicate that diversion 
of  portal inflow by MCS reduces injury from portal 
overflow following major hepatectomy, whereas exces-
sive diversion of  portal flow can retard liver regeneration. 
Preservation of  portal inflow to at least 3.2 times above 
baseline levels appeared to promote hepatocyte hypertro-
phy and reduce apoptosis.
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Abstract
AIM: To establish a Chinese esophageal squamous cell 
carcinoma (ESCC) cell line with high bone metastasis 
potency using 99mTc-methylene diphosphonate (99mTc-
MDP) micro-pinhole scintigraphy, X ray and micro-
positron emission tomography/computed tomography 
(PET/CT) for exploring the mechanism of occurrence 
and development in esophageal cancer. 

METHODS: The cells came from a BALB/c nu/nu im-
munodeficient mouse, and oncogenic tumor tissue 
was from a surgical specimen from a 61-year-old male 
patient with ESCC. The cell growth curve was mapped 
and analysis of chromosome karyotype was performed. 
Approximately 1 × 106 oncogenic cells were injected 
into the left cardiac ventricle of immunodeficient mice. 
The bone metastatic lesions of tumor-bearing mice 
were detected by 99mTc-MDP scintigraphy, micro-PET/CT 
and X-ray, and were resected from the mice under deep 
anesthesia. The bone metastatic cells in the lesions 
were used for culture and for repeated intracardiac in-
oculation. This in vivo/in vitro  experimental metastasis 
study was repeated for four cycles. All of the suspicious 
bone sites were confirmed by pathology. Real-time 
polymerase chain reaction was used to compare the 
gene expression in the parental cells and in the bone 
metastatic clone.

RESULTS: The surgical specimen was implanted sub-
cutaneously in immunodeficient mice and the tumori-
genesis rate was 100%. First-passage oncogenic cells 
were named CEK-Sq-1. The chromosome karyotype 
analysis of the cell line was hypotriploid. The bone 
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metastasis rate went from 20% with the first-passage 
oncogenic cells via  intracardiac inoculation to 90% 
after four cycles. The established bone metastasis 
clone named CEK-Sq-1BM had a high potential to me-
tastasize in bone, including mandible, humerus, tho-
racic and lumbar vertebrae, scapula and femur. The 
bone metastasis lesions were successfully detected 
by micro-pinhole bone scintigraphy, micro-PET/CT, 
and X-ray. The sensitivity, specificity and accuracy of 
the micro-pinhole scintigraphy, X-ray, and micro-PET/
CT imaging examinations were: 89.66%/32%/80%, 
88.2%/100%/89.2%, and 88.75%/77.5%/87.5%, re-
spectively. Some gene expression difference was found 
between parental and bone metastasis cells. 

CONCLUSION: This newly established Chinese ESCC 
cell line and animal model may provide a useful tool 
for the study of the pathogenesis and development of 
esophageal carcinoma.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Esophageal squamous cell carcinoma; Cell 
line; Bone metastasis; Molecular imaging; Real-time 
polymerase chain reaction

Core tip: We established a novel esophageal squamous 
cell carcinoma cell line from a surgically resected hu-
man specimen and its clone with mixed bone metasta-
sis potency by molecular imaging including convention-
al radiography, bone scintigraphy, and micro-positron 
emission tomography/computed tomography after 
intracardiac inoculation of the cells into nude mice. 
The process was repeated in vivo  and in vitro  for four 
cycles to obtain a bone metastasis clone CEK-Sq-1BM. 
Some gene expression difference was compared with 
the primary cells and their clone by real-time reverse 
transcriptase polymerase chain reaction. This work may 
be helpful for research in bone metastases.

Zhao BZ, Cao J, Shao JC, Sun YB, Fan LM, Wu CY, Liang S, 
Guo BF, Yang G, Xie WH, Yang QC, Yang SF. Novel esopha-
geal squamous cell carcinoma bone metastatic clone isolated by 
scintigraphy, X ray and micro PET/CT. World J Gastroenterol 
2014; 20(4): 1030-1037  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i4/1030.htm  DOI: http://dx.doi.
org/10.3748/wjg.v20.i4.1030

INTRODUCTION
Esophageal cancer (EC) is among the top six leading 
causes of  death from cancer; it exhibits a strikingly un-
even geographical distribution, resulting in focal endemic 
high-incidence areas in several countries[1], including 
Northern China, Northern Iran and South Africa. Con-
siderable advances in diagnosis, surgical techniques and 
chemoradiotherapy have been made for EC. Neverthe-
less, EC remains one of  the most lethal cancers and 

most patients die from recurrence or metastasis, with a 
5-year survival rate as low as 16% in the United States in 
1996-2004, and it was ranked fifth among the five leading 
causes of  cancer mortality in male patients aged 40-79 
years in 2008[2,3]. In China, the situation is even worse[4]. 
The most common metastatic sites of  EC are lung, 
liver and bone. The median survival time is < 1 year for 
advanced cases. To improve survival for EC patients, a 
better understanding of  the cellular and molecular car-
cinogenesis of  EC, and especially of  the mechanism of  
metastasis, is needed. Well-characterized human EC cell 
lines and animal models for metastasis are important re-
search resources for studying cancer cell biology, as well 
as for developing new strategies against EC. Although 
there are many EC cell lines[5-9], a bone metastasis model 
is lacking. To enrich the bank of  cell lines and animal 
models of  EC, a new human EC cell line (CEK-Sq-1) 
and its clone with a high bone-seeking tendency were 
established. Their morphological and biological charac-
teristics and tumorigenicity in vivo were described in this 
experimental study, which may provide a useful model 
for in vitro and in vivo cellular and molecular research.

MATERIALS AND METHODS
With the patient’s consent, an esophageal squamous 
cell carcinoma (ESCC) tumor specimen was surgically 
removed from a 61-year-old Chinese man. The tumor 
was diagnosed pathologically as T2N1M0 after surgery. 
Lymph node metastasis occurred 6 mo later and bone 
metastasis 1 year after the operation. Fresh tumor tissue 
specimens were cut into small pieces of  about 1 mm3 and 
soaked with 40000 U/mL penicillin and 1000 μg/mL 
streptomycin (Northern China Pharmaceutical, Shijia-
zhuang, China) for about 5 min.

Xenograft and cell culture
The specimens were implanted subcutaneously in three 
immunodeficient mice and the tumorigenesis rate was 
100% after 4 wk. The xenograft tumor was excised after 
the mouse was deeply anesthetized and then sacrificed. 
The tumor was minced for cell culture in 25-cm2 culture 
flasks with 6 mL RPMI 1640 medium (Gibco, Carlsbad, 
CA, United States) containing 10% fetal bovine serum 
(Gibco), 100 U/mL penicillin and 100 μg/mL strepto-
mycin (Northern China Pharmaceutical). The cells were 
cultured at 37 ℃ in an atmosphere with 5% CO2. The 
first-passage oncogenic cells were cultured after growing 
for 7 d. The cells were named CEK-Sq-1.

Chromosome analysis
The CEK-Sq-1 cells at the 15th passage at the stage of  
proliferation were selected and treated with colchicine 
for 4-6 h. The cell suspension was collected and Giemsa-
stained after hypotonic treatment. We selected cells with 
well-dispersed chromosomes in metaphase. The chromo-
some distribution and karyotype features were investi-
gated by analyzing 40 and 15 metaphases, respectively. 
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Growth characteristics of the cell line
The CEK-Sq-1 cells of  the 7th, 24th and 40th passages 
were studied to estimate the population-doubling time. A 
suspension of  1 × 105 cells was plated into 25-cm2 cul-
ture flasks. The number of  viable cells from three culture 
flasks per passage was measured with a Neubauer hemo-
cytometer every 24 h for 8 d by trypan blue staining. The 
growth curve was plotted and the population doubling 
time of  the CEK-Sq-1 cell line was calculated during the 
exponential growth phase of  the cells and using online 
algorithm software provided at http://www.doubling-
time.com.

Establishment of the human experimental bone 
metastasis clone
The experimental animal study protocols were approved 
by the Shanghai Laboratory Animal Science Administra-
tion Commission of  Shanghai Municipality. All BALB/c 
nu/nu nude mice (Shanghai Cancer Institute of  Shanghai 
Jiaotong University, Shanghai, China) were maintained 
in a specific pathogen-free environment. Cells in the 
fifth passage were harvested from cell culture flasks and 
resuspended at 1 × 107/mL in phosphate buffered solu-
tion. Following this, 0.1 mL of  the cell suspension was 
injected into the left cardiac ventricles of  8-wk-old male 
mice using 29 G needles. The mice were anesthetized as 
previously described [10].

To begin with, the bone metastasis rate was 20% 
(2/10) for the fifth passage cells. The bone metastasis 
tumor clones were dissected and the cells cultured. On 
the second cycle of  inoculation, about 40% (4/10) of  the 
transplanted mice had bone metastasis. Starting with the 
fourth cycle, 90% of  the transplanted mice had observ-
able bone metastasis. Most of  the bone metastasis sites 
were in the mandible, spine and four limbs; the other 
bone metastasis sites were the skull and ribs. The fourth 
cycle of  the bone-seeking cells was named CEK-Sq-
1BM.

Bone metastatic imaging
BALB/c mice were deeply anesthetized with an intra-
peritoneal injection of  75-100 mg/kg thiopental. Bone 
metastasis was evaluated by in vivo imaging weekly micro-
pinhole bone scitigraphy with 99mTc-methylene diphos-
phonate (99mTc-MDP; Shanghai Syncor Pharmaceutical, 
Shanghai, China) starting 4 wk after inoculation. Static 
planar images of  the entire skeleton were acquired 5-6 
h after tail vein injection of  111 MBq (3 mCi), or 0.1 
mL 99mTc-MDP on a GE Hawkeye 4 Infinia Functional 
Imaging Scanner (GE Medical Systems, Waukesha, WI, 
United States) with a pinhole collimator. The pinhole in-
sert had been designed and built for obtaining ultra-high 
resolution images, with an aperture diameter of  1 mm. 
Radiography images were used as controls. Conventional 
radiographs were obtained with a Philips Optimus Bucky 
Diagnost TS X-ray System (Philips Healthcare, Eind-
hoven, The Netherlands). Bone metastases were deter-
mined using the radiograph tube voltage fixed at 40 kVp, 

the current at 2 mA, and the exposure time at 3 s[10].

Micro PET/CT imaging
A high resolution, animal positron emission tomogra-
phy/computed tomography (PET/CT) scanner (Inveon 
micro PET/CT, Siemens Preclinical Solution, Knoxville, 
TN, United States) was used to image the BALB/c nu-
nu nude mice. For each imaging session, awake mice were 
injected with 0.15-0.2 mCi of  18F-FLT, given tail vein 
injection. Each mouse was anesthetized with 5% isofluor-
ane in an induction chamber. Afterwards, the mouse was 
placed in the scanner bed in the prone position with the 
long axis of  the heart parallel and within the FOV of  the 
scanner. During image acquisition, the mice were anes-
thetized with 1%-2% isofluorane gas delivered through a 
custom face mask. 

All micro-PET images were reconstructed with the 
standard ordered-subset expectation maximization (OSEM) 
method. Reconstructed images were displayed in trans-
verse, coronal and sagittal planes. A total of  512 sequential 
tomographic slices were displayed over the imaging object 
of  interest with each slice measuring 0.11 mm in thick-
ness, and assessed visually using transaxial, sagittal, and 
coronal displays. CT images were used for both attenua-
tion correction of  emission data and image fusion.

Histological examination
Every tumor-bearing nude mouse was sacrificed with 
deep anesthesia 45 d after inoculation and cut into eight 
skeleton sites (mandible, spine and both scapula, hu-
merus, femur) for histological diagnosis. Bone metastasis 
clones were observed by radionuclide scintigraphy and 
radiography, and the bony tissue was dissected and for-
malin soaked, decalcified, embedded in paraffin, cut in 
thin sections, and stained with hematoxylin and eosin 
(H&E). Each of  the slides was examined independently 
by two pathology specialists.

Real-time PCR 
Total RNA was extracted from parental CEK-Sq-1 and 
CEK-Sq-1BM cells with TRIzol reagent (Gibco). Quan-
titative real-time reverse transcriptase-polymerase chain 
reaction (RT-PCR) was used to validate gene expressions 
of  the bone metastasis cells. Reverse transcription was 
performed using the Reverse Transcriptase Kit (Promega, 
San Luis Obispo, CA, United States) following the manu-
facturer’s instructions. We performed a set of  real-time 
PCR assays with the approximation method using the ∆
∆CT method. In the ∆∆CT method, GAPDH served as 
the endogenous control and the examined genes were 
CDH1 (E-cadherin), SERPINA1, SERPINE2, FN1, 
POU5F1 (OCT4) and AR. The quantitative real-time 
PCR was performed in triplicate using SYBR Green Mas-
termix (TaKaRa, Kyoto, Japan) on the ABI Prism 7900 
Sequence Detection System (Applied Biosystems, Foster 
City, CA, United States). PCR conditions were 95 ℃ for 
15 s, 45 cycles of  95 ℃ for 20 s, 60 ℃ for 20 s and 72 ℃ 
for 20 s. The PCR primer sequences are shown in Table 1. 
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about 46 h.

Karyotype
Karyotypic study revealed both numerical and structural 
abnormalities in this ESCC cell line. The modal number 
of  chromosomes ranged from 58 to 68, with a median of  
64. Most of  the analyzable metaphases were hypotriploid 
(Figure 3).

Bone metastasis images
The bone metastasis lesions were detected by 99mTc-MDP 
micro-pinhole bone scintigraphy, X-ray, and micro-PET/
CT. CEK-Sq-1BM was obtained after four cycles of  the 
in vivo/in vitro repeat. The suspicious bone metastasis sites 
were scanned weekly under anesthesia 4 wk after inocu-
lation of  CEK-Sq-1 cells. The bone metastasis images 
of  CEK-Sq-1BM mice were acquired by X-rays, micro-
pinhole bone scintigraphy and micro-PET/CT (Figures 
4 and 5). The whole-body X-ray image showed osteo-

RESULTS
Morphologic characterization
The CEK-Sq-1 cells from the xenograft tumor were ad-
herent and tended to form a monolayer with epithelial 
features. Many morphologically distinct populations were 
found, such as small rounded, polygonal and spindle cells. 
Such heterogeneous cell types were observed from the 
first-passage oncogenic cells in culture (Figure 1A). The 
morphology of  the cells remained unchanged even after 
40 passages. After four cycles in vivo/in vitro, the bone-
seeking clone CEK-Sq-1BM was harvested (Figure 1B).

Growth curve and doubling time
Figure 2 shows the growth curve and population dou-
bling time of  the established ESCC cell line; the popula-
tion doubling was calculated from the growth curve. The 
analyzed cells were from the 7th, 24th and 40th passages. 
The population doubling time of  the ESCC cells was 

  Gene name      Forward primer Reverse primer

  POU5F1 GTAGGTTCTTGAATCCCGAATG TCTGCTTTGCATATCTCCTGAA
  FN1 CTGCTGGGACTTCCTATGTGGT GGTTTCCTCGATTATCCTTCTTG
  CDH1 CTTCTGCTGACCTGTCTGATG GTCACACACGCTGACCTCTAAG
  SERPINE2 TCAGCACCAAGACCATAGACAG CGGATGAAAAACAGAAAAGGTC
  SRPINA1 AACGATTACGTGGAGAAGGGTA GGTAAATGTAAGCTGGCAGACC
  AR ATTGAGCCAGGTGTAGTGTGTG GGAGTTGACATTGGTGAAGGAT

Table 1 Primers for real-time polymerase chain reaction

Figure 1  Morphology of human esophageal squamous cell carcinoma cell 
line CEK-Sq-1. A: First passage oncogenic cells (× 100); B: After four cycles, 
the bone-seeking subline CEK-Sq-1BM was harvested.
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Figure 2  Growth curve of the CEK-Sq-1 cell line at passages 7, 24 and 40.
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blastic metastasis concurrent with osteolytic in a CEK-
Sq-1 BM mouse at 6-8 wk (Figure 4A). The difference 
of  osteoblastic and osteolytic metastasis presented in the 
same mouse by micro-pinhole bone scintigraphy (Figure 
4B). The mandibular lesions of  another model mouse 
accumulated 99mTc-MDP (Figure 4C). All of  the suspi-
cious bone metastasis sites were evaluated by histological 
examination after the mice were sacrificed, and the sen-
sitivity, specificity and accuracy of  micro-pinhole bone 
scintigraphy, X-ray, and micro-PET/CT imaging exami-
nations were: 89.66%/32%/80%, 88.2%/100%/89.2%, 
and 88.75%/77.5%/87.5%, respectively (Table 2).

Histological examination
Figure 6 shows the histological examination of  mandible 
(A) and lumbar vertebrae (B), confirming the bone me-
tastasis sites (stained with H&E, magnification × 100 and 
200, respectively).

Real-time PCR analysis of CEK-Sq-1 and CEK-Sq-1BM
Ratios of  CEK-Sq-1BM compared to CEK-Sq-1. Can-

cer invasion and metastasis are complex multistep pro-
cesses[11]. Cancer cells invasion into blood vessels initiates 
metastasis, and the vessels also provide the routes for 
systemic spread of  cancer cells[12]. Low apoptosis leads 
to clonal expansion and continuous selection of  progres-
sively more malignant cell populations[13]. Cell-cell adhe-
sion plays an important role in metastasis too[14]. Thus, to 

Micro-pinhole 
BS (n  = 7)

X- ray 
(n  = 7)

Micro-PET/CT 
(n = 7)

+ - + - + -
  Histology 
  

+ 18   2 6 13 16   3
-   4 32 0 37   4 33

Table 2  Sensitivity, specificity and accuracy with different 
techniques for pathology using χ 2 test

PET/CT: Positron emission tomography/computed tomography. 

Figure 4  Whole-body X-ray and micro-pinhole bone scintigraphy images 
of experimental bone metastasis in mice. A: X-ray image, upper arrow in-
dicates the hot spot of the left humeral osteoblastic metastatic lesion, and the 
lower arrow indicates the cold spot of the left scapular osteolytic metastatic 
lesion and circle around the osteogenic reaction; B: Micro-pinhole bone scintig-
raphy images of the same mouse in the POST position. The osteoblastic meta-
static lesion (upper arrow) showed greater accumulation of 99mTc-methylene 
diphosphonate (99mTc-MDP), and the osteolytic lesion (lower arrow) combined 
with osteogenic reaction showed less; C: The arrow indicates a mandibular le-
sion in another mouse  with accumulation of 99mTc-MDP.

Figure 5  18F-FLT micro-PET/CT images of CEK-Sq-1MB mouse. A: Arrow 
indicates 18F-FLT uptake positivity in the cells (2 × 106) injected subcutaneously 
into the left lateral subcutis of the mouse for 3 wk; B: Arrows indicate the man-
dibular and thoracic vertebral metastatic lesions of the cells after intracardiac 
injection in mice for 4 wk.

Figure 6  Histological features of the the mandibular (A) (hematoxylin 
and eosin, × 100) and lumbar vertebral (B) (hematoxylin and eosin, × 200) 
metastatic lesions. 
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examine that CEK-Sq-1BM had metastasis capacity com-
pared with that of  the CEK-Sq-1, we performed real-
time PCR to detect changes in gene expression. Genes 
associated with cell adhesion molecules, such as CDH1, 
SERPINA1, SERPINE2, FN1, POU5F1 and AR were 
examined.

As shown in Figure 7, the expression of  CDH1, AR, 
FN1 and POU5F1 was increased in CEK-Sq-1BM com-
pared to that in CEK-Sq-1 cells, while the expression of  
SERPINE2 and SERPINA1 was moderately increased. 
We selected these genes that were overexpressed in can-
cer metastasis by real-time PCR analysis, and confirmed 
their high expression in CEK-Sq-1BM cells. This indi-
cated that the clone did indeed have metastatic capacity 
compared to its parental CEK-Sq-1 cells.

DISCUSSION
EC is one of  the least studied and deadliest cancers 
worldwide; the treatment of  EC, especially advanced 
stage, remains challenging. Therefore, cell lines and hu-
man xenograft models that accurately mimic human EC 
are needed to elucidate the biological characteristics of  
these tumors. However, the available and useful cell lines 
and animal models of  ESCC remain limited, especially 
for metastatic models.

The first melanoma bone metastasis animal model 
was established early in 1988[15]. Breast cancer[16], prostate 
cancer[17], and small cell lung cancer bone metastasis mod-
els[18] were then successfully established. However, to the 
best of  our knowledge, no experimental EC bone metas-
tasis models have been reported so far. One of  the im-
portant reasons may be the lack of  a highly potent bone 
metastasis cell line. Second, the modeling methods are 
labor intensive, involving anesthesia, cancer cell injection 
into the left cardiac ventricle of  mice, and then resuscita-
tion. Third, 99mTc-MDP micro-pinhole bone scintigraphy 
and micro-SPECT/CT, which can detect osteoblastic 
metastases with great sensitivity, have only recently been 
developed. Fourth, 18F-fluoride micro-PET/CT scans 

mainly detect osteolytic metastases, which is also the 
limitation of  X-rays, which is the most commonly used 
method to search for bone metastasis, requiring about 
30%-75% reduction in bone density to visualize a metas-
tasis[19]. 

During the lifespan of  a tumor-bearing mouse, which 
is generally 30-60 d, the metastasis sites may not be ob-
served by X-rays because of  limited bone density reduc-
tion. For detecting bone metastasis with bone scintigra-
phy, at least a 5%-10% change in the ratio of  lesion to 
normal bone is required to detect an abnormality. It has 
been estimated that bone scintigraphy can detect malig-
nant bone lesions 2-18 mo earlier than plain radiography, 
and bone scintigraphy sensitivities in detecting bone me-
tastases vary between 62% and 100% with specificity of  
78%-100%. This is because the alteration in osteoblastic 
action and/or blood supply occurs at an earlier stage 
than the difference in bone density needed to produce a 
radiographic change[20,21]. For bone metastasis examina-
tion, bone scintigraphy could have a similar sensitivity 
and specificity to PET/CT, but with a relative economic 
advantage leading to more common use in clinical and 
experimental research[22].

We established an experimental lung adenocarcinoma 
bone metastasis cell line and mouse model in 2009 with 
a gamma camera using 99mTc-MDP micro-pinhole bone 
scintigraphy, which was the first and is still the only lung 
adenocarcinoma model[10]. The same technique was used 
to establish this new EC cell line with high bone me-
tastasis potency. All of  the suspicious bone metastasis 
sites were confirmed by pathological examination, with 
a sensitivity of  89.66% and a specificity of  88.2%, which 
demonstrates the advantage of  micro-pinhole bone scin-
tigraphy over X-rays.

The formation of  bony metastases is a multi-gene, 
multi-step synergistic process that includes intravasation 
of  tumor cells from the primary site into the blood-
stream, survival while in the circulation, adhesion to en-
dothelial cells within the target organ, and extravasation 
from the bloodstream into the surrounding tissue[23] or 
marrow cavity. Cell-cell adhesion molecules SERPINE2 
and SERPINA1 have been proven to play important roles 
in the increased metastasis and invasion potency of  lung 
adenocarcinoma, pancreatic and colorectal tumors[10,24,25]. 
FN1, a cellular adhesion factor, is associated with tumor 
metastasis and forms a highly interactive network in 
ESCC[26]. In renal cancer[27], melanoma[28] and non-small 
cell lung cancer[29], FN1 is required for cell invasion and 
metastasis. CDH1 is a 120-kDa transmembrane glyco-
protein belonging to the Super family of  Ca2-dependent 
cell adhesion molecules and its role remains controversial 
in malignant progression[30,31]. In addition, E-cadherin 
is one of  the cell surface markers of  human embryonic 
stem cells (hESCs)[32]. The bone metastasis and primary 
tissue sections of  prostate cancer were stained by im-
munohistochemistry using specific antibody to CDH1, 
which showed CDH1 overexpression in bone metasta-
sis[33]. CDH1 upregulation may be related to osteolytic or 
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mixed bone metastasis. POU5F1, a member of  the POU 
(Pit-oct-unc) family of  transcriptional factors, is essential 
for maintenance of  the stem character in hESCs. The 
expression of  POU5F1 has been proven to increase the 
risk of  metastasis and markedly enhance resistance to 
cytotoxic agents[34]. These hESC markers (E-cadherin and 
OCT4) may promote the initiation, progression, and dif-
ferentiation of  human cancers. Androgen receptors (ARs) 
are probably of  importance during all phases of  prostate 
cancer growth and assessment of  breast cancer prognosis, 
but their role in bone metastases is largely unexplored[35,36].

In conclusion, we established a new ESCC cell line, 
CEK-Sq-1, from ESCC tissue, which had high bone 
metastatic potency. To the best of  our knowledge, no 
investigations have been reported of  cell lines and bone 
metastasis animal models with EC tumors. This newly es-
tablished cell line and animal model may provide a useful 
tool for the study of  the pathogenesis of  EC.
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Abstract 
AIM: To assess the fecal immunochemical test (FIT) 
accuracy for colorectal cancer (CRC) and advanced 
neoplasia (AN) detection in CRC screening.

METHODS: We performed a multicentric, prospective, 
double blind study of diagnostic tests on asymptomatic 
average-risk individuals submitted to screening colonos-
copy. Two stool samples were collected and the fecal 
hemoglobin concentration was determined in the first 
sample (FIT1) and the highest level of both samples 
(FITmax) using the OC-sensor™. Areas under the curve 
(AUC) for CRC and AN were calculated. The best FIT1 
and FITmax cut-off values for CRC were determined. At 
this threshold, number needed to scope (NNS) to de-
tect a CRC and an AN and the cost per lesion detected 
were calculated.

RESULTS: About 779 individuals were included. An AN 
was found in 97 (12.5%) individuals: a CRC in 5 (0.6%) 
and an advanced adenoma (≥ 10 mm, villous histolo-
gy or high grade dysplasia) in 92 (11.9%) subjects. For 
CRC diagnosis, FIT1 AUC was 0.96 (95%CI: 0.95-0.98) 
and FITmax AUC was 0.95 (95%CI: 0.93-0.97). For 
AN, FIT1 and FITmax AUC were similar (0.72, 95%CI: 
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0.66-0.78 vs  0.73, 95%CI: 0.68-0.79, respectively, P  
= 0.34). Depending on the number of determinations 
and the positivity threshold cut-off used sensitivity 
for AN detection ranged between 28% and 42% and 
specificity between 91% and 97%. At the best cut-off 
point for CRC detection (115 ng/mL), the NNS to de-
tect a CRC were 10.2 and 15.8; and the cost per CRC 
was 1814€ and 2985€ on FIT1 and FITmax strategies 
respectively. At this threshold the sensitivity, NNS and 
cost per AN detected were 30%, 1.76, and 306€, in 
FIT1 strategy, and 36%, 2.26€ and 426€, in FITmax 
strategy, respectively.

CONCLUSION: Performing two tests does not improve 
diagnostic accuracy, but increases cost and NNS to de-
tect a lesion.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Colorectal neoplasms; Early detection of 
cancer; Sensitivity and specificity; Adenoma; Occult 
blood; Cost-benefit analysis

Core tip: Our study has determined fecal immunochem-
ical test (FIT) diagnostic accuracy, number needed to 
scope and cost per lesion detected in colorectal cancer 
(CRC) screening programs. FIT is highly sensitive for 
CRC detection, allowing a drastic reduction in the cost 
per lesion detected when compared with direct screen-
ing colonoscopy. These data are relevant to design CRC 
screening programs in this setting.

Hernandez V, Cubiella J, Gonzalez-Mao MC, Iglesias F, Rivera 
C, Iglesias MB, Cid L, Castro I, de Castro L, Vega P, Hermo JA, 
Macenlle R, Martínez-Turnes A, Martínez-Ares D, Estevez P, 
Cid E, Vidal MC, López-Martínez A, Hijona E, Herreros-Vil-
lanueva M, Bujanda L, Rodriguez-Prada JI; the COLONPREV 
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2014; 20(4): 1038-1047  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i4/1038.htm  DOI: http://dx.doi.
org/10.3748/wjg.v20.i4.1038

INTRODUCTION
Colorectal cancer (CRC) is the third most common can-
cer worldwide and the second leading cause of  cancer-
related death[1]. Evidence of  effectiveness of  CRC 
screening in average-risk population is available from 
randomized controlled trials for guaiac fecal occult blood 
tests[2,3] and sigmoidoscopy[4,5], and it has been shown that 
it is cost-effective or even cost-saving[6].

Although guaiac fecal occult blood tests are effec-
tive in CRC screening, several drawbacks have been de-
scribed: low sensitivity for advanced colorrectal neoplasia 
(AN) and need of  diet and medication restriction[7]. In 

contrast, fecal immunochemical tests (FIT) are highly 
specific for detecting human blood of  colonic origin[7], 
some use an automated analysis for reading test results[7], 
and they have shown a higher sensitivity and specific-
ity for CRC and AN[8-14]. Despite the superiority of  FIT 
over guaiac based methods, its accuracy in average-risk 
population screening and the optimal number of  stool 
samples or cut-off  level has not been properly assessed. 
To our knowledge, only four studies (performed on three 
different cohorts of  patients) have assessed the FIT ac-
curacy in average-risk patients who were screened with 
colonoscopy[13-16]. 

The COLONPREV study (ClinicalTrials.gov, 
NCT00906997), designed to compare the efficacy of  one-
time colonoscopy and biennial FIT for reducing CRC-
related mortality at 10 years in asymptomatic, average-risk 
individuals, offered an ideal framework to develop diag-
nostic tests studies, as a group of  individuals were ran-
domly assigned to colonoscopy screening[17]. So, we per-
formed a prospective, nested study on individuals invited 
to the COLONPREV study to assess the accuracy of  FIT 
to detect CRC and AN, as well as to establish the optimal 
number of  FIT, the best cut-off  value for CRC detection, 
and the resource consumption per lesion detected. 

MATERIALS AND METHODS
Study design
A multicentre, prospective, blinded, cohort study of  di-
agnostic test was performed in three tertiary hospitals in 
Spain between 1st January 2010 and 30th June 2011, aiming 
to assess the accuracy of  FIT for AN and CRC detection 
in average-risk population.

Study population
Asymptomatic men and women aged 50 to 69 years, 
included in the COLONPREV study in Galicia and 
Euskadi were invited to participate in this diagnostic 
test study if  they were offered a colonoscopy during the 
inclusion period. Exclusion criteria have been described 
elsewhere[17] and included personal history of  CRC, ad-
enoma or inflammatory bowel disease, family history of  
hereditary or familial CRC (i.e., > 2 first-degree relatives 
with CRC or one diagnosed before the age of  60 years), 
severe comorbidity, previous colectomy, FIT screening 
in the past 2 years, sigmoidoscopy or colonoscopy within 
the past 5 years, or symptoms requiring additional work-
up. Individuals were also excluded if  they did not accept 
the study or refused to undergo the colonoscopy.

Study interventions
All participants collected 2 stool samples from 2 consecu-
tive days the week before the colonoscopy was scheduled. 
FIT was assessed using the automated OC-sensor™ 
(Eiken Chemical Co, Tokyo, Japan), without diet or medi-
cation restrictions. Samples were processed as previously 
described[18]. In each patient fecal hemoglobin (ng/mL of  
buffer), in the first sample (FIT1) and the highest level of  
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the two samples (FITmax) was determined. Laboratory 
staff  were blinded for the colonoscopy result, and endo-
scopists performing the colonoscopy were blinded for 
the FIT result. 

Bowel cleansing, sedation and colonoscopy procedure 
was performed according to the Spanish Guidelines on 
Quality of  Colonoscopy in CRC Screening[19]. Polyps 
were categorized as non-neoplastic or neoplastic (ad-
enomas). Adenomas of  10 mm or more in size, or with 
villous architecture (> 25%), or with high-grade dysplasia 
or intramucosal carcinoma were classified as advanced 
adenomas. Invasive cancer was considered when malig-
nant cells were observed beyond the muscularis mucosa. 
Advanced colorectal neoplasia was defined as advanced 
adenoma or invasive cancer. Tumor staging was per-
formed according to the AJCC classification[20]. Patients 
were classified according to the most advanced lesion.

Sample size calculation
Reported FIT sensitivity and specificity for AN in asymp-
tomatic individuals was, respectively, 27.1% and 96.1%[21], 
while in patients undergoing a colonoscopy for any rea-
son, these figures were 50.9%-67% and 88%-91.4%[22,23]. 
The prevalence of  AN in average-risk, asymptomatic 
individuals ranges from 6.3% to 10.5%[24-27]. Taking these 
parameters into account, a sample size ranging from 724 
to 1350 individuals would provide a 10% accuracy at a 5% 
bilateral significance level.

Analysis of resources and cost-benefit analysis
For each positivity threshold and strategy, the number 
of  subjects needed to scope (NNS) to detect an AN or a 
CRC and the direct cost per lesion detected were deter-
mined. The analysis costs were calculated on the basis of  
the published colonoscopy costs in Spain (colonoscopy, 
70€; colonoscopy with biopsy, 140€)[28] and FIT determi-
nation cost (3.2€). 

Other aspects
The study was approved by the Galician Clinical Research 
Ethics Committee, under resolution dated 28th May 2009 
(Code 2009/153). Patients’ clinical histories were accessed 
for study purposes in accordance with the research pro-
tocols laid down by clinical documentation departments. 
All patients provided written informed consent.

Finally, to design the study and to write this original 
article the QADAS quality assessment tool for diagnostic 
tests, the STARD checklist and the STROBE checklist 
for cohort study were used[29-31].

Statistical analysis
The data were included in a specifically designed data-
base (www.coloncruzer.es). Continuous variables were 
described using means and standard deviation, and cat-
egorical variables by the absolute number and percent-
age. Comparisons to identify differences in fecal hemo-
globin concentrations between groups were performed 

using non-parametric tests (Mann-Whitney or Krukal-
Wallis tests) in quantitative variables. To compare overall 
diagnostic accuracy for AN and CRC in both FIT1 and 
FITmax strategies the receiver operating characteristics 
(ROC) curve were drawn, and the χ 2 test for homogene-
ity of  the corresponding area under the curve (AUC) 
was used. The best cut-off  value of  FIT1 and FITmax 
for CRC detection was determined with the Youden in-
dex. For each FIT testing strategy, sensitivity, specificity, 
positive and negative predictive value (PPV, NPV), as 
well as positive and negative likelihood ratio for the best 
cut-off  and for prestablished positivity thresholds (50, 
75, 100, 150 and 200 ng/mL) were calculated. Sensitivity 
and specificity for AN at the best CRC detection cut-off  
point was compared with the rest of  thresholds using 
McNemar test[32]. 

The EPIDAT 3.1 software (Dirección Xeral de Inno-
vación e Xestión da Saúde Pública, Santiago de Compos-
tela, Spain) was used to perform sample size calculation, 
ROC curves drawings and comparisons. Statistical ana-
lyzes were performed using the SPSS statistical software, 
version 15.0 (SPSS Inc., Chicago, IL, United States). A P 
value < 0.05 was considered statistically significant.

RESULTS
Baseline characteristics
Overall, 851 subjects enrolled in the COLONPREV 
study were included in this FIT accuracy study. Fifty-four 
individuals did not complete the colonoscopy and 18 did 
not returned the FIT kit, so the evaluable population was 
779 individuals: 386 male/393 female, mean age 57.55 ± 
4.55 years. Hemoglobin concentration was 58.3 ± 278.4 
ng/mL of  buffer in the first determination and 57.3 ± 
308.5 ng/mL in the second determination.

Invasive carcinoma was detected in 5 (0.6%) indi-
viduals (3 TNM Ⅰ; 1 TNM Ⅱ, 1 TNM Ⅲ), advanced 
adenomas in 92 (11.7%), and non advanced adenomas 
in 202 (25.9%). Therefore, AN was found in 97 (12.5%) 
patients. In 480 cases (61.6%) no neoplastic lesion was 
found; among them 124 had hiperplastic polyps, 6 had an 
inflammatory polyp, diverticula were found in 92 cases 
and an ulcerative colitis was detected in one patient. 

Diagnostic accuracy of FIT
In patients with invasive CRC, FIT1 and FITmax (998 ± 
1075.44, 1257.4 ± 1531.8) were significantly higher than 
in patients with advanced adenomas (233.14 ± 543.1 vs 
325.3 ± 747.7, P = 0.05), non-advanced adenomas (42.4 
± 224.6 vs 76.7 ± 303.5, P < 0.001) or no neoplastic le-
sions (21.8 ± 150 vs 41.7 ± 216.5, P < 0.001). FIT1 and 
FITmax were similar in patients with non advanced ad-
enomas and no neoplasms. Patients with CRC or AN had 
significantly higher FIT1 and FITmax than patients with-
out these lesions (Figure 1).

Accuracy of  FIT1 and FITmax was analyzed us-
ing ROC curves (Figure 2). For CRC diagnosis, the 
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FITmax strategy.

Performance characteristics of FIT1 and FITmax
Table 1 describes sensitivity, specificity, PPV, NPV, LLR 
+ and - to detect a CRC at different FIT1 and FITmax 
positivity thresholds. As shown, both strategies show a 
high sensitivity and specificity for CRC, although FIT-
max decreases specificity and PPV, without increasing 

AUC of  FIT1 was 0.97 (95%CI: 0.94-0.99) and that of  
FITmax was 0.95 (95%CI: 0.92-0.99). The best cut-off  
value for CRC diagnosis was 115 ng/mL for both FIT1 
and FITmax. For AN diagnosis the AUC of  FIT1 was 
similar to that of  FITmax (0.72, 95%CI: 0.66-0.77 vs 
0.73, 95%CI: 0.67-0.79, respectively; homogeneity area 
test P = 0.27). The best cut-off  value for AN diagnosis 
was 8 ng/mL in the FIT1 strategy and 20 ng/mL in the 
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Figure 1  Fecal hemoglobin (ng/mL) according to the most advanced lesion. Values expressed as mean ± SD. Mann-Withney test. FIT: Fecal immunochemical 
test; FIT1: Fecal hemoglogin concentration in the first stool sample; FITmax: Highest fecal hemoglobin concentration of two stool samples. 
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the sensitivity or NPV. Table 2 describes sensitivity, 
specificity, PPV, NPV, LLR positive and negative to de-
tect an AN at different FIT1 and FITmax cut-off  points. 
Depending on the number of  determinations and the 
positivity threshold cut-off  used sensitivity for AN de-
tection ranged between 28% and 42% and specificity be-
tween 91% and 97%. In only one determination strategy, 
statistically significant differences in specificity between 
115 ng/mL, 50 ng/mL (P = 0.001) and 75 ng/mL (P 
= 0.01) were detected. In FITmax strategy, statistically 
significant differences in specificity were found between 
115 ng/mL, 50 ng/mL (P < 0.001), 75 ng/mL (P = 0.03) 
and 200 ng/mL (P < 0.001). Finally, in FITmax strategy, 
we found statistically significant differences in sensitivity 
between 115 ng/mL, 50 ng/mL (P = 0.03) and 200 ng/
mL (P = 0.008).

Cost-benefit analysis
When direct colonoscopy screening was analyzed, the 
NNS to detect a CRC and an AN were 155.8 and 8.2, re-
spectively. The NNS to detect a CRC or an AN decreased 
from the lowest positivity threshold to the best cut-off  
value, and then rose again. At 115 ng/mL, in the FIT1 
strategy, the NNS to detect a CRC and an AN were 10.2 
and 1.76. At the same cut-off  point, in FITmax strategy, 
the NNS to detect a CRC and an AN increased to 15.8 
and 2.26 respectively, as shown in Table 3.

Cost-benefit analysis is displayed in Table 3. The cost 
per CRC and AN detected in the direct colonoscopy 
screening strategy was 16898€ and 889€. In contrast in 
the optimal cut-off  point, cost per CRC detected was 
reduced between 89.2% and 82.3% and cost per AN de-
tected was reduced between 65.6% and 52.1%, depend-

  Hemoglobin 
  concentration (ng/mL)

FIT strategy Individuals 
with a positive 

result1

Sensitivity2 Specificity2 Positive 
predictive 

value2

Negative 
predictive 

value2

Positive likelihood 
ratio2

Negative 
likelihood 

ratio2

  50 FIT13 67 (8.6) 100 (90-100)      92 (90-94)   7 (0-15) 100 (100-100)    12.48 (9.83-15.85) -
FITmax4 101 (13.0) 100 (90-100) 88.60 (85-90)   5 (0-10) 100 (100-100)    8.06 (6.69-9.72) -

  75 FIT13 61 (7.8) 100 (90-100)      93 (91-95)   8 (0-16) 100 (100-100) 13.82 (10.74-17) -
FITmax4   89 (11.4) 100 (90-100)      89 (87-91)   6 (0-11) 100 (100-100)      9.21 (7.53-11.28) -

  100 FIT13 55 (7.1) 100 (90-100)      94 (92-95)   9 (1-18) 100 (100-100)      15.48 (11.84-20.24) -
FITmax4   82 (10.5) 100 (90-100)      90 (88-92)   6 (0-12) 100 (100-100)    10.05 (8.13-12.43) -

  115 FIT13 51 (6.5) 100 (90-100)      94 (92-96) 10 (1-19) 100 (100-100)    16.83 (12.71-22.7) -
FITmax4   79 (10.1) 100 (90-100)      90 (88-93)   6 (0-12) 100 (100-100)    10.46 (8.42-12.99) -

  150 FIT13 48 (6.2)   80 (35-100)      94 (93-96)   8 (0-17) 100 (100-100)    14.07 (8.33-23.76) 0.21 (0.04-1.22)
FITmax4 70 (9.0)   80 (35-100)      91 (89-94)   6 (0-12) 100 (100-100)      9.38 (5.72-15.40) 0.22 (0.04-1.26)

  200 FIT13 45 (5.8)   80 (35-100)      95 (93-96)   9 (0-18) 100 (100-100)    15.10 (8.89-25.66) 0.21 (0.04-1.22)
FITmax4 59 (7.6)   80 (35-100)      93 (91-95)   7 (0-14) 100 (100-100)    11.26 (6.78-18.69) 0.22 (0.04-1.24)

Table 1  Performance characteristics of fecal immunochemical test-1 and -max for colorectal cancer detection at different positive 
thresholds  n  (%)

1Values are expressed as absolute numbers and percentage; 2Values are expressed as percentage and its 95%CI; 3Fecal hemoglobin concentration in the first 
sample; 4Higher fecal hemoglobin concentration of the two samples. FIT: Fecal immunochemical test.

  Hemoglobin 
  concentration 
  (ng/mL)

FIT 
strategy

Individuals 
with a 

positive 
result2

Sensitivity3 P 4 Specificity3 P 5 Positive 
predictive 

value3

Negative 
predictive 

value3

Positive likelihood 
ratio3

Negative 
likelihood ratio3

  50 FIT16 67 (8.6) 35 (25-45)      0.06 95 (93-97)    0.001 51 (38-63) 91 (89-93)   7.24 (4.72-11.13) 0.68 (0.59-0.79)
FITmax7 101 (13.0) 42 (32-53)      0.03 91 (89-93) < 0.001 41 (31-51) 92 (90-94) 4.98 (3.44-6.72) 0.63 (0.53-0.75)

  75 FIT16 61 (7.8) 33 (23-43)    0.2 96 (94-97)   0.01 52 (39-66) 91 (89-93)   7.76 (4.92-12.23) 0.70 (0.61-081)
FITmax7   89 (11.4) 40 (30-51)    0.1 93 (91-95)   0.03 44 (33-55) 92 (89-94) 5.48 (3.82-7.87) 0.65 (0.55-0.76)

  100 FIT16 55 (7.1) 32 (22-42)    0.5 96 (95-98) 0.5 56 (42-70) 91 (89-93)   9.08 (5.57-14.80) 0.71 (0.61-0.81)
FITmax7   82 (10.5) 37 (27-47) 1 93 (91-95) 0.5 44 (33-55) 91 (89-93) 5.50 (3.76-8.05) 0.67 (0.58-0.79)

  115 FIT16 51 (6.5) 30 (20-40) 97 (95-98) 57 (42-71) 91 (88-93)   9.27 (5.56-15.46) 0.72 (0.64-0.83)
FITmax7   79 (10.1) 36 (26-46) 94 (92-95) 44 (33-56) 91 (89-93) 5.59 (3.79-8.26) 0.68 (0.59-0.79)

  150 FIT16 48 (6.2) 28 (18-37)    0.5 97 (96-98)      1 56 (41-71) 90 (88-93)   9.04 (5.33-15.34) 0.74 (0.66-0.84)
FITmax7 70 (9.0) 32 (22-42)    0.1 94 (92-96)   0.06 44 (32-57) 91 (88-93) 5.59 (3.67-8.51) 0.72 (0.63-0.83)

  200 FIT16 45 (5.8) 28 (18-37)    0.5 97 (96-99) 0.1 60 (44-75) 90 (88-93) 10.55 (6.04-18.41) 0.74 (0.65-0.84)
FITmax7 59 (7.6) 28 (18-37)      0.08 95 (94-97) < 0.001 46 (32-59) 90 (88-93) 5.93 (3.72-9.45) 0.76 (0.67-0.86)

Table 2  Performance characteristics of fecal immunochemical test-1 and -max for advanced neoplasia1 detection at different 
thresholds

1Advanced neoplasia: advanced adenomas (adenoma > 1 cm in size, with high-grade dysplasia, or with villous component > 25) or colorectal cancer; 
2Values are expressed as absolute numbers and percentage; 3Values are expressed as percentage and its 95%CI; 4Significance of the sensitivity differences 
when compared with the optimal cut-off point in McNemar test. Differences with P < 0.05 are considered statistically significant; 5Significance of the 
specificity differences when compared with the optimal cut-off point in McNemar test. Differences with P < 0.05 are considered statistically significant; 
6Fecal hemoglobin concentration in the first sample; 7Higher fecal hemoglobin concentration of the two samples. FIT: Fecal immunochemical test.
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ing on the number of  FIT determinations. Finally, using 
two FIT determinations increased cost per CRC detected 
between 48.58 and 64.55%, and cost per AN detected 
between 32.37% and 46.62% when compared with only 
one FIT determination. 

DISCUSSION
In this diagnostic tests study we have assessed the ac-
curacy of  FIT to detect AN and CRC in an average-risk 
cohort, and have compared the performance character-
istics, endoscopic resources needed and cost-benefit of  
two FIT testing strategies (one-day vs two-day sampling). 
FIT only detected 30%-36% of  AN, although its accu-
racy to detect CRC was very high (100% sensitivity and 
90%-94% specificity). Furthermore, two-day sampling 
strategy did not enhance FIT accuracy and increased re-
source consumption compared to one-day sampling.

Our study has several strengths. First, it was per-
formed on average-risk individuals participating in a 
pragmatic, population-based CRC screening study[17], 
with all participants undergoing a colonoscopy. Second, 
it includes an estimation of  direct costs, allowing us to 
perform a cost-benefit analysis.

Studies addressed to assess FIT accuracy by per-
forming FIT and colonoscopy to all the participants 
are scant[13-16,21-23,33-37]; some were performed on patients 
scheduled for colonoscopy because of  symptoms or in-
creased risk of  CRC[22,23,33,34], others were performed on 
asymptomatic patients but included subjects with family 
risk or younger than 50 years[21,35-37]. To our knowledge 
only four studies (performed on three different co-
horts)[13-16] have assessed the accuracy of  FIT in average-
risk individuals who were offered colonoscopy as CRC 
screening strategy. A Korean study[13] and two German 

studies[14,15] were carried out in the setting of  oportunis-
tic screening. Recently, a Dutch study has assessed FIT 
accuracy in a cohort of  individuals participating in a 
population-based screening study[16]. Our study was also 
carried out on asymptomatic average-risk individuals, par-
ticipating in a population-based screening study[17], which 
would allow us to obtain relevant information for CRC 
screening programs. At the best cut-off  value, with one-
day FIT, we found that diagnostic accuracy for AN detec-
tion is similar to that found in the studies performed on 
average-risk individuals with a quantitative FIT[13-16]. With 
respect to CRC, we found a higher sensitivity when com-
pared to previous studies[13,16], but this could be explained 
by the low number of  CRC detected in our cohort.

The performance characteristics of  FIT can be 
adapted to screening variables (prevalence of  CRC, 
participation rates, endoscopic resources), by modify-
ing positivity threshold or by analyzing several stool 
samples[13,15,33-37]. However, only three studies[13,15,16] have 
assessed the accuracy of  FIT at several cut-off  points 
in an average-risk screening study. Moreover, the study 
by Park et al[13] is the one that also analyzed more than 
one stool sample per patient. As previously reported, 
we found that sensitivity was higher at the lower positiv-
ity threshold and, conversely, specificity increased when 
increasing the positivity threshold. With respect to the 
number of  FIT performed, we decided to analyze only 
two stool samples per patient, as the ongoing regional 
screening programs in our country test for one or two 
stool samples[38]. When comparing 1-d FIT with 2- or 
3-d FIT, no clear benefit of  several-day sampling has 
been described, except in a Japanese study in which a 
qualitative FIT was used[35]. Two studies conducted on 
referral cohorts (with symptomatic or high risk patients), 
in which FIT and colonoscopy was performed in all 
the participants, did not find superiority of  2- or 3-d 
sampling over single sampling[33,34]. Studies performed in 
screened average-risk population (that underwent colo-
noscopy only if  FIT was positive), have shown that 2-d 
sampling could be superior to 1-sampling in different 
characteristics (depending on the criteria to consider a 
result as positive) at a particular cut-off  level, but they 
also found that 1-d testing could perform as well as 2-d 
strategy by changing the threshold of  positivity[39-43]. In 
the study by Park et al[13], AUC for CRC was better with 
three or two test than with only the first day FIT. In our 
cohort, however, the AUC for CRC was similar for FIT1 
and FITmax, and this could be explained by the fact that 
all CRC in our cohort were detected with the FIT1 best 
cut-off.

Modifying the positivity threshold or the number 
of  stool samples to be analyzed not only affect the FIT 
accuracy, but it also has a great impact on the colonos-
copy workload and on the efficiency of  the screening, 
as it influences the rate of  patients with a positive test 
and the PPV. In our study we found that the positiv-
ity rate was higher (13%) with the FITmax strategy at 
the lowest positivity threshold. The same results are 

  Lesion Positivity 
threshold 
(ng/mL)

No. need to 
scope

Cost per lesion 
detected (€)

Cost 
increment 

(€)FIT1 FITmax FIT1 FITmax
  CRC     0 155.80 16898

  50 13.40 20.20 2206 3489 58.16
  75 12.20 17.80 2038 3223 58.15
100 11.00 16.40 1912 3055 59.78
115 10.20 15.80 1814 2985 64.55
150 12.00 17.50 2163 3451 59.55
200 11.25 14.75 2075 3083 48.58

  Advanced
  neoplasia1

    0 8.20 889
  50   1.97   2.46   317   425 34.07
  75   1.91   2.28   312   413 32.37
100   1.77   2.28   302   424 40.40
115   1.76   2.26   306   426 39.22
150   1.78   2.26   312   445 42.63
200   1.67   2.19   311   456 46.62

Table 3  Number of colonoscopies needed to detect one 
lesion and cost per lesion (€) according to positivity threshold 
and fecal immunochemical test testing strategy

1Advanced neoplasia: advanced adenomas (adenoma > 1 cm in size with 
high-grade dysplasia or with villous component > 25) or colorectal cancer. 
FIT: Fecal immunochemical test; CRC: Colorectal cancer.

Hernandez V et al . FIT diagnostic accuracy in average-risk CRC screening



1044 January 28, 2014|Volume 20|Issue 4|WJG|www.wjgnet.com

found in studies that compared one-day FIT with 2 or 
3-d FITmax strategy[33,34,39-41,43]. Finally, as the colonos-
copy workload accounts for about 40% to 50% of  total 
screening costs[44,45] modifying the positivity rate and the 
PPV has relevant consequences. Several studies have as-
sessed this issue with controversial results. We decided 
to assess the cost benefit analysis by calculating the cost 
per detected lesion, and as in previous studies[37,46], inter-
mediate thresholds were the most cost-effective for one-
day and two-day sampling, being the most cost-effective 
strategy one-day sampling with a positivity threshold of  
115 ng/mL. Our study does not pretend to compare 
cost-effectiveness among different screening strategies. 
In fact, we have only made a cost-benefit analysis inside 
a diagnostic test study. In fact, when cost-effectiveness 
is assessed by simulation models[47-49], in which screen-
ing and treatment costs are related to life-years gained, 
the most cost-effective strategies are those that allow to 
detect the greatest number of  lesions (lowest positivity 
threshold and 2-d sampling), provided there is unlimited 
colonoscopy capacity[47].

As commented previously, FIT sensitivity for AN 
ranges between 28% and 42% according to the number 
of  determinations and the cut-off  point used. Although 
this is a limitation in the context of  a diagnostic test we 
must be aware of  two conditions that favours FIT as a 
screening test for CRC. First, this effect is diminished 
by the lower participation rate in the colonoscopy group 
than in the FIT group. Moreover, in a recently rand-
omized controlled study, the first round of  FIT screening 
detected about half  the number of  advanced adenomas 
that were detected by colonoscopy in the first round[17]. 
Besides, the recurrent nature of  FIT screening may 
reduce the apparent advantage of  colonoscopy. In a re-
cently published studies after 4 rounds of  CRC screening 
with FIT, the positive predictive value of  the FIT for AN 
was 40% at the first round, and approximately 33% in the 
subsequent rounds[50].

Our study has several limitations. First, our sample 
size was near the lowest range to assess the true accuracy 
of  FIT with a 10% accuracy. However, the prevalence 
of  AN in our series was higher than previously reported, 
and with that prevalence, our sample size and the previ-
ously reported sensitivity and specificity[21], the accuracy 
achieved in this study was estimated in 8.82%. Second, 
the number of  invasive cancer was low and all of  them 
were detected by FIT1, and this could bias our results. 
Despite this, the accuracy for AN is similar to that re-
ported previously in average-risk screening[13,15], which 
makes us consider our results reliable in this setting.

In conclusion, our study shows a low sensitivity of  
FIT to detect AN, but a high specificity. Its accuracy for 
CRC detection is high in the setting of  average-risk CRC 
population. With respect to the number of  samples, 2-d 
sampling does not improve the accuracy for CRC, but 
increases the sensitivity for AN detection, at the expense 
of  increasing the direct costs per lesion detected. 
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COMMENTS
Background
Colorectal cancer (CRC) is the third most common cancer worldwide and the 
second leading cause of cancer-related death. Evidence of effectiveness of 
CRC screening in average-risk population is available from randomized con-
trolled trials for guaiac fecal occult blood tests and sigmoidoscopy, and it has 
been shown that it is cost-effective or even cost-saving.
Research frontiers
Despite the superiority of fecal immunochemical tests (FIT) over guaiac based 
methods, its accuracy in average-risk population screening and the optimal 
number of stool samples or cut-off level and the resource consumption per le-
sion detected has not been properly assessed. 
Innovations and breakthroughs
In this diagnostic tests study authors have assessed the accuracy of FIT to 
detect advanced colorectal neoplasia and CRC in an average-risk cohort, and 
have compared the performance characteristics, endoscopic resources needed 
and cost-benefit of two FIT testing strategies (one-day vs two-day sampling). 
FIT only detected 30%-36% of advanced neoplasia (AN), although its accu-
racy to detect CRC was very high (100% sensitivity and 90%-94% specificity). 
Furthermore, two-day sampling strategy did not enhance FIT accuracy and 
increased resource consumption compared to one-day sampling. 
Applications
Authors analyzed in this population different FIT strategies: 1 or 2 tests and 
different positive thresholds; not only to evaluate diagnostic accuracy but also 
endoscopic resources required and cost per lesion detected. Thus, analyzing 
two samples does not improve diagnostic accuracy and, instead, increases the 
costs by augmenting the number of colonoscopies needed to detect a CRC or 
an AN. Their cost-benefit analysis may allow health authorities to define the 
recommended strategy according to endoscopic resources.
Terminology
Average-risk population: Asymptomatic individuals aged 50-69 years with no 
familial history of CRC. Fecal immunochemical tests are based on the reaction 
of monoclonal or polyclonal antibodies specific for human hemoglobin, albumin 
or other fecal blood components.
Peer review
This is a multicentric study aimed at assessing accuracy of FIT in the detec-
tion of CRC and AN in patients undergoing CRC screening. The authors have 
compared specificity and sensitivity of two measures, one in the first sample 
and the other on the highest level of both samples. The authors showed a low 
sensitivity of FIT to detect AN, but a high specificity, which reach the highest 
level in the setting of average-risk CRC population. Two days sampling does 
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not improve the accuracy for CRC, but increases the sensitivity for AN detection 
even though is more expensive. The study is well designed and well written and 
the results are interesting.
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Abstract
AIM: To determine the frequencies of diagnoses con-
firmed by liver biopsy in infants with cholestasis in an 
Iranian pediatric hospital.

METHODS: This was a retrospective study conducted 
in a tertiary referral children’s hospital in Iran. We 
retrieved all pathology reports of liver biopsies from 
children less than two years of age who had presented 
for evaluation of cholestatic jaundice from March 2001 
to March 2011. Additional specimen samples obtained 
from archived pathology blocks were reviewed by a 
pathologist blinded to the final diagnosis. These results 
were compared with the pathology reports from chart 
records to ensure consensus and eliminate any incon-
sistencies in final diagnoses. A structured checklist was 
used to gather information on multiple variables includ-
ing age, sex, gestational age at birth, birth weight, age 

at which hyperbilirubinemia manifested, presence and 
identification of associated anomalies, clinical manifes-
tations, and histological findings from liver biopsies. 
The baseline data are reported using descriptive statis-
tics, and differences between groups were assessed by 
Fisher’s exact test and Student’s t  test when indicated. 

RESULTS: Fifty-five cases (28 females; 27 males) of 
infantile cholestasis (IC) were included in this study. 
The mean serum total bilirubin and direct bilirubin at 
presentation were 13.6 ± 5.9 and 7.3 ± 3.4, respec-
tively. Forty cases (72.7%) were the product of term 
pregnancies. Common associated clinical findings were 
acholic stool in 33 cases (60.0%), hepatomegaly in 
30 cases (54.5%), and dark-colored urine in 21 cases 
(38.2%). Biliary atresia (BA) was the most frequent 
diagnosis, found in 32 cases (58.2%), followed by in-
trahepatic bile duct paucity found in 6 cases (10.9%), 
metabolic disease in 6 cases (10.9%), idiopathic neo-
natal hepatitis in 5 cases (9.1%), choledochal cyst in 
2 cases (3.6%), liver cirrhosis in 2 cases (3.6%), and 
progressive familial intrahepatic cholestasis and portal 
fibrosis each in 1 case (1.8%). The mean times for 
jaundice onset and liver biopsy were 43.8 and 102.0 d, 
respectively. In BA, the mean age at jaundice presenta-
tion was 21 d and for liver biopsy was 87.5 d, repre-
senting a mean delay of 66.5 d.

CONCLUSION: A significant delay was found between 
IC presentation and liver biopsy, which is detrimental 
in conditions that can cause irreversible liver damage, 
such as BA.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Cholestasis; Neonate; Hepatitis; Biliary atre-
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binemia; Liver biopsy

Core tip: Infantile cholestasis is a heterogeneous disor-

BRIEF ARTICLE

1048 January 28, 2014|Volume 20|Issue 4|WJG|www.wjgnet.com

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i4.1048

World J Gastroenterol  2014 January 28; 20(4): 1048-1053
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.



der characterized by abnormal direct hyperbilirubinemia 
after the second week of life. While biliary atresia (BA), 
progressive familial intrahepatic cholestasis, and idio-
pathic neonatal hepatitis are among the most prevalent 
causes, BA specifically needs early surgical interven-
tion to avoid cirrhosis. This makes liver biopsy a crucial 
procedure for timely surgical consideration. We found 
that there was a significant delay from the time that 
jaundice was noted to the time of liver biopsy in those 
eventually diagnosed with BA. These results demon-
strate that an early diagnostic approach is prudent to 
avoid irreversible hepatic complications.

Talachian E, Bidari A, Mehrazma M, Nick-khah N. Biopsy-driv-
en diagnosis in infants with cholestatic jaundice in Iran. World 
J Gastroenterol 2014; 20(4): 1048-1053  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v20/i4/1048.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v20.i4.1048

INTRODUCTION
Jaundice, also known as icterus, is a common heteroge-
neous condition in neonates that usually resolves by the 
end of  the second week after birth[1]. Icterus lasting be-
yond 2 wk of  life, and especially if  it is of  the conjugated 
type, is perceived as clinically significant[2,3]. Conjugated 
serum bilirubin is considered abnormal if  measured more 
than 1 mg/dL when total bilirubin is less than 5 mg/dL, 
or more than 20% of  the total bilirubin in cases of  more 
severe hyperbilirubinemia[3-5].

Cholestasis caused by diminished canalicular bile flow 
is clinically characterized by persistent conjugated hyper-
bilirubinemia[5]. Anatomical approaches to diagnosing 
cholestatic jaundice, which categorize the causes as either 
intrahepatic or extrahepatic, can be useful in the clini-
cal setting, however not all conditions, including biliary 
atresia (BA), fit into a single category. Therefore, a more 
plausible classification separates the causes into func-
tional and structural types. Using this strategy, functional 
derangements include metabolic, infectious, toxic, hemo-
dynamic and idiopathic insults and structural abnormali-
ties encompass biliary atresia, choledochal cysts and bile 
duct strictures[6].

BA usually presents in the first few weeks of  life[7]. 
Progressive familial intrahepatic cholestasis (PFIC) begins 
in infancy with a mean age for jaundice onset of  about 3 
mo, although some patients do not develop jaundice until 
much later, even into adolescence[6]. The common causes 
of  infantile cholestasis vary with age of  onset, with the 
relative frequency of  any individual diagnosis shifting 
when moving from a neonatal to a late infancy period[5,6].

When evaluating infants with conjugated hyperbili-
rubinemia, liver biopsy is the most reliable and definitive 
procedure[4,5]. Liver histopathology provides important 
clues to the correct diagnosis with a diagnostic yield as 
high as 95%[5,6,8]. Specimens displaying a proliferation of  
bile ducts, biliary plugs, portal tract edema and fibrosis 

suggest BA, while derangement in lobular architecture 
and ballooning of  hepatocytes in association with fo-
cal hepatic necrosis along with the presence of  multi-
nucleated giant cells is highly indicative of  neonatal hepa-
titis[6,9,10]. In practice, the main purpose for liver biopsies 
in infants with cholestasis is to define whether biliary 
obstruction is present or not. Furthermore, a liver biopsy 
can help with the determination of  the severity of  hepa-
tocellular injury and assessment of  the prognosis[6,8].

The literature suggests that since 1970, there has been 
a shift from identifying idiopathic neonate hepatitis (INH) 
as the most common cause of  cholestasis to more clearly 
defined disorders such as PFIC and bile acid synthetic 
defects[6]. Unfortunately, there is a paucity of  data on the 
prevalence of  diverse etiologies of  cholestasis in non-
western countries, especially in the middle east area[11-13]. 
This study was conducted to determine the frequency of  
different diagnoses confirmed by liver biopsy in infants 
with cholestasis admitted to a pediatric hospital in Iran.

MATERIALS AND METHODS
In this retrospective study, we retrieved all pathology re-
ports on liver specimens from children of  less than two 
years age who were admitted to the Ali-Asghar Children’s 
Hospital between March 2001 and March 2011. The cor-
responding hospital files were reviewed and those with 
cholestatic jaundice identified. A structured checklist was 
used to gather information on: age, sex, gestational age at 
birth, birth weight, age at which hyperbilirubinemia mani-
fested, presence of  associated anomalies, clinical mani-
festations, and histological findings from liver biopsies. 
The final diagnoses were obtained from hospital files. 
Original pathology reports were compared with the study 
pathologist’s interpretation and both were correlated with 
a final diagnosis to avoid inconsistencies. SPSS version 18 
statistical software was used to analyze the data. Descrip-
tive statistics were employed to report frequencies and 
means ± SD. To show differences between groups we 
used a Fisher’s exact test and Student’s t test as indicated; 
P < 0.05 was considered significant.

RESULTS
In total, 55 infants with cholestatic jaundice and available 
biopsy reports were entered into the study. Twenty-eight 
(51%) were female and 27 (49%) were male. Although 
the mean time for the onset of  jaundice was 43.8 d, the 
mean time for taking liver biopsy was 102 d after birth, 
representing a notable delay in attempting to perform di-
agnostic liver biopsy. The baseline clinical and laboratory 
characteristics can be found in Table 1. 

Liver biopsies from 32 infants had firm histopatho-
logical evidence of  BA, making it the most common 
cause of  cholestasis, with no significant sex difference (P 
= 0.45). Twenty-four (75%) of  these BA cases were in 
infants from term pregnancies with normal birth weights. 
The next most frequent diagnoses were paucity of  bile 
ducts, metabolic disorders, and INH (Table 2). The pau-

1049 January 28, 2014|Volume 20|Issue 4|WJG|www.wjgnet.com

Talachian E et al . Infantile cholestasis and liver biopsy



city of  bile ducts was an isolated finding in five of  the 
six observed cases, however one male had Alagille’s syn-
drome, characterized by a ventricular septal defect, hyper-
telorism, a prominent forehead and cholestatic jaundice. 
Six cases were affected by metabolic disease, comprised 
of  five cases with glycogen storage disease and one case 
with galactosemia. Another frequent cause of  conjugated 
hyperbilirubinemia in our series was INH, affecting 5 
infants (9%). Three of  these were premature with a birth 
weight of  less than 2500 g.

Frequencies for a set of  selected variables for individ-
ual diagnoses (including sex, birth weight, perinatal find-
ings, clinical findings and jaundice course) are shown in 
Table 3. Jaundice was invariably present and acholic stool, 
hepatomegaly and dark-colored urine were all common. 
Reported in Table 4 are the frequencies of  some labora-
tory findings including hemoglobin, platelet and liver 
function tests for different disease entities. The highest 
levels of  hyperbilirubinemia were detected in PFIC with 
a mean value of  28 mg/dL followed by BA with a mean 
of  14.4. Alkaline phosphatase levels were elevated in all 
diagnostic categories without statistically significant dif-
ferences between the subgroups. Levels of  gamma-gluta-
myl transpeptidase, however, were significantly higher in 
cases with BA (Fisher’s exact test, P < 0.05). Coagulopa-
thy was seen in several subgroups, but the lone abnormal 
coagulation test with a significant prediction for a specific 
group was the partial thromboplastin time (PTT), which 
was abnormal in those proved to have cirrhosis by liver 
biopsy (Fisher’s exact test, P < 0.05).

DISCUSSION
The results of  this study show that BA was the most 
common cause of  cholestasis, identified in 58% of  the 
liver biopsies examined. BA is the most common cause 

of  prolonged cholestatic jaundice in neonates and ac-
counts for 40%-50% of  all pediatric liver transplants[4,6,7]. 
The majority of  infants diagnosed with BA in our study 
had normal birth weights from term pregnancies, in 
agreement with results from Mowat et al[14], showing that 
only one infant out of  32 had been born prematurely. A 
tendency for female preponderance was noted a tendency 
for female preponderance was noted (Table 3). All cases 
displayed jaundice, with common occurrences of  acholic 
stool, hepatomegaly and dark colored urine, consistent 
with previous reports in the literature[4,13-15]. While con-
genital malformations have been reported in one-third 
of  BA cases[16,17], only 13% of  the infants included in this 
study had congenital anomalies.

INH is a differential diagnosis for BA, as both condi-
tions are characterized by conjugated hyperbilirubine-
mia presented early after birth and are associated with 
hepatomegaly. In this study, five cases of  INH were 
identified, all of  which displayed hepatomegaly, which is 
often a presenting feature of  liver disease. Three of  the 
infants diagnosed with INH were premature and of  low 
birth weight, two features that are frequently reported 
in INH[4,14]. Interestingly, two infants had acholic stools. 
Although acholic stool is a cardinal feature of  biliary 
obstruction, it may also occur as a result of  severe bile 
secretory failure at the level of  the hepatocyte[14]. Thus, 
liver biopsy is required for accurate diagnosis in most 
cases[4,7,8,18-20].

While BA and INH cannot be distinguished based 
on clinical features, such as hepatomegaly, splenomegaly, 
coagulopathy or acholic stool[7,14,19], they can differ with 
regard to their course, prognosis and management[4,18]. 
While INH has a variable and sometimes a self-limiting 
course[17,18], BA is a relentlessly progressive disease re-
quiring surgical intervention and/or liver transplanta-
tion[4,16,21]. In our case series, all of  the five INH cases had 
progressive jaundice before liver biopsy. However, our se-
lected population was confined to those who underwent 
liver biopsy, therefore we assume a selection bias which 
could have caused overrepresentation of  a subgroup of  
INH cases whose cholestasis progressed such that a bi-
opsy procedure was attempted. Noteworthy, there was a 
mean time lapse of  66.5 d in BA and 55 d in INH from 
the time jaundice first came to clinical attention to the 
time that diagnostic liver biopsy was performed, in com-
parison to a previous study reporting a mean delay of  
120.8 d in BA and 65.9 d in INH[22].

Since unmanaged biliary atresia may result in cirrhosis 
within a few weeks, a prompt and accurate diagnosis is of  
outmost importance[23]. Therefore, neonatal cholestasis 
beyond the second week of  life should be considered as 
a serious condition that needs urgent investigation and 
possible liver biopsy[5,24,25]. Causes for delayed interven-
tion, as identified in a study by Mieli-Vergani et al[26], 
include a lack for follow-up of  neonatal jaundice, inade-
quate investigation of  hemorrhagic disease, misdiagnosis 
of  breast milk jaundice, pigmented stools and decreased 
serum bilirubin. For many cases, delayed recognition and 
referral for specialty care remain major barriers to timely 
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  Variable Mean ± SD Range

  Gestational age (wk)  38.4 ± 2.7  31-41
  Birth weight (g)  2785 ± 658  1300-3980
  Age when jaundice came to clinical 
  attention (d)

43.8 ± 93      1-630

  Age at liver biopsy (d)    102 ± 110      8-690
  Total bilirubin (mg/dL)  13.6 ± 5.9 3.9-36
  Direct bilirubin (mg/dL)    7.3 ± 3.4 2.4-19
  Alkaline phosphatase (IU/L)  1244 ± 800     9.5-3379
  AST (IU/L)    280 ± 223      36-1009
  ALT (IU/L)    238 ± 486      16-3510
  GGT (IU/L)    412 ± 508      35-1981
  PT (s)  14.6 ± 4.5   11-38
  PTT (s) 39.2 ± 10   26-82
  Albumin (g/dL)    3.5 ± 0.9   1.3-5.4
  Hgb (g/dL)     10 ± 1.9     6.9-16.4
  Platelet × 103/µL    381 ± 164     76-700

Table 1  Clinical and laboratory characteristics of the 55 
infants with cholestasis included for analysis of biopsy 
diagnosis

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: 
Gamma-glutamyl transpeptidase; Hgb: Hemoglobin; PT: Prothrombin 
time; PTT: Partial thromboplastin time.
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vitamin K administration, this may indicate a hepatocel-
lular injury that is secondary to biliary obstruction, as 
occurs in patients with prolonged jaundice[25], rather than 
a vitamin K deficiency. In the current study, we found 
abnormal PTT was significantly more common in those 
diagnosed with cirrhosis after a liver biopsy. 

There are a number of  limitations in extrapolating 
the results of  this study. Our case series is composed of  
a highly selective group of  infants with progressive cho-
lestasis who underwent liver biopsies at the Ali-Asghar 
Children’s Hospital. As a result, an undefined number of  
cases with a self-limiting course or diagnosed by other in-
vestigations have not been included in this study, thereby 
underrepresented the frequency of  benign cases. The re-
sults of  this study are most relevant for cases of  progres-

surgical intervention[7,22], adversely affecting nutritional 
support, control of  complications such as ascites, and 
cost. Accordingly, it has been recommended that infants 
presenting with acholic stools should be referred to a pe-
diatric gastroenterologist for urgent evaluation to rule out 
BA[2,27,28]. Attempts to restore biliary flow, such as with 
the Kasai procedure, should be performed in BA cases 
before two months of  age[7,29,30] in experienced centers to 
increase the chance for a successful surgery[8,31,32].

Coagulopathy, measured by prothrombin time (PT) 
and PTT, is a serious complication that may be pres-
ent in infantile cholestasis[4,6,33]. Obstructed biliary flow 
may cause fat malabsorption, resulting in a deficiency in 
vitamin K, a fat soluble vitamin. If  the symptomatic pro-
longation of  the PT and PTT remains uncorrected after 

  Biopsy findings Frequency Mean gestational 
age in weeks

Mean birth weight in 
grams

Mean age when jaundice came to 
clinical attention (range)

Mean age at liver 
biopsy in days

  BA 32 (58) 38.4 2850      21 (1-120)      87.5
  Paucity of bile ducts   6 (11) 39.0 2600       20.5 (1-60)   59
  Metabolic disease   6 (11) 39.4 3380       221 (44-630) 266
  INH 5 (9) 36.4 2230    38 (3-90)   93
  Choledochal cyst   2 (3.6) 40.0 2750      20 (15-26)   82
  Liver cirrhosis   2 (3.6) 38.5 1950    10 (9-13)   34
  PFIC   1 (1.8) 40.0 3300                         135 165
  Portal fibrosis   1 (1.8) 34.0 1400                           30   45

Table 2  Diagnoses from liver biopsies and their frequencies in cases of infantile cholestasis  n  (%)

BA: Biliary atresia; INH: Idiopathic neonatal hepatitis; PFIC: Progressive familial intrahepatic cholestasis.

  Variable Frequency BA INH Paucity of 
bile ducts

Choledochal 
cyst

Metabolic 
disease

Cirrhosis PFIC and 
portal fibrosis

  Sex Female  28 (50.9) 20 3 1 1 2 0 1
Male  27 (49.1) 12 2 5 1 4 2 1

  Maturity Preterm  15 (27.3)   8 3 1 0 1 1 1
Term  40 (72.7) 24 2 5 2 5 1 1

  Birth weight Low  15 (27.3)   7 3 1 1 0 2 1
Normal  40 (72.7) 25 2 5 1 6 0 1

  Perinatal findings Bacterial infection  5 (9.0)   3 0 0 0 1 0 1
Congenital anomalies  10 (18.0)   4 1 1 2 0 2 0
Parenteral nutrition  1 (2.0)   0 0 0 0 0 1 0

Seizure  3 (5.5)   3 0 0 0 0 0 0
Meconium stained amniotic fluid  4 (7.2)   2 0 2 0 0 0 0

Fetomaternal hemorrhage  1 (2.0)   1 0 0 0 0 0 0
Apnea  1 (2.0)   1 0 0 0 0 0 0
Others  13 (23.0)   7 1 2 1 0 2 0

Nil  31 (56.0) 18 4 3 0 5 0 1
  Clinical findings Dark urine  21 (38.0) 13 3 4 0 1 0 0

Acholic stool  33 (60.0) 22 2 4 2 3 0 0
Hepatomegaly  30 (54.5) 19 5 1 0 4 0 1
Splenomegaly  17 (31.0) 12 2 0 0 2 0 1

Clubbing  1 (2.0)   0 0 0 0 1 0 0
Failure to thrive  14 (25.5)   9 1 1 0 2 1 0

Ascites    8 (14.5)   4 1 1 0 1 0 1
Jaundice 55 (100) 32 5 6 2 6 2 2
Pruritus  3 (5.5)   1 0 0 0 1 0 1

Jaundice temporal course Progressive  33 (60.0) 17 5 2 2 4 1 2
Intermittent  4 (7.2)   3 0 1 0 0 0 0
Continuous    6 (10.9)   3 0 1 0 1 1 0

Table 3  Frequencies of selected variables for each diagnosed cause of infantile cholestasis  n  (%)

BA: Biliary atresia; INH: Idiopathic neonatal hepatitis; PFIC: Progressive familial intrahepatic cholestasis.

Talachian E et al . Infantile cholestasis and liver biopsy



1052 January 28, 2014|Volume 20|Issue 4|WJG|www.wjgnet.com

sive conjugated hyperbilirubinemia that are candidates for 
liver biopsy. Two counterpart studies that mainly recruit-
ed cases from clinical diagnosis rather than liver biopsies, 
found INH, not BA, to be the most common cause of  
infantile cholestasis[12,13]. While some familial INH cases 
may represent unrecognized underlying inborn errors, 
specifically defects in synthesis or transport of  bile acids, 
the sporadic INH is usually transient and has a rather 
favorable outcome[14,34-36], which is in stark contrast to the 
serious complications caused by BA.

In summary, we found that BA was the most com-
mon cause of  infantile cholestasis as determined by liver 
biopsies. Additionally, there was a significant delay from 
the recognition of  jaundice to the time of  liver biopsy, 
averaging approximately two months. Considering the 
rapid progression of  BA to cirrhosis along with the po-
tentially curative role of  early surgical intervention, an 
emphasis should be placed on obtaining prompt diagnos-
tic testing in all infants presenting with conjugated hyper-
bilirubinemia that lasts beyond the first two weeks of  life.

COMMENTS
Background
The prevalence of individual causes of infantile cholestasis (IC) has changed in 
recent decades, shifting from idiopathic neonate hepatitis as the most common 
cause, to more clearly defined disorders such as progressive familial intrahe-
patic cholestasis and bile acid synthetic defects. However, biliary atresia (BA) 
remains an important contributor to IC.
Research frontiers
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infancy in developing countries. The data that are available are mainly derived 
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cause of IC is BA, a condition requiring surgical intervention to avoid permanent 
liver damage. Therefore, it is crucial to identify when a liver biopsy is needed for 
a timely diagnosis to occur.
Innovations and breakthroughs
This study examined the diagnoses of a selected population of IC patients who 
underwent liver biopsies. The frequencies of final diagnoses, as based on histo-
pathology, and their time courses were evaluated. The results reveal that BA is 
in fact the most frequent diagnosis made from biopsied cases, with an unfavor-
able delay of 87.5 d after birth, on average.
Applications
The frequency data reported in this study provide a framework for physicians to 
reference regarding the timely diagnosis for infants with progressive conjugated 
hyperbilirubinemia. This study also highlights the need to consider early liver 
biopsies in cases of IC to avoid irreversible hepatic damage from causative 

conditions that are frequently diagnosed.
Terminology
Infantile cholestasis is a liver condition in neonatal infants describing direct 
hyperbilirubinemia that persists or appears after 14 d of life. Direct hyperbili-
rubinemia refers to conjugated serum bilirubin of more than 1 mg/dL when the 
total bilirubin is less than 5 mg/dL or if conjugated bilirubin accounts for greater 
than 20% of total serum bilirubin in cases of more severe hyperbilirubinemia. 
Biliary atresia is a potentially life-threatening blockage of bile ducts that occurs 
in infants. 
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of infantile cases of cholestasis. The analysis shows that a very serious and 
potentially life-threatening condition is the most common cause of pediatric 
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biopsies should be more routinely considered in cases of IC, as early interven-
tion is crucial for successful recovery. The authors document a significant delay 
between the appearance of conjugated jaundice in pediatric patients and the 
liver biopsy, which is required for an accurate diagnosis. Therefore, it is recom-
mended that neonatologists and pediatricians conduct prompt diagnostic work-
ups in all infants presenting with conjugated jaundice beyond the second week 
of life.
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Abstract
AIM: To examine the effect of intra-gastric triacetin on 
both upper gastrointestinal motility and proximal gastric 
tone in conscious dogs. 

METHODS: Three beagle dogs under sedation were 
surgically implanted with gastrocutaneous fistula in the 
gastric body and force transducers in the gastric an-
trum and duodenum. Beginning at week-2 after inser-
tion, the animals were either fasted for 24 h or fed a 
liquid meal 2-3 h before the experiment. With the ani-
mals fully conscious, a polyethylene bag was inserted 
into the proximal stomach through the gastrocutane-
ous fistula, followed by 15 min of air inflation (minimal 
distending pressure of ＋2 mmHg) and then 20 mL of 
a low-, mid- or high-concentration triacetin solution 
(0.5%, 1.0% and 2.0%) or warm water (vehicle con-
trol). The proximal stomach receptive volume and gas-
tric antral and duodenal contractions were measured 
over 10 min. The experiment was repeated twice per 

week over several months, with each animal receiving 
at least one infusion of the various triacetin solutions 
and the vehicle at different times. Intergroup differ-
ences were assessed by ANOVA and Bonferroni-Dunn 
post-hoc testing. 

RESULTS: Intra-gastric infusion of mid- and high-con-
centration triacetin induced an increase in the proximal 
stomach receptive volume, and the average increase 
induced by the high-concentration at 0-4 min after 
infusion was significantly greater than that induced 
by the vehicle control (62.4 ± 9.8 vs  18.4 ± 4.7, P  < 
0.01). The mid- and high-concentration triacetin also 
produced a temporary inhibition of the gastric antral 
contractions at 2 min after infusions; however, only the 
fasted group showed triacetin-induced antral contrac-
tile inhibition that was significantly greater than that in 
the vehicle control group (P  < 0.05). In addition, only 
the fasted group showed a high-concentration triacetin-
induced increase in duodenal contractions at 9-10 min 
that was significantly different from that in the vehicle 
control group (P  < 0.05).

CONCLUSION: Intra-gastric infusion of 1.0%-2.0% 
triacetin delays gastric emptying by increasing proxi-
mal stomach receptive volume, temporarily inhibiting 
gastric antral contractions and facilitating duodenal 
contractions. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Gastrointestinal motility; Barostat; Proximal 
gastric relaxation; Short-chain triglycerides

Core tip: Intra-gastric infusion of short-chain triglycer-
ides, such as triacetin, has been shown to delay gastric 
emptying in conscious dogs, but the influence on upper 
gastrointestinal motility is unknown. The current study 
examined time-dependent changes in motility following 
intra-gastric triacetin administration at various doses in 
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conscious dogs and evaluated the effects of a fasted 
vs  fed state. Compared to infusion of water (vehicle) 
alone, the 1.0% and 2.0% triacetin doses induced a 
significant increase in the proximal stomach receptive 
volume, a temporary inhibition of gastric antral contrac-
tions, and an increase in the duodenal contractions in 
fasted dogs. 

Oosaka K, Tokuda M, Furukawa N. Intra-gastric triacetin alters 
upper gastrointestinal motility in conscious dogs. World J Gas-
troenterol 2014; 20(4): 1054-1060  Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i4/1054.htm  DOI: http://
dx.doi.org/10.3748/wjg.v20.i4.1054

INTRODUCTION
Triacetin is both the shortest-chain triglyceride (SCT), 
containing fatty acids with two carbons, and the only tri-
glyceride that is soluble in water up to 6%. Its approval 
by the Food and Drug Administration as a safe human 
food ingredient has led to a series of  studies examining 
its potential as a therapeutic agent for total parenteral 
nutrition[1-6]. While these studies have shown that triacetin 
can improve nitrogen balance[1] and protein metabolism[2], 
with a lack of  toxicity[3], they have also shown minimal ef-
fects on mineral metabolism[4,5] due to the feature of  wa-
ter solubility. In an in vivo study by Lynch et al[6], wherein 
rats were fed diets containing triacetin to determine the 
effects on total adiposity, fat distribution and body com-
position, triacetin was shown to provide energy without 
accumulation in the body by decreasing adipocyte size. 
However, this field of  research is relatively new and fur-
ther investigations on the nutritive capacities and related 
mechanisms of  triacetin are still in progress. 

A number of  other studies have examined the effects 
of  long-chain triglycerides (LCTs) on gastrointestinal mo-
tility, demonstrating their effect of  delaying gastric emp-
tying and characterizing their feature of  slow absorption. 
Specifically, it was shown that when digestive products 
of  LCTs, such as mono- or diglycerides and long-chain 
fatty acids, are present in the duodenum and jejunum, 
the gastric emptying rate slows down[7,8], and that diges-
tion and absorption of  LCTs into the lymphatic system 
is dependent upon modification by bile salts. Moreover, 
Hunt et al[9] reported that gastric emptying is slower for 
12- to 18-carbon fatty acids than for those composed of  
2 to 10 carbons, suggesting that gastric emptying may be 
regulated in a manner that allows for optimal intestinal 
digestion and absorption of  foodstuffs.

The processes of  digestion and absorption of  SCTs 
differ greatly from those of  LCTs. SCTs do not require 
bile salts for digestion. Their passive diffusion from 
the gastrointestinal tract to the portal system has led to 
speculation that gastric emptying should not be delayed 
by SCTs. However, when triacetin was directly infused 
into the stomachs of  conscious dogs, the gastric empty-
ing rate was delayed remarkably[10]. Gastric emptying of  a 

liquid is known to be facilitated by both the proximal gas-
tric tone and antrum motility, both of  which may also be 
influenced by the fasted/fed (postprandial) state. To de-
termine whether triacetin can alter upper gastrointestinal 
motility during the observed delay of  gastric emptying 
in conscious dogs a barostat and force transducers were 
applied to fasted and fed animals in the study described 
herein, and the effects of  triacetin on upper gastrointesti-
nal motility and the proximal gastric tone were compara-
tively analyzed.

MATERIALS AND METHODS
Animal preparation
All animal care and experimental procedures were ap-
proved by the Animal Research Committee of  the Kawa-
saki Medical School (Japan) and conducted in accordance 
with the Guide for the Care and Use of  Laboratory Ani-
mals[11]. Three female beagle dogs (weight: 10-11 kg; age: 
1-1.5 years) were anesthetized with medetomidine hy-
drochloride (20 µg/kg, subcutaneous) and pentobarbital 
sodium (25 mg/kg, intravenous). A midline laparotomy 
was performed, and a stainless steel gastrocutaneous 
fistula (inner diameter: 15 mm; length: 80 mm) was in-
serted into the middle corpus, with the placement ensur-
ing exteriorization on the left side of  the abdomen. Two 
force transducers were then sewn onto the wall of  the 
gastric antrum and duodenum, following the direction of  
the circular muscle. The force transducer on the antrum 
was sutured at approximately 3 cm from the pyloric ring, 
while the force transducer on the duodenum was sutured 
at approximately 5 cm distal to the pyloric ring (Figure 1). 
The lead wires of  the force transducers were positioned 
to ensure percutaneous exteriorization of  the bilateral 
scapulae lower margins. The animals were allowed to 
recuperate for two weeks, with daily monitoring for pro-
cedure-related complications, before experimentation was 
initiated.

Experimental procedure
The fully conscious prepared animals were evaluated in 
either the fasting phase (after 24 h fasting) or in the post-
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prandial phase (2-3 h after feeding of  a high-calorie, high-
protein liquid diet). For each phase, the experimental 
procedure was initiated by opening the gastrocutaneous 
fistula and aspirating any contents from the stomach; the 
mean aspirated volume from the postprandial stage was 
29 ± 2.3 mL (n = 24), with a residual ratio of  11%-13%. 
A polyethylene bag (diameter: 12-13 cm; capacity: 0-1000 
mL) fitted with a double-lumen polyvinyl tube was then 
inserted through the gastrocutaneous fistula into the 
proximal stomach and slowly inflated with 400-500 mL 
of  air to ensure proper positioning. After complete defla-
tion of  the bag, a polyvinyl tube was introduced into the 
stomach through the gastrocutaneous fistula, to allow for 
infusion of  a triacetin solution or vehicle control (water). 
The double-lumen tube and the infusion tube were fixed 
with adhesive vinyl tape. Thereafter, the conscious dogs 
were placed in a sling with their legs touching the ground 
so that they were supported upright without pressure 
on the abdomen. The double-lumen tube was then con-
nected to a barostat (Isobar-3; G and J Electronics, To-
ronto, Canada) and the bag was gradually inflated from 2 
to 5 mmHg in 1 mmHg stepwise 1 min increments. The 
minimal distending pressure (MDP) was determined by 
increasing the intra-gastric pressure to the point where 
volume variations were induced by respiratory motions. 
In this study, bag volumes of  30-100 mL were required 
for the respiratory motions to influence intra-gastric pres-
sure in the dogs; therefore, the MDP was maintained at 
approximately 3 mmHg throughout the experiment.

Experimental design
This study used a barostat to examine the acute effects 
on fundic relaxation and gastric antral and duodenal con-
tractions in conscious dogs in accordance with the meth-
ods of  Furukawa et al[12]. Briefly, the intra-gastric bag was 
insufflated with air for 15 min, with the additional +2 
mmHg bringing the MDP to 5 mmHg. After the initia-
tion of  insufflation for 5 min, 20 mL of  pre-warmed (37 
℃) 0.5%, 1% or 2% triacetin or water were infused di-
rectly into the stomach over a period of  30 s through an 
infusion tube in the gastrocutaneous fistula. At the same 
time as the infusions, the force transducers were used 
to continuously measure the gastric antral and duodenal 
contractions. 

For each animal, the experimental procedures were 
performed twice per week over a period of  several 
months. Each animal received at least one infusion of  
each of  the triacetin solutions as well vehicle before com-
pletion of  the experimental course. The total numbers of  
fasting and postprandial phase experiments were nearly 
identical for all three dogs. 

Statistical analysis
During the 15 min gastric distension performed at a 
MDP of  +2 mmHg, the intra-gastric bag volume was 
calculated as the gastric tone over 1 min intervals. Ac-
cording to Furukawa et al[12], the mean values of  three 
intra-gastric bag volumes at 3, 4 and 5 min after initiation 

of  the gastric distension were designated as the basal vol-
ume before intra-gastric infusion of  either the triacetin 
solutions or water. To evaluate the effect of  triacetin on 
the proximal stomach receptive volume at a constant dis-
tending pressure, the mean values of  the 1 min interval 
after the infusion were compared with the mean values 
of  the basal volume. In addition, the differences between 
the basal volume and the volume after the infusion were 
calculated at 1 min intervals, with the triacetin data for 
the periods between 0-10 min compared to those of  wa-
ter. The effect of  triacetin on contractility was evaluated 
by plotting the relative values of  gastrointestinal con-
tractility size that were obtained at every minute interval 
and calculating the area under the curve (AUC). As per 
the method described by Furukawa et al[12], the average 
of  the 1 min intervals of  AUC from 3 to 5 min after the 
onset of  distension was used as the control value. The 
changes in relative magnitudes of  the contractions from 
the control values after the infusion were then compared 
between the triacetin and water administrations. These 
results were expressed as mean ± SE The significance 
of  intergroup differences was assessed by ANOVA with 
Bonferroni-Dunn post-hoc testing. 

RESULTS
Effects of intra-gastric triacetin on proximal gastric tone
Fasting phase: A slight increase was observed in the 
intra-gastric bag volume immediately after the infusion 
of  water, but was not significantly different from the pre-
infusion volume (Figure 2A). Infusion of  0.5% triacetin 
did not produce a significant increase in the receptive 
volume, and only a slight distention of  the intra-gastric 
bag was observed that was similar to that seen for the 
water infusion (data not shown). In contrast, infusion of  
1.0% triacetin led to a rapid increase in the intra-gastric 
bag mean volume, from the mean basal volume of  129.3 
± 10.2 mL to a peak of  189.8 ± 14.5 mL at 1 min (n = 
8). In addition, infusion of  2.0% triacetin led to a similar 
rapid increase, from the mean basal volume of  109.4 ± 
7.2 mL to 179.1 ± 16.2 mL at 1 min (n = 7) and a peak 
of  181.2 ± 14.1 mL at 2 min (n = 7). These increases in 
the receptive volume induced by 1% and 2% triacetin in-
fusions were significantly greater than the water infusion 
(Figure 2A).

Postprandial phase: In the postprandial phase, a slight 
increase in the receptive volume was observed that was 
similar to that seen during the fasting phase. Infusions 
of  1.0% and 2.0% triacetin led to rapid increases in the 
receptive volume, which were greater than those induced 
by the water infusion but the differences did not reach 
statistical significance (Figure 2B). 

Time-related effects of intra-gastric triacetin on proximal 
gastric tone
Fasting phase: At 0-2 min after infusion of  1.0% triac-
etin, the increase in the receptive volume (56.5 ± 10.1, 
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and 2.0% triacetin inhibited the duodenal contractions 
for nearly the entire 10-min measurement period in both 
phases, with the exception of  2.0% triacetin inducing a 
significant increase (vs water alone) in duodenal contrac-
tions at 9-10 min after the infusion.

DISCUSSION
The current study demonstrated that direct infusion of  
triacetin into the stomach of  conscious dogs alters up-
per gastrointestinal motility. Proximal gastric volume was 
also increased by the infusion, which reflects stimulation 
of  gastric relaxation. Finally, the triacetin was shown to 
inhibit gastric antral contractions but induce duodenal 
contractions. 

Induction of  gastric relaxation of  the proximal stom-
ach involves two mechanisms. First, gastric relaxation 
is stimulated by intra-gastric filling (possibly by expan-
sion of  the gastric wall[13]), regardless of  the substance 
involved (solids or liquids). This process is referred to 
as gastric accommodation and is responsible for an in-
creased volume tolerance without perception but may 
also contribute to maintaining satiation signals at ac-
ceptable volume loads. Second, physical (e.g., osmotic 
pressure) and chemical (e.g., H+, lipids) parameters of  
the stomach and duodenum environments can enhance 
gastric relaxation via factors related to the nervous system 
or hormonal axes[14,15]. In the current study, triacetin did 
not appear to influence osmotic pressure, since the 0.5%, 
1.0% and 2.0% triacetin was administered as hypotonic 
solutions. Moreover, the 20 mL volume that was infused 

n = 8) was significantly greater than that induced by the 
infusion of  water alone (24.4 ± 3.7, n = 12). At 0-4 min 
after infusion of  2.0% triacetin, the increase in the recep-
tive volume (62.4 ± 9.8, n = 7) was significantly greater 
than that induced by the infusion of  water alone (18.4 ± 
4.7, n = 12) (Figure 2C). 

Postprandial phase: During the postprandial phase, the 
increases in the receptive volume induced by triacetin were 
also larger than those induced by water alone but the dif-
ferences did not reach statistical significance (Figure 2D).

Effects of triacetin on gastric antral and duodenal 
contractions
Infusion of  water alone produced no obvious changes in 
the gastric antral contractions, in neither the fasting and 
postprandial phases (Figure 3). In contrast, both 1.0% and 
2.0% triacetin induced a temporary inhibition of  the gas-
tric antral contractions at 2 min after the infusion. Only the 
triacetin-induced inhibition in the fasting phase was signifi-
cantly different from the contractions observed with the 
water infusion. However, after the 2 min time point, there 
was a tendency for facilitation of  the gastric antral contrac-
tions only for the 2.0% triacetin in both the fasting and 
postprandial phases but the differences from the water-
related contractions did not reach statistical significance.

At 1-4 min after the water infusion, a temporary facili-
tation of  the duodenal contractions was observed in both 
the fasting and postprandial phases (Figure 4). For all 
time points thereafter, water induced only inhibition of  
the duodenal contractions. In contrast, infusion of  1.0% 
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into the stomach was not expected to cause expansion 
of  the gastric wall. The triacetin infusion and subsequent 
absorption in the stomach and duodenum appeared to 
primarily affect upper gastrointestinal motility. However, 
the observation of  duodenal facilitation occurring im-
mediately after the infusion of  triacetin suggests that the 
absorption-related process plays a smaller role than tri-
acetin’s chemical stimulation of  the gastric and duodenal 
mucosa to causes the gastric relaxation.

Gastric antrum and duodenum contractions have 
distinctive mechanisms and patterns. For example, LCT-
mediated effects on contractility are region specific. Par-
ticular LCTs capable of  inhibiting antral contractility[16] 
have also been shown to facilitate stimulation of  con-
tractions in segments of  the upper duodenum[17]. In the 
current study, the triacetin infusion first led to inhibition 
of  gastric antral contractions, which was followed by an 
increase at later time points of  the infusion. Moreover, 

the infusion appeared to facilitate duodenal contractility. 
Since there was only a short period of  inhibition of  the 
antral contractions, it remains unclear whether this inhibi-
tion was responsible for causing the delay of  gastric emp-
tying. However, such modulations of  the gastric antrum 
and duodenum are expected to induce the closing of  the 
pylorus, which may be the ultimate cause of  the delayed 
gastric emptying. With regard to the observed diphasic al-
terations (i.e., inhibition and facilitation) in the gastric an-
trum, the initial inhibition may be induced by stimulation 
of  gastric antral mucosa, while the subsequent facilitation 
may be induced by stimulation of  the duodenal mucosa.

LCTs are known to stimulate release of  the hormone 
cholecystokinin (CCK), which acts to reduce proximal 
gastric tone[18] and inhibit gastric emptying[19] via activa-
tion of  the CCK receptors on the vagal afferent nerves. 
In turn, the inhibitory vagal afferents in the brainstem are 
activated[20]. SCTs, on the other hand, produce very little 
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to no effects on CCK release[21]. Therefore, the mecha-
nism of  effect for triacetin, a SCT, may differ from that 
of  the LCTs.

In the current study, the effects of  triacetin related 
to fasting and fed states were also examined. While the 
results were largely similar for both the fasted and post-
prandial phases, statistically significant differences were 
only observed in the fasted animals. It is possible that 
the up-regulated hormonal factors that occur during the 
postprandial phase may have interfered with the triacetin, 
masking the effects. 

In conclusion, our current results indicate that triace-
tin rapidly induces a temporary relaxation in the proximal 
stomach that is followed by contraction in both the gas-
tric antrum and duodenum. This mechanism of  triacetin 
may differ from that of  LCTs, but further investigations 
are needed to confirm this distinction.

COMMENTS
Background
Gastric emptying is adjusted very precisely by gastrointestinal motility, so it is 
very important to examine the change of gastrointestinal motility after adminis-
trated the dietary ingredient. The authors reported preliminarily that an infusion 
of triacetin, which is expected as a new nutritional ingredient, into the stomach 
delayed the gastric emptying rate in conscious dogs. However, it is still unclear 
whether triacetin can change upper gastrointestinal motility during a delay of 
gastric emptying.
Research frontiers
Triacetin has been generally recognized by the Food and Drug Administration 
as being a safe human food ingredient. In the area of gastrointestinal motility 
with triacetin, the research hotspot is the change on the proximal gastric tone 
and the upper gastrointestinal motility.
Innovations and breakthroughs
In this study, to research the effect of triacetin on the gastric tone of the proximal 
stomach in conscious dogs, the authors used a polyethylene bag to measure 
the receptive volume of the proximal stomach at a constant pressure before 
and after the intra-gastric infusion of triacetin. Moreover, to determine the effect 
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Figure 4  Effects of triacetin on duodenal contractions in fasting and postprandial phases. The duodenal contractions recorded at every 1 min after infusion in (A) 
fasted and (B) fed animals are presented as the relative magnitudes of change from the average values at 3 min before infusion. Data are expressed as mean ± SE 
aP < 0.05 for 2% triacetin vs water.
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of triacetin on the upper gastrointestinal contractile activities, the authors used 
force transducers to measure the gastric antral and duodenal contractions. The 
animals were either fasted for 24 h or fed a liquid meal 2-3 h before the experi-
ment. Triacetin rapidly induces a temporary relaxation in the proximal stomach 
that is followed by contraction in both the gastric antrum and duodenum. The 
effect of triacetin was largely similar for both the fasted and postprandial phases, 
statistically significant differences were only observed in fasted animals. 
Applications
Intra-gastric infusion of 1.0%-2.0% triacetin delays gastric emptying by increas-
ing proximal stomach receptive volume, temporarily inhibiting gastric antral 
contractions and facilitating duodenal contractions.
Peer review
This manuscript reports novel information on the effect of short-chain triglycer-
ides on gastric emptying in conscious dogs. The Authors demonstrate convinc-
ingly that Intra-gastric infusion of 1.0%-2.0% triacetin induced an increase of 
the receptive volume of the proximal stomach, and caused temporary inhibition 
of the gastric antral contractility, which are suggestive of a retardation of gastric 
emptying.
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Abstract
AIM: To investigate whether proton pump inhibitor 
(PPI) pretreatment influences Helicobacter pylori  eradi-
cation rate.

METHODS: We retrospectively reviewed H. pylori -in-
fected patients who were treated with a standard triple 
regimen (PPI, amoxicillin 1 g, and clarithromycin 500 
mg, all twice daily for 7 d). The diagnosis of H. pylori  
infection and its eradication was assessed with the rapid 
urease test, histological examination by silver staining, 
or the 13C-urea breath test. We divided the patients into 
two groups: one received the standard eradication regi-
men without PPI pretreatment (Group A), and the other 
received PPI pretreatment (Group B). The patients in 
Group B were reclassified into three groups based on 
the duration of PPI pretreatment: Group B-Ⅰ (3-14 d), 
Group B-Ⅱ (15-55 d), and Group B-Ⅲ (≥ 56 d).

RESULTS: A total of 1090 patients were analyzed and 
the overall eradication rate was 80.9%. The cure rate 
in Group B (81.2%, 420/517) was not significantly dif-
ferent from that in Group A (79.2%, 454/573). The 
eradication rates in Group B-Ⅰ, B-Ⅱ and B-Ⅲ were 
80.1% (117/146), 81.8% (224/274) and 81.4% (79/97), 
respectively.

CONCLUSION: PPI pretreatment did not affect H. 
pylori  eradication rate, regardless of the medication 
period.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Proton pump inhibitor; Helicobacter pylori ; 
Urea breath test; Antibiotics; Drug resistance

Core tip: Proton pump inhibitors (PPIs) are widely used 
for long periods. It is important to know whether long-
term PPI pretreatment can influence Helicobacter pylori  
(H. pylori ) eradication rates. There have been debates 
about the effect of PPI pretreatment on H. pylori  
eradication rate, although most previous studies have 
focused on the relatively short-term use of PPI. Our 
study investigated the impact of PPI pretreatment on 
H. pylori  eradication rates based on different periods of 
treatment, including long-term pretreatment. Our data 
showed that PPI pretreatment did not affect H. pylori  
eradication rates, regardless of the medication period.
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INTRODUCTION
Several guidelines recommend standard triple therapy 
consisting of  two antimicrobial agents, such as amoxicil-
lin with clarithromycin or metronidazole, and a proton 
pump inhibitor (PPI) as the first choice treatment for 
Helicobacter pylori (H. pylori) infection[1-3]. The addition of  
a PPI to an antibiotic-containing regimen is known to 
boost the H. pylori eradication rate[4]. By increasing the 
intragastric pH, PPIs lower minimal inhibitory concentra-
tion (MIC) values and improve the chemical stability of  
antibacterial agents[5-7]. 

Although the inclusion of  PPIs in the eradication regi-
men has been proven to be beneficial for curing H. pylori 
infection, it is still controversial whether PPI pretreatment 
influences the eradication rate. There was a recent study 
which showed that increasing the intragastric pH level by 
PPI pretreatment might improve the efficacy of  H. pylori 
eradication[7]. Meanwhile, meta-analysis demonstrated that 
PPI pretreatment did not have any beneficial effect on H. 
pylori eradication[8]. Furthermore, some studies reported 
that PPI treatment before administering a single antibacte-
rial agent, such as amoxicillin, decreases the eradication 
rate[9-11]. These findings have been explained by the fact 
that pretreatment induced the transition of  H. pylori into 
coccoid dormant forms that are less vulnerable to the ac-
tions of  antibiotics[12,13]. 

At present, endoscopic resection has been extensively 
applied to treat gastric neoplasms as a curative modality. 
This procedure inevitably results in a large iatrogenic ul-
cer, which subsequently poses the risk of  gastric bleeding 
or perforation. To prevent these complications, PPIs are 
generally administered for > 4 wk[14,15]. However, recently 
there have been concerns raised about the possible ad-
verse effects of  long-term PPI treatment, including nutri-
tional deficiencies, cardiovascular risk with PPI/clopido-
grel co-prescriptions, and bone fractures[16,17]. Long-term 
PPI therapy should be used only in robust indications, and 
careful assessment of  the risks and benefits is required.

In many cases, patients who received endoscopic re-
section with long-term PPI treatment need H. pylori eradi-
cation therapy because of  its prophylactic effect on the 
development of  metachronous gastric cancer[18-20]. From 
a clinical point of  view, it is important to know whether 
long-term PPI pretreatment influences the H. pylori eradi-
cation rate. Previous studies have mostly focused on the 
effect of  short-term PPI on H. pylori eradication, there-
fore, the effect of  long-term PPI pretreatment is not yet 
clear. Our study was conducted to investigate the impact 
of  PPI pretreatment on H. pylori eradication based on dif-
ferent periods of  treatment duration, including long-term 
pretreatment.

MATERIALS AND METHODS
Patients
We retrospectively reviewed H. pylori-infected patients 

who were treated with a standard triple regimen from 
September 2009 to December 2011. The regimen con-
sisted of  PPI (lansoprazole 30 mg, esomeprazole 40 mg, 
or rabeprazole 20 mg), amoxicillin 1 g, and clarithromycin 
500 mg, all twice daily for 7 d. Patients who completed 
the treatment and the assessment of  eradication were 
enrolled in the study. Consumption of  > 90% of  the pre-
scribed drugs was defined as good compliance and was 
accepted as the completion of  treatment. The enrolled 
patients underwent upper gastrointestinal endoscopy 
before eradication treatment. The exclusion criteria were 
previous eradication therapy (n = 11), use of  H2 receptor 
antagonists or antibiotics within the past 4 wk (n = 58), 
being < 18 years (n = 3), and having an unknown history 
of  recent medication (n = 35).

Assessment of H. pylori status
H. pylori infection was diagnosed according to one of  the 
following tests: (1) rapid urease test (CLO test; Ballard 
Medical Products, Draper, UT, United States) by gastric 
mucosal biopsy from the body at the gastric angularis and 
greater curvature of  the antrum; (2) histological exami-
nation by Warthin-Starry silver staining; and (3) 13C-urea 
breath test (Helifinder; Medichems, Seoul, South Korea). 
The assessment of  eradication was performed at least 4 
wk after the completion of  1 wk of  the standard regi-
men. The 13C-urea breath test was generally used for the 
assessment of  eradication, and rapid urease tests and his-
tological examination were only used if  repeat endoscopy 
was clinically indicated for other reasons.

Study design
We divided the patients into two groups: one received the 
standard eradication regimen without PPI pretreatment 
(Group A), and the other received the regimen with PPI 
pretreatment (Group B). PPI pretreatment in this study 
implied an intake of  daily PPI (lansoprazole, rabeprazole, 
esomeprazole, or omeprazole) for ≥ 3 d before eradica-
tion therapy. Patients who received the eradication regimen 
within 3 d after the cessation of  PPI pretreatment were 
enrolled in Group B, and those who received > 3 d were 
assigned to Group A. The rationale of  these criteria was 
based on previous studies that demonstrated that the max-
imum effect of  PPIs on the intragastric pH level occurred 
at least 3 d after the start of  intake, and that the intragas-
tric pH returned to the normal baseline level by 4 d after 
the cessation of  PPI treatment[21,22]. Patients in Group B 
were reclassified into three groups based on the duration 
of  PPI pretreatment: Group B-Ⅰ (3-14 d), Group B-Ⅱ 
(15-55 d), and Group B-Ⅲ (≥ 56 d). We also collected 
data from medical charts including demographic charac-
teristics, diagnosis, types of  PPI used in the pretreatment 
or eradication regimen, and eradication assessment meth-
ods. These factors might be potentially associated with 
eradication rate, thus, they were applied for adjustment. 

Statistical analysis
Continuous data are presented as mean ± SD, and cat-
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egorical data are presented as quantities and proportions. 
A χ 2 test or Fisher’s exact test was used to analyze cat-
egorical data and the two-sample independent t test was 
used to analyze continuous data. Eradication rates were 

also investigated using adjusted logistic regression analy-
sis. The analysis was performed using SAS software (SAS 
Institute, Cary, NC, United States), and statistical signifi-
cance was accepted as P < 0.05.

RESULTS
After excluding 107 individuals from a total of  1197 
patients enrolled in this study, we finally analyzed 1090 
patients including 138 with iatrogenic ulcers caused by 
the endoscopic resection of  gastric neoplasms. The ret-
rospective assessment flow is presented in Figure 1. The 
mean age of  the study group was 51.5 ± 12.8 years and 
63.7% were male. The overall eradication rate was 80.2%. 

Among the analyzed patients, 573 were enrolled in 
Group A and 517 in Group B. The baseline characteris-
tics of  the two groups are summarized in Table 1. The 
cure rate in Group B (81.2%, 420/517) was not signifi-
cantly different from that in Group A (79.2%, 454/573, 
P = NS). In addition, the eradication rates were also not 
significantly different between Group A and B in any di-
agnostic subgroup; 87.1% (27/31) vs 76.6% (82/107) for 
iatrogenic ulcers, 77.6% (340/438) vs 82.3% (325/395) 
for peptic ulcer, and 83.7% (87/104) vs 86.7% (13/15) 
for non-ulcer disease (all P = NS). PPI pretreatment did 
not affect the eradication rate even after adjusting for age, 
sex, diagnosis, type of  PPI in the eradication regimen, 
and eradication assessment methods (odds ratio, 1.14; 
95% confidence interval, 0.83-1.58). 
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Patients who completed the treatment and assessment of 
Helicobacter pylori  eradication (n  = 1197)

September 1, 2009-December 31, 2011

Exclusion
  Previous eradication therapy (n  = 11)
  Use of H2RA or antibiotics within past 4 wk (n  = 58)
  Age < 18 yr (n  = 3)
  Unknown history of recent medication (n  = 35)

Included patients (n  = 1090)

Group A
Patients without

PPI-pretreatment (n  = 573)

Eradication success:
n  = 454 (79.2%)

Group B
Patients with

PPI-pretreatment (n  = 517)

Eradication success:
n  = 420 (81.2%)

Group B-1
3-14 d (n  = 146)

Eradication success:
n  = 117 (80.1%)

Group B-2
15-55 d (n  = 274)

Eradication success:
n  = 224 (81.8%)

Group B-3
56 d or more (n  = 97)

Eradication success:
n  = 79 (81.4%)

Figure 1  Flow of the study. A total of 1197 patients were investigated in the study period, and 573 patients in Group A [without proton pump inhibitors (PPI) pretreat-
ment] and 517 in Group B (with PPI pretreatment) were included in the analysis. Patients in Group B were reclassified into three groups based on the duration of PPI 
pretreatment: Group B-1 (3-14 d), Group B-2 (15-55 d) and Group B-3 (≥ 56 d). H2RA: H2 receptor antagonist. 

Group A
without PPI 
pretreatment
(n  = 573)

Group B
with PPI

 pretreatment
(n  = 517)

P  value

  Age mean ± SD (yr) 51.8 ± 12.2 51.2 ± 13.4    0.453
  Sex Male 343 (59.9) 351 (67.9)    0.007
  Diagnosis Iatrogenic ulcer 31 (5.4) 107 (20.0) < 0.001

Peptic ulcer 438 (76.4) 395 (77.1)
Non-ulcer 

disease
104 (18.2) 15 (2.9)

  PPI in the
  eradication
  regimen

Lansoprazole 
30 mg

439 (76.6) 410 (79.3)    0.021

Esomeprazole 
40 mg 

  92 (16.1)   56 (10.8)

Rabeprazole 
20 mg 

42 (7.3) 51 (9.9)

  Eradication
  assessment
  method

13C-urea 
breath test 

525 (91.6) 408 (78.9) < 0.001

Rapid 
urease test 

37 (6.5) 106 (20.5)

Histological 
examination 

11 (1.9)   3 (0.6)

  Eradication rate 454 (79.2) 420 (81.2)    0.407

Table 1  Clinical characteristics and eradication rates of the 
two groups  n  (%)

PPI: Proton pump inhibitors.
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the long-term use of  PPIs and H. pylori eradication therapy. 
Although many studies have supported H. pylori eradica-
tion because of  its prophylactic effect on the development 
of  metachronous gastric cancer, these authors did not 
consider the effect of  PPI pretreatment and the appropri-
ate period for eradication therapy[18-20]. In the present study, 
we demonstrated that the eradication rates in long-term 
pretreatment groups were not different from those in the 
non-pretreatment and short-term pretreatment groups. 
This finding was observed in a recent study which showed 
that pretreatment with lansoprazole for 6-8 wk did not in-
fluence the eradication rate in peptic ulcer patients[25].

It seems that contrary to the negative effect of  PPI 
treatment before the dual eradication regimen consisting 
of  amoxicillin and PPI[9-11], PPI pretreatment does not af-
fect the eradication rate in the clarithromycin-added triple 
regimen. Clarithromycin is known to be the most effec-
tive single agent against H. pylori[26], and has additive an-
tibacterial activity when used with amoxicillin or PPIs[27]. 
By adding this powerful antibacterial agent to the regi-
men, the eradication rate does not seem to be affected by 
PPI pretreatment. 

The main factor affecting the eradication rate of  H. 
pylori might be its clarithromycin resistance as opposed 
to host factors[28,29]. Clarithromycin-resistant strains are 
barely eradicated with any dose of  clarithromycin or 
PPI[30]. An in vitro study showed that the MIC values of  
clarithromycin for resistant strains remained high at vari-
ous pH levels[31]. This finding implied that increases in 
intragastric pH by PPIs might not affect the eradication 
rates of  clarithromycin-resistant strains. In Korea, the 
primary resistance rate of  H. pylori to clarithromycin has 
been reported to be about 20%[32]; a level that is similar 
to the rates of  eradication failure in our study. To rule out 
the possible confounders of  clarithromycin resistance, 
we suggest that future studies are needed in patients with 
clarithromycin-sensitive strains. 

CYP2C19 genotype status may also be associated 
with the eradication rate of  H. pylori. A previous study re-
ported that the eradication rate in extensive metabolizers 
was lower than that in poor metabolizers, and extensive 
metabolizers were successfully retreated with high doses 
of  PPI[33]. We expected that PPI pretreatment might 
improve the eradication rate in extensive metabolizers 
because these people show a comparatively slower acid 
inhibitory effect after PPI use[34]. However, PPI pretreat-
ment did not improve the overall eradication rate. We 

The types of  PPI for the pretreatment therapy in 
Group B-Ⅰ, B-Ⅱ and B-Ⅲ are shown in Table 2. The 
eradication rates in these three groups were 80.1% 
(117/146), 81.8% (224/274) and 81.4% (79/97), respec-
tively. The eradication rates were not significantly differ-
ent among these groups and Group A (P = NS; Figure 2).

DISCUSSION
The purpose of  this study was to investigate the influence 
of  PPI pretreatment on the rate of  H. pylori eradication. 
There was no significant difference in the eradication rate 
between patients with and without pretreatment. PPI 
pretreatment did not affect the eradication rate, even after 
adjusting for various factors associated with eradication 
therapy. The present study also showed that the eradication 
rate was not affected by the duration of  PPI pretreatment.

Generally, 80% and 85% cure rates based on inten-
tion-to-treat and per-protocol analysis, respectively, are 
regarded as the thresholds for acceptable results of  H. 
pylori eradication[23]. In Korea, the eradication rates with 1 
wk standard triple therapy have been reported to be simi-
lar[24]. In this regard, it is important to have a thorough 
knowledge of  the factors that affect eradication rate, and 
we supposed that PPI pretreatment might be one of  the 
possible factors. However, the present study showed that 
PPI pretreatment did not affect the eradication rate. Gen-
erally, patients with gastric neoplasms have lower gastric 
acid secretory function as compared with those with pep-
tic ulcers, particularly duodenal ulcers. This possibly con-
tributed to the similarity of  the eradication rates between 
the study groups. Our findings were not different from 
the results of  a previous meta-analysis[8].

Meanwhile, previous studies have mostly focused on 
the effect of  the short-term use of  PPIs. Therefore, the 
influence of  long-term PPI pretreatment has not yet been 
elucidated. The effects of  long-term PPI use are signifi-
cant especially in the field of  endoscopic resection therapy 
because the patients who receive this treatment need both 
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Figure 2  Helicobacter pylori eradication rates in different groups, bars 
indicate 95% confidence intervals. Eradication rates were not significantly 
different among Group A [without proton pump inhibitors (PPI) pretreatment], B-
Ⅰ (PPI pretreatment for 3-14 d), B-Ⅱ (15-55 d), and B-Ⅲ (≥ 56 d) (P = 0.838). 

Group B-Ⅰ
3-14 d 

(n  = 146)

Group B-Ⅱ
15-55 d 

(n  = 274)

Group B-Ⅲ
≥ 56 d 

(n  = 97)

P  value1

Lansoprazole 80 (54.8) 174 (63.5) 62 (63.9) 0.294
Rabeprazole 56 (38.4)   82 (29.9) 29 (29.9)
Esomeprazole 8 (5.5) 17 (6.2) 4 (4.1)
Omeprazole 2 (1.4)   1 (0.4) 2 (2.1)

Table 2  Types of proton pump inhibitors used in the 
pretreatment in Group B  n  (%)

1Fisher’s exact test was used.
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could explain this result by the fact that the frequency of  
CYP2C19 extensive metabolizers in East Asians is lower 
than that of  Caucasians[35,36], and therefore the effect in 
extensive metabolizers might not be fully reflected in the 
outcomes of  our study. For the maximized effect of  PPI 
pretreatment, CYP2C19 genotyping should be considered 
in future clinical research.

As a retrospective analysis, this study had several 
limitations. In particular, the enrolled patients received 
different types of  PPI in the pretreatment and H. pylori 
eradication regimens, and underwent different methods 
for assessing the eradication. These inconsistencies for 
various factors were a weak point in our study. We tried 
to overcome these limitations by the enrollment of  a 
large number of  patients and by performing multivariate 
analysis. Additionally, any potential adverse effects of  the 
PPIs were not investigated in our study. PPIs, however, 
were not prescribed for more than 6 mo in any patient 
(the longest, 168 d); and the adverse effects of  long-term 
PPI treatment might be rare. Prospective and controlled 
studies are needed to confirm the present findings and 
complement the limitations of  the study. 

Guidelines recommend that the 13C-urease breath test 
should be used for confirmation of  eradication except 
in cases where repeat endoscopy is indicated[1,3]. In our 
study, the rapid urease test and histological examination 
were performed only in limited cases needing repeated 
endoscopy (14.4%). Although these tests have > 90% 
sensitivity and specificity in predicting H. pylori status 
after antibiotic treatment[37], the 13C-urease breath test 
should be considered for confirming eradication. 

In conclusion, PPI pretreatment did not affect the 
H. pylori eradication rates, regardless of  the length of  the 
medication period. Even after the long-term use of  PPI 
treatment, H. pylori eradication can be attempted without 
worrying about its effect on eradication therapy. 
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Abstract
AIM: To determine the maximum tolerated dose (MTD) 
and dose-limiting toxicity (DLT) of capecitabine com-
bined with postoperative radiotherapy for gastric cancer.

METHODS: We enrolled patients with any T stage and 
node-positive gastroesophageal or gastric adenocarci-
noma after complete resection with negative margins 
(R0) or microscopic (R1) or macroscopic (R2) resection. 
Intensity modulated radiotherapy (IMRT) using a five-
to-seven-field, coplanar, sliding window technique was 
delivered to the tumor bed (T4b), anastomosis site, 
duodenal stump and regional lymph nodes (LNs) to a 
total dose of 45 Gy (1.8 Gy/fraction, 5 d/wk). Patients 
with R1 or R2 resection received 10.8 Gy as a boost. 
Capecitabine was administered twice daily on every ra-
diotherapy treatment day in a dose-escalation schedule 

(mg/m2) of 625 (level Ⅰ, n  = 6), 700 (level Ⅱ, n  = 6), 
800 (level Ⅲ, n  = 6), 900 (level Ⅳ, n  = 0) and 1000 
(level Ⅴ, n  = 0). DLT was defined as grade 4 leuko-
penia or neutropenia, grade 3-4 thrombocytopenia or 
anemia and grade 3-4 non-hematological toxicity.

RESULTS: Between October 2007 and August 2009, 
18 patients (12 men, 6 women; median age, 54 years) 
were enrolled in the study. The median number of posi-
tive LNs was 6, and total number of resected LNs was 
19. Twelve patients underwent R0 resection (66.7%). 
Fifteen patients received adjuvant chemotherapy under 
the leucovorin, fluorouracil and oxaliplatin (FOLFOX4) 
regimen. Six patients each were enrolled at dose lev-
els Ⅰ, Ⅱ and Ⅲ. Grade 1-3 leukopenia (16 patients, 
88.9%), anorexia (15, 83.3%) and nausea (15, 83.3%) 
were the most common toxicities. Grade 3 anorexia/
nausea and grade 4 vomiting occurred in one level-Ⅰ 
patient. Grade 3 anorexia and nausea occurred in one 
level-Ⅱ patient. One level-Ⅲ patient developed grade 4 
neutropenia, while another developed grade 3 radiation 
esophagitis. No abnormal liver or renal function exami-
nations were observed. Three patients did not finish 
chemoradiotherapy because of DLTs and two without 
DLTs received sequential boosts (total dose, 55.8 Gy).

CONCLUSION: The MTD of capecitabine was 800 mg/
m2 twice daily concurrent with IMRT for gastric cancer 
after surgery. The DLTs were anorexia/nausea, vomit-
ing, neutropenia and radiation esophagitis.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Postoperative chemoradiotherapy is a good 
option for patients with locally advanced, gastric cancer 
who have undergone R0 and D0-1 lymphadenectomy. 
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To avoid acute side effects and make the drug safer, 
a combination of the use of advanced techniques such 
as intensity modulated radiotherapy and mature che-
motherapy regimens with capecitabine is highly recom-
mended, especially in China which accounts for 40% 
of the world’s gastric cancer patients. The aim of this 
single-institution, phase Ⅰ, clinical trial was to assess 
the feasibility and toxicity of a postoperative regimen 
involving dose escalation of capecitabine combined with 
IMRT for locally advanced gastric cancer.

Wang X, Jin J, Li YX, Ren H, Fang H, Wang SL, Liu YP, Wang 
WH, Yu ZH, Song YW, Liu XF. Phase Ⅰ study of postopera-
tive radiotherapy combined with capecitabine for gastric cancer. 
World J Gastroenterol 2014; 20(4): 1067-1073  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v20/i4/1067.htm  
DOI: http://dx.doi.org/10.3748/wjg.v20.i4.1067

INTRODUCTION
Gastric cancer is the fourth most common cancer world-
wide[1]. In China, gastric cancer has the third highest 
mortality rate among all cancers according to the latest 
Chinese Cancer Registry Annual Report[2]. A complete 
resection with negative margins (R0) remains the corner-
stone of  treatment for resectable gastric cancer. Nonethe-
less, less than 50% of  patients will have an R0 resection 
of  their primary tumor[3]. Therefore, long-term survival 
is poor, especially in patients with stage Ⅲ or Ⅳ gastric 
cancer. Based on the results of  Intergroup study (INT) 
0116, concurrent chemoradiotherapy (CRT) has been 
considered as the gold standard of  treatment for patients 
with locally advanced gastric cancer who have undergone 
radical surgery (R0) and less than a D2 lymphadenectomy 
has been achieved[4]. In addition, postoperative radiother-
apy (RT) with concurrent fluoropyrimidine is the main 
treatment for patients with residual disease after a micro-
scopic (R1) or macroscopic (R2) resection, according to 
the National Comprehensive Cancer Network (NCCN) 
guidelines for gastric cancer[5,6]. 

The 5-fluorouracil (5FU) analog, capecitabine, has 
been widely used for gastric cancer treatment, either 
in chemotherapy regimens or in concurrent CRT. The 
results using capecitabine were found to be comparable 
to 5FU, and this drug carries a considerably safer side-
effects profile and a more convenient oral route of  ad-
ministration[7-11]. 

According to INT 0116, the significant toxicities of  
capecitabine were of  great concern when this drug was 
applied in routine clinical practice. However, conventional 
RT with anteroposterior opposing fields (AP-PA) to the 
upper abdomen contributed to the observed severe acute 
toxicities. The recently developed RT techniques, three 
dimensional conformal therapy (3DCRT) and intensity 
modulated radiotherapy (IMRT), are greatly superior to 
conventional RT because they spare more normal tis-
sue and critical organs outside the radiation field[12-14]. 

Although some studies have evaluated conformal RT 
combined with 5FU infusion or conventional RT com-
bined with capecitabine as postoperative treatments for 
gastric cancer, a new regimen of  IMRT with concomitant 
capecitabine has not yet been investigated[9,15,16]. 

The aim of  this single-institution, phase Ⅰ, clinical tri-
al was to assess the feasibility and toxicity of  a postopera-
tive regimen involving the dose escalation of  capecitabine 
combined with IMRT for locally advanced gastric cancer.

MATERIALS AND METHODS
Eligibility
The eligibility criteria included the following: (1) patho-
logically confirmed adenocarcinoma; (2) postoperative 
classification of  anyTN + M0 according to the 7th edition 
of  the American Joint Committee on Cancer TNM Clas-
sification[17]; (3) World Health Organization performance 
status of  ≤ 1 and age ≤ 70 years; (4) no prior or con-
current malignancy (except non-melanoma skin cancers 
or in situ carcinoma of  the cervix); (5) no history of  ab-
dominal radiation; and (6) hemoglobin level ≥ 10.0 g/L, 
leukocyte count ≥ 3.5 × 109/L, neutrophil count ≥ 1.5 
× 109/L, platelet count ≥ 100 × 109/L and normal liver 
and kidney function.

The pretreatment workup consisted of  physical ex-
amination, chest X-ray, abdominal and pelvic computed 
tomography (CT) scans (chest CT was included for 
proximal lesions), and a complete blood count and bio-
chemical profile. Patients with heart disease that required 
medication, other severe comorbidities or psychiatric his-
tory which rendered them incapable of  complying with 
the treatment regimen were excluded.

After being informed and having given their written 
consent, all patients who underwent R0/R1/R2 resection 
with pathologically proven, locally advanced gastric ad-
enocarcinoma (anyTN + M0) were enrolled in this study. 
Patients who were administered any adjuvant chemother-
apy before or after CRT were included in the study.

Radiotherapy
IMRT was selected because of  its superior protocol 
design, which potentially reduces toxicities by reducing 
radiation exposure to adjacent normal structures. Patients 
were required to be fasted for 4 h before the CT simula-
tion and take an oral positive contrast (300 mL) 30 min 
before CT simulation to make the small intestine visible. 
To decrease variability in distention due to gastric filling, a 
standard meal (300 mL of  ready-to-eat canned porridge) 
was given to the patients 15 min before CT scanning and 
before each daily treatment. Intravenous administration 
of  contrast was added for the IMRT; the patients were 
placed in a supine position with thermoplastic immobili-
zation during IMRT with a 6-MV photon beam. 

The gross tumor volume (GTV) encompassed either 
the visible, residual primary tumor or lymph nodes (LNs) 
based on the CT and/or positron-emission tomography-
CT findings in patients who had undergone R2 resection 

1068 January 28, 2014|Volume 20|Issue 4|WJG|www.wjgnet.com

Wang X et al . Radiotherapy and capecitabine for gastric cancer



or the confirmable microscopic area in patients who had 
a R1 resection. The delineation of  the clinical target vol-
ume (CTV) for each patient depended on the extension 
and location of  the primary tumor and the guidelines for 
the involved LN region issued by the Japanese Gastric 
Cancer Association[18]. Generally, the CTV included the 
GTV (if  present), anastomoses, duodenal stump, tumor 
bed (only for stage T4b, if  present) and regional LNs 
(Table 1). The remnant stomach was not routinely includ-
ed within the radiation field. The planning target volume 
(PTV) consisted of  the CTV with a 0.5-0.7 cm margin 
in the radial direction and a 1 cm margin in the superior-
inferior direction. For R1 or R2 resection, the GTV (if  
visible) plus a 0.5-0.7 cm three-dimensional extension 
formed a boost planning GTV. Dose constraints for or-
gan at risk (OAR) were as follows: V30 (volume receiving 
a dose of  30 Gy or more) < 40% for the liver, V20 < 
30% for both kidneys or a mean dose of  < 20 Gy, V30 
< 30% for the heart and the maximal dose for the spinal 
cord planning OAR volume was 40 Gy. With regards to 
the small bowel and colon, the maximal dose was less 
than the prescribed dose, and V50 < 10% was used for 
patients receiving an additional boost. An experienced 
physicist designed the IMRT plans using a five-to-seven-
field, coplanar, sliding window technique on the Pinnacle 
system, version 3.0 (Figure 1).

A total irradiation dose of  45 Gy was delivered in dai-
ly 1.8-Gy fractions (5 d a week over 5 wk) to R0 patients, 
and a sequential 10.8-Gy boost was delivered in six frac-
tions to either the visible residual tumor (R2 resection) or 
the confirmed microscopic area (R1 resection).

Chemotherapy
Capecitabine was administered twice daily (after breakfast 
and after dinner) from the beginning to the end of  the 
duration of  RT, in a dose-escalation schedule of  625 mg/
m2 (level Ⅰ), 700 mg/m2 (level Ⅱ), 800 mg/m2 (level Ⅲ), 
900 mg/m2 (level Ⅳ) and 1000 mg/m2 (level Ⅴ). 

If  a dose-limiting toxicity (DLT) occurred in one of  

the first three patients, three additional patients were as-
signed to receive the same dose level. If  none of  the first 
three patients initially receiving a given dose level devel-
oped a DLT, or if  only one of  six patients had DLT, the 
dose was increased to the next level. If  a second patient 
experienced a DLT at the same level, then the escala-
tion was stopped, and the maximum tolerated dose was 
defined as the level at which the DLT occurred in this 
protocol.

Safety assessment
Adverse events were coded in accordance with the Na-
tional Cancer Institute Common Terminology Criteria for 
Adverse Events, version 3.0. DLTs were defined as follows: 
grade 4 leukopenia or neutropenia, grade 3-4 thrombocyto-
penia or anemia and grade 3-4 non-hematological toxicity.

During treatment, patients were observed daily by 
their radiation oncologist and underwent weekly physical 
examinations as well as assessments of  weight. Blood was 
tested for routine analysis at least once weekly, while liver 
and renal function were assessed every 2 wk. Antacid 
and gastric mucosa protectants were administered on a 
prophylactic basis. Anti-emetics and antidiarrheal agents 
were prescribed when needed.

Statistical analysis
The trial was designed using a conventional dose-escala-
tion schema with the primary endpoint of  defining the 
MTD of  capecitabine when combined with IMRT. The 
second endpoint was about the calculation of  overall 
survival (OS), which was defined from the date of  sur-
gery to the date of  death or last follow-up. Locoregional 
recurrence (LRR) was defined as any recurrence in the 
tumor bed, anastomoses, stumps, gastric remnant or a 
recurrence in the regional lymphatics and locoregional 
control (LRC) was calculated accordingly. Survival curves 
were calculated with the Kaplan-Meier method by means 
of  the SPSS for Windows program, version 15.0 (SPSS, 
Chicago, Illinois, United States).

RESULTS
Between October 2007 and August 2009, 18 patients (12 
men, 6 women) were enrolled in the study. The patient 
characteristics are presented in Table 2. The median age 
was 54 years (range, 29-66 years). All patients had meta-
static LNs; the median number of  positive LNs was 6 
(range, 1-15), and the total number of  resected LNs was 
19 (range, 5-35). Twelve patients underwent R0 resec-
tion (66.7%). Fifteen patients received adjuvant chemo-
therapy under the leucovorin, fluorouracil and oxalipla-
tin (FOLFOX4) regimen, with a median number of  6 
cycles (range, 3-11); of  these 15 patients, seven received 
FOLFOX4 therapy before CRT, and the rest received it 
after CRT.

Dose escalation and toxicity
Six patients each were enrolled at dose levels Ⅰ, Ⅱ and 
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  Tumor location CTV for elective nodal regions

  Upper 1/3 or gastroesophageal junction  110, 1-3, 7, 9-11
  Middle 1/3  1-3, 5-13, 141, 16a
  Lower 1/3 3, 5-9, 11p, 12-13, 141, 16a

Table 1  Clinical target volume for elective nodal regions 
depending on the location of the primary gastric tumor2 

1No. 14 was included in the clinical target volume (CTV) only when the 
surface or parenchyma of the pancreas was involved by the tumor; 2Ac-
cording to the guidelines issued by the Japanese Gastric Cancer Associa-
tion. 110: Paraesophageal lymph nodes (LNs) in the lower thorax; 1: Right 
paracardial LNs; 2: Left paracardial LNs; 3: LNs along the lesser curva-
ture; 5: Suprapyloric LNs; 6: Infrapyloric LNs; 7: LNs along the left gastric 
artery; 8: LNs along the common hepatic artery; 9: LNs around the celiac 
artery; 10: LNs at the splenic hilum; 11: LNs along the splenic artery (11p: 
LNs along the proximal splenic artery); 12: LNs in the hepatoduodenal 
ligament; 13: LNs on the posterior surface of the pancreatic head; 14: LNs 
along the root of the mesentery; 16a: LNs around the abdominal aorta 
(above the level of the inferior border of the left renal vein).
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to be the MTD. The DLTs met at levels Ⅰ, Ⅱ and Ⅲ 
(Table 3) were grade 3 anorexia and nausea (levels Ⅰ and 
Ⅱ), grade 4 vomiting (level Ⅰ), grade 4 neutropenia and 
grade 3 radiation esophagitis (level Ⅲ). 

Grade 1-3 leukopenia (16 patients, 88.9%), anorexia 
(15, 83.3%) and nausea (15, 83.3%) were the most com-
mon toxicities. No renal or liver toxicity occurred in 
any patient. The detected grade 1-4 toxicities have been 
shown in Table 4.

Of  the 12 patients with R0 resection, 45 Gy was de-
livered to nine patients as planned, including one patient 
who developed a DLT at level Ⅱ but finally completed 
the entire treatment protocol. The remaining three pa-
tients completed CRT with 5.4, 36 and 43.2 Gy, owing to 
the occurrence of  DLTs. Of  the six patients with R1/R2 
resection, two received sequential boosts for a total dose 
of  55.8 Gy without any DLTs. The remaining patients 
did not receive boosts because of  difficulty in contouring 
the location of  the residual tumor area without the place-
ment of  clips during surgery.

Survival and relapse
During a median follow-up of  45 mo (range, 5-58 mo), 
five patients died: four of  progression of  gastric cancer 

Ⅲ. Grade 3 anorexia and nausea and grade 4 vomiting 
were observed in one of  six patients at the first level after 
only three fractions of  radiation had been performed. 
At level Ⅱ, one of  the first three patients encountered 
grade 3 anorexia and nausea. After upgrading to level Ⅲ, 
one patient developed grade 4 neutropenia, and another 
patient of  the subsequent three patients developed grade 
3 radiation esophagitis. The trial was then ended, and no 
patient was upgraded to levels Ⅳ and Ⅴ. Therefore, level 
Ⅲ (capecitabine, 800 mg/m2, twice daily) was determined 

Figure 1  Distribution of 6-field intensity 
modulated radiotherapy plan. Isodose distri-
butions are shown in three orthogonal planes 
through the middle of the planning target volume 
(PTV). The isodose levels are shown colored 
lines over the computed tomography images, 
with the green area indicating the PTV. 

  Characteristic Value

  Median (range)      54 (29-66)
  Men   12 (66.7)
  Location of primary tumor
     Upper 1/3     4 (22.2)
     Middle 1/3     2 (11.1)
     Lower 1/3   12 (66.7)
  Surgery type
     Proximal partial gastrectomy     4 (22.2)
     Distal partial gastrectomy   12 (66.7)
     Total gastrectomy     2 (11.1)
  Extent of dissection
     R0 (D1, D2)             12 (9, 3) (66.7)
     R1     2 (11.1)
     R2                                         4 (22.2)
  Tumor differentiation
     Well   1 (5.6)
     Moderately     3 (16.7)
     Poorly   14 (77.8)
  Signet ring cell
     Yes     9 (50.0)
     No     9 (50.0)
  Adjuvant chemotherapy
     Yes   15 (83.3)
     No     3 (16.7)
  Stage (AJCC 7th)
     Ⅱ     3 (16.7)
     Ⅲ   15 (83.3)

Table 2  Characteristics of the patients (n  = 18)  n  (%)

AJCC: American Joint Committee on Cancer.

  Level Capecitabine 
(mg/m2, 

bid)

n No. patients 
with the 

DLT

DLT (G3/4) RT dose when 
DLT occurred 

(Gy)

  Ⅰ 625 6 1 Nausea, 
vomiting, 
anorexia

      5.4

  Ⅱ 700 6 1 Nausea, 
anorexia

45

  Ⅲ 800 6 1 Neutropenia 36
1 Radiation 

esophagitis
    43.2

Table 3  Dose-limiting toxicities of chemoradiotherapy 

DLT: Dose-limiting toxicity; RT: Radiotherapy.
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and one of  pulmonary embolism. The 4-year LRC and 
OS rates were 93.8% and 68.1%, respectively (Figure 2).

DISCUSSION
Our results suggest that postoperative CRT with oral 
capecitabine and 45 Gy IMRT was well tolerated in lo-
cally advanced, gastric cancer patients after a partial or 
total gastrectomy. The most frequent adverse events were 
leukopenia, anorexia and nausea, although most of  these 
were at grade 1 or 2. DLTs included grade 3 nausea, an-
orexia and radiation esophagitis and grade 4 neutropenia 
and vomiting. The MTD of  oral capecitabine was deter-
mined to be 800 mg/m2 twice daily.

The benefit of  postoperative CRT for locally ad-
vanced gastric cancer remains controversial. The benefits 
or drawbacks of  this treatment mainly depend on wheth-
er a D2 or D0-1 lymphadenectomy has been performed. 
Differing results regarding D1 or D2 lymphadenectomy 
have been reported from both Western and Eastern 
studies[19-21]. Two large, randomized, clinical trials, INT 
0116 and the ARTIST study, have provided compelling 
evidence on this topic. Since INT 0116 was published 
in 2001, the application of  concurrent CRT has become 
widespread. This was the first study to provide evidence 
demonstrating that combined CRT following R0 resec-
tion and D0/D1 lymphadenectomy improves disease-free 
survival (DFS) and OS. Even after 10 years of  follow-
up, updated aanalysis of  the INT 0116 study still show a 
strong, persistent benefit of  adjuvant CRT in terms of  
DFS and OS, because the reduction of  LRR may reduce 
the overall relapse in the majority of  patients[22]. Recently, 
a large, prospective, randomized trial (ARTIST) from 
Korea indicated a 3-year DFS benefit for postoperative, 
concurrent CRT in patients with positive LNs after R0 
resection and D2 lymphadenectomy compared with those 
who received chemotherapy alone[7]. Although this result 
was obtained via a subgroup analysis, further studies that 
focus on LN-positive patients with R0 resection and D2 
lymphadenectomy are warranted. Owing to its remark-
able control of  LRR, fluoropyrimidine-based postopera-
tive CRT following R1 or R2 resection is unquestionably 

a recommended and effective treatment for gastric cancer 
according to NCCN guidelines[6]. 

In our specialized cancer hospital, most surgeons per-
form D1 or D2 lymphadenectomy, which accounts for 
the high 5-year LRR rate of  27.6%[23]. This result is not 
comparable to those of  studies from Japan and Korea 
due to the inferior performance of  the D2 lymphad-
enectomy[7,11,24]; therefore, postoperative CRT should be 
introduced in our hospital as a standard of  care. Unfortu-
nately, this regimen is still not well accepted or routinely 
performed. One of  the reasons for this might be the 
concern about the high rate of  side effects of  postopera-
tive CRT based on the INT 0116 report.

In the INT 0116 study, 54% and 32% patients de-
veloped grade 3/4 hematological and gastrointestinal 
toxicities, respectively. Three patients (1%) suffered toxic 
deaths, and 31% did not complete the treatment due 
to toxicities[4]. However, these outcomes were obtained 
in the era of  two-dimensional RT with a large AP-PA 
field. We currently utilize two methods to avoid these 
outcomes. Firstly, 3DCRT or IMRT provides excellent 
coverage of  the target volume while avoiding normal tis-
sue. Leong et al[14] reported that 3DCRT provides more 
adequate coverage of  the target volume with 99% PTV 
receiving 95% of  the prescribed dose, compared to 93% 
PTV using AP-PA fields. The doses to the kidneys and 
spinal cord were much lower with the conformal tech-
nique. Furthermore, IMRT could deliver more efficient 
doses to the target volume while reducing the dose to 
the kidneys when compared with the conventional tech-
nique[25]. 

Secondly, the exclusion of  the remnant stomach from 
the radiation field could significantly reduce the acute side 
effects without compromising long-term survival rates (DFS, 
with remnant stomach irradiated vs without, 70.4% vs 71.0%, 
P = NS; OS, 72.3% vs 72.9%, P = NS)[26]. Our analysis also 
revealed that only 4.7% out of  297 patients with locally 
advanced gastric cancer developed a recurrence in the 
remnant stomach after a D1 or D2 lymphadenectomy[23]. 
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Figure 2  Overall survival rates, according to the Kaplan-Meier technique.

  Toxicity Grade 1-2 Grade 3-4

  Nausea  13 (72.2)   2 (11.1)
  Vomiting    5 (27.8) 1 (5.6)
  Diarrhea    2 (11.1) 0
  Stomatitis    3 (16.7) 0
  Anorexia  13 (72.2)   2 (11.1)
  Fatigue  13 (72.2) 0
  Weight loss    7 (38.9) 0
  HFS    3 (16.7) 0
  Esophagitis 0 1 (5.6)
  Leukopenia  14 (77.8)   2 (11.1)
  Neutropenia    3 (16.7) 1 (5.6)
  Anemia    3 (16.7) 0
  Thrombocytopenia    5 (27.8) 0
  ALT/AST 0 0
  Renal 0 0

Table  4 Grade 1-4 toxicities  n  (%)

HFS: Hand foot syndrome; ALT: Alanine aminotransferase; AST: Aspar-
tate aminotransferase.
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More importantly, capecitabine was demonstrated to 
be a safer and more effective regimen than 5FU, which 
was used as part of  the concurrent chemotherapy regi-
men in INT 0116. In the past 10 years, capecitabine 
has been implemented extensively in the treatment of  
colorectal, breast and gastric cancer, either as a single 
agent or combined with other chemotherapeutic and 
targeted agents. Oral capecitabine has shown comparable 
results to those of  5FU infusion, with a much safer side 
effects profile and without the need for an invasive deliv-
ery route. Therefore, capecitabine has been recognized as 
a standard of  care for the treatment of  advanced gastric 
cancer worldwide[6,27,28]. Moreover, a German, random-
ized, non-inferiority, phase Ⅲ trial of  392 rectal cancer 
patients concluded that capecitabine could replace 5FU 
in adjuvant or neoadjuvant CRT regimens for patients 
with locally advanced rectal cancer, with a non-inferior 
OS (P = 0.0004), a significantly lower distant metastasis 
rate (P = 0.04) and better DFS rate (P = 0.07)[28]. 

The combined current literature indicates that post-
operative CRT is a good option for patients with locally 
advanced gastric cancer who have undergone R0 and 
D0-1 lymphadenectomy. To avoid acute side effects and 
make the drug safer, a combination of  an appropriate ir-
radiation field, and the use of  advanced techniques such 
as 3DCRT or IMRT and mature chemotherapy regimens 
with capecitabine is highly recommended.

In the present study, we considered that postopera-
tive CRT with 800 mg/m2 oral capecitabine twice daily 
combined with IMRT with a dose of  at least 45 Gy in 25 
fractions was feasible and safe. The recommended dose 
of  capecitabine was similar to that used in the RT phase 
of  the CRT group in the ARTIST trial (capecitabine, 825 
mg/m2 twice daily during RT treatment)[7]. Although the 
number of  patients in our study was limited, the results 
of  a 4-year follow-up show LRC and OS rates as high as 
93.8% and 68.1%, respectively, which are very promising. 
A phase Ⅱ study is ongoing, and its results are eagerly 
awaited.
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Abstract
AIM: To evaluate whether granulocyte colony-stimu-
lating factor receptor (G-CSFR) expression before pre-
operative irradiation can predict the radiosensitivity of 
rectal cancer. 

METHODS: The expression of G-CSFR was examined, 
using immunohistochemistry, in biopsy specimens from 
126 patients with locally advanced rectal adenocarci-
noma before preoperative irradiation. Radiosensitivity 
was then evaluated according to the Rectal Cancer 
Regression Grading. Endoscopic inspection was used to 
detect the tumor area in each patient. General patient 
information, such as age, gender, lymph node status, 
tumor size and degree of differentiation was recorded. 
A statistical analysis was then performed to evaluate 
the correlation between clinical or pathological param-
eters and G-CSFR expression in tumors. 

RESULTS: According to endoscopic inspection, the 
tumor area ranged from 4 to 48 cm2 (median, 15 cm2). 
Positive G-CSFR immunoreactions (G-CSFR+) were ob-
served in 85 specimens, and negative (G-CSFR-) in 41. 
No significant differences were found in age, gender, 
tumor invasion, lymph node status and tumor size be-

tween G-CSFR+ and G-CSFR- patients. G-CSFR expres-
sion was positively correlated with poor radiotherapy 
response (58.8% vs  75.6%, P  = 0.014, r  = 0.219). The 
proportion of well-differentiated tumors in G-CSFR+ and 
G-CSFR- patients was 24.7% and 36.6%, respectively. 
Sphincter preservation was observed in 57.6% of G-CS-
FR+ patients and 78.5% of G-CSFR- patients. Significant 
correlations were found between G-CSFR expression 
and tumor differentiation (24.7% vs  36.6%, P  = 0.019, 
r  = 0.210), as well as sphincter preservation (57.6% vs  
78.5%, P  = 0.044, r  = 0.180). 

CONCLUSION: The expression of G-CSFR before pre-
operative irradiation may predict the radiosensitivity of 
rectal cancer.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Radiotherapy; Rectal cancer; Radiosensitiv-
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Core tip: It is unknown whether the expression of 
granulocyte colony-stimulating factor receptor (G-CSFR) 
can predict tumor response or sphincter preservation 
in patients with rectal cancer receiving preoperative 
radiotherapy. This study found that the expression of 
G-CSFR before preoperative irradiation may predict the 
radiosensitivity of rectal cancer.
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cers in humans and the second leading cause of  cancer 
death[1,2]. Each year there are approximately 42000 newly 
diagnosed cases in the United States alone, and 1 million 
worldwide[3]. As the main treatment option is confined to 
surgery, preoperative radiotherapy has been used to im-
prove the outcome of  surgery in patients with rectal can-
cer. Studies have shown that the local recurrence rate was 
20%-60% in patients with locally advanced rectal cancer 
treated with surgery alone, whereas adjuvant radiotherapy 
improved local control and survival rate[3]. Other studies 
also showed the benefits of  preoperative radiotherapy[4,5]. 
When comparing the benefits of  neo-adjuvant radiother-
apy with adjuvant radiotherapy, the former therapy is su-
perior because it decreases tumor bulk, enhances sphinc-
ter preservation and reduces acute toxicity. As a result, 
preoperative pelvic radiotherapy resulted in a 4%-30% 
pathological complete response and a partial response in 
30%-60% of  cases[3-5]. 

Partial response after neo-adjuvant radiation therapy 
occurs in 46.7% of  patients, and of  these patients, 17.9% 
have complete responses. A previous study demon-
strated that response to preoperative radiotherapy varies, 
depending on clinical factors such as tumor stage, total 
dose, fractionation schedules, concomitant chemother-
apy treatment or time between radiation and surgery[6]. 
The study also suggested that although tumor-node-
metastasis classification was useful for staging patients 
and selecting them for specific treatments, it was not 
sufficient: patients at the same stage may have different 
outcomes[6]. Therefore, additional prognostic biomarkers 
are needed for the clinical management of  patients with 
rectal cancer. Significant research effort has been devoted 
to developing molecular targeted therapies or searching 
for molecular markers that are useful either in predicting 
treatment outcome or in selecting patients for specific 
molecular targeted therapies, based on particular tumor 
characteristics[7]. 

A previous study in our laboratory demonstrated that 
granulocyte colony-stimulating factor receptor (G-CSFR) 
was expressed in most human colorectal cancers, was 
involved in the development of  human colorectal cancer 
and may be associated with more aggressive cancer[8]. 
However, little data on the effect of  G-CSFR expres-
sion on response to pelvic radiotherapy in the preopera-
tive setting are available. Thus, in the present study, we 
determined the expression level of  G-CSFR in locally 
advanced rectal cancer and assessed whether G-CSFR ex-
pression could predict tumor response in patients treated 
with preoperative radiation therapy.

MATERIALS AND METHODS
Patient selection and pretreatment evaluation 
All patients gave informed consent before their inclusion 
in the study, and the Ethics Committee of  the hospital 
approved all the human studied, which were performed 
in accordance with the ethical standards. The inclusion 
criteria were as follows: (1) histologically confirmed diag-

nosis of  adenocarcinoma of  the rectum, with the inferior 
margin of  the tumor less than 10 cm from the anal verge; 
(2) clinically staged as locally advanced rectal cancer; (3) 
administration of  preoperative radiotherapy followed by 
surgical resection; and (4) available tissue samples of  the 
diagnostic biopsy and tumor specimen for review and 
immunostaining. From September 2002 to October 2007, 
126 patients with locally advanced rectal adenocarcinoma 
were administered preoperative radiotherapy in the First 
Affiliated Hospital of  Nanjing Medical University (Nan-
jing, China). All patients were free of  distant metastases 
at the time of  diagnosis. Assessment of  local extension 
was based on clinical and radiographic evaluations. Di-
agnostic studies consisted of  colorectal endoscopy, ab-
dominopelvic computed tomography (CT), chest X-ray, 
endoscopic ultrasonography and routine laboratory stud-
ies. The patients were staged according to the American 
Joint Committee on Cancer Staging. 

Immunohistochemical assay of G-CSFR 
Consecutive sections (4 µm) of  formalin-fixed and 
paraffin-embedded tissue specimens were used for im-
munohistochemistry. The sections were stained using a 
labeled streptavidin-biotin peroxidase method (LSAB2 
Kit; Dako Japan Inc., Kyoto, Japan) comprising a mouse 
monoclonal anti-G-CSFR antibody (Serotec Ltd, United 
Kingdom; dilution 1:80). The slides were immersed in 
0.3% hydrogen peroxide/methanol for 10 min to deplete 
endogenous peroxidase. Then, nonspecific binding sites 
were blocked with 0.3% normal goat serum for 10 min. 
The primary antibody was then applied, and the sections 
were incubated overnight at 4 ℃. After washing with 
phosphate-buffered saline (PBS, 0.01 mol/L pH 7.4), the 
secondary antibody (biotinylated goat-anti-mouse IgG) 
was applied to the tissue sections, which were incubated 
at room temperature for 10 min. After washing with PBS, 
a streptavidin peroxidase reagent was applied and the 
sections were incubated at room temperature for 10 min. 
Finally, the reaction product was visualized by developing 
the color following incubation of  the slides in a solution 
of  0.3% hydrogen peroxide and 3-amino-9-ethylcarbazole 
chromogen. The sections were lightly counterstained with 
hematoxylin. Negative controls were parallel sections in 
which the primary antibody was replaced with the same 
volume of  PBS. The immunoreactions were graded as 
negative (0), weakly positive (1), moderately positive (2), 
or strongly positive (3), according to the immunostaining 
intensity. Two independent pathologists who had no pre-
knowledge of  this study read all the slides. In the case 
of  disagreement between the two pathologists, a third 
pathologist read the slides, discussed the results with his/
her two colleagues, and then made the final decision.

Preoperative radiotherapy and surgical modalities
Physical examination, endorectal ultrasound and pelvic 
CT were used to stage the patients. Preoperative radio-
therapy was delivered to the pelvis with 60CO. The clini-
cal target volume included the tumor, the entire rectum, 
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the anterior wall of  the sacrum, the posterior wall of  the 
prostate or vagina, and the perirectal, presacral, hypogas-
tric, actuator, and iliac lymph nodes. The standard anteri-
or-posterior/posterior-anterior fields received 45 Gy, and 
then two opposed lateral boost fields up to 50.4 Gy were 
used. All patients received conventional fractionation of  
1.80 Gy/d, and five fractions per week. Physical examina-
tion, endorectal ultrasound and pelvic CT were used to 
restage the patients four to six weeks later. The patients 
then received total mesorectal excision by a group of  
surgeons in our hospital. Subsequently, the pathological 
response was evaluated in postsurgical specimens and 
graded according to the method described by Mandard 
et al[9]. This method was used to assess the pathological 
response after neo-adjuvant radiotherapy in rectal cancer 
on a scale of  1-5, based on the presence of  residual tu-
mor cells and the extent of  fibrosis. The two pathologists 
who were blinded to the study assessed the grade of  tu-
mor response. We considered grade 1, which is defined as 
the absence of  residual tumor cells and fibrosis extending 
through the layers of  the rectum, as “complete pathologi-
cal response”. We considered grade 2-4, which are char-
acterized by the presence of  various amounts of  residual 

tumor cells, as “partial response”, and grade 5, defined as 
absence of  tumor response, as “no response”.

Statistical analysis
The Kendall’s tau-b and the Spearman test were used to 
examine the correlation between various clinical or path-
ological parameters and the expression of  G-CSFR in tu-
mors. The correlation was evaluated using the Spearman 
test. P values less than 0.05 were considered statistically 
significant. All calculations were performed using SPSS 
12.0 for Windows.

RESULTS
General patient information, such as age, gender, lymph 
node status, tumor size and degree of  differentiation 
are summarized in Table 1. There were 54 men and 72 
women, aged from 30 to 90 years (median, 60 years). 
According to the endoscopic inspection, the tumor area 
ranged from 4 to 48 cm2 (median, 15 cm2) (Figure 1). The 
results of  G-CSFR immunostaining are also summarized 
in Table 1. Positive immunoreactions (G-CSFR+) of  cy-
toplasmic staining in tumor cells were observed in 85 of  
126 pre-radiation biopsy specimens, while 41 were nega-
tive (G-CSFR-). No significant differences were found 
in age, gender, tumor invasion, lymph node status and 
tumor size between G-CSFR+ patients and G-CSFR- pa-
tients. There were 36 well differentiated tumors, 55 mod-
erately differentiated tumors and 35 poorly differentiated 
tumors. 

Significant correlations were found for the pathologi-
cal response, tumor differentiation and the proportion 
of  sphincter preservation between G-CSFR+ patients 
and G-CSFR- patients. In this study, the proportion of  
sphincter preservation was 57.6% (49/85) in G-CSFR+ 
patients, compared to 78.5% (32/41) in G-CSFR- pa-
tients (P = 0.044, r = 0.180). The proportion of  well 
differentiated tumors in G-CSFR+ patients was 24.7% 
(21/85), while that in G-CSFR- patients was 36.6% 
(15/41) (P = 0.019, r = 0.210). The distance from the 
anal verge to the inferior margin of  the tumor was 5 - 10 
cm in 82 patients, whereas the distance was less than 5 
cm in 44 patients. Various responses to radiotherapy were 
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  Clinicopathological Cases G-CSFR P value r
  parameters 0 1 2 3

41 26 28 31
  Age (yr)
     < 60 67 20 17 15 15
     ≥ 60 59 21   9 13 16 NS
  Gender
     Male 54 18 10 11 15
     Female 72 23 16 17 16 NS
  Pathological stage
     LN- 72 21 12 20 19
     LN+ 54 20 14   8 12 NS
     T3 38 13   6   9 10
     T4 88 28 20 19 21 NS
  Size (cm2)
     > 15 66 18 14 15 19
     ≤ 15 60 23 12 13 12 NS
  Differentiation
     Well 36 15   6 10   5
     Moderate 55 17 15 13 10
     Poor 35   9   5   5 16 0.019 0.210
  Sphincter 
  preservation
     Yes 81 32 15 17 17
     No 45   9 11 11 14 0.044 0.180
  Distance from anal 
  verge (cm)
     5-10 82 28 17 19 18
     < 5 44 13   9   9 13 NS
  Pathological 
  response
     Complete 37 18   7   5   7
     Partial 44 13 10 11 10
     No response 45 10   9 12 14 0.014 0.219

Table 1  Relationship between granulocyte colony-stimulating 
factor receptor expression and clinicopathological factors

G-CSFR: Granulocyte colony-stimulating factor receptor; NS: Not 
significant; LN: Lymph nodes.

Figure 1  Pre-radiotherapeutic tumor under endoscopy.
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G-CSFR may be influenced by locally expressed G-CSF. 
G-CSF can be produced either by white blood cells, 
which frequently infiltrate colorectal tumors, or by cancer 
cells themselves, as shown in cultured bladder carcinoma 
and astrocytoma cell lines[13,14]. Downstream G-CSF sig-
naling in non-hematopoietic cells is not well understood, 
although it has been intensively studied in hematopoietic 
cells[15]. The proliferative effect of  G-CSF in colorectal 
cancer in vivo and in vitro, and the mechanism involved 
were not studied. Interestingly in our study, a significant 
correlation was found between G-CSFR expression on 
pre-radiation biopsy and tumor differentiation. This in-
dicated that the G-CSF/G-CSFR signaling pathway may 
be involved in the development of  rectal cancer, and that 
G-CSFR levels may be correlated with either aggressive 
disease or a poor prognosis. G-CSFR may mediate a cyto-
protective response to reduce cell sensitivity to radiation, 
similar to the mechanism of  accelerated proliferation in 
hematopoietic tumor cells. Therefore, preoperative radio-
therapy may be able to eradicate G-CSFR- tumor cells, 
whereas G-CSFR+ tumor cells may remain active because 
of  their radio-resistance.

In conclusion, our study indicates that there is a sig-
nificant correlation between G-CSFR expression and 
tumor radiosensitivity. Examination of  G-CSFR expres-
sion suggested that pre-radiation biopsy specimens could 
predict the radiosensitivity of  locally advanced rectal 
cancer before pre-operative irradiation, and that G-CSFR 
expression was associated with a lack of  pathological 
complete response. Overall, our analysis of  G-CSFR ex-
pression is helpful in determining a subgroup of  high-risk 
patients suitable for more therapeutic modalities, such as 
appropriate monoclonal antibodies against G-CSFR.

COMMENTS
Background
Colorectal cancer is one of the most common cancers in humans. The expres-
sion of granulocyte colony-stimulating factor receptor (G-CSFR) is involved in 
the development of human colorectal cancer, and may be associated with more 
aggressive cancer. The authors investigated whether G-CSFR expression could 
predict tumor response or sphincter preservation in patients with rectal cancer 
receiving preoperative radiotherapy.

seen in the 126 post-radiation rectal cancer specimens. In 
hematoxylin-stained slides, 81 patients (64.3%, 81/126) 
responded to pelvic preoperative radiotherapy. Of  these 
patients, 37 (29.4%, 37/126) achieved a complete patho-
logical response, with no residual tumor in the resected 
specimens, and the cancer cells were completely replaced 
by fibrosis, necrosis, or calcified tissue (Figure 2). Par-
tial responses were seen in 44 patients (34.9%, 44/126). 
Response to pelvic radiotherapy was observed in 75.6% 
(31/41) of  G-CSFR- patients and 58.8% (50/85) of  
G-CSFR+ patients (P = 0.014, r = 0.219). Only 19 (22.4%, 
19/85) G-CSFR+ patients achieved complete pathologi-
cal response, compared with 43.9% (18/41) of  G-CSFR- 
patients. Multivariate analysis showed that G-CSFR status 
was a significant predictor of  complete remission.

DISCUSSION
Mitotic or clonogenic cell death is considered to be the 
major mechanism of  most solid tumors response to clini-
cal radiotherapy[10]. With increased knowledge of  cell 
cycle regulation, apoptosis and DNA repair, attempts 
have been made to identify molecular markers capable of  
predicting the radiation sensitivity of  tumors. Markers, 
including p53, have been studied in cell cycle regulation, 
apoptosis and resistance to radiation[11,12]. However, it is 
questionable whether these constituents can be used to 
predict radiotherapy response. In the present study, we 
followed patients in an attempt to identify a new specific 
molecular marker for radiotherapy sensitivity.

Our study is the first to examine the relationship 
between G-CSFR expression and tumor radiosensitivity 
in rectal cancer. The results demonstrated that G-CSFR 
overexpression was significantly associated with a poor 
response to radiotherapy, although the exact mechanism 
involved in this relationship remains unknown. Our 
previous study proved that G-CSFR expression was up-
regulated in colorectal cancer cells compared with nor-
mal mucous membranes[8]. The current findings further 
reinforce our understanding of  the mechanistic role of  
G-CSF/G-CSFR signaling in colorectal cancer. It is pos-
sible that the behavior of  colorectal tumors expressing 

Figure 2  Post-radiotherapeutic tumor. A: The original tumor shrank and the level of peripheral necrosis was elevated; B: Complete response to radiation therapy in 
postoperative samples. The tumor cells were replaced by fibrosis and necrosis.
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Research frontiers
Markers, including p53, transforming growth factor beta1 and epidermal growth 
factor receptor, have been studied in cell cycle regulation, apoptosis and re-
sistance to radiation. Previous studies have proved that G-CSFR expression 
was upregulated in colorectal cancer cells, compared to the normal mucous 
membrane. 
Innovations and breakthroughs
This study is the first to examine the relationship between G-CSFR expression 
and tumor radiosensitivity in rectal cancer. It was found that the expression of 
G-CSFR before preoperative irradiation may predict the radiosensitivity of rectal 
cancer. The current findings further reinforce their understanding of the mecha-
nistic role of the G-CSF/G-CSFR signal in colorectal cancer. 
Applications
G-CSFR expression in pre-radiation biopsy specimens can predict the radio-
sensitivity of locally advanced rectal cancer before preoperative irradiation. 
Analysis of G-CSFR expression is helpful in determining a subgroup of high-risk 
patients suitable for more therapeutic modalities, such as appropriate monoclo-
nal antibodies against G-CSFR.
Terminology
G-CSFR, also known as cluster of differentiation 114, is a cell-surface receptor 
for granulocyte colony-stimulating factor and comprises an extracellular ligand-
binding portion, a transmembrane domain and a cytoplasmic portion that is 
responsible for signal transduction. 
Peer review
The authors evaluated the correlation between clinical or pathological param-
eters and the G-CSFR expression of tumors. The results presented were very 
interesting and suggest that the expression of G-CSFR before preoperative 
irradiation may predict radiosensitivity of rectal cancer.
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Abstract
AIM: To investigate the association between endog-
enous hydrogen sulfide (H2S) and portal hypertension 
as well as its effect on vascular smooth muscle cells. 

METHODS: Portal hypertension patients were cat-
egorized by Child-Pugh score based on bilirubin and 
albumin levels, prothrombin time, ascites and hepatic 
encephalopathy. Plasma H2S concentrations and portal 
vein diameters (PVDs) were compared between portal 

hypertension patients and control participants, as well 
as between portal hypertension patients with varying 
degrees of severity. In addition, we established a rab-
bit hepatic schistosomiasis portal hypertension (SPH) 
model and analyzed liver morphology, fibrosis grade, 
plasma and liver tissue H2S concentrations, as well as 
cystathionine γ-lyase (CSE) activity and phosphorylated 
extracellular signal-regulated kinase (pERK)1/2, B cell 
lymphoma (Bcl)-2 and Bcl-XL expression in portal vein 
smooth muscle cells, in addition to their H2S-induced 
apoptosis rates. 

RESULTS: In portal hypertension patients, endog-
enous H2S levels were significantly lower than those in 
healthy controls. The more severe the disease was, the 
lower were the H2S plasma levels, which were inversely 
correlated with PVD and Child-Pugh score. Liver tissue 
H2S concentrations and CSE expression were signifi-
cantly lower in the SPH rabbit livers compared with the 
control animals, starting at 3 wk, whereas pERK 1/2 
expressions gradually increased 12-20 wk after SPH 
model establishment. In portal vein smooth muscle 
cells, increasing H2S levels led to increased apoptosis, 
while Bcl-2 and Bcl-XL expression decreased. 

CONCLUSION: H2S prevents vascular restructuring 
caused by excessive proliferation of smooth muscle 
cells via apoptosis induction, which helps to maintain 
normal vascular structures.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Portal hypertension; Apoptosis; B-cell lym-
phoma-2; B-cell lymphoma-XL; Cystathionine γ-lyase; 
pERK 1/2; Hydrogen sulfide

Core tip: In portal hypertension patients, endogenous 
hydrogen sulfide (H2S) levels were significantly lower 
than those in healthy controls. H2S plasma level reduc-
tions correlated with portal vein diameter and Child-
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Pugh score. In a rabbit hepatic schistosomiasis portal 
hypertension model, liver tissue H2S concentrations and 
cystathionine γ-lyase expression were significantly re-
duced and phosphorylated extracellular signal regulated 
kinase 1/2 expression gradually increased. Increasing 
H2S levels led to increased apoptosis of portal vein 
smooth muscle cells, while B-cell lymphoma-2 (Bcl-2) 
and Bcl-XL expression decreased. We suggest that H2S 
prevents portal hypertension though apoptosis induc-
tion of otherwise excessive proliferating smooth muscle 
cells.

Wang C, Han J, Xiao L, Jin CE, Li DJ, Yang Z. Role of hydro-
gen sulfide in portal hypertension and esophagogastric junction 
vascular disease. World J Gastroenterol 2014; 20(4): 1079-1087  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i4/1079.htm  DOI: http://dx.doi.org/10.3748/wjg.v20.i4.1079

INTRODUCTION
Cirrhosis is a common chronic liver disease with vari-
ous causes, and in the late stage, the main symptoms are 
liver function impairment and portal vein hypertension, 
which eventually lead to esophagogastric junction vascu-
lar diseases. Major critical pathophysiological processes 
accompanying the progression of  cirrhosis are structural 
changes in the liver tissue and changes in vasoactive sub-
stance activation[1]. Recent studies have shown that the 
gaseous molecule hydrogen sulfide (H2S) has biological 
signaling characteristics similar to NO and CO, and is in-
volved in pathophysiological processes leading to portal 
hypertension through multiple mechanisms. H2S, follow-
ing NO and CO, is the third discovered endogenous gas 
signaling molecule, while various studies since the 1990s 
have shown that endogenous H2S exists in many mam-
malian tissues and organs[2-5], serving as vascular and 
digestive tract smooth muscles relaxant, affecting long-
term potentiation (LTP) induction in the hippocampus[6], 
regulating the secretion of  corticotrophin-releasing 
hormone (CRH) in the hypothalamus[7], inhibiting the 
proliferation of  vascular smooth muscle cells[8], and in-
ducing smooth muscle relaxation in the human corpora 
cavernosum[9]. In mammals, there are two pathways 
for endogenous H2S production: enzymatic and non-
enzymatic. In the enzymatic pathway, which is the major 
source of  endogenous H2S, it is produced by cysteine 
breakdown through the actions of  cystathionine-B-
synthase (CBS) and cystathionine-γ-lyase (CSE). In the 
non-enzymatic pathway, glucose undergoes glycolysis 
and then combines with sulfur in the blood, thereby 
producing a small amount of  H2S. CBS and CSE are ex-
pressed in a tissue-specific manner; hepatocytes express 
both enzymes, whereas hepatic stellate cells (HSCs) ex-
press only CSE, and sinusoidal endothelial cells express 
neither[10]. Endogenous H2S participates in the regula-
tion of  smooth muscle relaxation, therefore, it has been 

shown that it plays an important role in the development 
of  primary hypertension and in the regulation of  cardio-
vascular system functions and structures. The CSE/H2S 
pathway participates in the pathophysiological processes 
of  cardiovascular diseases, such as hypoxic pulmonary 
arterial hypertension and high pulmonary blood flow, 
leading to pulmonary arterial hypertension[11]. H2S is 
an important vasoactive substance, thus, increasing at-
tention has focused on its role in the development of  
portal hypertension. A 2003 study by Poliakova et al[12] 
found that a mixture of  gases containing H2S could in-
duce biochemical restructuring of  rat livers. Both long-
term exposure (> 2 wk) to a low dose and short-term 
exposure to a high dose of  the H2S-containing gaseous 
mixture could lead to reversible changes in the liver. 
Although there have been studies about H2S involve-
ment in cirrhosis-induced portal hypertension, detailed 
mechanisms remain unclear. Some researchers[13-15] have 
speculated that H2S participates in portal hypertension 
through the following three pathways: (1) regulation 
of  smooth muscle relaxation; (2) inhibition of  vascular 
smooth muscle proliferation; and (3) induction of  vascu-
lar smooth muscle apoptosis. In this study we collected 
data about endogenous H2S levels and other clinical 
data from patients with portal hypertension and also 
established rabbit portal hypertension as well as primary 
portal vein smooth muscle cell models in order to study 
correlations between H2S and portal hypertension and 
its mode of  action.

MATERIALS AND METHODS
Inclusion and exclusion criteria
This study included 200 patients with cirrhosis-induced 
portal hypertension who were treated in the Depart-
ment of  General Surgery of  the Tongji Hospital, Tongji 
Medical College, Huazhong University of  Science and 
Technology, from December 2008 to December 2011. 
Clinical data and blood samples were collected from all 
200 patients (140 males and 60 females, mean age 44 
± 14 years) and pathological studies identified 77 cases 
of  hepatitis-induced cirrhosis, 82 of  schistosomiasis-in-
duced cirrhosis, 32 of  cirrhosis of  mixed causes, two of  
Caroli disease, four of  portal vein cavernous transforma-
tion, and three of  alcohol-induced cirrhosis. The control 
group comprised 100 healthy individuals examined at 
Tongji Hospital during the same period, consisting of  
50 men and 50 women aged 47 ± 13 years. Exclusion 
criteria were chronic illnesses such as hypertension and 
pulmonary arterial hypertension, which could affect 
endogenous H2S levels. Diagnosis of  portal hyperten-
sion was made according to published guidelines[16] and 
portal vein diameter (PVD) was determined by Doppler 
ultrasound; if  PVD was ≥ 1.3 cm and accompanied 
with cirrhosis, the patient was diagnosed with portal 
hypertension. Child-Pugh scores were evaluated based 
on bilirubin and albumin levels, prothrombin time, and 
the presence of  ascites and hepatic encephalopathy. All 
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participants gave their written informed consent and the 
study was approved by the Ethical Committee of  the 
Tongji Hospital.

H2S detection 
Upon admission, 3 mL venous blood was collected from 
all participants in both groups, stored in sealed tubes for 
2 h, and centrifuged at 3000 r/min for 10 min to sepa-
rate the plasma and stored again at -70 ℃ in eppendorf  
(EP) tubes (Eppendorf, Hamburg, Germany). Plasma 
and liver tissue H2S contents were measured according to 
Chunyu et al[17]. The resultant supernatant was analyzed 
using a UV spectrophotometer at 665 nm and calculated 
with a standard curve obtained from NaHS solutions. 
Plasma H2S concentrations were expressed in μmol/L 
and liver tissue H2S contents were shown in nmol/mg 
wet tissue/min. All measurements were performed in 
triplicate and results were expressed as mean ± SD.

Animal experiments
Thirty healthy adult long-eared white rabbits (purchased 
from Tongji Medical College, Huazhong University of  
Science and Technology, Wuhan, China) with a body 
weight of  2.5-3.5 kg, regardless of  sex, were randomly 
divided into a control (n = 10) and model (n = 20) 
group.

Model establishment 
The animal model was established in the Schistosomiasis 
Research Facility, Hubei Provincial Disease Prevention 
and Control Center. Abdominal patches were used to 
infect the rabbits with schistosomal cercariae to induce 
a rabbit SPH model. The Schistosoma japonicum cercariae 
were collected from snails in Hubei Province. A 2 cm × 
2 cm patch was collected into the abdominal region of  
the rabbits, creating a wound (Figure 1A). During wound 
cleansing, the cercariae were counted under a micro-
scope (180 ± 10/rabbit) and the coverslips with the cer-
cariae were located on the exposed skin for 15-20 min, 
leading to acute schistosomiasis infection. After infec-
tion, the animals were kept in rabbit rooms in the Tongji 
Hospital Laboratory Animal Facility. The control rabbits 
were treated similarly, apart from not being infected with 
the cercariae.

Sample collection
At 8, 12 and 16 wk after infection, five or six animals 
from the model group and three from the control group 
were randomly selected and peripheral venous blood 
samples were collected from the ear vein. The animals 
were sacrificed using air embolism; after which, portal 
vein blood was drawn and samples from liver and spleen 
tissues as well as portal vein blood vessels were taken. 
The tissue samples were stored in liquid nitrogen, while 
the blood samples were stored in a freezer. 

Measurement of CSE activity in liver tissues
Using the method reported by Stipanuk et al[18], CSE ac-

tivity was determined in a 1.0-mL volume by incubation 
of  100 mmol/L potassium phosphate buffer, pH 7.5, 
4.0 mmol/L L-cystathionine, 0.125 nmol/L pyridoxal 
5’-phosphate, 0.32 nmol/L NADH, 1.5 U lactate dehy-
drogenase, and 25 or 50 μL of  the 20000 g supernatant 
prepared from liver homogenate in a 1.5 mL semi-micro 
quartz cuvette ( 10 mm light path) at 37 ℃. The decrease 
in OD340 gave a linear response to decreasing NADH 
concentrations, corresponding to lactate synthesis via 
L-cysteine-derived pyruvate accumulation and lactate de-
hydrogenase activity.

Liver hematoxylin and eosin staining
The rabbit liver tissues were fixed in a 10% formalin 
solution, embedded in paraffin, cut into 4-μm slices, 
stained with hematoxylin and eosin (HE), and sealed 
with neutral resin. Liver histology was observed under a 
microscope.

Masson’s trichrome staining of liver tissues 
The rabbit liver tissues were fixed in a 10% neutral for-
malin solution, embedded in paraffin, sliced, stained with 
potassium dichromate, acid fuchsin and aniline blue, and 
sealed with neutral resin. Morphological changes in the 
liver tissue were observed under an optical microscope. 
Collagen fibers were stained blue-green, muscle fibers 
and cellulose were stained red, and nuclei were stained 
blue to black.

Cell culture
Portal vein smooth muscle cells were grown in complete 
culture medium at 37 ℃ for 1-2 d and cell growth was 
monitored under a microscope. Cells were replated at 
80%-90% confluence. Culture medium was changed on 
the basis of  the actual cell growth.

Immunofluorescence and tissue cell apoptosis staining 
assays
Portal vein smooth muscle cells were inoculated on glass 
slides after conventional digestion. On the next day, the 
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Figure 1  Negative correlation between H2S plasma levels and portal vein 
diameters in patients with portal hypertension. r = -0.478, P < 0.05. 
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liters of  the samples were subjected to SDS-PAGE and 
the protein was transferred to polyvinylidene difluoride 
membranes via wet electroblotting (21 V, 40 min). After 
2 h blocking at room temperature in 5% bovine serum 
albumin, primary antibodies (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, United States) for Bcl-XL (1:400), 
Bcl-2 (1:400) and pERK1/2 (1:500) were added and the 
membranes were incubated for 2 h at room temperature 
and kept at 4 ℃ overnight. Samples were washed in 
Tris-buffered saline-Tween 20 (TBST), incubated with 
horseradish-peroxidase-conjugated secondary antibod-
ies at room temperature for 90 min, and washed again 
with TBST. The membranes were placed in an imaging 
system to measure the signal intensities using chemilumi-
nescent reagents.

Electron microscopy
Rabbit liver samples were cut into 1 mm3 pieces, fixed 
in 2.5% phosphate-buffered glutaraldehyde for 2 h, and 
washed in phosphate buffer for 30 min. Samples were 
fixed in osmium tetroxide for 2 h and then washed in 
phosphate buffer for 30 min. Samples were incubated in 
50% ethanol for 15 min, 70% ethanol for 40 min, 90% 
ethanol for 15 min, 90% acetone/90% ethanol (1:1) 
for 15 min, 90% acetone for 15 min, 100% acetone for 
3 × 10 min, 100% acetone/embedding medium (1:1) 
overnight, pure embedding medium for 5 h, and embed-
ded overnight. Sample slices were stained with toluidine 
blue and cut into ultrathin 100 nm slices. Samples were 
stained with uranyl acetate and lead nitrate and observed 
under a transmission electron microscope to observe ul-
trastructural pathological changes.

Statistical analysis
Data were analyzed using SPSS version 12.0 software. 
Quantitative variables were described using mean ± SD 
in the case of  normal distribution and each sample was 
measured at least three times. Possible differences be-
tween groups were evaluated using analysis of  variance 
(ANOVA) in the case of  continuous data. In the case 
of  overall significant differences as a result of  ANOVA, 
pair-wise t tests were conducted using the closed test-
ing procedure. Analysis of  PVD and endogenous H2S 
concentrations was done by linear correlation. Statistical 
significance was considered if  P < 0.05.

RESULTS
Plasma H2S concentration in portal hypertension 
patients and controls
There was no significant difference in age between the 
control and portal hypertension groups. However, in 
the portal hypertension group, endogenous plasma H2S 
levels were significantly lower than those in the control 
group, correlating with disease severity. Furthermore, 
plasma H2S concentrations correlated inversely with 
PVD (r = -0.478, P < 0.05) (Table 1, Figure 1).

cells were washed gently with PBS and 3.7% formalde-
hyde solution was added for 30 min at room tempera-
ture, after which they were washed three times with PBS 
for 2 min each. The cells were permeated for 10 min 
with 0.1% Triton-X-100 solution (prepared in PBS) and 
blocked with 10% goat serum (prepared in PBS) for 30 
min, followed by incubation with rat α-smooth muscle 
actin (SMA) antibody (1:200 in PBS) at room tempera-
ture for 2 h. After washing three times with PBS, for 5 
min each, the cells were incubated with fluorescent sec-
ondary antibody (1:200 dilute by PBS; Sigma, Shanghai, 
China) at room temperature in darkness for 1 h, fol-
lowed by three times with PBS for 5 min each. Finally, 
we detected the fluorescence intensity using a fluores-
cence microscope (440/510 nm, excitation/emission) 
after adding fluorescent mounting medium.

Flow cytometry and apoptosis assay
Cultured portal vein smooth muscle cells at 80% con-
fluence were harvested from 6-cm dishes, washed with 
PBS, and collected into 5 mL centrifuge tubes in tripli-
cate. Cells (1 × 106) were prepared for apoptosis assays 
with an Annexin V/FITC Apoptosis Dectection Kit, 
according to the manufacturer’s instructions (Invitrogen, 
Carlsbad, CA, United States) and then analyzed by flow 
cytometry.

Western blotting
Rabbit portal vein-tunica media dissections were pre-
pared for detecting phosphorylated extracellular signal-
regulated kinase (pERK)1/2 expression levels, and 
primary portal vein smooth muscle cells were used for 
analyzing B-cell lymphoma-XL (Bcl-XL) and Bcl-2, as 
well as β-actin expression. Protein concentrations were 
equalized after total protein extraction with lysate buf-
fer and loading buffer was added, and samples were 
boiled and stored at -20 ℃ for further use. Ten micro-

Table 1  Comparison of age, liver enzymes and plasma H2S 
levels between portal hypertension patients and healthy 
controls

Portal hypertension group 
(n  = 200)

Control group 
(n  = 100)

Age (yr)   43.6 ± 14.4  47.1 ± 12.6
Albumin (g/dL) 33.0 ± 3.7 38.4 ± 4.1
TB (μmol/L)   31 ± 24   14 ± 13
ALT (U/L)   37 ± 29   25 ± 26
PVD (cm)    1.5 ± 0.4a   1.1 ± 0.3
H2S 43.5 ± 6.2
Child–Pugh score 
   A (H2S) n = 48 42.6 ± 4.7a

   B (H2S) n = 125   33.5 ± 7.7b,c

   C (H2S) n = 27     22.2 ± 7.9c,d,f

Significantly different compared with the control group, aP < 0.05, bP < 0.01; 
Compared with Child-Pugh score A group, both Child-Pugh score B and 
C groups had significantly lower values, cP < 0.05, dP < 0.01; Compared 
with the Child-Pugh score B group, the Child-Pugh score C group had 
a significantly lower value, fP < 0.01. TB: Tris-buffered; ALT: Alanine 
aminotransferase; PVD: Portal vein diameter. 
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Liver morphology and H2S changes in the rabbit hepatic 
SPH model
During the progression of  schistosomiasis-induced cir-
rhosis in rabbits, plasma H2S concentrations showed a 
clearly descending trend and starting from week 3, there 
were significant differences compared to the control 
group (Figure 2B). Furthermore, HE staining of  the 
SPH rabbit livers showed that the liver hepatocytes of  
the control group were neatly arranged with no signifi-
cant proliferation of  fibrous tissue in the portal areas 
and lobular structures were maintained (Figure 2C). In 
contrast, in the portal areas of  the SPH rabbit livers, 
fibrous larval nodules were arranged in concentric rings 

and there were also significant proliferation and widen-
ing of  the fibrous connective tissues in the portal areas 
with hyaline appearance (Figure 2D). There was a small 
amount of  collagen fibers in the central venous tissue of  
normal livers (Figure 2E), whereas in the SPH rabbit liv-
ers, a larger amount of  collagen fibers stained blue-green 
(arrow) (Figure 2F).

H2S and CSE concentrations in SPH rabbit and control 
liver tissues
CSE activity and H2S concentrations were both lower 
in the SPH rabbit livers (Table 2). In order to elucidate 
whether the H2S-related differences had an effect on 
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Figure 2  Liver hematoxylin and eosin and Masson’s trichrome staining of rabbits in portal hypertension model group and control group. A: Rabbit portal 
hypertension model; B: Relationship between rabbit portal hypertension progression and H2S concentration; C: Normal rabbit liver tissue [hematoxylin and eosin (HE) 
staining]; D: Schistosomiasis portal hypertension (SPH) rabbit liver sample with concentric arrangement of fibrous larval nodules and fibrous connective tissue in the 
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cell proliferation-related proteins, we measured pERK 
1/2 expression levels in dissected SPH rabbit liver por-
tal vein-tunica intima tissues and found that pERK 1/2 
protein levels increased significantly with disease pro-
gression in the rabbit portal hypertension model (Figure 
3). 

H2S inhibits anti-apoptotic Bcl-2 and Bcl-XL gene 
expression and triggers apoptosis in healthy liver cells
We collected primary rabbit portal vein smooth muscle 
cells and after cultivation, added H2S to the medium to 
observe its effect on apoptosis and Bcl-2 and Bcl-XL 
expression. Flow cytometry revealed that, with increas-
ing concentrations of  H2S in the cell culture medium, 
the apoptosis rate of  the portal vein smooth muscle cells 
also increased (Figure 4A). In addition, with increasing 
H2S concentration, there was also decreased expression 
of  the anti-apoptotic genes Bcl-2 and Bcl-XL (Figure 4B 
and C). 

Our immunofluorescence apoptosis assay showed 
that vascular smooth muscle cells of  the omentum un-

derwent significant apoptosis under normal H2S con-
centrations (50 μmol.L), which was reduced without 
H2S (Figure 5A and B). Under the electron microscope, 
we observed that with 50 μmol/L H2S in the medium, 
the nuclear membrane in some cells disintegrated, the 
nucleoplasm condensed, and the cells clearly underwent 
irreversible cell death. In contrast, when smooth muscle 
cells were cultured without H2S, the nucleus was round 
or had minor indentations, there was abundant evenly 
distributed euchromatin and the nucleolus was clearly 
visible. The mitochondria were round or kidney-shaped 
and the overall structural integrity was maintained (Figure 
5C and D). These results indicated that a certain con-
centration of  H2S leads to vascular smooth muscle cell 
apoptosis.

DISCUSSION
Portal hypertension is one of  the two most serious 
conditions resulting from cirrhosis. Signs include open-

Table 2  H2S concentration and cystathionine γ-lyase activity 
in rabbit liver tissues

Control SPH

H2S concentration 
(nmol/mg wet 
tissue/min)

8W   413.66 ± 57.38  326.43 ± 33.67a

12W     435.31 ± 442.46  236.57 ± 26.39a

16W   420.79 ± 31.52  158.64 ± 41.77a

CSE 
(mmol/mg per 
min)

8W 120.64 ± 9.37 114.71 ± 11.34
12W   178.23 ± 19.32  263.32 ± 28.97a

16W 118.35 ± 9.82  82.67 ± 7.48a

Statistically significant differences compared with the control group, aP < 
0.05. SPH: Schistosomiasis portal hypertension; CSE: Cystathionine γ-lyase.
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ing of  the systemic portal collateral circulation, spleno-
megaly, hypersplenism and ascites. Portal hypertension 
arises when liver fibrosis and regenerative nodules create 
pressure on the liver sinusoids and hepatic veins, thus 
increasing portal vein resistance. Impaired liver func-
tion and an imbalance of  various vasoactive substances, 
which can result from multiple causes, are important 
factors in maintaining and exacerbating portal hyperten-
sion[19]. The main cause of  increased resistance is that 
contraction of  sinusoidal endothelial cells increases resis-
tance in the liver sinusoids and contraction reactivity of  
intrahepatic blood vessels, leading to increased contrac-
tility in the portal venous system. Increased liver sinusoi-
dal resistance is in turn dependent on HSC contraction. 
It is reported that portal hypertension can be caused 
by increased production of  vasoconstrictors and de-
creased production of  vasodilators. H2S is an important 
vasodilator in the hepatic microcirculation and causes 
relaxation of  vascular smooth muscles[20,21]. In a previ-
ous study, NaHS solutions were injected into the ab-
dominal cavity of  rats with cirrhosis for 5 d, and NaHS 
was perfused through the liver tissue outside the body. 
NaHS significantly relaxed vascular smooth muscles and 
reduced HSC contraction, thus reducing intrahepatic re-
sistance[10]. These results showed to a certain extent that 
treatment with exogenous H2S can reverse the excessive 
intrahepatic resistance caused by decreased production 
of  endogenous H2S in cirrhosis. Our study also showed 

in line with the previous findings that patients with 
portal hypertension had lower endogenous H2S con-
centrations than healthy controls, and that the lower the 
concentration, the more severe was the disease, while 
plasma H2S concentrations were inversely related with 
PVD. Our SPH results showed that rabbits with schisto-
somiasis-induced portal hypertension had lower plasma 
H2S concentrations after 3 wk than the control group 
had, and CSE activity in their tissue declined. A previous 
article reported that reduced CSE expression in cirrhotic 
liver contributed to the development of  increased in-
trahepatic resistance and portal hypertension[10]. Hepa-
tocyte apoptosis plays an important role in normal liver 
development and in various liver diseases[22,23]. When 
HSCs proliferate, they produce extracellular matrix and 
collagen, which leads to liver fibrosis, and it has been 
reported that H2S induces apoptosis[24] and inhibits 
HSC activation[25], which reduces vascular restructuring 
and aggravates hypertension. We found that H2S led to 
reduced expression of  antiapoptotic Bcl-2 and Bcl-XL 
proteins, in addition to elevated apoptosis.

In summary, we found that portal hypertension pa-
tients had significantly lower serum H2S concentrations 
and that disease severity and PVD were correlated with 
H2S concentration. In addition, our SPH model revealed 
that liver cirrhosis led to low serum and liver tissue 
H2S concentrations, and reduced liver tissue CSE activ-
ity, while pERK1/2 expression gradually increased. In 

DC

BA

Figure 5  Effect of H2S concentrations on portal vein smooth muscle cell apoptosis rates. A: Immunofluorescence assays showed significant apoptosis in 
normal rabbit omentum vascular smooth muscle cells under normal H2S (50 μmol/L) concentration; B: There was significantly less apoptosis in the cells without H2S 
(magnification × 40); C: Under an electron microscope, with normal H2S concentrations, rupturing of the nuclear membrane and condensation of the nucleoplasm was 
observed, indicating irreversible cell death; D: In cells without H2S substitution, the mitochondria appeared intact and the structural integrity was maintained. 
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conclusion, we suggest that H2S deprivation may play a 
role in the initiation, progression and exacerbation of  
cirrhosis-related portal hypertension through reduction 
of  portal vein smooth muscle cell apoptosis and con-
comitant pathological blood vessel restructuring.
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Abstract
AIM: To assess the value of contrast-enhanced ultra-
sound (CEUS) in diagnosing splenic artery complica-
tions (SACs) after acute pancreatitis (AP). 

METHODS: One hundred and eighteen patients with 
AP were enrolled in the study. All patients were exam-
ined by CEUS and contrast-enhanced computed tomog-
raphy (CECT). CECT was accepted as a gold standard 
for the diagnosis of SACs in AP. The diagnostic accuracy 
of splenic CEUS and pancreatic CEUS was compared 
with that of CECT. Splenic infarction was the diagnostic 
criterion for splenic artery embolism and local dysper-
fusion of the splenic parenchyma was the diagnostic 
criterion for splenic arterial stenosis. The incidence of 
splenic sub-capsular hemorrhage, splenic artery aneu-
rysms, and splenic rupture was all lower than that of 
SACs. 

RESULTS: Nine patients were diagnosed as having 
SACs after AP by CECT among the 118 patients. The 
patients with SACs were diagnosed with severe acute 
pancreatitis (SAP). Among them, 6 lesions were diag-
nosed as splenic artery embolism, 5 as splenic artery 
aneurysms, and 1 as splenic arterial stenosis. No lesion 
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was diagnosed by pancreatic CEUS and 5 lesions were 
diagnosed by splenic CEUS. By splenic CEUS, 4 cases 
were diagnosed as splenic artery embolism and 1 as 
splenic arterial stenosis. The accuracy of splenic CEUS 
in diagnosis of SACs in SAP was 41.7% (5/12), which 
was higher than that of pancreatic CEUS (0%).

CONCLUSION: Splenic CEUS is a supplementary 
method for pancreatic CEUS in AP patients, which can 
decrease missed diagnosis of SACs.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Acute pancreatitis; Severe acute pancre-
atitis; Contrast enhanced ultrasound; Splenic artery 
complications; Splenic contrast-enhanced computed 
tomography

Core tip: We prospectively investigated splenic contrast-
enhanced ultrasound (CEUS) in diagnosis of splenic 
artery complications in acute pancreatitis (AP). The 
diagnostic yield of splenic CEUS for detecting splenic 
artery complications (SACs) in AP was higher than that 
of pancreatic CEUS. Splenic CEUS is a supplementary 
method for pancreatic CEUS when an AP patient needs 
pancreatic CEUS examination, which can decrease 
missed diagnosis of SACs.
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INTRODUCTION
Contrast-enhanced ultrasound (CEUS) has become an 
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important imaging method to evaluate the degree of  se-
verity and predict the prognosis of  diseases[1]. Acute pan-
creatitis (AP) can be examined by CEUS to identify the 
necrosis range of  the pancreas, which is related to treat-
ment and prognosis. Splenic artery complications (SACs) 
have a low morbidity in AP. Although SACs are rare 
complications in AP and most patients present few clini-
cal symptoms, it may lead to a severe outcome. Rupture 
of  splenic artery aneurysms is frequent and sometimes 
occurs as the first symptom, and sometimes it is fatal[2]. 
So, it is of  great clinical significance to determine the 
diagnostic accuracy of  CEUS for SACs in AP. However, 
the sensitivity of  gray scale ultrasound and color Dop-
pler ultrasound is low, and few studies have reported on 
CEUS[3]. In this article, we discussed the diagnostic value 
and accuracy of  splenic CEUS for SACs in AP.

MATERIALS AND METHODS
Patient data
This study was conducted with the approval of  the Ethics 
Committee of  West China Hospital and informed con-
sent was obtained from all the patients. We collected 129 
in-patients with AP treated at our hospital from March 
2010 to March 2013. Eleven patients were excluded from 
the study either because the gray scale sonography of  the 
pancreas hardly displayed meteorism or because patients 
had a history of  splenic disease. Of  the remaining 118 
patients included in the study, there were 69 males and 49 
females, with a mean age of  41.27 ± 12.15 years (range, 
15-79). All patients were examined by pancreatic CEUS 
to diagnose the SACs in AP. Splenic CEUS was also used 
to diagnose the splenic lesions. All contrast-enhanced 
computed tomography (CECT) and CEUS examinations 
were performed at an interval of  72 h. The study pro-
tocol was kept blind for doctors performing CEUS and 
CECT.

Sonographic examination
A LOGIQ E9 (GE Healthcare, Milwaukee, WI, United 
States) ultrasound system with a C1-5 MHz probe or a 
PHILIPS IU22 (Philips Medical Systems, Bothell, WA, 
United States) ultrasound system with a C5-2 MHz trans-
ducer was selected. Both the ultrasound systems were 
equipped with harmonic contrast pulse sequencing appa-
ratus. The contrast agent used was SonoVue (BraccoSpa, 
Milan, Italy) and the suspension contained stabilized sul-
fur hexafluoride microbubbles.

Two sonologists, who had over ten years of  experi-
ence in abdominal conventional ultrasound and over 

three years of  experience in CEUS evaluation for pan-
creatic diseases, performed the examinations. All patients 
were asked to fast before ultrasound examination. Firstly, 
gray scale sonography and color Doppler flow imag-
ing were performed to observe the size and shape of  
the pancreas and spleen, peri-pancreatic fluid collection, 
echogenicity of  the parenchyma, and the inner diameters 
of  the splenic artery. Then, CEUS was started at a low 
mechanical index (GE MI: 0.12; PHILIPS MI: 0.06). 
SonoVue suspension of  1.5-2.0 mL was administered as 
a bolus injection through the antecubital vein, followed 
by a flush with 5 mL saline solution. Real-time contrast-
enhanced imaging was recorded on the hard disk when 
the suspension (SonoVue) was injected, and the times 
were calculated simultaneously. Based on the entire arte-
rial pancreatic or splenic system, the contrast phase was 
identified as the arterial phase (0-30 s after contrast agent 
injection) and the venous phase (starting at 31 s after 
contrast agent injection). When a sonologist finished 
pancreatic CEUS, the other sonologist started splenic 
CEUS successively. And the results of  SACs by pancre-
atic CEUS and by splenic CEUS were recorded.

The splenic CEUS images for SACs were correlated 
with the pathophysiologic results (Table 1). The results 
of  splenic lesions were transformed into corresponding 
SACs and recorded immediately.

Computer tomography
A 64-slice spiral computer tomography (CT) (Philips Bril-
liance; Philips Medical Systems, Cleveland, OH, United 
States) system or 16-slice spiral CT system (Somatom 
Sensation 16; Siemens, Erlangen, Germany) was used in 
this study. The contrast agent used was iopamidol (Io-
pamiro; Bracco Imaging) or iopromide (Ultravist; Bayer 
Schering, Germany) at a concentration of  37 gI/100 mL. 

The range of  CECT scanning was from the chest to 
the pelvic floor. Iopamidol or iopromide was injected 
with a total amount of  90-120 mL to each patient at a 
rate of  3 mL/s with a power injector through the antecu-
bital vein. 

RESULTS
The 118 patients were diagnosed with AP by CECT; 
among them only 9 patients (including 12 lesions) were 
diagnosed as having SACs. Among the 118 patients, there 
were 38 patients with mild AP and 80 with severe AP 
(SAP). All SACs patients were from the SAP group. Six 
cases were diagnosed as splenic artery embolism; 5 cases 
as splenic artery aneurysms and 1 case as splenic arterial 
stenosis by CECT. Three patients had splenic artery em-
bolism with splenic artery aneurysms found by CECT. In 
the splenic CEUS group, SACs were found in 5 cases, in-
cluding 4 cases of  splenic artery embolism (Figure 1) and 
1 case of  splenic arterial stenosis (Figure 2). And in the 
pancreatic CEUS group, all lesions of  SACs were mis-
diagnosed (Table 2). The diagnostic accuracy of  splenic 
CEUS for SACs in AP was 41.7% (5/12), which was ob-
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Table 1  Splenic lesions and splenic artery complications

Splenic lesions Splenic artery complications
Splenic infarction/subcapsular hemorrhage Splenic artery embolism
Local dysperfusion of splenic parenchyma Splenic artery  stenosis
Splenic artery aneurysms Splenic artery aneurysms
Splenic rupture Splenic artery embolism



viously higher than that of  pancreatic CEUS (0%, 0/12).
By splenic CEUS, 4 cases were diagnosed as splenic 

infarction, including 1 case complicated with sub-cap-
sular hemorrhage, and 1 case of  focal dysperfusion of  
the splenic parenchyma (Table 3). The CEUS imaging 
of  splenic infarction showed that in some regions, no 
enhancement appeared after contrast agent injection in 
the splenic artery phase and venous phase, and hence in-
farcted splenic parenchyma was displayed as a hypoechoic 
area. The shape of  splenic infarction varied from wedge-
shaped (3 cases) to round or irregular (1 case). 

Sub-capsular hemorrhage is a complication of  splenic 
artery embolism. CEUS imaging of  sub-capsular hemor-
rhage showed an anechoic region under the splenic sub-
capsule, which could differentiate better than pancreatic 
ultrasound, and there appeared an anechoic region and 
no enhancement after contrast agent injection in the 
splenic arterial phase and venous phase. There was one 

case diagnosed by CEUS as splenic infarction in the 
splenic CEUS group.

The imaging of  focal dysperfusion of  the splenic pa-
renchyma revealed a region where the degree of  enhance-
ment inside the lesion area was lower than that of  nor-
mal surrounding splenic parenchyma in the arterial and 
venous phases (especially the venous phase). The region 
of  focal dysperfusion of  the splenic parenchyma was dis-
played as a slightly hypoechoic area on CEUS, which did 
not appear on pancreatic ultrasound. Hence, a case of  
SAC was diagnosed by splenic CEUS, and there was no 
evidence of  splenic rupture during his stay in hospital.

Five cases of  splenic artery aneurysms were all miss-
diagnosed by pancreatic CEUS and splenic CEUS in AP. 
Because the whole splenic artery is difficult to display 
by ultrasound, especially the region which is close to the 
hiluslienis, gray scale ultrasound or CEUS may be neces-
sary to identify the size or the location of  splenic artery 
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Figure 1  A 22-year-old man with splenic artery embolism. A: Enhanced-contrast computed tomography showing splenic artery embolism (dotted arrow), and the 
lesion of splenic infarction (solid arrow); B, C: Gray scale ultrasonography and color Doppler ultrasonography of the spleen showed no obvious lesion of splenic infarc-
tion; D: Some regions with no enhancement appeared in the splenic arterial phase (solid arrow) on contrast enhanced ultrasound (CEUS); E: A wedge-shaped splenic 
infarction with no enhancement was displayed in the splenic venous phase (solid arrow) on CEUS.
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severity index (CTSI) and has been regarded as a substi-
tute for CECT[6,9]. Only a few cases have been reported 
worldwide about CEUS for SACs compared with CECT 
for splenic venous complications[11-13]. The reason may be 
that the splenic artery is located between the tail of  the 
pancreas and the hilum of  the spleen with the body of  
the stomach in front. Gray scale sonography is influenced 
greatly by meteorism in the gastrointestinal tract, and 
diagnosis is sometimes difficult[14]. Because the quality of  
CEUS depends on the gray scale sonography, its quality 
is consequently affected, and the diagnostic accuracy for 
SACs is often ignored compared with CT or MRI[15].

Although the whole splenic artery is difficult to be 
displayed directly by ultrasound, we convert the obser-
vational objective to evaluate the lesions of  the splenic 
artery indirectly. The diagnostic criteria for SACs were de-
fined by observing the pattern of  images obtained from 
the splenic CEUS. Blood supply to the spleen is solely 
from the splenic artery. Any lesions or changes in the 
splenic artery may result in splenic parenchymal infarc-
tion. In AP, splenic parenchymal infarction occurs due to 

aneurysms.

DISCUSSION
AP is a common abdomen emergency and SACs in AP 
are rarely seen with a low incidence[4]. Due to the low 
sensitivity of  ultrasound in diagnosing SACs, the missed 
diagnosis of  the complications is often ignored[5], even 
by CEUS[6]. CECT was regarded as the gold standard to 
evaluate AP, especially the degree of  severity[7,8]. CEUS 
changes the conventional viewpoint that ultrasound can 
only examine AP roughly[1,9], such as the pancreas size, 
shape, and peri-pancreatic fluid collection[10]. With the 
development of  contrast agents, corresponding contrast-
enhanced software and ultrasound equipment, CEUS is 
being utilized in more and more diseases, including pan-
creatic diseases, especially examination of  SAP because 
it can display pancreatic parenchymal necrosis and the 
degree of  necrosis, and the extra-pancreatic acute fluid 
collection. Previous studies concluded that ultrasound 
severity index (USSI) has a strong correlation with CT 

A B

C D
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Figure 2  A 26-year-old woman with splenic arterial stenosis. A: Enhanced-contrast computed tomography showing splenic arterial stenosis (dotted arrow) and a 
focal splenic parenchyma region showed low enhancement (solid arrow); B, C: Gray scale ultrasonography and color Doppler ultrasonography showed no obvious le-
sions in the spleen; D: No obvious lesion was displayed in the splenic arterial phase on contrast enhanced ultrasound (CEUS); E: Some regions of focal dysperfusion 
of the splenic parenchyma showed low enhancement in the splenic venous phase (dotted arrow).
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SACs. SACs are infrequent complications with pancreati-
tis, which mainly occur in chronic pancreatitis and SAP[16]. 
Mortelé et al[17] found that the incidence of  splenic infarc-
tion in AP was about 7%, and there was a strong relation-
ship between this complication and the severity of  pan-
creatitis. In our study, 6 cases were diagnosed as splenic 
infarction by CECT. The incidence of  splenic infarction 
in AP was 5.1% (6/118) and all cases with the complica-
tions were SAP. The findings in our study are consistent 
with the results reported by Mortelé et al.

SACs include splenic artery embolism, splenic artery 
aneurysms and splenic arterial stenosis[18]. SACs can lead 
to splenic infarction, sub-capsular hemorrhage, splenic 
rupture, or splenic aneurysm rupture. Color Doppler 
ultrasound is less sensitive to display acute infarction 
because there is no difference between the echo area of  
infarcted and normal parenchyma[19]. Acute splenic arte-
rial stenosis is the main presentation of  SAP. With the 
development of  CEUS, splenic trauma or aortic aneu-
rysm rupture can be diagnosed in clinical practice[20-22]. 
The microcirculation of  the splenic parenchyma can 
be displayed by CEUS and it is possible to observe the 
ischemic alteration of  the splenic parenchyma. These 
characteristics guarantee the diagnosis of  acute infarction 
as early as possible and SAPs indirectly. The sensitivity 
of  splenic CEUS for detecting SACs has increased obvi-
ously, and the accuracy rate was 41.7% (5/12, including 4 
cases of  splenic artery embolism and 1 case of  splenic ar-
terial stenosis) in diagnosing SACs compared with CECT.

There were no SACs diagnosed by pancreatic CEUS, 
indicating that pancreatic CEUS is a low sensitive method 
to diagnose SACs in AP. This finding also demonstrates 
that splenic CEUS is an indispensable technique in di-
agnosis of  SACs in AP. It is of  great clinical significance 
to optimize methods of  diagnosis for AP complications, 
such as CEUS. Splenic CEUS is a felicitous supplement 
to overcome the disadvantage of  pancreatic CEUS for 
SAPs in AP.

However, this study of  diagnosis for splenic artery 
aneurysms is not satisfactory. In this study, all cases of  
splenic artery aneurysms were miss- diagnosed. We fi-
nally analyzed the reason for missed diagnosis of  splenic 
artery aneurysms. The longest diameter of  splenic artery 
aneurysms was less than 2 cm and the location was far 
from the hilum of  the spleen so that sonologists could 
not observe the lesions, even by CEUS. And there were 
2 cases of  splenic infarction which were miss-diagnosed 

by splenic CEUS. We retrospectively analyzed the reasons 
why splenic CEUS missed the diagnosis. The reason was 
that the splenic infarction in 2 cases was located close to 
the diaphragm and at the sub-capsular area of  the spleen, 
where ultrasound imaging would be obstructed by the 
ribs. Sonologists did not notice the missed area, which 
was just located in the shadow of  the imaging. By con-
trolling the quality of  ultrasound imaging and avoiding 
the influence of  the ribs, the incidence of  missed diagno-
sis would be decreased.

The ultrasound contrast agent (suspension made of  
5 mL normal saline mixed with SonoVue dry powder) 
was administered by intravenous injection at 1.5-2.0 mL 
for each pancreatic CEUS examination. Pancreatic CEUS 
examination generally did not run out of  the suspension. 
Usually the remaining suspension of  about 1.0-2.0 mL 
was sufficient for splenic CEUS examination. Therefore, 
it is economic to perform the splenic CEUS after pan-
creatic CEUS examination. Splenic CEUS examination 
could diagnose not only splenic artery lesions but also 
any other pathological changes, such as pancreatic pseu-
docysts in the splenic parenchyma[23,24].

Although CECT is the gold standard in diagnosing 
AP, ultrasound has an important position in pancreatitis 
examination[25]. When the patient’s condition is not fit for 
CECT, such as iodine allergy, unavailability for bedside 
examination, and cases of  renal insufficiency, CEUS is an 
effective substitute for CECT examination[26,27].

In conclusion, splenic CEUS diagnosis of  SACs in AP 
was better than pancreatic CEUS because it had a higher 
diagnostic accuracy than the latter. In splenic CEUS 
examination, the contrast agent can be utilized more ef-
fectively and economically. Splenic CEUS can obviously 
increase the diagnostic accuracy for SACs in AP, which 
is simple, convenient, efficient, safe, and partly solves the 
disadvantages of  other modalities in diagnosis of  SACs 
in AP. Splenic CEUS is a supplementary method for pan-
creatic CEUS when AP patients need pancreatic CEUS 
examination, which can decrease the missed diagnosis of  
SACs.
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Table 2  Splenic artery complications examined by three 
methods in acute pancreatitis

Splenic artery 
embolism

Splenic artery 
aneurysms

Splenic artery 
stenosis

CECT 6 5 1
Pancreatic CEUS 0 0 0
Splenic CEUS 4 0 1

CECT: Contrast-enhanced computed tomography; CEUS: Contrast en-
hanced ultrasound.

Table 3  Splenic artery complications by splenic contrast 
enhanced ultrasound in acute pancreatitis

Imaging of splenic CEUS No.

Splenic infarction 4
Subcapsular hemorrhage 1
Splenic parenchymal dysperfusion 1
Splenic rupture 0
Splenic artery aneurysms 0

CEUS: Contrast enhanced ultrasound.
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(AP). Although SACs are rare complications in AP and most patients present 
few clinical symptoms, they may lead to a severe outcome. Rupture of splenic 
artery aneurysms is frequent and sometimes occurs as the first symptom, and 
sometimes it is fatal. However, the sensitivity of ultrasound is low, even for 
pancreatic contrast-enhanced ultrasound (CEUS). The authors introduced an 
indirect method used for splenic CEUS to show the SACs in AP.
Research frontiers
CEUS has been used to reflect the necrosis range of the pancreas in AP. The 
enhancement patterns of AP have been described previously. However, the 
diagnostic value of splenic CEUS for SACs in AP has not been investigated or 
reported in the English-language literature.
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The diagnostic value of splenic CEUS for SACs in AP was discussed in this 
study. When the splenic parenchyma shows a lower enhanced area than the 
surrounding parenchyma, or an unenhanced area of the infarct lesion or an un-
enhanced area of the fluid collection under the splenic subcapsule, a diagnosis 
of SACs in AP should be suspected. 
Applications
Splenic CEUS is a convenient and useful method for the detection and discrimi-
nation of SACs in AP. SACs could be better managed if ultrasound technicians 
and physicians are familiar with their features on CEUS.
Terminology
Contrast enhanced ultrasonography (CEUS) is the application of an ultrasound 
contrast agent to traditional color Doppler sonography. Microbubble contrast 
agents produce a unique sonogram with increased contrast due to the high 
echogenicity difference. CEUS can be used to image blood perfusion in organs 
and tissues.
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Abstract
AIM: To investigate whether autologous dendritic cell 
(DC)-cytokine-induced killer (CIK) cell therapy is able 
to improve the therapeutic efficacy of chemotherapy in 
colon cancer.

METHODS: We conducted a systematic review of pub-
lished papers from the sources of MEDLINE, the Cochrane 
Central Register of Controlled Trials, EMBASE, the Wan-
fang Database, the China Science and Technology Periodi-
cal Database and China Journal Net. Published data were 
extracted independently by two authors using predefined 

database templates. The quality of the data from individu-
al papers was also assessed. The effects of chemotherapy 
were compared with those of chemotherapy in combina-
tion with DC-CIK immunotherapy. The pooled analysis 
was performed using the data from random or fixed-effect 
models. 

RESULTS: Seven trials matched our inclusion criteria (n  
= 533). The overall analysis showed significant survival 
benefit [one-year overall survival (OS), P  < 0.0001; two-
year OS, P  = 0.009; three-year OS, P  = 0.002] in favor 
of DC-CIK immunotherapy combined with chemothera-
py. Disease-free survival (DFS) rate was improved after 
the combination of DC-CIK immunotherapy and chemo-
therapy (one-year DFS, P  < 0.0001; two-year DFS, P  = 
0.002; three-year DFS, P  = 0.02). An improved overall 
response rate (P  = 0.009) was also observed in patients 
who received DC-CIK therapy. Furthermore, the analysis 
of T-lymphocyte subsets in peripheral blood indicated 
that the number of CD4+ T cells significantly increased 
in the DC-CIK plus chemotherapy group (P  < 0.05).

CONCLUSION: The combination of DC-CIK immunother-
apy and chemotherapy was superior in prolonging the 
survival time and enhancing immunological responses.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Dendritic cells; Cytokine-induced killer cells; 
Meta-analysis; Colon cancer; Immunotherapy

Core tip: A growing body of knowledge on tumor immu-
nosurveillance and loss thereof has contributed to the 
refinement of anti-tumor immunotherapy. The aim of 
our meta-analysis was to determine whether an associa-
tion exists between dendritic cell (DC)-cytokine-induced 
killer (CIK) cell therapy combined with chemotherapy 
and chemotherapy alone. Our analysis demonstrates 
that DC-CIK therapy improved 1, 2 and 3-year overall 
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survival, 1, 2 and 3-year disease-free survival, overall 
response rate and immune indices in colon cancer. In 
all, the combination of DC-CIK immunotherapy and che-
motherapy was superior in prolonging the survival time 
and enhancing immunological responses, suggesting 
the possible application of this promising adjuvant im-
munotherapy in colon cancer.

Wang ZX, Cao JX, Liu ZP, Cui YX, Li CY, Li D, Zhang XY, Liu 
JL, Li JL. Combination of chemotherapy and immunotherapy for 
colon cancer in China: A meta-analysis. World J Gastroenterol 
2014; 20(4): 1095-1106  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i4/1095.htm  DOI: http://dx.doi.
org/10.3748/wjg.v20.i4.1095

INTRODUCTION
Colorectal cancer is the third most commonly diagnosed 
cancer in humans. As dietary habits have changed in 
recent years, the number of  cases of  colon cancer have 
been increasing faster in the Eastern world[1,2]. Although 
surgical resection is the first choice worldwide, colorectal 
cancer can also be treated effectively with chemotherapy, 
radiation therapy, or both to improve patient survival. 
However, 25% of  patients that present with metastatic 
disease have a five-year survival of  only 10%. A variety 
of  therapeutic strategies for metastatic colon cancer have 
been evaluated over the last decade, however, most pa-
tients in advanced stages of  the disease have little hope 
of  longer survival. Therefore, an effective approach for 
the treatment of  colorectal cancer patients with metasta-
sis and post-operative cancer recurrence is critical. In re-
cent years there has been great interest in cancer immu-
notherapy, which has the potential to control metastatic 
disease, prolong time to recurrence, and ultimately serve 
as a preventive measure.

Adoptive immunotherapy holds great promise in the 
scenario of  potential new approaches for the treatment of  
solid tumors that are refractory to conventional therapies. 
Recently, the effectiveness of  immunotherapy in the treat-
ment of  numerous forms of  cancers has been studied. 
For instance, it was reported that adoptive cell transfer of  
ex vivo-activated autologous tumor-reactive Tc1 or Tc17 T 
cells can mediate effective anti-tumor immunity and tumor 
regression in melanoma[3]. Cytokine-induced killer (CIK) 
cell therapy is also able to induce complete clinical re-
sponses in renal cell carcinoma (RCC) patients, and was 
demonstrated to be safe and effective in these patients[4]. 
A systematic review and meta-analysis of  randomized 
controlled trials in multiple myeloma (MM) indicate 
that autologous-allogeneic (auto-allo) hematopoietic 
cell transplantation (HCT) can induce higher complete 
remission rates. There is no improvement in overall sur-
vival (OS) with auto-allo HCT, however, this approach 
can achieve higher non-relapse mortality rates in patients 
with newly diagnosed MM[5]. Another study suggested 
that erythropoietin-producing hepatocellular carcinoma 

A2 (EphA2)-specific T-cell immunotherapy may be a 
promising approach for the treatment of  EphA2-posi-
tive glioblastoma[6]. Furthermore, αβ and γδ T cell-based 
immunotherapy has been found to improve treatment 
efficacy in osteosarcoma, especially at the recurrent and 
metastatic stages[7]. A multi-center historical cohort study 
indicated that the effectiveness of  immunotherapy in 
advanced lung cancer is limited, but may extend life span 
under certain conditions. Moreover, immunotherapy can 
maintain good quality of  life in patients until near the 
time of  death[8]. The bedside medication administration 
of  Sipuleucel-T (Provenge, Dendreon) was the first-in 
class therapeutic autologous vaccine to be approved for 
the treatment of  men with asymptomatic or minimally 
symptomatic castrate-resistant metastatic prostate can-
cer in the spring of  2010[9]. This product represents the 
culmination of  basic immunological and prostate cancer 
investigations for decades, and 13 years of  clinical tri-
als[10]. Another immunotherapeutic drug, the cytotoxic 
T-lymphocyte antigen 4 antibody, Ipilimumab, has been 
demonstrated to improve OS in patients with metastatic 
melanoma in two phase Ⅲ trials[11,12] and was approved 
in March of  2011. These important drug development 
milestones provide solid evidence that targeting of  the 
immune system can lead to clinically relevant immune re-
sponses, thus extending the life span of  cancer patients.

Challenging issues for all adoptive immunotherapy 
strategies include the obtainment of  sufficient numbers 
of  immune effectors, recognition of  tumor targets and 
possible restriction to specific human leukocyte antigens-
haplotypes. Such hurdles have also been encountered 
in immunotherapy trials for colon cancer. CIK cells are 
ex vivo-expanded T lymphocytes that share phenotypic 
and functional properties with both natural killer and T 
cells. It has been reported that secretory glycoprotein 
90K-specific cytotoxic T lymphocytes (CTLs) generated 
by 90K-pulsed dendritic cells (DCs) are useful effector 
cells for immunotherapy in colon cancer[13]. Mucin 1 
(CD227)-specific CTLs have also been shown to cause 
complete rejection of  tumor cells, when in the thera-
peutic regimen, and tumor burden was significantly re-
duced[14]. CTLs specific for the tumor-associated antigen, 
CEP55, can efficiently recognize colon cancer stem-like 
cells or tumor-initiating cells which highly express the 
stem cell markers, SRY-box 2, POU class 5 homeobox 
1, leucine-rich repeat-containing G protein-coupled re-
ceptor 5 and aldehyde dehydrogenase 1 family member 
A1 in vitro and in vivo[15]. DCs are rare leucocytes that 
are uniquely potent in their ability to capture, process 
and present antigens to T cells. They selectively migrate 
through tissues to reach lymph nodes and spleen where 
initiation of  the immune response takes place. DC-based 
vaccinations are an attractive candidate adjunct therapy 
to treat colon cancer patients. It has been demonstrated 
that signal transducers and activators of  transcription 
3-depleted DC vaccination induces effective systemic 
anti-tumor effects through high antigen (Ag) -specific T 
cell responses accompanied by systemic T helper 1 im-
mune responses in a murine colon cancer model[16]. DCs 
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pulsed with carcinoembryonic antigen (CEA) peptide 
resulted in prolonged antigen-presentation and efficient 
T-cell activation, but not CEA mRNA for vaccination[17]. 
A phase Ⅰ-Ⅱ CEA-loaded DC vaccine trial in patients 
with colon cancer is ongoing (www.clinicaltrial.gov id: 
NCT 01219348). In the microenvironment of  human 
colon adenocarcinoma, the supernatant mediates endo-
thelial-like differentiation of  induced DCs by extracel-
lular signal-regulated protein kinases 1 and 2 signaling, 
which suggests that immunocytes are involved in the 
cancer microenvironment[18]. Based on findings in the 
tumor microenvironment and cancer stem cells in cancer 
therapy, immunotherapy is worth further investigation.

Over the past few years, advances in our understand-
ing of  the immune system, improved design of  clinical 
trials, and improvement and compliance of  manufactur-
ing processes have provided opportunities to significant-
ly improve efficacy and safety of  immunotherapy. How-
ever, clinical studies on DC-CIK cells are still in their 
infancy and there is no clear consensus on how they may 
be best optimized. Therefore, we performed a system-
atic review and meta-analysis of  clinical trials to assess 
the therapeutic efficacy of  DC-CIK cells combined with 
chemotherapy in colon cancer.

MATERIALS AND METHODS
Search strategy and selection criteria
Trials were identified by electronic search in the PubMed 
database (1976 onward), Embase (1966 onward), the Co-
chrane Central Registry of  Controlled Trials (no date re-
striction), the Wanfang Database (no date restriction), the 
China Science and Technology Periodical Database (no 
date restriction), China Journal Net (no date restriction), 
reference lists of  published trials and relevant review 
articles. The search strategy included the following medi-
cal subject headings: “colon cancer”, “cytokine-induced 
killer cells”, “dendritic cells”, “immunotherapy”, “colon 
rectal cancer” and free text search. No language limits 
were applied. The initial search was performed in June 
2012 and updates were conducted in June 2013. Further-
more, we contacted drug manufacturers, asked experts 
in the field, and performed manual searches in reference 
lists, conference proceedings of  the American Society of  
Clinical Oncology Annual Meetings and the European 
Cancer Conference. We also searched the http://www.
ClinicalTrials.gov website for information on prospective 
and ongoing trials. No language restriction was applied. 
We excluded abstracts that were never subsequently pub-
lished as full papers and studies on animals and cell lines.

Data extraction and quality assessment
Data extraction was independently conducted by two 
reviewers (Cao JX and Li CY) using a standardized ap-
proach. Disagreement was adjudicated by a third reviewer 
(Li D) after referring back to the original publications. We 
collected information including authors’ names, journal, 
year of  publication, sample size per arm, regimen used, 

median or mean age of  patients, sex, numbers of  patients 
assessable for 1- and 3-year overall survival and numbers 
of  patients assessable for 3-year disease-free survival and 
information pertaining to study design (whether the trial 
reported the mode of  randomization, allocation conceal-
ment, description of  withdrawals per arm, and blinding) 
for the trials included in the study. 

Definition of outcome measures
OS was defined as the time from the initiation of  treat-
ment until death. The secondary objective was disease-
free survival (DFS). Other endpoints were disease control 
rate [DCR = complete response (CR) + partial response 
(PR) + stable disease (SD)] and objective response rate 
(ORR = CR + PR), respectively. CR, PR, mixed response 
or SD were documented and extracted for analysis. 

Statistical analysis
Statistical analysis was carried out by pair-wise comparison 
of  the immunotherapy-containing arms of  the identi-
fied trials with the respective non-immunotherapy arms. 
Treatment effects are reflected by odds ratios (OR) for 
OS, DFS, ORR and clinical benefit rate. To calculate the 
pooled OR, the number of  OS, DFS, ORR and DCR in 
each arm were extracted from each study and combined 
using a method reported by Mantel and Haenszel. A 
pooled OR < 1 indicated lower recurrence or lower sur-
vival in the immunotherapy arm. To evaluate whether the 
results of  the studies were homogeneous, we used Co-
chran’s Q test. This statistical test is a χ 2 test with df  equal 
to the number of  studies minus one, and tests the null 
hypothesis that the difference between the study estimates 
of  OR is due to chance. We also calculated the quantity, I2, 
which describes the percentage of  variation across studies 
due to heterogeneity rather than chance. I2 values of  25%, 
50%, and 75% were used as evidence of  low, moderate, 
and high heterogeneity, respectively. SPSS 11.5 was also 
used to carry out the data analysis. The OR was calculated 
with a fixed-effect model when no statistically significant 
heterogeneity existed; otherwise, a random-effect model 
was employed. P-values < 0.05 were considered statisti-
cally significant. All reported P-values resulted from two-
sided version tests of  the respective tests.

RESULTS
Selection of the trials
The electronic search yielded 147 references. After title 
and abstract review, 122 publications were excluded for 
various reasons (17 were review articles, 21 used animal 
models, 28 were case reports, 36 were in vitro experiments, 
20 were nursing studies). The full texts of  25 articles were 
selected as potentially relevant and retrieved for more 
detailed assessment. We excluded a total of  18 studies as 
they did not include detailed patient clinical data or ther-
apy response, and the phase Ⅰ clinical study in Germany 
with CIK cells for colorectal cancer patients, which did 
not include a control arm[19]. The selection procedure is 
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shown in Figure 1. As a result, 7 articles reporting clinical 
trials of  DC-CIK cell-based therapy combined with che-
motherapy were selected for meta-analysis.

Characteristics of DC-CIK cell-based therapy
After the selection process, 7 eligible trials with a total of  
533 patients were included in the present analysis. All of  
the trials were fully published. The seven selected papers 
contained four randomized studies, two retrospective 
analyses and one study considering treatment programs 
to construct the control. These studies are listed in Table 
1 and other related clinical data are also listed.

Most of  the patients in these studies had a good per-
formance status with an expected duration of  survival > 
3 mo and the median age of  the patients was 54.5 years. 
In all seven trials, DC-CIK or CIK cell therapy com-
bined with chemotherapy was evaluated in patients with 
colon cancer. Interferon-γ, CD3 monoclonal antibody 
and interleukin (IL) -2 were used in the CIK cell culture 
systems in all the trials analyzed. In addition, granulocyte-
macrophage colony stimulating factor (GM-CSF), IL-4, 
and tumor necrosis factor-α were used in the DC cell 
culture system. Both CIK and DC-CIK cell therapy were 
included in this analysis. In one of  the trials, only CIK 
cell therapy was used for colon cancer treatment[20], while 
the other six trials utilized both DC and CIK cell thera-
py[21-26]. The number of  CIK cells transfused into patients 
in these studies was more than 1.0 × 109/course. 

Information on patients in the two groups (DC-CIK 
cell therapy combined with chemotherapy and chemo-
therapy alone) in these trials, such as gender, chemothera-
py category (FOLFOX or XELOX and other chemicals) 
and CIK cell dose were analyzed by χ 2 test (data not 
shown). There was no statistically significant difference 
between the groups, with all P-values being > 0.05. The 
origins of  the patient information from the articles in 
each group did not interfere with the results of  the meta-
analysis. However, the patient’s age (including all the un-

known patients) did impact on the efficacy of  DC-CIK 
cell therapy by χ 2 test (data not shown). Furthermore, 
other clinical information from the trials such as tumor 
diameter and performance status were not analyzed due 
to insufficient data.

1-year overall survival
Information on 1-year survival was available in six tri-
als[20-25]. These six trials included 491 patients (224 pa-
tients received immunotherapy combined with chemo-
therapy) in total. The 1-year overall survival rates were 
93% (208/224) for colon cancer patients who received 
DC-CIK immunotherapy combined with chemotherapy. 
In comparison, 1-year overall survival rates were only 
84% (224/267) in patients who did not receive DC-CIK 
immunotherapy. Each of  the six trials showed longer sur-
vival for patients who received DC-CIK immunotherapy 
combined with chemotherapy. The estimated pooled 
OR for the six trials demonstrated a highly significant 
improvement in one-year survival for patients receiving 
DC-CIK immunotherapy combined with chemotherapy 
(OR 0.23; 95%CI: 0.11-0.48, P < 0.0001). The Cochran’s 
Q test resulted in a P value of  0.53 and the corresponding 
quantity, I2, was 0%, indicating that the degree of  vari-
ability between the trials was consistent with what would 
be expected to occur by chance alone (Figure 2A).

2-year overall survival
Information on 2-year survival was available in four tri-
als[21-25]. These studies included a collective total of  411 
patients (184 patients received immunotherapy combined 
with chemotherapy) (Figure 2A). DC-CIK immunotherapy 
combined with chemotherapy resulted in 76% (140/184) 
of  colon cancer patients achieving 2-year survival. In com-
parison, the 2-year overall survival for the control group 
was only 69% (157/227). The results of  the pooled analy-
sis showed that patients in the DC-CIK combined group 
had significantly improved two-year survival (OR = 0.42; 
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147 trials primary identified by literature search 

25 trials potentially eligible for more detailed evaluation

18 trials excluded after retrieval of full text data incomplete no appropriate control arm

28 case reports 
17 reviews
21 animal models
36 in vitro  experiments
20 nursing studies

7 trials finally included in the present meta-analysis

Figure 1  Flow diagram showing record identification, screening and study inclusion process. 
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95%CI: 0.22-0.81, P = 0.009). There was no evidence of  
heterogeneity among individual studies (P = 0.85; I2 = 0%).

3-year overall survival
Information on 3-year survival was available in 3 trials[20,22,23], 

which included 305 patients (132 patients received im-
munotherapy combined with chemotherapy). DC-CIK 
immunotherapy combined with chemotherapy resulted in 
80% (105/132) of  colon cancer patients achieving 3-year 
overall survival, compared to 61% (106/173) in the che-
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Chemo Chemo/clk Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI
3.1.1 1yOS
Cai 2010   35   40   37   40   4.4% 0.57 [0.13, 2.55]
Li 2012   19   20   20   20   1.4% 0.32 [0.01, 8.26]
Wei 2009   81   82   41   41   0.9%   0.65 [0.03, 16.42]
Ying 2010   51   51   51   51 Not estimable
Zhang 2011   28   31   31   32   2.8% 0.30 [0.03, 3.06]
Zhu 2011   10   43   28   40 20.9% 0.13 [0.05, 0.35]
Subtotal (95%CI) 267 224 30.4% 0.23 [0.11, 0.48]
Total events 224 208
Heterogeneity: χ 2 = 3.19, df = 4 (P  = 0.53); I 2 = 0%
Test for overall effect: Z  = 3.93 (P  < 0.0001)

3.1.2 2yOS
Li 2012   16   20   19   20   3.6% 0.21 [0.02, 2.08]
Wei 2009   68   82   38   41   8.1% 0.38 [0.10, 1.42]
Ying 2010   44   51   47   51   6.1% 0.53 [0.15, 1.95]
Zhang 2011   26   31   28   32   4.2% 0.74 [0.18, 3.07]
Zhu 2011     3   43     8   40   7.3% 0.30 [0.07, 1.22]
Subtotal (95%CI) 227 184 29.2% 0.42 [0.22, 0.81]
Total events 157 140
Heterogeneity: χ 2 = 1.34, df = 4 (P  = 0.85); I 2 = 0%
Test for overall effect: Z  = 2.62 (P  = 0.009)

3.1.3 3yOS
Cai 2010   25   40   30   40 10.6% 0.56 [0.21, 1.45]
Wei 2009   46   82   30   41 16.5% 0.47 [0.21, 1.06]
Ying 2010   35   51   45   51 13.3% 0.29 [0.10, 0.82]
Subtotal (95%CI) 173 132 40.4% 0.43 [0.25, 0.74]
Total events 106 105
Heterogeneity: χ 2 = 0.85, df = 2 (P  = 0.65); I 2 = 0%
Test for overall effect: Z  = 3.09 (P  = 0.002)

Figure 2  Overall survival. A: Comparison of 1-, 2- and 3-year overall survival (OS) between the chemo-dendritic cell-cytokine-induced killer cells and chemo-alone 
groups. The fixed-effects meta-analysis model (Mantel-Haenszel method) was used. Each trial is represented by a square, the center of which gives the odds ratio 
for that trial. The size of the square is proportional to the information in that trial. The ends of the horizontal bars denote a 95%CI. The black diamond gives the overall 
odds ratio for the combined results of all trials; B: Mean survival including two trials (Wei et al[22] and Ying et al[23]) with excel line graph. The dotted line represents the 
trend line of each group.

Total (95%CI) 667 540 100.0% 0.37 [0.26, 0.53]
Total events 487 453
Heterogeneity: χ 2 = 7.64, df = 12 (P  = 0.81); I 2 = 0%
Test for overall effect: Z  = 5.50 (P  < 0.00001)
Test for subgroup difference: not applicable
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Table 1  Clinical information from the eligible trials 

motherapy only group. All three trials showed improved 
survival in the DC-CIK immunotherapy combined with 
chemotherapy patients. The estimated pooled OR for 
the three trials showed a highly significant improvement 
in three-year survival in patients receiving DC-CIK im-
munotherapy combined with chemotherapy (OR = 0.43; 
95%CI: 0.25-0.74, P = 0.002) (Figure 2A). The Cochran’s 
Q test resulted in a P value of  0.65 and the corresponding 
quantity, I2, was 0%, indicating there was no evidence of  
heterogeneity among the individual studies.

Adequate information on the 1-year, 2-year and 3-year 
survival rate was only available in 2 trials (Wei et al[22] and 
Ying et al[23]), therefore, we simply summarized the data 
from these two trials to show the survival graph (Figure 
2B). The data are shown on the figure and the dotted line 
represents the linear trend line (r2 = 0.9959 for the immu-
notherapy group and r2 = 0.9854 for the control group).

1-year disease-free survival
Information on 1-year DFS was available in two trials[22,23] 

and included 225 patients (92 patients received immuno-
therapy combined with chemotherapy) (Figure 3A). DC-
CIK immunotherapy combined with chemotherapy led to 
1-year DFS in 86% (79/92) of  colon cancer patients. In 
contrast, 1-year DFS was only 63% (84/133) in patients 
who received only chemotherapy. Both trials showed lon-
ger DFS in DC-CIK immunotherapy combined with che-
motherapy patients in comparison to chemotherapy only 
in the first year. The estimated pooled OR for the two 
trials showed a highly significant improvement in one-year 
DFS in patients receiving DC-CIK immunotherapy com-
bined with chemotherapy (OR = 0.24; 95%CI: 0.120.49, 

P < 0.0001). The Cochran’s Q test resulted in a P value of  
0.47 and corresponding quantity, I2, was 0%, indicating 
that the degree of  variability between trials was consistent 
with what would be expected to occur by chance alone.

2-year disease-free survival
Information on 2-year DFS was available for two trials[22,23] 

and included 225 patients (92 patients received immuno-
therapy combined with chemotherapy). DC-CIK immu-
notherapy plus chemotherapy resulted in 60% (55/92) of  
colon cancer patients achieving 2-year DFS, compared to 
40% (53/133) in the control group. The estimated pooled 
OR for the two trials showed a highly significant improve-
ment in two-year DFS in patients receiving DC-CIK im-
munotherapy combined with chemotherapy (OR = 0.41; 
95%CI: 0.23-0.71, P = 0.002). The Cochran’s Q test re-
sulted in a P value of  0.98 and corresponding quantity, I2, 
was 0% (Figure 3A).

3-year disease-free survival
Information on 3-year DFS was available in two trials[22,23] 
and included 225 patients (92 patients received immuno-
therapy combined with chemotherapy). Immunotherapy 
plus chemotherapy resulted in 50% (46/92) of  colon 
cancer patients achieving 3-year DFS. In contrast, che-
motherapy alone resulted in 3-year DFS in only 36% 
(48/133) of  control patients. The estimated pooled OR 
for the two trials showed a highly significant improve-
ment in 3-year DFS in patients receiving DC-CIK im-
munotherapy combined with chemotherapy (OR = 0.50; 
95%CI: 0.29-0.88, P = 0.02) (Figure 3A). The Cochran’s 
Q test resulted in a P value of  0.99 and the correspond-
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Ref. Age
(yr)

Tumor characteristic 
(TNM)

Regimens
(per arm)

Patients 
(male)

Culture conditions 
of CIK cells

Culture conditions of DC cells CIK regimens

Zhang et al[24] UK Ⅱ, Ⅲ, Ⅳ Chemo 31 (UK) IFNγ, CD3, IL1, 
IL-2

GM-CSF,
IL-4, TNFα

> 1.0 × 109/course
Chemo- 32 (UK)
DC-CIK Randomized

Zhu et al[25] 58.3 (Mid) Ⅱ, Ⅲ, Ⅳ Chemo 43 (27) IFNγ, CD3, IL-2 IFNγ, LPS 1.1-8.0 × 1010/
course59.2 (Mid) Chemo- 40 (24)

DC-CIK Treatment program
Ying et al[23] UK Ⅱ, Ⅲ Chemo 51 (25) IFNγ, CD3, IL-1, 

IL-2
GM-CSF,

IL-4, TNFα
≥ 1010/course

Chemo- 51 (31)
DC-CIK Retrospective analysis

Yuan et al[26] UK Ⅲ, Ⅳ Chemo 21 (16) IFNγ, CD3, IL-1,
IL-2

GM-CSF,
IL-4, TNFα,

IFNγ

≥ 1010/course
Chemo- 21 (15)
DC-CIK Randomized

Cai et al[20] 44.5 (Ave)
46.7 (Ave)

Ⅱ, Ⅲ Chemo 40 (23) IFNγ, CD3, IL-1,
IL-2

UK
Chemo- 40 (25)

CIK Randomized
Wei et al[22] 55.5 (Mid)

   54 (Mid)
Ⅰ, Ⅱ, Ⅲ Chemo 82 (41) IFNγ, CD3, IL-1,

IL-2
GM-CSF,

IL-4, TNFα,
IFNγ

≥ 1010/course
Chemo- 41 (18)
DC-CIK Retrospective analysis

Li et al[21] 57.5 (Ave)
54.5 (Ave)

Ⅱ, Ⅲ Chemo 20 (15) IFNγ, CD3, IL-2 GM-CSF,
IL-4, IFNγ

UK
Chemo- 20 (13)
DC-CIK Randomized

The table summarizes patient information regarding cases, age, details of the immunotherapy including dendritic cell (DC), cytokine-induced killer (CIK) 
cells or DC-CIK cells, and the culture conditions used for the cells. IFNγ: Interferon-gamma; IL: Interleukin; GM-CSF: Granulocyte-macrophage colony-
stimulating factor; TNFα: Tumor necrosis factor-alpha; UK: Unknown; Ave: Average; Mid: Median.
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ing quantity, I2, was 0%, indicating that there was no evi-
dence of  heterogeneity among the individual studies.

Adequate information on 1-year, 2-year and 3-year 
DFS was only available in 2 trials (Wei et al[22] and Ying 
et al[23]), therefore, we simply summarized the data from 
these two trials to show the DFS graph (Figure 3B). The 
data are shown on the figure and the dashed line repre-
sents the linear trend line (r2 = 0.9382 for the immuno-
therapy group and r2 = 0.8583 for the control group).

Response rate
Analysis of  the ORR also demonstrated favorable re-
sults for the DC-CIK therapy arm, with an OR of  0.35 
(95%CI: 0.16-0.77, P = 0.009). However, the DCR for 

the chemotherapy combined with DC-CIK group did not 
significantly differ from the chemotherapy alone group 
(OR = 0.54; 95%CI: 0.21=1.43, P = 0.22) (Figure 4). The 
Cochran’s Q test resulted in a P value of  0.80 and 0.68, 
respectively, while the corresponding quantity, I2, was 0% 
for both groups, indicating that there was no evidence 
of  heterogeneity among the individual studies.

Comparison of lymphocyte/monocyte subsets in the 
peripheral blood of cancer patients
Analysis showed that the proportion of  CD4+ cells was 
significantly increased in the DC-CIK group compared 
with corresponding baseline percentages before treat-
ment, which was reflected by the pooled OR of  -6.80 for 
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Chemo Chemo/clk Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI
1.1.1 1yDFS
Wei 2009 56   82 38 41 14.9% 0.17 [0.05, 0.60]
Ying 2010 28   51 41 51 17.1% 0.30 [0.12, 0.72]
Subtotal (95%CI) 133 92 32.0% 0.24 [0.12, 0.49]
Total events 84 79
Heterogeneity: χ 2 = 0.51, df = 1 (P  = 0.47); I 2 = 0%
Test for overall effect: Z  = 3.91 (P  < 0.0001)

1.1.2 2yDFS
Wei 2009 36   82 27 41 18.7% 0.41 [0.19, 0.88]
Ying 2010 17   51 28 51 17.3% 0.41 [0.18, 0.92]
Subtotal (95%CI) 133 92 35.9% 0.41 [0.23, 0.71]
Total events 53 55
Heterogeneity: χ 2 = 0.00, df = 1 (P  = 0.98); I 2 = 0%
Test for overall effect: Z  = 3.14 (P  = 0.002)

1.1.3 3yDFS
Wei 2009 34   82 24 41 17.3% 0.50 [0.23, 1.07]
Ying 2010 14   51 22 51 14.8% 0.50 [0.22, 1.14]
Subtotal (95%CI) 133 92 32.1% 0.50 [0.29, 0.88]
Total events 48 46
Heterogeneity: χ 2 = 0.00, df = 1 (P  = 0.99); I 2 = 0%
Test for overall effect: Z  = 2.42 (P  = 0.02)

Total (95%CI) 399 276 100.0% 0.38 [0.27, 0.54]
Total events 185 180
Heterogeneity: χ 2 = 2.83, df = 5 (P  = 0.73); I 2 = 0%
Test for overall effect: Z  = 5.47 (P  < 0.0001)
Test for subgroup difference: not applicable
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CD4+ cells (95%CI: -9.97--3.62, P < 0.0001) which were 
significantly changed between the two groups (Figure 
5), while -9.82 for CD3+ cells (95%CI: -22.36-2.73, P = 
0.13), 1.44 for CD8+ cells (95%CI: -8.90-11.78, P = 0.78) 
and -0.71 for CD4+CD8+ cells (95%CI: -1.44-0.02, P = 
0.06) did not differ. Overall, most of  the selected T cell 
subsets were significantly increased after treatment with 
DC-CIK (P < 0.00001) (Figure 5).

DISCUSSION
Colon cancer is the third most common cancer in the world 
and more than half  of  patients diagnosed with colon cancer 
will eventually die as a result of  cancer-associated complica-
tions. Therefore, there is an urgent need for improvements 
in adjuvant therapies, as well as improved treatment options 
for metastatic disease.

The first clinical trial of  CIK therapy was reported 
in 1999 by Schmidt-Wolf, while the first clinical studies 
of  DC-based vaccines were described in 1973 by Stein-
man and Cohn. Additional studies have demonstrated 
that CIK cells and DC vaccine therapies have anti-tumor 
effects. Despite the drawbacks associated with in vitro 
cell manipulation and upscaling, several approaches have 
been assessed in clinical cancer treatment. The use of  DC 
vaccine, LAK3 cells, CTLs, CIK cells, and tumor infiltrat-
ing lymphocytes have been well studied, and additional 
trials are ongoing. Increasing information on the clinical 
anti-tumor activity of  DC-CIK cells is available from 
autologous therapy trials and some systematic reviews 
yielded several findings. A meta-analysis of  DC-based 
tumor vaccination in prostate and renal cell cancers[27], 
adoptive immunotherapy in postoperative hepatocellular 
carcinoma (HCC)[28] and CIK cell therapy in patients with 

HCC and solid carcinomas[29] confirmed that immuno-
therapy is a safe and feasible treatment option for cancer 
patients. However, there are also some limitations. For 
instance, cancers that escape host immune surveillance 
are generally more difficult to cure. Furthermore, it is of-
ten difficult to obtain the necessary numbers of  cytotoxic 
cells that are required for effective tumor control. 

A growing body of  knowledge on tumor immu-
nosurveillance and loss thereof  has contributed to the 
refinement of  anti-tumor immunotherapy. The aim of  
our meta-analysis was to determine whether an associa-
tion exists between DC-CIK cell therapy combined with 
chemotherapy and chemotherapy alone in terms of  1, 2 
and 3-year overall survival, 1, 2 and 3-year disease-free 
survival, ORR and immune indices in colon cancer. This 
study was also designed to elucidate whether DC-CIK 
cell therapy can enhance the therapeutic efficacy of  che-
motherapy in colon cancer.

First, our analysis showed that DC-CIK therapies 
were associated with significantly prolonged 1-year OS 
(OR = 0.23; 95%CI: 0.11-0.48, P < 0.0001), 2-year OS 
(OR = 0.42; 95%CI: 0.22-0.81, P = 0.009) and 3-year OS 
(OR = 0.43; 95%CI: 0.25-0.74, P = 0.002). There was 
no 5-year OS data in these studies. Our results, based on 
prospective studies showed that DC-CIK therapies com-
bined with chemotherapy improved survival in colon 
cancer patients compared with chemotherapy alone. In 
contrast, DC-CIK therapies plus chemotherapy did not 
improve survival in HCC patients. In that analysis, 3-year 
or 5-year survival was not statistically different with CIK 
therapies[30]. In addition, different tumor stages (Ⅰ to Ⅳ) 
were included in the trials and some trial data of  1-year, 
2-year and 3-year survival rate were not adequately pro-
vided. Thus, when we collected the data, survival at 2 
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Chemo Chemo/clk Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI
4.1.1 ORR
Yuan 2011 7 21 13 21 27.2% 0.31 [0.09, 1.09]
Zhang 2011 13 31 21 32 37.6% 0.38 [0.14, 1.05]
Subtotal (95%CI) 52 53 64.8% 0.35 [0.16, 0.77]
Total events 20 34
Heterogeneity: χ 2 = 0.06, df = 1 (P  = 0.80); I 2 = 0%
Test for overall effect: Z  = 2.60 (P  = 0.009)

4.1.2 DCR
Yuan 2011 13 21 15 21 17.9% 0.65 [0.18, 2.37]
Zhang 2011 25 31 29 32 17.3% 0.43 [0.10, 1.90]
Subtotal (95%CI) 52 53 35.2% 0.54 [0.21, 1.43]
Total events 38 44
Heterogeneity: χ 2 = 0.17, df = 1 (P  = 0.68); I 2 = 0%
Test for overall effect: Z  = 1.24 (P  = 0.22)

Total (95%CI) 104 106 100.0% 0.42 [0.23, 0.77]
Total events 58 78
Heterogeneity: χ 2 = 0.71, df = 3 (P  = 0.87); I 2 = 0%
Test for overall effect: Z  = 2.79 (P  = 0.005)
Test for subgroup difference: not applicable
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Figure 4  Comparison of objective response rate and disease control rate following treatment with chemo-dendritic cell-cytokine-induced killer cells and 
chemo-alone. The fixed effects meta-analysis model (Mantel-Haenszel method) was used in this analysis. ORR: Objective response rate; DCR: Disease control rate.
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years (76%) included five trials, while survival at 3 years 
(80%) included three trials, which had an impact on the 
results.

Second, our analysis of  DFS demonstrated that pa-
tients receiving DC-CIK cell therapy had better DFS 
compared with patients in the chemotherapy alone group, 
1-year DFS (OR = 0.24; 95%CI: 0.12-0.49, P < 0.0001), 
2-year DFS (OR = 0.41; 95%CI: 0.23-0.71, P = 0.002) 
and 3-year DFS (OR = 0.50; 95%CI: 0.29-0.88, P = 0.02). 
GOLFIG represents a chemo-immunotherapeutic regi-
men which includes the standard poly-chemotherapy 
FOLFOX (5-fluorouracil, FU, leucovorin and oxalipla-
tin) plus gemcitabine and an immunoadjuvant treatment 
with subcutaneous injections of  GM-CSF and low-dose 
IL-2, which showed high response rates and disease 
control rates as well as prolonged time to progression in 

colon cancer patients[31-34]. It is known that DC-CIK im-
munotherapy promotes the secretion of  many cytokine 
factors, including IL-2, thus our promising results, show-
ing prolonged OS and DFS, provide evidence for the 
potential application of  DC-CIK (adoptive cell therapy) 
combined with chemotherapy in colon cancer. Further-
more, there may be some interactions between different 
chemotherapy regimens and immunotherapy, therefore, 
we analyzed the different chemotherapy categories and 
found no significant impact on the results. Thus, immu-
notherapy plays a role in the treatment of  colon cancer. 
It should be noted that the DFS analysis only included 
two trials for each endpoint, therefore, a larger number 
of  trials are required to confirm these findings.

Third, the analysis of  ORR demonstrated that the 
ORR increased significantly in the DC-CIK group with 
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Chemo Chemo/clk Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight Ⅳ, random, 95%CI Ⅳ, random, 95%CI
2.1.1 CD3+
Cai 2010 54.5 6.52   40 79      7.56   40   4.2%    -24.50 [-27.59, -21.41]
Li 2012   64.36 2.49   20 59.56      3.78   20   5.4%  4.80 [2.82, 6.78]
Yuan 2011 54 6   21 64 7   21   3.4%   -10.00 [-13.94, -6.06]
Zhang 2011 53 6.81   31 52     7.12   32   3.9%   1.00 [-2.44, 4.44]
Zhu 2011   53.85 5.25   43 74.22   2.3   40   5.6%     -20.37 [-22.09, -18.65]
Subtotal (95%CI) 155 153 22.4%    -9.82 [-22.36, 2.73]
Heterogeneity: Tau2 = 202.47, χ 2 = 476.10, df = 4 (P  < 0.00001); I 2 = 99%
Test for overall effect: Z  = 1.53 (P  = 0.13)

2.1.2 CD4+
Cai 2010 27.32 6.33   40 34.23 6.17   40   4.6%  -6.91 [-9.65, -4.17]
Li 2012 30.88 2.42   20 37.07 5.67   20   4.6%  -6.19 [-8.89, -3.49]
Yuan 2011 30 5   21 34 8   21   3.3% -4.00 [-8.03, 0.03]
Zhang 2011 32 4.53   31 36 8.66   32   3.9%  -4.00 [-7.40, -0.60]
Zhu 2011 23.31 6.85   43 35.25 2.34   40   5.2%  -11.94 [-14.11, -9.77]
Subtotal (95%CI) 155 153 21.5%  -6.80 [-9.97, -3.62]
Heterogeneity: Tau2 = 10.74, χ 2 = 23.93, df = 4 (P  < 0.0001); I 2 = 83%
Test for overall effect: Z  = 4.20 (P  < 0.0001)

2.1.3 CD8+
Cai 2010 42.15 7.01   40 29.13   7.25   40   4.2%  13.02 [9.89, 16.15]
Li 2012 38.58 3.76   20 28.78   4.87   20   4.6%    9.80 [7.10, 12.50]
Yuan 2011 27 5   21 27 4   21   4.6%   0.00 [-2.74, 2.74]
Zhang 2011 28 4.83   31 28   6.23   32   4.5%   0.00 [-2.75, 2.75]
Zhu 2011 20.12 6.67   43 35.62 3.5   40   5.1%    -15.50 [-17.77, -13.23]
Subtotal (95%CI) 155 153 22.9%     1.44 [-8.90, 11.78]
Heterogeneity: Tau2 = 137.33, χ 2 = 296.00, df = 4 (P  < 0.00001); I 2 = 99%
Test for overall effect: Z  = 0.27 (P  = 0.78)

2.1.4 CD4+/CD8+
Cai 2010 0.15 0.63   40 2.3 0.32   40   6.6%  -2.15 [-2.37, -1.93]
Li 2012 0.89 0.21   20   1.63 0.27   20   6.6%  -0.74 [-0.89, -0.59]
Yuan 2011 1.54 0.46   21   1.94 0.64   21   6.6%  -0.40 [-0.74, -0.06]
Zhang 2011 1.12 0.43   31   1.28 0.23   32   6.6% -0.16 [-0.33, 0.01]
Zhu 2011 1.16 1.02   43   1.21 0.69   40   6.6% -0.05 [-0.42, 0.32]
Subtotal (95%CI) 155 153 33.1% -0.71 [-1.44, 0.02]
Heterogeneity: Tau2 = 0.68, χ 2 = 220.44, df = 4 (P  < 0.00001); I 2 = 98%
Test for overall effect: Z  = 1.89 (P  = 0.06)

Total (95%CI) 620 612 100.0% -3.75 [-4.79, -2.70]
Heterogeneity: Tau2 = 4.26, χ 2 = 1430.69, df = 19 (P  < 0.00001); I 2 = 99%
Test for overall effect: Z  = 7.04 (P  < 0.00001)

Figure 5  Forest plot of immunophenotype assessment. Data from patients after chemo-dendritic cell-cytokine-induced killer cell treatment and chemo-alone treat-
ment. The random effects meta-analysis model (Mantel-Haenszel method) was used in this analysis.
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an OR of  0.35 (95%CI: 0.16-0.77, P = 0.009) compared 
with the non-DC-CIK group. However, the DCR did not 
significantly differ from the chemotherapy alone group 
(OR 0.54; 95%CI: 0.21-1.43, P = 0.22) (Figure 4). In an 
ongoing pilot study, sentinel node-derived lymphocytes 
were infused in colon cancer patients. Clinical responses 
were seen in stage Ⅳ colon cancer patients and complete 
remission (CR) was observed in four patients who re-
ceived a significantly larger numbers of  T cells than pa-
tients with SD and PR[35]. Therefore, in our selected stud-
ies, the difference in the number of  transfused T cells in 
the different groups of  patients, which would lead to the 
clinical response of  DCR was not obvious.

Fourth, the human immune response against a tu-
mor is mainly dependent on cellular immunity. The 
ratios of  T-lymphocyte subsets in the peripheral blood 
are usually distorted in tumor patients. In the present 
analysis, the percentages of  CD4+ T cells were signifi-
cantly increased in the DC-CIK group compared with 
the chemotherapy group (P < 0.05). We demonstrated 
that DC-CIK cells were suitable for enhancing the anti-
tumor activity in colon cancer patients. Furthermore, the 
tumor-specific responses generation were potent, long-
lasting, and required T cells[36]. The therapeutic efficacy 
of  immunotherapies generally correlates with the genera-
tion of  strong antigen-specific T- and B-cell responses, 
and augmentation of  such responses may increase the 
overall potency of  immunotherapies. CD8+ cell (P = 0.78) 
percentages did not differ between the two groups after 
treatment. It is known that the mere presence of  tumor-
specific CD8+ T cells (cytotoxic T cells) in the peripheral 
blood is not correlated with improved clinical outcome. 
In contrast, several studies indicated a correlation be-
tween the number of  tumor infiltrating CD8+ T lym-
phocytes (TILs) and an improved prognosis in colorectal 
cancer[37], but not in other cancers, such as HCC[38]. Thus, 
compared to chemotherapy alone, combining DC-CIK 
immunotherapy with chemotherapy has greater precision 
to seek and kill tumor cells and helps to increase the sen-
sitivity of  cancer cells to chemotherapy, thus providing 
hope for the treatment of  colorectal cancer.

Limitations of the study
Our meta-analysis has limitations that affect interpreta-
tion of  the results. First, all seven trials included in the 
analysis were conducted in China, and published only in 
the Chinese language. However, it should be noted that 
on the website http://www.immunitynet.com/coloncancer.
asp, it has been demonstrated that there are many suc-
cessful cases of  patients with colon cancer treated with 
immunotherapy. A clinical trial performed by Guangxi 
Medical University was registered in http://clinicaltri-
als.gov/ (NCT01839539). Schmidt-Wolf  et al[19] showed 
that seven colon cancer patients responded to CIK cell 
therapy and we excluded this Germany study from our 
selected trials. In addition, a successful case treated with 
CIK cells alone was reported by Sun Yatsen University 
Cancer Center and published in English[39]. Furthermore, 
the seven trials included a total of  533 patients, and 

none of  the trials had more than 100 patients per arm. 
Thus, a larger sample size including more patients in all 
groups is needed. The follow-up period was also not suf-
ficiently long. Some of  the studies did not even report 
the follow-up time, tumor size, or background colon 
diseases. Moreover, patient information was limited in 
some cases.

The reliability of  this systemic review might also 
be influenced by other factors. For example, not all of  
the included studies reported clinic random allocation 
concealment, thus, the meta-analysis may have distribu-
tion and implementation bias. We summarized the data 
from the published results, which will have introduced 
bias across the studies. Clinical studies with DC-CIK 
cells are still in their infancy and only involve a relatively 
small number of  patients in most of  these studies. The 
relatively robust and simple cell culture procedures to 
expand DC-CIK cells have enabled the approach of  
adoptive cellular immunotherapy to be widely studied. 
Based on the encouraging experimental and clinical 
evidence currently available, randomized clinical trials 
are justifiable and should be performed under stringent 
compliance with the CONSORT principles. This will in-
volve a large number of  patients in order to demonstrate 
statistical significance for a modest degree of  outcome 
superiority. Such studies are urgently needed in order to 
provide unequivocal evidence of  the clinical usefulness 
of  immunotherapy.

Collectively, our analysis demonstrates that DC-CIK 
therapy can result in enhanced survival and improved 
clinical responses in colorectal patients. We also found 
that these DC-CIK-mediated improvements typically 
correspond with enhanced immune function. Thus, 
DC-CIK cells can enhance the therapeutic efficacy of  
chemotherapy in colon cancer patients. Hence, the ef-
ficacy of  this therapy lies in its possible application as a 
promising adjuvant therapy for colon cancer. However, 
further development of  this immunotherapy is needed.

COMMENTS
Background
Colorectal cancer is the third most commonly diagnosed cancer in humans. 
However, 25% of patients who present with metastatic disease have a five-year 
survival of only 10%. In recent years there has been great interest in cancer 
immunotherapy, which has the potential to control metastatic disease, prolong 
time to recurrence, and ultimately serve as a preventive measure. However, 
clinical studies on dendritic cell (DC)-cytokine-induced killer (CIK) cells are still 
in their infancy.
Research frontiers
The bedside medication administration of Sipuleucel-T (Provenge, Dendreon) 
was the first-in class therapeutic autologous vaccine to be approved for the 
treatment of men with asymptomatic or minimally symptomatic castrate-resis-
tant metastatic prostate cancer in the spring of 2010. A phase Ⅰ-Ⅱ carcinoem-
bryonic antigen-loaded DC vaccine trial in patients with colon cancer is ongoing 
(www.clinicaltrial.gov id: NCT 01219348). Based on findings in the tumor micro-
environment and cancer stem cells in cancer therapy, immunotherapy is worth 
further investigation.
Innovations and breakthroughs
Over the past few years, advances in their understanding of the immune sys-
tem, improved design of cancer immunotherapy clinical trials and compliance of 
manufacturing processes have provided opportunities to significantly improve 
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the efficacy and safety of treatment. However, clinical studies on DC-CIK cells 
have not achieved a clear consensus on how they may be best optimized. 
Therefore, the authors performed a systematic review and meta-analysis of 
clinical trials to assess the therapeutic efficacy of DC-CIK cells combined with 
chemotherapy in colon cancer. The pooled analysis was performed using 
the data from random or fixed-effect models. The overall analysis showed a 
significant one-year, two-year and three-year survival (overall survival) benefit 
with DC-CIK immunotherapy and chemotherapy. One-year, two-year and three-
year disease-free survival rates were also improved after treatment with the 
combination of DC-CIK immunotherapy and chemotherapy. An improvement 
in overall response rate was also observed in patients who received additional 
DC-CIK cell therapy. Furthermore, the analysis of T-lymphocyte subsets in pe-
ripheral blood indicated that the number of CD4+ T cells significantly increased 
in the DC-CIK plus chemotherapy group, implying enhanced immunological 
responses for anti-tumor regulation. There were no alterations in the number of 
CD3+, CD8+ and CD4+CD8+ T cells following DC-CIK treatment, suggesting that 
T cell-mediated cytotoxicity was not aggravated. In all, the combination of DC-
CIK immunotherapy and chemotherapy was superior in prolonging survival time 
and enhancing immunological responses.
Applications
The analysis demonstrated that the efficacy of DC-CIK therapy lies in its pos-
sible application as a promising adjuvant therapy for colon cancer.
Terminology
DCs constitute a unique subset of extremely efficient antigen-presenting cells. 
They were first described in 1973 by Steinman and Cohn. Steinman received 
the 2011 Nobel Prize in Physiology or Medicine for the discovery of the dendritic 
cell and its role in adaptive immunity. CIK cells are non-major histocompatibility 
complex-restricted CD3+CD56+ T cells. They were first described as having a 
marked ability to proliferate and an increased superiority over lymphokine-acti-
vated killer cells in cytolytic activity against cancer by Schmidt Wolf et al. Adop-
tive immunotherapy is used in the treatment of cancer in which an individual’
s own white blood cells are coupled with a naturally produced growth factor to 
enhance their cancer-fighting capacity and holds great promise in the scenario 
of potential new approaches for the treatment of solid tumors that are refractory 
to conventional therapies.
Peer review
In this manuscript the authors investigated whether autologous DC-CIK therapy 
was able to improve the therapeutic efficacy of chemotherapy in colon can-
cer. They conducted a systematic review of published papers from several 
different sources. Their findings support that the combination of the DC-CIK 
immunotherapy and chemotherapy has superiority in prolonging the survival 
time and enhancing immunological responses. In recent years there has been 
great interest in cancer immunotherapy, which has the potential of controlling 
metastatic disease, prolonging time to recurrence, and ultimately serving as a 
preventive measure. The study is well performed and the manuscript is clear 
and convincing.
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Abstract
AIM: To conduct a meta-analysis to evaluate the prog-
nostic role of hypoxia inducible factor-1α (HIF-1α) ex-
pression in gastric cancer. 

METHODS: The PubMed, EMBASE, and Web of Science 
databases were searched systematically for all articles 
published in English before August, 2013. Pooled ef-
fect was calculated from the available data to evaluate 
the association between HIF-1α expression and 5-year 
overall survival and tumor clinicopathological features in 
gastric cancer patients. Pooled odds ratios (ORs) with 
95%CIs were calculated using either a fixed-effects or a 
random-effects model. 

RESULTS: Nine studies matched the selection criteria, 

which reported on 1103 subjects, 548 of whom had 
HIF-1α positive expression (50%). This meta-analysis 
indicated that HIF-1α positive expression in gastric 
cancer correlated with lower 5-year overall survival (OR 
= 0.36; 95%CI: 0.21-0.64), worse tumor differentiation 
(OR = 0.38; 95%CI: 0.23-0.64), deeper invasion (OR 
= 0.42; 95%CI: 0.32-0.57), higher rates of lymph node 
metastasis (OR = 2.23; 95%CI: 1.46-3.40), lymphatic 
invasion (OR = 2.50; 95%CI: 1.46-4.28), and vascular 
invasion (OR = 1.80; 95%CI: 1.29-2.51), and higher 
TNM stage (Ⅲ + Ⅳ) (OR = 0.31; 95%CI: 0.15-0.60).

CONCLUSION: HIF-1α positive expression indicates a 
poor prognosis for patients with gastric cancer. Further 
studies are required to confirm these results.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Hypoxia inducible factor-1α; Gastric cancer; 
5-year overall survival; Clinicopathological features; Me-
ta-analysis

Core tip: We conducted a meta-analysis to evaluate the 
correlation between hypoxia inducible factor-1α (HIF-
1α) expression and clinical outcome in gastric cancer 
patients, and reported that HIF-1 positive expression 
indicates a poor prognosis for patients with gastric can-
cer. This is the first comprehensive and detailed meta-
analysis to assess the association of HIF-1α positive 
expression with 5-year overall survival and tumor clini-
copathological features for gastric cancer patients. We 
believed that the results will provide useful information 
for clinical decision-making regarding gastric cancer.
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INTRODUCTION
Gastric cancer is one of  the most common cancers world-
wide. Although the prognosis of  gastric cancer has im-
proved due to early diagnosis, radical operation, and the 
development of  adjuvant therapy, patients with gastric 
cancer still have a poor prognosis[1,2]. The main prognostic 
factors for gastric cancer are clinicopathological features 
of  the disease, including tumor differentiation, depth of  
invasion, lymph node metastasis and stage. However, the 
prognostic factors do not fully predict individual clini-
cal outcome. As a result, there is great interest in finding 
better markers to identify patients with a poor prognosis 
at the time of  diagnosis[3,4]. Hypoxia inducible factor-1 
(HIF-1) is a basic helix-loop-helix transcription factor 
composed of  HIF-1α and HIF-1β subunits; and HIF-
1α determines HIF-1 activity[5]. Increased evidence has 
revealed that HIF-1α positive expression was associated 
with an unfavorable prognosis in many kinds of  cancer[6,7].

One published meta-analysis has reported that HIF-
1α in Asian patients was associated with poor overall 
survival (OS), but not with disease free survival (DFS)[8]. 
However, there have been no data about tumor clini-
copathological features, which were known to provide 
useful information for tumor prognosis. Since that meta-
analysis only included several studies of  low quality, the 
data reported were not sufficient to derive conclusions 
with regards to the OS and DFS. Given that several 
high-quality studies have been published recently, we 
reviewed the currently available evidence in the medical 
literature to determine the association between HIF-1α 
positive expression and 5-year overall survival of  gastric 
cancer as well as common clinicopathological features, 
and to assess the significance of  HIF-1α positive ex-
pression in the prediction of  clinical outcome of  gastric 
cancer.

MATERIALS AND METHODS
Study selection 
The PubMed, EMBASE, and Web of  Science databases 
were searched systematically for all articles published in 
English before August, 2013. The terms used for the 
search were: “HIF-1α” or “hypoxia-inducible factor-1α” 
and “Gastric Cancer” or “Gastric Neoplasm” or “Stom-
ach Neoplasm”. 

Reference lists of  all retrieved articles were also man-
ually searched for additional studies. Two reviewers inde-
pendently extracted the data from each study. All relevant 
text, tables, and figures were reviewed for data extraction. 
Discrepancies between the two reviewers were resolved 
by discussion and consensus.

Inclusion and exclusion criteria 
Only studies in the English language were considered for 

inclusion. In addition, each study had to fulfill the follow-
ing criteria: (1) patients with gastric cancer diagnosed by 
pathology; (2) studies that examined the relationship be-
tween HIF-1α and survival of  gastric cancer; (3) studies 
that utilized immunohistochemistry to determine the ex-
pression of  HIF-1α in paraffin-embedded surgical speci-
mens; and (4) the most informative article when multiple 
articles were published by the same authors or groups. 

Abstracts, letters, editorials and expert opinions, re-
views without original data, case reports, and studies lack-
ing a control group were excluded. The studies or data 
were also excluded for: (1) overlapping articles or dupli-
cate data; (2) articles about cell lines or animals; (3) being 
impossible to extract the appropriate data from the pub-
lished results; (4) conference records; (5) studies lacking 
information on survival; or (6) patients who had previous 
chemotherapy or radiotherapy.

Outcomes of interest and data extraction 
We mainly aimed at evaluating the prognostic value of  
HIF-1α positive expression in gastric cancer patients 
regarding 5-year overall survival. Our second aim was 
to assess the association of  HIF-1α positive expression 
with tumor clinicopathological features, such as tumor 
differentiation, depth of  tumor invasion, lymph node 
metastasis, lymphatic invasion, vascular invasion, and tu-
mor node metastasis (TNM) stage. Overall survival was 
measured from the date of  medical resection to either 
the day of  death or the day of  the last follow-up visit.

Two reviewers independently extracted the follow-
ing parameters from each study: (1) first author and year 
of  publication; (2) study population characteristics; (3) 
number of  subjects who were included in studies; and (4) 
5-year overall survival and clinicopathological features.

Qualitative assessment 
Quality assessment was performed with the Newcastle-
Ottawa quality assessment scale (NOS).

Statistical analysis 
The meta-analysis was performed using the Review Man-
ager (RevMan) software, (version 5.2; Cochrane collabo-
ration, http://ims.cochrane.org/revman/download). We 
analyzed dichotomous variables using estimation of  odds 
ratio (OR) with 95%CI. The pooled effect was calculated 
using either a fixed-effects or a random-effects model. 
Heterogeneity between studies was evaluated using the χ 2 

and I2 tests, and we considered heterogeneity present if  
the I2 statistic was ≥ 50%. P < 0.05 was considered sig-
nificant. Assessment of  publication bias for each of  the 
pooled study groups was performed using a funnel plot. 

RESULTS
Selection of trials 
The initial search strategy retrieved 221 publications. Af-
ter screening all titles, abstracts, and full texts, nine stud-
ies[9-17] met our entry criteria and were retrieved for more 
detailed evaluation (Figure 1). All nine studies were ret-
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Table 1  Characteristics of the included studies

rospectively analyzed, and their characteristics are sum-
marized in Table 1. Sample sizes ranged from 51 to 216, 
and the total number was 1103, 548 of  whom had HIF-
1α positive expression (50%). Of  nine included studies, 
five provided data on 5-year overall survival. The studies 
were conducted in four countries (China, Japan, South 
Korea and Turkey).

Correlation between HIF-1α positive expression and 
5-year overall survival
The 5-year overall survival was extracted from five studies. 
Meta-analysis indicated that patients with HIF-1α positive 
expression suffered with a lower 5-year overall survival (OR 
= 0.36; 95%CI: 0.21-0.64). The random effects model was 
used because of  the heterogeneity (I2 = 50.0%) (Figure 2A). 

Correlation between HIF-1α positive expression and 
tumor clinicopathological features 
Analysis of  the pooled data showed that HIF-1α positive 
expression in gastric cancer was associated with biologi-
cally aggressive phenotypes such as tumor differentiation 
(OR = 0.38; 95%CI: 0.23-0.64; random effects model) 
(Figure 2B), depth of  invasion (OR = 0.42; 95%CI: 
0.32-0.57; fixed effects model) (Figure 2C), lymph node 

metastasis (OR = 2.23; 95%CI: 1.46-3.40; random ef-
fects model) (Figure 2D), lymphatic invasion (OR = 2.50; 
95%CI: 1.46-4.28; random effects model) (Figure 2E), 
vascular invasion (OR = 1.80; 95%CI: 1.29-2.51; fixed 
effects model) (Figure 2F) and TNM stages Ⅲ + Ⅳ (OR 
= 0.31; 95%CI: 0.15-0.60; random effects model) (Figure 
2G). In other words, the incidence of  HIF-1α positive 
expression was significantly higher in the poorly differ-
entiated and undifferentiated gastric cancer than in well 
and moderately differentiated types, and significantly 
lower in carcinomas in stages Ⅰ + Ⅱ than in stages Ⅲ 
+ Ⅳ. HIF-1α positive expression was correlated with 
higher proportions of  depth of  invasion, lymphatic in-
vasion, vascular invasion and lymph node metastasis.

Publication bias
We used the inverted funnel plot to assess publication 
bias for all comparisons, and inspected its asymmetry vi-
sually. The shapes of  the funnel plots showed a low po-
tential for publication bias (Figure 3). Moreover, we used 
an influence analysis to evaluate the influence of  a single 
study on the summary effect. The meta-analysis was not 
dominated by any individual study, and removing any 
study at a time made no difference.
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221 potentially relevant publications were identified after duplicates removed

29 potentially relevant papers retrieved for more detailed assessment

20 studies excluded for not providing data on survival, repeated data from the same or 
similar publication, or no interested outcome

192 studies excluded for reviews, animal studies, cell lines, conferences 
records or had no relationship with our study

9 studies included in final meta-analysis

Figure 1  Flow diagram indicating the process of selecting articles for meta-analysis.

Ref. Country of origin Sample size (M/F, n ) Mean/median age (yr) Study quality (points) 5-yr OS rate analysis Expression rate

Zhan et al[9] China   60 (38/22)    56.5 6/9 Reported 58.3%
Lu et al[10] China   68 (43/25)      49.86 5/9 NR 52.9%
Isobe et al[11] Japan 128 (91/37)    67.3 6/9 Reported 65.6%
Qiu et al[12] China   188 (127/61) 57 6/9 Reported 54.6%
Oh et al[13] South Korea 114 (67/47) 59 5/9 NR 15.8%
Kolev et al[14] Japan   152 (110/42)    59.5 6/9 Reported 62.5%
Cabuk et al[15] Turkey   51 (30/21) 63 4/9 NR    71%
Sumiyoshi et al[16] Japan   216 (148/68)    65.2 5/9 NR 39.4%/85
Mizokami et al[17] Japan 126 (83/41)    65.3 6/9 Reported 38.9%

Study quality was listed using the results of the Newcastle -Ottawa questionnaire. M: Male; F: Female; NR: Not reported; OS: Overall survival.
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HIF-1α positive HIF-1α negative Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
1 Zhan H et al . 2013   12   35   15   25   17.1% 0.35 [0.12, 1.01]
3 Isobe T et al . 2013   53   84   43   44     6.6% 0.04 [0.01, 0.30]
4 Qiu MZ et al . 2011   36 110   44   78   28.9% 0.38 [0.21, 0.68]
6 Kolev Y et al . 2008   65   95   43   57   24.7% 0.71 [0.34, 1.48]
9 Mizokami, K et al  2006   29   49   63   77   22.8% 0.32 [0.14, 0.73]
Total (95%CI) 373 281 100.0% 0.36 [0.21, 0.64]
Total events 195 208
Heterogeneity: Tau2 = 0.19; χ 2 = 7.94, df = 4 (P  = 0.09); I 2 = 50%
Test for overall effect: Z  = 3.53 (P  = 0.0004)

A

0.1  0.2      0.5     1       2         5     10
Low 5-year over survival High 5-year over survival

HIF-1α positive HIF-1α negative Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
2 Lu XX et al . 2013   17   36   16   32   13.6% 0.89 [0.34, 2.32]
3 Isobe T et al . 2013   25   84   28   44   16.1% 0.24 [0.11, 0.52]
4 Qiu MZ et al . 2011   20 110   33   78   17.7% 0.30 [0.16, 0.59]
6 Kolev Y et al . 2008   47   95   29   57   17.8% 0.95 [0.49, 1.82]
8 Sumiyoshi. Y et al  2006   23   85   77 131   18.8% 0.26 [0.14, 0.47]
9 Mizokami, K et al  2006   18   49   56   77   16.1% 0.22 [0.10, 0.47]
Total (95%CI) 459 419 100.0% 0.38 [0.23, 0.64]
Total events 150 239
Heterogeneity: Tau2 = 0.29; χ 2 = 15.84, df = 5 (P  = 0.007); I 2 = 68%
Test for overall effect: Z  = 3.61 (P  = 0.0003)

B

0.1 0.2    0.5     1     2       5    10
Undifferentiation + poor Moderate + well

HIF-1α positive HIF-1α negative Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
1 Zhan H et al . 2013     1   35     6   25     5.0% 0.09 [0.01, 0.83]
2 Lu XX et al . 20139     8   36   14   32     8.5% 0.37 [0.13, 1.05]
3 Isobe T et al . 2013   32   84   25   44   15.0% 0.47 [0.22, 0.98]
4 Qiu MZ et al . 2011   15 110   28   78   20.9% 0.28 [0.14, 0.58]
5 Oh SY et al . 2008     7   18   70   96   10.0% 0.24 [0.08, 0.67]
6 Kolev Y et al . 2008   41   95   34   57   17.8% 0.51 [0.26, 1.00]
8 Sumiyoshi. Y et al  2006   45   85   84 131   22.9% 0.63 [0.36, 1.10]
Total (95%CI) 463 463 100.0% 0.42 [0.32, 0.57]
Total events 149 261
Heterogeneity: χ 2 = 6.68, df = 6 (P  = 0.35); I 2 = 10%
Test for overall effect: Z  = 5.72 (P  < 0.00001)

C

0.001     0.1     1    10       1000
T3 + T4 T1 + T2

HIF-1α positive HIF-1α negative Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
1 Zhan H et al . 2013   32   35     9   25     6.2% 18.96 [4.50, 79.87]
2 Lu XX et al . 2013   27   36   20   32     9.5% 1.80 [0.64, 5.09]
3 Isobe T et al . 2013   50   84   12   44   12.5% 3.92 [1.77, 8.67]
4 Qiu MZ et al . 2011   82 110   44   74   14.9% 2.00 [1.06, 3.76]
5 Oh SY et al . 2008   15   18   58   96     7.1%   3.28 [0.89, 12.08]
6 Kolev Y et al . 2008   50   95   21   57   14.2% 1.90 [0.97, 3.73]
7 Cabuk, D. et al . 2007   24   36   12   15     6.2% 0.50 [0.12, 2.12]
8 Sumiyoshi. Y et al  2006   49   85   63 131   16.2% 1.47 [0.85, 2.55]
9 Mizokami, K et al  2006   25   49   26   77   13.3% 2.04 [0.98, 4.25]
Total (95%CI) 548 551 100.0% 2.23 [1.46, 3.40]
Total events 354 265
Heterogeneity: Tau2 = 0.21; χ 2 = 17.46, df = 8 (P  = 0.03); I 2 = 54%
Test for overall effect: Z  = 3.72 (P  = 0.0002)

D
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LNM (-) LNM (+)

HIF-1α positive HIF-1α negative Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
3 Isobe T et al . 2013   55   84   19   44   16.8% 2.50 [1.18, 5.27]
6 Kolev Y et al . 2008   58   95   22   57   20.8% 2.49 [1.27, 4.89]
7 Cabuk, D. et al . 2007   20   36     9   15   11.0% 0.83 [0.24, 2.84]
8 Sumiyoshi. Y et al  2006   29   85   37 131   37.3% 1.32 [0.73, 2.73]
9 Mizokami, K et al  2006   14   49   13   77   14.1% 1.97 [0.83, 4.65]
Total (95%CI) 349 324 100.0% 1.80 [1.29, 2.51]
Total events 176 100
Heterogeneity: χ 2 = 4.29, df = 4 (P  = 0.37); I 2 = 7%
Test for overall effect: Z  = 3.46 (P  = 0.0005)

E

0.1  0.2       0.5      1       2         5     10
Vascular invasion (-) Vascular invasion (+)
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DISCUSSION
Meta-analysis has been traditionally applied and was 
mostly confined to randomized controlled trials (RCTs), 
and meta-analytical techniques using non-randomized 
controlled trials (NRCTs) might be a good method for 
use in some clinical settings in which either the number 
or the sample size of  the RCTs is insufficient[18,19]. To our 
best knowledge, our study is the first comprehensive and 
detailed meta-analysis to assess the association of  HIF-1α 
positive expression with 5-year overall survival and tumor 
clinicopathological features in gastric cancer patients. We 
believe that our results will provide useful information for 
clinical decision-making regarding gastric cancer.

Nowadays, many studies about the role of  HIF-1α in 

tumors have already been conducted and the relationship 
between HIF-1α and tumors has been confirmed. HIF-
1α plays a role in the tumor formation, progression and 
metastasis by activating genes which are related to regu-
lation of  angiogenesis, cell survival and metabolism[20-22]. 
Not all gastric cancers express HIF-1α and 548 (50%) 
of  1103 gastric cancer patients had HIF-1α positive 
expression in this meta-analysis. However, once gastric 
cancer cells acquire HIF-1α expression, they transform 
to have more aggressive and metastatic behavior. The 
meta-analysis about prognostic significance of  HIF-1α 
has been studied in several cancers such as non-small 
cell lung cancer and hepatocellular carcinoma[5,23], and 
HIF-1α positive expression indicates a poor prognosis. 
In this study, we found that the 5-year overall survival in 
the HIF-1α positive group was significantly lower than 
that in the HIF-1α negative group. Thus, HIF-1α was a 
poor prognosis factor for gastric cancer patients. 

Our result also demonstrated that HIF-1α positive ex-
pression was correlated with increased vascular invasion and 
lymphatic invasion. The presence of  vascular invasion and 
lymphatic invasion may indicate increased biological aggres-
siveness and a greater possibility of  systemic diffusion. As 
shown in previous studies, vascular invasion and lymphatic 
invasion were the main risk factors for tumor occurrence 
and had the close relation with tumor invasiveness[24,25]. 
Moreover, we analyzed the relationship between the expres-
sion of  HIF-1α and clinicopathologic features of  gastric 
cancer, and found that the expression of  HIF-1α was re-
lated to higher proportions of  poor tumor differentiation, 
deep invasion, lymph node metastasis and TNM stages Ⅲ + 
Ⅳ. This indicates that HIF-1α positive expression is closely 
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Figure 2  Forest plots. A: The results of the meta-analysis for 5-year overall survival; B: The results of the meta-analysis for tumor differentiation; C: The results of the 
meta-analysis for depth of invasion; D: The results of the meta-analysis for lymph node metastasis (LNM); E: The results of the meta-analysis for vascular invasion; F: 
The results of the meta-analysis for lymphatic invasion; G: The results of the meta-analysis for tumor node metastasis stage.

HIF-1α positive HIF-1α negative Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
1 Zhan H et al . 2013     3   35   16   25   11.5% 0.05 [0.01, 0.22]
2 Lu XX et al . 2013   10   36   16   22   13.8% 0.14 [0.04, 0.47]
4 Qiu MZ et al . 2011   41 110   56   78   19.9% 0.23 [0.12, 0.44]
5 Oh SY et al . 2008     7   18   60   96   15.4% 0.38 [0.14, 1.07]
6 Kolev Y et al . 2008   62   95   42   57   18.8% 0.67 [0.32, 1.39]
8 Sumiyoshi. Y et al  2006   45   85   80 131   20.7% 0.72 [0.41, 1.25]
Total (95%CI) 379 409 100.0% 0.31 [0.15, 0.60]
Total events 168 270
Heterogeneity: Tau2 = 0.50; χ 2 = 19.56, df = 5 (P  = 0.002); I 2 = 74%
Test for overall effect: Z  = 3.43 (P  = 0.0006)

G
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HIF-1α positive HIF-1α negative Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
3 Isobe T et al . 2013   54   84   19   44   22.7% 2.37 [0.12, 4.99]
6 Kolev Y et al . 2008   66   95   27   57   24.5% 2.53 [1.28, 4.99]
7 Cabuk, D. et al . 2007   25   36   14   15     5.4% 0.16 [0.02, 1.39]
8 Sumiyoshi. Y et al  2006   61   85   63 131   27.3% 2.74 [1.53, 4.92]
9 Mizokami, K et al  2006   40   49   37   77   20.1%   4.80 [2.05, 11.24]
Total (95%CI) 349 324 100.0% 2.50 [1.46, 4.28]
Total events 246 160
Heterogeneity: Tau2 = 0.19; χ 2 = 8.59, df = 4 (P  = 0.07); I 2 = 53%
Test for overall effect: Z  = 3.33 (P  = 0.0009)
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Figure 3  Funnel plot of studies of hypoxia inducible factor-1α positive 
expression in gastric cancer.
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related to the poor biological behavior of  gastric cancer.
There are several limitations to this meta-analysis, and 

consequently, the results should be interpreted with cau-
tion. First, the data came from NRCTs, and the overall 
level of  clinical evidence was low. Abraham et al[26] had 
found that meta-analyses carried out on well designed 
NRCTs of  surgical procedures were probably as accurate 
as those carried out on RCTs. Second, there was hetero-
geneity across studies. We applied a random-effects mod-
el to take variation between studies into consideration, 
and we believe that the heterogeneity would have had 
very limited influence. Third, reports in languages other 
than English were excluded. The risk of  language bias 
had to be considered, but it may not result in any notable 
bias in the assessment of  interventional effectiveness. 
Finally, publication bias was present in our analysis. The 
reason was that investigative groups might be more likely 
to report positive results, and that studies with significant 
outcomes are more likely to be published.

In conclusion, the results of  this meta-analysis of  1103 
patients showed that HIF-1α positive expression was as-
sociated with poor 5-year overall survival and clinicopath-
ological features in patients with gastric cancer. Moreover, 
HIF-1α positive expression could be a useful prognostic 
marker for gastric cancer. Further studies are required to 
confirm these results.
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expression associated with poor 5-year overall survival and clinicopathological 
features in patients with gastric cancer. In addition, HIF-1α positive expression 
could be a useful prognostic marker for gastric cancer. The manuscript was 
very well prepared and written and can be accepted for publication.
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Abstract
Achalasia cardia is an idiopathic disease that occurs as 
a result of inflammation and degeneration of myenteric 
plexi leading to the loss of postganglionic inhibitory 
neurons required for relaxation of the lower esophageal 
sphincter and peristalsis of the esophagus. The main 
symptoms of achalasia are dysphagia, regurgitation, 
chest pain and weight loss. At present, there are three 
main hypotheses regarding etiology of achalasia cardia 
which are under consideration, these are genetic, in-
fectious and autoimmune. Genetic theory is one of the 
most widely discussed. Case report given below repre-
sents an inheritable case of achalasia cardia which was 
not diagnosed for a long time in an 81-year-old woman 
and her 58-year-old daughter. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Achalasia cardia; Dysphagia; Regurgitation; 

Gene polymorphism; Gastrostomy

Core tip: We report an inheritable case of achalasia 
cardia in an 81-year-old woman and her 58-year-old 
daughter with early manifestation of the disease at 23 
and 25 years of age, respectively, and further progres-
sion of achalasia cardia which led to its decompensa-
tion and resulted in gastrostomy in the woman which 
was performed when she was 79-year-old. 

Evsyutina YuV, Trukhmanov AS, Ivashkin VT. Family case of 
achalasia cardia: Case report and review of literature. World J 
Gastroenterol 2014; 20(4): 1114-1118  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v20/i4/1114.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v20.i4.1114

INTRODUCTION 
Achalasia cardia is a primary esophageal motility disor-
der with involvement of  the Auerbach’s intermuscular 
plexus[1]. Achalasia cardia is considered a very rare dis-
ease, its incidence rate is 10 cases per 100000 population, 
and morbidity rate is 1 per 100000 population[2]. Acha-
lasia cardia is diagnosed in adults most frequently in the 
age group of  25 to 60 years. Although the disease was 
first described by Thomas Williams, an English doctor, 
in 1674[3], the etiology of  achalasia cardia still remains 
unknown. Genetic theory is one of  the possible theories 
considered as the pathogenesis of  achalasia cardia. We re-
port an inheritable case of  achalasia cardia which was not 
diagnosed for a long time in mother and her daughter. 

CASE REPORT
Patient A, a 58-year-old, was admitted to the Clinic of  the 
First Moscow State Medical University on March 2013 
with the following complaints: dysphagia (to solids and 
liquids), chest pain during swallowing, food regurgitation, 

CASE REPORT
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and nocturnal cough.
Medical history of  this case shows that the patient 

considered herself  ill since she was 23 years of  age, when 
she noticed for 1st time symptoms of  dysphagia which 
disturbed her at least once in 2 mo, and these symptoms 
continued until she was 31-year-old when her episodes 
of  dysphagia became more frequent and occurred once 
or twice per week. The patient underwent contrast-
enhanced X-ray examination of  the esophagus (which 
revealed: stricture of  cardiac portion of  the esophagus 
up to 1.5 cm, suprastenotic dilatation of  the esophagus 
up to 4 cm, delayed evacuation of  barium meal from the 
esophagus to the stomach and absence of  gastric air bub-
ble). Achalasia cardia was diagnosed. The patient refused 
to the proposed therapy, as her sense of  physical well-
being before 2003 was satisfactory, until she developed 
new complications of  pressing pain behind her sternum 
during meals, regurgitation after meals and nocturnal 
cough. Since 2012 the patient noted that swallowing of  
foods (both solids and liquids were difficult at every meal 
(she reported that the first swallow was difficult but the 
further swallows were normal) (Table 1).

General performance status was rather satisfactory at 
the time of  admission to the hospital. Body mass index 
was 30.4 kg/m2 (class Ⅰ obesity). Skin and visible mu-
cosa were normal. Breathing was harsh above the lungs; 
no abnormal breath sounds were heard. Heart sounds 

were rhythmic and muffled. Heart rate was 70 beats per 
minute. Arterial blood pressure was 130/70 mmHg. Pal-
pation revealed that abdomen was soft and painless in 
all areas. Liver could be palpated at the edge of  the right 
costal arch. Costovertebral angle tenderness was negative 
at both sides.

 Diagnostic findings: complete blood count - he-
moglobin 138 g/L, erythrocytes 4.3 × 1012, leukocytes 
4.5 × 109, platelets 269.2 × 109, ESR 5 mm/h. Blood 
biochemistry: total protein 8.0 g/dL, albumin 4.2 g/dL, 
creatinine 1.0 mg/dL. Clinical urine analysis showed that 
all findings were within normal range. Esophagogastro-
duodenoscopy showed that the patient’s esophagus had 
very elastic walls and the esophageal lumen was enlarged 
up to 4 cm. There were foamy mucus in the lumen, 
esophageal mucosa was hyperemic in the lower third 
and had grayish-pearl color tone. The cardiac region was 
closed. Moderate amount of  bile was found in the stom-
ach, folds of  mucosa were high and longitudinally-wavy. 
Stomach mucosa was thin and was hyperemic in the an-
trum region. Contrast-enhanced X-ray examination of  
the esophagus: barium meal test revealed that the act of  
swallowing was not impaired, fluid level was determined 
during the fasting state in Th8 projection. Width of  the 
esophagus was 4 cm and the outlet of  the esophagus was 
0.8 cm (Figure 1A). Tertiary contractions of  esophageal 
wall were observed (Figure 1В). The esophagus periodi-
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Symptom Score by frequency of symptoms

0 1 2 3
  The 58-year-old woman 
  before treatment

Dysphagia to solids None Occasionally Daily Each meal
Dysphagia to liquids None Occasionally Daily Each meal
Active regurgitation None Occasionally Daily Each meal
Passive regurgitation None Occasionally Daily After each meal

Spastic chest pain None Occasionally Daily Each meal
Burning chest pain None Occasionally Daily After each meal

Weight loss, kg None < 5 5-10 > 10
Nocturnal cough None Monthly Weekly Each night

Nocturnal dyspnea None Monthly Weekly Each night
Hiccup None Monthly Weekly Daily

  The 58-year-old woman 
  in 2 mo after treatment

Dysphagia to solids None  Occasionally Daily Each meal
Dysphagia to liquids None Occasionally Daily Each meal
Active regurgitation None Occasionally Daily Each meal
Passive regurgitation None Occasionally Daily After each meal

Spastic chest pain None Occasionally Daily Each meal
Burning chest pain None Occasionally Daily After each meal

Weightoss, kg None < 5 5-10 > 10
Nocturnal cough None Monthly Weekly Each night

Nocturnal dyspnea None Monthly Weekly Each night
Hiccup None Monthly Weekly Daily

  The 79-year-old woman Dysphagia to solids None  Occasionally Daily Each meal
Dysphagia to liquids None Occasionally Daily Each meal
Active regurgitation None Occasionally Daily Each meal
Passive regurgitation None Occasionally Daily After each meal

Spastic chest pain None Occasionally Daily Each meal
Burning chest pain None Occasionally Daily After each meal

Weight loss, kg  None < 5 5-10 > 10
Nocturnal cough None Monthly Weekly Each night

Nocturnal dyspnea None Monthly Weekly Each night
Hiccup None Monthly Weekly Daily

Table 1  Complaints of the 58-year-old woman before treatment, in 2 mo after treatment, and the 79-year-old woman (modificated 
Eckardt score)



cally emptied with small portions. 2/3 of  contrast materi-
als were detected in the esophagus 20 minutes after the 
start of  examination (Figure 1С).

According to the findings of  high resolution ma-
nometry, the following deserved high attention: Resting 
Pressure of  lower esophageal sphincter was 37 mmHg, 
Integrated Relaxation Pressure was 20 mmHg and there 
was absence of  normal peristaltic contractions of  the 
esophagus in response to wet swallows (Figure 2).

Course of  the treatment with spasmolytics and antac-
ids was performed in the clinic as the first stage of  treat-
ment. In view of  Ⅱ type of  achalasia cardia, 3 sessions 
of  pneumatic dilatation of  the cardia were performed at 
the second stage of  treatment using balloon with a diam-
eter of  3.5 cm. Pressure was built up to 140-230 mmHg, 
procedure lasted for about 60 s. The patient underwent 
the procedure satisfactorily without any complications. 
The patient’s state of  physical well-being improved after 
dilatation of  the cardia: dysphagia after ingestion of  sol-
ids and liquids was resolved, and there were no passive 
and active regurgitation, no chest pain and episodes of  
nocturnal cough reduced to once per week.

Two months after the above conducted treatment, the 
patient’s complaints were assessed again (Table 1) and the 
sum of  scores reduced from 14 to 3 which indicated the 
success of  the conducted treatment. 

The patient’s mother, (Patient P) an 81-year-old, also 
suffers from achalasia cardia. History of  her disease: pa-
tient was diagnosed with a congenital elongation of  the 
esophagus during her childhood. Since the age of  25 she 
noted dysphagia after ingestion of  solid food which oc-
curred very rarely, at least once or twice per month. Since 
the age of  55, the patient noted episodes of  chest pain 
upon swallowing. Since the age of  78, the patient noted 
a significant worsening in her state of  physical well-being 
which included difficulty in swallowing at every meal, and 
also vomiting of  food which had just been ingested. The 
patient underwent X-ray examination of  the esophagus 
which revealed that there was a marked dilatation of  
the lower third of  the esophagus up to 10 cm, rough 
deformation with multiple cascade folds, and she was 
diagnosed with achalasia cardia. However the patient was 
not proposed to undergo treatment regarding her old age 
and her state of  physical well-being continued to worsen 
with occurrence of  dysphagia after ingestion of  liquid 
food in addition to the above mentioned complaints. The 
patient lost almost 15 kg during 1 year (Table 1). And she 
was urgently hospitalized in inpatient surgical department 
where she was examined and esophagogastroduodenos-
copy findings revealed: stricture of  the lower third of  the 
esophagus up to 1/3 of  the lumen, atrophic gastritis with 
hemorrhagic component. X-ray examination revealed 
significant dilatation of  the esophagus up to 11 cm and 
rough deformations with multiple cascade folds (Figure 
3A and B).

Patient underwent surgery in 2011 which involved the 
placement of  a stent through constricted esophagus in 
the stomach, however it proved to be ineffective as the 
patient still had vomiting of  just ingested food and im-
paired movement of  liquid food through the esophagus 
during the postoperative period, So within a week gas-
trostomy was performed on the patient and the patient 
received nutrition through the G-tube. 

DISCUSSION
This case report represents vertical inheritance of  acha-
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A B C
Figure 1  A timed barium esophagogram. A: Dila-
tation of esophagus (arrow), beak-like narrowing of 
LES (arrow); B: The third contractions of esophagus 
(arrow); С: In 20 min after swallowing of barium, 
almost two thirds of the barium can be seen in the 
esophagus.

15:15                          15:20                           15:25

2 s

Figure 2  A high resolution manometry. Type Ⅱ achalasia (Chicago classifi-
cation): Resting Pressure lower esophageal sphincter (LES) 37 mmHg, IRP4, 
Integrated Relaxation Pressure 20 mmHg, Lack of normal esophageal peristal-
sis in response to normal swallowing of water (arrow).
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tent inflammation of  skin around the gastrostome.
As of  genetic theory, first of  all genetic syndromes 

seen in pediatric practice and associated with the devel-
opment of  achalasia cardia should be mentioned. Muta-
tion of  ALADIN 12q13 gene is the most common cause 
of  achalasia cardia in children, it leads to the develop-
ment of  autosomal-recessive disease, so called All grove 
syndrome or ААА syndrome which is characterized by 
the development of  achalasia, alacrimia and Addison’s 
disease[4].

Risk of  achalasia is also increased in children with 
Down’s syndrome. Approximately 75% of  children with 
trisomy 21 have gastrointestinal diseases and 2% develop 
achalasia[5]. Risk of  achalasia in children with Down’s 
syndrome is 200 time higher than in normal population[6]. 
Besides Down’s syndrome, incidence of  achalasia cardia 
is significantly higher in children with Rozycki syndrome 
and Pierre-Robin syndrome. 

Speaking about the adult population, polymorphism 
of  some genes is by all means important in the develop-
ment of  achalasia cardia. It is proved that by the theory 
of  polymorphism of  IL23R gene localized on chromo-
some Ip31. It is also supported by the study on IL23R 
Arg381 Gln gene polymorphism in 262 patient with 
achalasia and 802 healthy volunteers which was done 
in Spain. Results have also revealed that this gene poly-
morphism had occurred in men who had suffered from 
achalasia (less than 40 years of  age), which allows us to 
conclude that IL23R is very important as a predisposing 
factor in the development of  idiopathic achalasia cardia[7].

IL10 promoter haplotype GCC was associated with 
the development of  idiopathic achalasia cardia in patients 
of  the same Spanish population[8].

In addition, a link was found between achalasia cardia 
and specific HLA-genotype. Study conducted in 2002 
had investigated the level of  circulating autoantibod-
ies and HLA DQA1 and DQB1 alleles in patients with 
achalasia and healthy volunteers and demonstrated that 
autoantibodies to Auerbach’s plexus were revealed in all 
women and 66.7% of  men with idiopathic achalasia and 
DQA1 × 0103 and DQB1 × 0603-alleles[9]. 

It’s also important to note the theory of  polymor-
phism of  NO-synthase (NOS) which is a fragment cata-
lyzing the production of  nitrogen oxide from arginine, 
oxygen and NADPH. There are 3 different types of  
NOS: neuronal (nNOS), inducible (iNOS) and endotheli-
al (eNOS). Their responsible genes were located on chro-
mosomes: 12q24.2, 17q11.2-q12 and 7q36. Some works 
have reported polymorphism of  all 3 genes in patients 
with achalasia. Of  these, the polymorphism of  iNOS22 
× A/Ab and eNOS × 4a4a were those which were most 
frequently detected[10,11].

Besides nitrogen oxide, vasoactive intestinal peptide is 
the second neurotransmitter of  inhibitory neurons. One 
of  its receptors, Receptor 1 which belongs to the secretin 
family, is expressed by immune cells such as T- lympho-
cytes, macrophages and dendritic cells[12]. Polymorphism 
of  this gene (VIPR1) can also play an important role in 
the development of  idiopathic achalasia. VIPR1 gene is 

lasia cardia (Figure 4). An interview revealed that our 
patient’s grandmother had suffered for 20 years from 
dysphagia until her death at the age of  60 due to stroke 
and no examination of  esophagus was performed on her.

It is to be noted that this disease manifested with dys-
phagia at a rather early age of  23-25 both in the woman 
and her daughter and presented with entire clinical symp-
toms like dysphagia, passive and active regurgitation, 
chest pain which developed just after many years. Also it 
is necessary to notice that both the patients had noctur-
nal coughs, and the woman had nocturnal dyspnea which 
indicated the state of  decompensation of  achalasia cardia 
and absolute need for therapy.

Method of  treatment for achalasia cardia of  the 
patient’s mother is of  great interest, especially the place-
ment of  stent through constricted esophagus in the 
stomach that is usually used as a palliative method of  
treatment of  esophageal tumors. This explains unfavour-
able postoperative period with persisted dysphagia and 
vomiting as the placed stent prevents the lower esopha-
geal sphincter from opening. In view of  long-lasting 
disease and rough deformation of  the esophagus the 
patient was subjected to gastrostomy to allow nutrition, 
at present she still lives with gastrostome. This surgery 
severely affected patient’s social life and caused a persis-

Figure 3  A timed barium esophagogram. А: A very severe dilatation of 
esophagus up to 11 cm and a coarse deformation of esophagus with lots of  
folds in the form of cascade (arrow); B: Lateral side, a severe dilatation and 
deformation of esophagus. The level of  liquid in esophagus can be seen (arrow).

A B

81 yr

58 yr
!

Figure 4  A pedigree of the family. Occurrence of achalasia with a vertical 
line of transmission (esophageal achalasia in 58-year-old daughter, 81-year-old 
mother and grandmother). 
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localized on chromosome 3p22 and some studies have 
reported five simple nucleotide polymorphisms of  this 
gene such as (rs421558) Intron-1, (rs437876) Intron-4, 
(rs417387) Intron-6, rs896 and rs9677 (3’UTR)[13].

Genes responsible for the synthesis of  protein ty-
rosine phosphatase, nonreceptor type 22 (PTPN22) are 
localized in chromosome 1p13.м3-p13 and is associ-
ated with the development of  autoimmune diseases[14]. 
Lymphoid-specific phosphatase (Lyp), one of  the phos-
phatases that are coded by this gene, is an intracellular 
tyrosine phosphatase which is an important regulator of  
T-cell activation[15]. С1858T polymorphism of  PTPN22 
gene (when codon 620 Arg (R) is replaced by Trp (W) re-
sulting in production of  Lyp-W620 instead of  Lyp-R620 
that leads to an increase in T-lymphocyte activity) is an 
important risk factor for the development of  autoim-
mune disease[16,17]. The study conducted in Spain also re-
vealed that the polymorphism described above increased 
the risk of  achalasia in Spanish population[18]. 

In conclusion it should be noted that this case report 
illustrates the genetic theory of  development of  achalasia 
cardia. Genetic analysis which is currently widely per-
formed in patients with achalasia helped a lot to answer 
to the question regarding etiology of  this disease, how-
ever there is need for more intensive study in this field. 
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Abstract
A 63-year-old woman was referred to our hospital for 
further examination because of an incidental finding 
of early gastric cancer. Endoscopic submucosal dissec-
tion (ESD) was successfully performed for complete 
resection of the tumor. On the first post-ESD day, the 
patient suddenly complained of abdominal pain after an 
episode of vomiting. Abdominal computed tomography 
(CT) showed delayed perforation after ESD. The patient 
was conservatively treated with an intravenous proton 
pump inhibitor and antibiotics. On the fifth post-ESD 
day, CT revealed a gastric wall abscess in the gastric 
body. Gastroscopy revealed a gastric fistula at the edge 
of the post-ESD ulcer, and pus was found flowing into 
the stomach. An intradrainage stent and an extrad-
rainage nasocystic catheter were successfully inserted 
into the abscess for endoscopic transgastric drainage. 
After the procedure, the clinical symptoms and labora-
tory test results improved quickly. Two months later, a 
follow-up CT scan showed no collection of pus. Conse-
quently, the intradrainage stent was removed. Although 
the gastric wall abscess recurred 2 wk after stent re-
moval, it recovered soon after endoscopic transgastric 

drainage. Finally, after stent removal and oral antibiotic 
treatment for 1 mo, no recurrence of the gastric wall 
abscess was found. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Gastric wall abscess; Transgastric drainage; 
Delayed perforation; Endoscopic submucosal dissec-
tion; Early gastric cancer 

Core tip: In this report, we describe for the first time a 
case in which a gastric wall abscess caused by delayed 
perforation after endoscopic submucosal dissection was 
conservatively treated with endoscopic drainage via the 
gastric lumen and antibiotics.

Dohi O, Dohi M, Inoue K, Gen Y, Jo M, Tokita K. Endoscopic 
transgastric drainage of a gastric wall abscess after endoscopic 
submucosal dissection. World J Gastroenterol 2014; 20(4): 
1119-1122  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i4/1119.htm  DOI: http://dx.doi.
org/10.3748/wjg.v20.i4.1119

INTRODUCTION
Endoscopic submucosal dissection (ESD), a technique 
developed in Japan, is associated with a high success rate 
for en-bloc resection in early gastric cancer (EGC). This 
procedure is associated with a low risk of  lymph node 
metastasis, but a high risk of  such complications as per-
foration. The risk of  perforation during ESD is approxi-
mately 4%[1]. In contrast, delayed perforation is a rare 
complication, that occurs 1 to 2 d after the procedure and 
often requires emergency surgery[2,3]. One study reported 
that such perforations occurred in 6 (0.5%) out of  1159 
consecutive patients with 1329 EGCs who underwent 
ESD[2]. Another report indicated two cases (0.43%) of  
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delayed perforation occurring after the completion of  
ESD for 468 gastric noninvasive gastric neoplasias includ-
ing EGCs and gastric adenomas[3]. In a few cases, how-
ever, delayed perforations were treated with conservative 
therapy instead of  surgery[4-6]. A gastric wall abscess is an 
uncommon suppurative infection of  the stomach. The 
prognosis of  gastric wall abscess has recently improved 
because of  the use of  endoscopic drainage techniques 
and antibiotics[7-10]. Here, we report a case in which a pa-
tient developed a gastric wall abscess after delayed perfo-
ration caused by ESD for EGC. Surgery was avoided in 
this case, and the patient was conservatively treated with 
endoscopic transgastric drainage and antibiotics. 

CASE REPORT
A 63-year-old woman with suspected EGC on the gastric 
body based on gastroscopy, was referred to our hospital 
for further examination. The patient’s medical history 
and laboratory test results were unremarkable. A 65-mm-
wide I+IIa lesion was localized in the greater curvature 
of  the lower part of  the gastric body (Figure 1A). Exam-
ination of  biopsy specimens confirmed a well-differen-
tiated adenocarcinoma. No abnormalities were detected 
upon abdominal computed tomography (CT). The lesion 
was safely and completely removed en-bloc with ESD 
(Figure 1B), using an endoscope (GIF-Q260J, Olympus, 
Tokyo, Japan), an electrosurgical generator (VIO 300D, 
Erbe Co., Tübingen, Germany), a needle-knife (KD-
10Q-1, Olympus, Tokyo, Japan), and an insulated-tip 
(IT) knife 2 (KD-611 L, Olympus, Tokyo, Japan). The 
size of  the mucosa that was resected en-bloc was 75 mm 
× 60 mm (length × width), including 65 mm × 40 mm 
of  the cancer lesion (Figure 1C). On the first post-ESD 
day, the patient suddenly complained of  abdominal pain 
after an episode of  vomiting. Initial enhanced abdomi-
nal CT showed a portion of  the thickened gastric wall 
and a small amount of  free air and ascites around the 
stomach (Figure 2A). The patient was diagnosed with 
delayed perforation after ESD. Because the CT revealed 
a small amount of  free air and ascites, we expected the 
delayed perforation to be very small, and we did not 
perform emergency endoscopy. The patient was treated 
with a regimen that comprised fasting, an intravenous 
proton pump inhibitor, and the antibiotic cefotiam (CTM 
3g/d). On the fifth post-ESD day, despite the continued 
absence of  abdominal pain, the patient was febrile. Ab-
dominal T2-weighted magnetic resonance imaging (MRI) 
showed a moderately high-intensity tumor with niveau 
formation, 5 cm in size, located in the posterior wall 
of  the fundus of  the stomach (Figure 2B). The images 
demonstrated a gastric wall abscess in the gastric body. 
Gastroscopic reexamination revealed a smooth, elevated 
lesion shaped like a submucosal tumor at the greater 
curvature of  the upper body on the oral side of  the 
post-ESD ulcer (Figure 3A). A gastric fistula was found 
at the edge of  the post-ESD ulcer, and pus was found to 
flow into the stomach (Figure 3B). An endoscopic retro-

grade cholangiopancreatography (ERCP) catheter (MTW 
Endoskopie, Wesel, Germany) was inserted through the 
fistula into the abscess. Then, two 0.035-inch guidewires 
(VisiGlide; Olympus, Tokyo, Japan) were inserted over 
the catheter into the abscess. Finally, a 7.0-Fr double pig-
tail stent (Zimmon Biliary Stent, Cook Japan, Tokyo, Ja-
pan) for the internal fistula and a 7.5-Fr nasocystic cath-
eter (Flexima ENBD Catheter, Boston Scientific Japan, 
Tokyo, Japan) for the external fistula were successfully 
inserted into the abscess using the double-wire technique 
for endoscopic transgastric drainage (Figure 3C). Five 
days later, the abscess contents had cleared, the naso-
cystic catheter was removed, and the stent was left in to 
allow continued drainage. A week after the procedure, 
the patient was released from the hospital. At discharge, 
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Figure 1  Endoscopic submucosal dissection for early gastric cancer. A: A 
cancerous lesion, an early gastric cancer, macroscopic type 0-I+IIa, 75 mm in 
diameter, is observed on the greater curvature of the gastric body; B: The lesion 
was successfully removed en bloc without gastric perforation; C: The lesion 
with the surrounding mucosa was cut into 2-mm-wide serial-step sections.  
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she was not prescribed any antibiotics and was sched-
uled to be followed up at our hospital. When a follow-
up CT scan conducted 2 mo later showed the absence 
of  pus collection, the intradrainage stent was removed. 
Two weeks after the intradrainage stent removal, the 
patient developed fever and epigastralgia. CT revealed a 
recurrence of  the gastric wall abscess in the gastric body. 
Gastroscopy revealed a gastric fistula in the center of  the 
post-ESD ulcer scar. As before, an ERCP catheter (MTW 
Endoskopie, Wesel, Germany) was inserted through the 
fistula into the abscess. Endoscopic transgastric drain-

age was repeated by inserting the intradrainage stent and 
the extradrainage catheter into the abscess. A few days 
later, the abscess contents had cleared, and the nasocys-
tic catheter was removed. Two months later, a follow-up 
CT scan showed no collection of  pus. The intradrainage 
stent was then removed, and an oral antibiotic (amoxi-
cillin 750 mg/d) was administered for 1 mo. A follow-
up CT scan conducted 1 mo later revealed no abnormal 
findings. At the 24-mo follow-up examination, the 
patient was asymptomatic, and the abdominal CT scan 
showed no abnormalities.
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Figure 2  Abdominal computed tomography and magnetic resonance imaging findings. A: Abdominal computed tomography (CT) revealed a portion of the 
thickened gastric wall and a small amount of ascites and free air around the stomach. Free air is indicated by the arrow; B: Abdominal T2-weighted magnetic reso-
nance imaging showed a moderately high-intensity tumor with niveau formation, 5 cm in size, located in the posterior wall of the fundus of the stomach, which sug-
gested focal abscess formation. The abscess is indicated by the arrowhead. 
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Figure 3  Endoscopic transgastric drainage for a gastric wall abscess. A: Gastroscopy revealed a smooth, elevated lesion at the greater curvature of the upper 
body on the oral side of the post-endoscopic submucosal dissection ulcer; B: A gastric fistula was found on the edge of the post-endoscopic submucosal dissection 
ulcer. The fistula is indicated by an arrow; C: An endoscopic retrograde cholangiopancreatography-catheter was inserted through the fistula into the abscess; D: A 
plastic stent placement for the internal fistula and a nasocystic catheter for the external fistula were successfully inserted into the abscess. 
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DISCUSSION
The mechanism underlying delayed perforation is thought 
to involve electrical cautery during submucosal dissection 
or repeated coagulation that causes ischemic changes in 
the gastric wall and results in necrosis[3]. The shape of  the 
delayed perforation was round, and the color of  the sur-
rounding muscle layer was whitish, suggesting necrosis 
of  the muscle layer related to the delayed perforation[6]. 
In our case, necrosis of  the muscle layer by electrical cau-
tery combined with an increase in the abdominal pres-
sure caused by vomiting may have led to the perforation 
because its location was coincident with the lesion coagu-
lated with electrical cautery; moreover, the patient had 
suddenly experienced peritoneal irritation after vomiting. 
Emergency surgery was not required in our case because 
the peritonitis was localized and improved with conserva-
tive antibiotics treatment. 

Until recently, surgical drainage using antibiotics was 
the recommended treatment for a gastric wall abscess. 
However, surgical therapy has been replaced by tech-
nically advanced radiologic and endoscopic interven-
tions. Recent studies have reported that the prognosis 
of  gastric wall abscess has improved because of  the 
introduction of  endoscopic drainage with or without 
antibiotics[7-11]. To our knowledge, this is the first report 
of  a case in which a gastric wall abscess caused by de-
layed perforation after ESD was treated with endoscopic 
drainage via the gastric lumen and antibiotics. Because 
there was a fistula between the abscess and the post-
ESD ulcer, endoscopic transgastric drainage was easily 
performed. A pigtail catheter was left in the stomach for 
2 mo to allow additional drainage of  the purulent fluid. 
Although the ESD ulcer was almost healed, the gastric 
wall abscess recurred because of  a residual fistula after 
stent removal. Therefore, it was necessary to continue 
antibiotic treatment until the fistula closed. Although 
delayed perforations after ESD can be conservatively 
treated, endoscopists must keep in mind that a gastric 
wall abscess may develop and that it is necessary to per-
form the procedure carefully.
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Abstract
Duodenal duplication cysts are rare congenital anoma-
lies. Duodenal duplication should be considered in 
the differential diagnosis of patients who present with 
abdominal symptoms with cystic structures neighbor-
ing the duodenum. Here, we present an 8-year-old girl 
with a duodenal duplication cyst treated with partial 
cystectomy with mucosal stripping performed laparo-
scopically. Laparoscopic surgery can be considered as a 
treatment option for duodenal duplication cysts, espe-
cially in extraluminal locations.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Duodenal duplication cyst; Laparoscopic 
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Core tip: In duodenal duplication cysts, the endoscopic 

approach has limitations in extraluminal situations. En-
doscopic internal derivation cannot remove the mucosal 
layer where malignancy mainly occurs, therefore, we 
propose that laparoscopic surgery can be considered 
as a treatment option for duodenal duplication cysts, 
especially in extraluminal locations.

Byun J, Oh HM, Kim SH, Kim HY, Jung SE, Park KW, Kim 
WS. Laparoscopic partial cystectomy with mucosal stripping of 
extraluminal duodenal duplication cysts. World J Gastroenterol 
2014; 20(4): 1123-1126  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i4/1123.htm  DOI: http://dx.doi.
org/10.3748/wjg.v20.i4.1123

INTRODUCTION
Duodenal duplication cysts are rare congenital anoma-
lies, which can appear during the neonatal period or 
later in life depending on the degree of  the gastric outlet 
obstruction[1]. Classical treatment for duodenal duplica-
tion cysts is total resection, but in cases requiring pan-
creaticoduodenectomy, less-invasive approaches have 
been proposed[2-4]. Here, we describe the laparoscopic 
technique for partial resection of  duodenal duplication 
cysts in an 8-year-old girl. 

CASE REPORT
An 8-year-old girl had suffered from intermittent ab-
dominal pain, nausea and vomiting for 2 mo. The patient 
had no other underlying diseases. The abdomen was flat 
and no definite mass was palpable. The laboratory stud-
ies were normal. The patient did not have jaundice and 
had normal serum bilirubin level. The tumor markers 
were not checked before surgery. Abdominal ultraso-
nography (US) showed 6 cm × 5 cm lobulated retro-
peritoneal cystic mass, septated between the duodenum 
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and the pancreas. Upper gastrointestinal series revealed 
luminal narrowing of  the second portion of  the duo-
denum (Figure 1A). Abdominal computed tomography 
(CT) and biliary pancreas magnetic resonance imaging 
(MRI) showed a multiseptated cystic mass suspected of  
originating from the uncinate process of  the pancreas. 
Extra compression from this lesion seemed to be caus-
ing narrowing of  the duodenal lumen (Figure 1B and 
C). Retroperitoneal lymphangioma of  the pancreas was 
primarily suspected, along with other differential diag-
noses including solid and papillary epithelial neoplasms, 
pancreatoblastoma, unusual cystadenoma, and pancreatic 
pseudocyst.

Laparoscopic exploration was performed. The pa-
tient was placed in the supine position under general an-
esthesia and an optical umbilical port was placed under 
direct vision followed by three additional ports (Figure 
2). A Snowden-Pencer Snake Retractor (CareFusion, San 
Diego, CA, United States) was inserted through port site 
3 for liver retraction. After performing a laparoscopic 
Kocher maneuver, a multiloculated cystic mass was 
identified in the second portion of  the duodenum. The 
cystic mass originated from the mesenteric border of  the 

duodenum and adhered to the uncinate process of  the 
pancreas (Figure 3A). After adhesiolysis between the cyst 
and the pancreas, clear demarcation of  the cystic surface 
was identified (Figure 3B). An arterial branch supplying 
the mass originating from the gastroduodenal artery was 
ligated with a 5-mm hemoclip and divided (Figure 3C). 
The proximal border of  the mass was easily dissected 
from duodenum with an ENDOPATH Electrosurgery 
Probe Plus II System with a Hook electrode (Ethicon 
Endo-Surgery, Cincinnati, OH, United States), but the 
distal border was directly attached to the duodenal wall, 
forming a common wall. A harmonic scalpel (Ethicon 
Endo-Surgery) was used to resect the mass from the 
duodenum and the remnant mucosa was cauterized with 
the ENDOPATH system. The lesion formed a common 
wall with the duodenum, without communication or fis-
tula. No intraoperative complications were encountered.

The patient was discharged on Postoperative Day 9 
without any complications. Upon histopathological re-
view, a compatible duodenal wall with partially denuded 
epithelium was consistent with duodenal duplication 
(Figure 4). 

DISCUSSION
Patients with duodenal duplication cysts present with 
recurrent nausea, vomiting, abdominal mass, abdominal 
distension, pancreatitis, and gastrointestinal bleeding[4,5]. 
Duodenal duplication can be diagnosed with various 
imaging modalities. The “double-layered wall” of  the 
duodenum seen with US, CT, and endoscopic ultrasound 
(EUS) are used to reach a diagnosis of  duodenal duplica-
tion[6-8]. In the present case, the patient had complained 
of  recurrent nausea and vomiting. However, in the US 
findings, the double-layered wall was not significant, and 
the lesion seemed to originate from the pancreas in the 
CT and MR images. Moreover, the lesion showed mul-
tiseptations, which turned out to be the folding patterns 
of  the cyst wall upon surgical exploration, and made it 
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Figure 1  Images for preoperative diagnosis. A: Upper gastrointestinal series demonstrated luminal narrowing and displacement of the duodenum by the mass (arrow 
head); B, C: Coronal reconstruction computed tomography image and coronal thick-slab T2-weighted image showed a multiloculated cystic mass (arrows) between 
the head of the pancreas and duodenum. The mass seemed to originate from the uncinate process of the pancreas, and the second and third portions of the duode-
num were inferolaterally displaced and compressed by the mass (arrow heads). 
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Figure 2  Laparoscopic port insertion site. 1: 12-mm optical umbilical port; 2, 
5-mm main working port; 3: 5-mm port for liver retraction. 



difficult to distinguish from other pancreatic tumors, in-
cluding pancreatic lymphangioma. 

The ideal treatment for duodenal duplication cysts 
is complete surgical resection if  their location allows it 
without endangering the biliopancreatic ducts[4]. Howev-
er, in cases of  duodenal duplication cysts involving im-
portant nearby structures, for example, the pancreas or 
biliary ducts, major surgical procedures like pancreatico-
duodenectomy may be required for total resection. This 
major procedure has a high complication rate resulting 
in poor quality of  life especially in children, therefore, 
less-invasive approaches, for instance, partial resection 
or internal marsupialization, have been proposed[2-4]. We 
have performed partial cystectomy with mucosal strip-
ping without duodenotomy using laparoscopic devices. 
However, in children, the small abdominal cavity and 
relatively small organs are limitations to laparoscopic 
approaches. Compared with conventional open surgery, 
laparoscopic surgery is less invasive and has more cos-
metic advantages if  it is performed by an experienced 
surgeon with the proper equipment.

Endoscopic therapy for duodenal duplication has 
been suggested recently for minimally invasive treatment. 
However, the endoscopic approach has limitations for 
extraluminal cysts. Endoscopic internal derivation can-

not remove the mucosal layer where malignancy mainly 
occurs, therefore, we propose that laparoscopic surgery 
is a safer method, especially for cases with extraluminal 
locations[2,9,10].

In summary, although duodenal duplication cysts are 
rare, they should be considered in the differential diag-
nosis of  patients who present with abdominal symptoms 
with cystic structures neighboring the duodenum. Lapa-
roscopic partial cystectomy with mucosal stripping can 
be considered as a treatment option for duodenal dupli-
cation cysts even in children. 
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Figure 3  Laparoscopic procedures and intraoperative findings. A: Laparoscopic intraoperative findings of duodenal duplication cyst after Kocher’s maneuver. 
Duplication cyst (white arrow heads) and mesenteric side of posterior wall of duodenum (black arrow heads); B: Demarcation of the mass surface after adhesiolysis. 
An arterial branch from the gastroduodenal artery supporting the mass was also noticed; C: Resection line with harmonic scalpel (white line). 

Figure 4  Pathological findings of resected specimen showing duodenal 
wall with partially denuded epithelium (hematoxylin and eosin staining, 
×12.5). The mucosal lining (black arrows), smooth muscle coat (black arrow-
heads), and glands (white arrowheads) were noticed. 
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