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Abstract

Endoscopic submucosal dissection (ESD) of superficial
esophageal cancer has been increasingly used as an
alternative to surgery because it is minimally invasive

Baishidenge  WJG | www.wjgnet.com

and has a high rate of en bloc resection. However,
a high rate of esophageal stricture is observed after
ESD for large lesions, which can dramatically decr-
ease the patient’s quality of life. Stricture prevention
is necessary to allow for endoscopic therapy to
expand. We, herein, review the most recent evidence
and discuss the role of the metallic self-expandable
stent and the biodegradable stent in esophageal
stricture prevention. Limited studies suggested that
prophylactic stenting could reduce the stricture rate
without increasing the number of complications. In
addition, the number of bougie dilation procedures was
significantly lower with stent placement. Esophageal
stenting is a promising option for post-ESD stricture
prevention. However, current evidence is too preli-
minary to formulate practice standards. Future studies
are needed to further validate the efficacy and safety of
prophylactic stenting and determine the best strategy for
stricture prevention. Stent migration is the most common
complication. A new stent that has advantages of a low
migration rate and minimal tissue reaction will need to
be developed. Therefore, randomized controlled trials
with long-term follow-up periods are required before
prophylactic stenting could be considered a valid option
to prevent post-ESD stricture.

Key words: Biodegradable stent; Stricture prevention;
Esophageal stricture; Metallic self-expandable stent;
Endoscopic submucosal dissection

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Esophageal stenting is a promising option
for esophageal stricture prevention. Current evidence
is too preliminary to formulate practice standards.
Randomized controlled trials with long-term follow-up
periods and cost-effective studies are required before
prophylactic stenting could be considered a valid option
to prevent post-endoscopic submucosal dissection
stricture.
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INTRODUCTION

Endoscopic submucosal dissection (ESD) of superficial
esophageal cancer has been increasingly used as an
alternative to surgery because it is minimally invasive
and has a high rate of en bloc resection. Despite
these advantages, a high rate of esophageal stricture
is observed after ESD for large lesions, which can
dramatically decrease the patient’s quality of life™*™.,
The rate of strictures after endoscopic resection for
circumferential or near-circumferential lesions can be
as high as 88%!"™. Although oral steroids were admini-
stered in one study, 45% of patients still suffered from
stricture!®. Therefore, post-ESD esophageal stricture
prevention is needed to allow for endoscopic therapy to
expand. In this editorial, we discuss the use of prophy-
lactic stenting in the prevention of post-ESD stricture
and include a discussion of our future vision related to
this topic. PubMed and Web of Science were searched
using the following search strategy: (ESD OR endo-
scopic resection) AND esophageal stricture AND stent,
until 31 August 2016. Studies investigating the role of
stent placement after esophageal ESD were included.
We searched the reference lists of the relevant studies
to identify other studies on the same topic. Currently,
no conclusive recommendation is evident in the liter-
ature related to the type of stent to use in stricture
prevention. According to the current studies, the self-
expandable metallic stent and the biodegradable stent
are two potential options.

SELF-EXPANDABLE METALLIC STENTS

Temporary placement of a self-expandable metallic
stent is increasingly used in practice to prevent post-
ESD stricture. Ye and colleagues reported on their
application of fully-covered stent placement after
circumferential endoscopic resection of esophageal
lesions!®. More information about the stent used
can be found in Table 1. A total of 23 patients were
included in this prospective study. During the follow-
up period, 4 patients had stent migration, and 3 of
those 4 patients developed esophageal strictures. The
stricture rate in this study was 17.3% (4/23), which
was significantly lower than the stricture rate reported
in previous studies. However, only one endoscopist
from a high-volume center performed the study, which
raises concerns about potential bias. Because the post-
ESD stricture rate could be affected by the experience
and operative skills of the endoscopist, the results of
this study may not be generalizable. Another limita-
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tion of this study was the absence of sham control to
further validate the advantage of stent placement. The
only randomized controlled trial (RCT) to date to inves-
tigate this question was conducted by Wen and his
colleagues”’. In this study, patients who had mucosal
defects that exceeded 75% of the circumference of the
esophagus after ESD treatment were randomized in a
1:1 fashion to either a group that received treatment
with a fully-covered esophageal stent or an observa-
tion group. The study showed a significantly lower rate
of stricture in the group that received stent placement
compared to the observational group (18.2% vs
72.7%, respectively, P < 0.05). Moreover, the number
of bougie dilation procedures was significantly lower
in the stent placement group compared to the obser-
vational group (mean 0.45, range 0-3 vs mean 3.9,
range 0-17, respectively, P < 0.05). In addition, com-
plications were comparable between the two groups.
Interestingly, the two patients who developed stricture
in the stent group both had stent migration. The
stent migration rate could be affected by the design
of the stents. Different types of stents have their own
characteristics. A small portion of exposed bare metal
at both ends of the partially covered metallic stent
helps to prevent migration. However, the granulation
tissue ingrowth at the ends of the stent could lead
to stent-induced strictures. In contrast, fully-covered
stents do not have any exposed bare metal, but they
are more prone to migration. A new stent that has
advantages of both a low migration rate and minimal
tissue reaction will need to be developed. Is successful
stent placement without migration enough for stricture
prevention? The answer may be “no”. Bhat and
colleagues reported a 28% stricture rate after stent
removal or migration®®. The circumferential lesion left
at the ends of the stent after stent removal is prone
to forming strictures. In addition, the potential pro-
inflammatory action of the implanted stent makes it
unlikely to be the single best choice for esophageal
stricture prevention. Although the results in previously
mentioned studies are inspiring, the studies involved a
small sample size and a short-term follow-up period;
therefore, the results need to be confirmed in future
larger trials. A recent meta-analysis conducted by
Oliveira and his colleagues demonstrated that the use
of preventive therapy after extensive ESD reduces
the risk of stricture without increasing the number of
complications'. Moreover, the placement of a fully-
covered stent and the use of local corticosteroid
injections have the most promising results in reducing
post-ESD stricture among different types of strategies.
It is worth mentioning that these results were based
on three small RCTs and several retrospective studies.
The high degree of heterogeneity across the included
studies raises additional concerns about the potential
bias of this analysis. Therefore, RCTs with larger
sample sizes comparing different treatment strategies
are still needed to clarify this issue. In endoscopy, the
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Table 1 Studies using esophageal stenting to prevent post-endoscopic submucosal dissection stricture

Ref. Type of study Population Type of stent Time of removal Stricture rate Stent migration rate
Ye et al, 2016 Cohort Circumferential Fully-covered self-expandable metallic 12wk 17.4% 17.4%

stents (CZES stent; Sigma, China)
Wen et al”), 2014 RCT Mucosal defect >3/4  Fully-covered self-expandable metallic 8 wk 18.2% 18.2%

stents (CZES stent; Sigma, China)
Saito et al'"!, 2008  Casereport Mucosal defect>3/4 PLLA esophageal stent (Tanaka-Marui ~ Self-degradable 0 0

stent; Marui Textile Machinery Co., Japan)

Saito et al"”, 2007  Casereport Mucosal defect>3/4 PLLA esophageal stent (Tanaka-Marui ~ Self-degradable 0 77.0%

stent; Marui Textile Machinery Co., Japan)

RCT: Randomized controlled trial; PLLA: Poly-L-lactic acid.

advancement of a new concept could be affected by
the availability and cost-effectiveness of technology.
Since stents are associated with a high cost, evidence
on cost-effectiveness is required in future studies.

BIODEGRADABLE STENTS

Saito et al''™ reported the successful application of
biodegradable stents to post-ESD esophageal stricture
prevention. Despite having a high rate of early stent
migration, the efficacy of stricture prevention reached
100%, but caution should be taken as the data are
based on short-term follow-up case reports™®. This
group also reported 2 cases of successful application of
biodegradable stents in the prevention of re-stricture
formation after balloon dilatation of post-ESD stric-
tures'*'l, Experience in using these types of stents is
learned from animal model-based experiments™***. Bio-
degradable stents have the potential to mitigate stent-
related complications and do not require removal.
The main limitations of biodegradable stents are a
hyperplastic tissue reaction and stent migration. The
poly-L-lactic acid (PLLA) stent and the polydioxanone
stent are two types of biodegradable stents that are
currently available. The PLLA-biodegradable stent
has a high rate of early stent migration, which makes
it unlikely to be the best choice for stricture preven-
tion™*'*, Meanwhile, polydioxanone stents have a
migration rate of 20%, but they could induce a severe
hyperplastic tissue reaction'*>*®!. A hyperplastic tissue
reaction delays the healing of the mucosa and poses a
challenge when removing the stent. Moreover, it might
prevent adequate surveillance for local recurrence.
Although the ideal stent has not yet been developed,
possible options to minimize tissue hyperplasia after
biodegradable stent placement should be considered in
future studies. These options include steroid injection,
consumption of a drug-eluting layer, and coverage
with biodegradable membranes or extracellular matrix
scaffolds.

CONCLUSION

All patients with extensive esophageal ESD should
receive some type of preventive treatment. Esophageal
stenting is a promising option for esophageal stricture
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prevention, especially when corticosteroid treatment is
contraindicated in certain patients. Current evidence is
too preliminary to formulate practice standards. RCTs
with long-term follow-up periods are required before
prophylactic esophageal stenting could be considered
as a valid option to prevent post-ESD stricture.
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Abstract

Familial pancreatic cancer (FPC) is broadly defined as
two first-degree-relatives with pancreatic cancer (PC)
and accounts for 4%-10% of PC. Several genetic syn-
dromes, including Peutz-Jeghers syndrome, hereditary
pancreatitis, hereditary breast-ovarian cancer syndrome
(HBOC), Lynch syndrome, and familial adenomatous
polyposis (FAP), also have increased risks of PC, but
the narrowest definition of FPC excludes these known
syndromes. When compared with other familial tumors,
proven genetic alterations are limited to a small propor-
tion (< 20%) and the familial aggregation is usually
modest. However, an ethnic deviation (Ashkenazi
Jewish > Caucasian) and a younger onset are com-
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mon also in FPC. In European countries, “anticipation”
is reported in FPC families, as with other hereditary
syndromes; a trend toward younger age and worse
prognosis is recognized in the late years. The resected
pancreases of FPC kindred often show multiple pancre-
atic intraepithelial neoplasia (PanIN) foci, with various
K-ras mutations, similar to colorectal polyposis seen in
the FAP patients. As with HBOC patients, a patient who
is @ BRCA mutation carrier with unresectable pancreatic
cancer (accounting for 0%-19% of FPC patients)
demonstrated better outcome following platinum and
Poly (ADP-ribose) polymerase inhibitor treatment.
Western countries have established FPC registries since
the 1990s and several surveillance projects for high-
risk individuals are now ongoing to detect early PCs.
Improvement in lifestyle habits, including non-smoking,
is recommended for individuals at risk. In Japan, the
FPC study group was initiated in 2013 and the Japa-
nese FPC registry was established in 2014 by the Japan
Pancreas Society.

Key words: Familial pancreatic cancer; Registry; High
risk; Genetic; Surveillance

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The incidence of pancreatic cancer increases
with the number of family members with pancreatic
cancer (PC). Familial pancreatic cancer (FPC) is defined
as at least two first-degree relatives with PC that
does not meet the criteria of other hereditary cancer
syndromes. FPC has some epidemiological, patholo-
gical, and therapeutic characteristics. Since the 1990s,
FPC registries have been established for use in studies
to follow up high-risk individuals with family history of
PC and hereditary cancer syndromes. Japan initiated a
nationwide FPC registry in 2014, and several projects
are expected at both the clinical and basic levels.

Matsubayashi H, Takaori K, Morizane C, Maguchi H, Mizuma
M, Takahashi H, Wada K, Hosoi H, Yachida S, Suzuki M, Usui
R, Furukawa T, Furuse J, Sato T, Ueno M, Kiyozumi Y, Hijioka
S, Mizuno N, Terashima T, Mizumoto M, Kodama Y, Torishima
M, Kawaguchi T, Ashida R, Kitano M, Hanada K, Furukawa
M, Kawabe K, Majima Y, Shimosegawa T. Familial pancreatic
cancer: Concept, management and issues. World J Gasteroenterol
2017; 23(6): 935-948 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i6/935.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.16.935

INTRODUCTION

Today, in both Japan and Unites States, the number
of patients with pancreatic cancer (PC) is gradually
increasing™?. The nationwide cancer deaths due to
PC is now total over 30000, so that PC ranks fourth
among all human cancers (http://ganjoho.jp/reg_stat/
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Table 1 Relative risk of pancreatic cancer in hereditary cancer syndromes

Inherited syndrome Relative risk Cumulative risk of PC Responsible gene
Peutz-Jeghers syndrome™” 132 11%-36% STK11
Hereditary pancreatitis™" 53-87 40%-55% PRSS1

Familial atypical multiple mole melanoma™*” 13-22 17% CDKN2A
Hereditary breast-ovarian cancer syndrome*”! 4-13 2%-7% BRCA1, BRCA2
Lynch syndrome™* 5-9 4% MLH1, MSH2, MSH6, PMS2
Familial adenomatous polyposis™” 5 - APC, MUTYH

PC: Pancreatic cancer.

statistics/dl/index.html#mortality)™. A survey by the
Japanese Pancreas Society (2012) indicated an overall
5 year survival for PC patients of only 13.0%. However,
when treated when the tumor size is < 10 mm or
within UICC-Stage 0, the 5 year survival increases to
80.4% and 85.8%, respectively®!. The best strategy
for curing this deadly cancer is currently thought to be
early detection by following high-risk individuals and
resection at a suitable time.

The risk factors for PC include image-detectable
pancreatic diseases and lifestyle factors. The former
includes pancreatic cysts®*, pancreatic duct dilation™,
intraductal papillary mucinous neoplasm (IPMN)™,
and chronic pancreatitis®”}, while the latter includes
smoking® %, diabetes mellitus®*?, obesity!**'*, and
low vitamin intake™’, among others. A family history
of PC is another known risk, and one that cannot be
modified by individual effort or by medicine.

Various human cancers show family history as a
risk of the same cancer developing in related family
members!'®*®!, Several case-control studies and cohort
studies have demonstrated an increased risk of PC
in those who have a first degree relative (FDR) who
is a PC patient [2.1"9-5.3%% of odds ratio (OR) and
1.5%5-1.7% of relative risk (RR)*']. The incidence
of PC increases with the number of family members
with PC, so that persons with one FDR with PC have
a 4.5 fold increased risk of PC, those with two FDRs
have a 6.4 fold increased risk, and those with three or
more FDRs have up to a 32 fold risk!*". The presence
of two or more pancreatic cancer patients within FDRs,
and without association with known hereditary genetic
syndromes, is defined as familial pancreatic cancer
(FPC).

The incidence of FPC among total cases of PC is
4%-10%. However, highly affected families are rare
(i.e., families with three or more PC cases within FDRs
account for only 0.5% of all PC cases in Japan)™”,
and their inherited risk is not as high as that of other
human malignancies (e.g., melanoma, prostate cancer,
ovarian cancer, and breast cancer) as confirmed by a
study of a large number of twins in Nordic countries®*.,
Several environmental factors (tobacco smoke,
asbestos, radon)!®?®! have been reported in cases of
FPC, and we must bear in mind that “familial PC" is
not a synonym for “inherited PC". With the mentioned
criteria, pathogenic germline mutation has been
proven in less than 20% of FPC cases, and this is far
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lower than is observed in other familial cancers asso-
ciated with the pancreatic neoplasms, such as multiple
endocrine neoplasia type 1 (MEN1) and von Hippel-
Lindau disease.

Higher risks of PC are also associated with some
inherited syndromes, such as Peutz-Jeghers syndrome
(PIS)7, hereditary pancreatitis (HP)®?®!, familial
atypical multiple mole melanoma (FAMMM)P233,
hereditary breast-ovarian cancer (HBOC)®**”), heredi-
tary nonpolyposis colorectal cancer [HNPCC, Lynch
syndrome (LS)]®***, familial adenomatous polyposis
(FAP)“Y and Werner syndrome'™" (Table 1). However,
these syndromes are excluded from the definition of
FPC in its narrowest meaning. In western countries,
high risk individuals (HRI) with a family history of PC
and hereditary cancer syndromes have been partici-
pating in nationwide or institutional FPC registries*”,
and clinical surveillance and basic research have been
performed to detect PC in its early stage. This review
has focused on the concept and the current outcomes
of surveillance of HRI.

CHARACTERISTICS OF FPC

Epidemiology

FPC has several epidemiological features that distin-
guish it from ordinary PC. Similar to other familial
cancers, FPC shows a trend toward a younger onset
[FPC: age 58"%-68"*, compared to sporadic PC (SPC):
age 61™-74] and an ethnic deviation (Ashkenazi
Jewish > Caucasian)®. The lifetime risk of PC also
increases with decreasing age of onset of PC in family
members****). Meanwhile, similar to the sporadic
cases, smoking (especially current smoking)™**®! and
diabetes (recent onset of diabetes)™” are also risks for
FPC.

A pedigree of FPC also incurs an increased risk of
developing cancer or cancer death from diseases other
than PC, such as in melanoma (OR = 16.8, P < 0.0001),
endometrial cancer (OR = 5.26, P = 0.034), breast
cancer [weighted standardized mortality ratio (WSMR):
1.7], ovarian cancer (WSMR: 2.1), and bile duct cancer
(WSMR: 3.0)"®. Several studies have also demon-
strated an unexplained worse prognosis in familial
cases than in sporadic cases®*”, albeit some showed
no difference™®. Surprisingly, two European registries
(EUROPACP® and FaPaCa!**”) that analyzed 106
FPC families (264 affected individuals) through three
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Figure 1 Worldwide mapping of the (familial) pancreatic cancer registries and genetic research institutions (1-24). 1: Memorial Sloan-Kettering Cancer Center,
Familial Pancreatic Cancer Family Registry; 2: Johns Hopkins University, National Familial Pancreas Tumor Registry; 3: Indiana University, Familial Pancreatic Cancer
Registry; 4: NorthShore University, Pancreatic Cancer Family Registry; 5: Northwestern University, Pancreatic Cancer Family Registry; 6: University of Nebraska
Medical Center and Creighton University, Pancreatic Cancer Family Registry; 7: Huntsman Cancer Institute and University of Utah, Familial Pancreatic Cancer
Registry; 8: University of Washington, Familial Pancreatic Cancer Registry; 9: Columbia University, Pancreatic Cancer Registry; 10: Thomas Jefferson University,
Jefferson Pancreas Tumor Registry; 11: University of Oklahoma, National Pancreatic Cancer Registry; 12: Oregon Health & Science University, Oregon Pancreas
Tumor Registry; 13: Dana-Farber Cancer Institute, Pancreatic Cancer Genes Study; 14: University of Pittsburgh, Pancreatic Adenocarcinoma Gene-Environment
Risk Study and Registry; 15: Karmanos Cancer Center and Wayne State University, Pancreatic Cancer Genetic Study; 16: Mayo Clinic, Pancreatic Cancer Genetic
Study; 17: University of Texas and MD Anderson Cancer Center, Pancreatic Cancer Genetic Study; 18: Mount Sinai Hospital, Toronto, Familial Gastrointestinal
Cancer Registry; 19: Philipps University of Marburg, German National Case Collection Familial Pancreatic Cancer; 20: University of Liverpool, European Registry of
Hereditary Pancreatitis and Familial Pancreatic Cancer; 21: National Registry for Familial Pancreatic Cancer in Italy; 22: Ramon y Cajal University Hospital, Madrid,
Spanish Registry of Hereditary Pancreatic Cancer; 23: The Kinghorn Cancer Center, Australian Pancreatic Cancer Genome Initiative; 24: Kyoto University, Japanese
Familial Pancreatic Cancer Registry.

generations [dates of birth: 1900-1919, 1920-1939, phy and chronic pancreatitis-like changes observable
1940-1969] observed “anticipation” in the affected by endoscopic ultrasonography (EUS)®*.

kindred of FPC patients”®; that is, a trend existed Despite the difference in the numbers of precursor
toward younger age and worse prognosis in the latest  lesions***¥, a blind review of histological observation
generation. of 519 FPCs and 561 SPCs by expert pathologists did

not show any significant difference in terms of tumor
Pathology and molecular biology size, location, neural invasion, angiolymphatic invasion,
As is found with colorectal polyposis in numerous  ymph nodal metastasis, and pathological stage™”.

FAP patients, the pancreatic histology of FPC kindred The genome-wide allelic status™*”, and genetic and

often demonstrates multiple precancerous lesions™“® epigenetic alterations'"! are also similar between SPC
or pancreatic intraepithelial neoplasias (PanINs)>%, ~ and FPC.

PanINs with various mutations of KRAS codon 12 are

frequently recognized in the vicinity of ordinary PC®¥; GENETICS AND CLINICAL MANAGEMENT
however, they are 2.75-fold more frequent in the FPC

than in the SPC pancreas™. These precursor lesions OF FPC

sometimes appear in the clinical image as small cystic Familial pancreatic cancer registry

lesions®***! and are more often recognized in the pan-  Figure 1 shows a global map of the institutional and
creases of FPC families than in those of CDKN2A/p16 nationwide pancreatic cancer registries, including
mutation carriers (By contrast, PC is 10 times more FPC registries. The National Familial Pancreas Tumor
frequent in the latter group)®”. These lesions in FPC Registry (NFPTR) (http://pathology.jhu.edu/pan-
kindred are associated with lobular parenchymal atro- creas/nfptr/history.php) was founded in 1994 at Johns
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Hopkins University (Baltimore, United States)®®*. This
was followed by the European Registry of Hereditary
Pancreatitis and Familial Pancreas Cancer (EUROPAC:
http://www.europac-org.eu/)® (1997) at Liverpool
University (Liverpool, United Kingdom) and the
German National Case Collection for Familial Pancreatic
Carcinoma (FaPaCa: http://www.fapaca.de/)! "
(1999) at Phillips University (Marburg, Germany). The
NFPTR had enrolled 4322 families as of 2012; of these,
1376 families had one or more cases of PC in their
FDRs. The FaPaCa had 452 registered FPC families
as of 2009, National FPC registries have also been
established in Italy (2007)®! and in Spain (2009)"".
In Japan, a kickoff meeting was held at Kyoto among
international experts in October 2012, A committee
was assembled in 2013 and the nationwide registry
of FPC (Japanese Familial Pancreatic Cancer Registry:
JFPCR: http://jfpcr.com) was officially established in
2014 by the Japan Pancreas Society.

Consortiums and symposiums have also been orga-
nized among several high volume centers and/or FPC
registries in North America [Pancreatic Cancer Genetic
Epidemiology Consortium (PACGENE) in 2002, funded
from the National Cancer Institute]®” and across the
globe [International Symposium on Inherited Diseases
of the Pancreas'® initiated in 1997, Pancreatic
Cancer Cohort Consortium (PanScan) in 2006%%7,
and International Cancer of the Pancreas Screening
Consortium (CAPS) in 2011"®]. The aim has been
to gather information on patients and families of PC
and to study the cause of PC, with the ultimate goal
of improving the clinical practice of counseling and
screening of the HRIs, and to devise new early detec-
tion methods for PC and better treatments. To date, a
large number of clinical studies have been conducted
under the FPC registries, mostly concerning risk
assessment and screening of family members of FPC
patients, in parallel with basic research on pancreatic
carcinogenesis'®,

Genetics associated with familial pancreatic cancer
The establishment of FPC registries was followed
by a long period of basic research on FPC, as well
as pursuit of its causative genes'®®. As already
mentioned, several hereditary cancer syndromes
have increased risks for the development of PC (Table
1)*7%, Genes responsible for FPC have included ATM
(mutation rate: 2.4%)"", BRCA1 (0-1%)"*”*, BRCA2
(8%-19%)P*7*71  CHEK2 (2.9%)V®!, and PALB2
(3.1%-3.7%)"77%. However, the known germline
mutations account for less than 20% of FPC cases.
These genes all function in the homologous recombi-
nation of the double strand DNA repair system, or the
so-called Fanconi anemia (FA) pathway*®”, and their
germline mutations have also been reported in familial
breast cancers®®".

BRCA1/2 mutation carriers have a mild to moder-
ate level of risk for PC (relative risks: 2-8, lifetime
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risks: 2%-17%), but some specific mutation types
may have further increased risks. For instance, BRCA2
6174delT, which is a Jewish founder mutation, was
detected in 13% (3/23) of Jewish PC cases and the
odds for having PC was 12.8%., Similarly, the BRCA2
K3326X mutation was detected in 5.6% (5/144) of
American FPC cases®, A murine model confirmed
that a germline BRCA2 mutation suffices to promote
carcinogenesis by the KRAS mutation'®, which is
recognized in nearly 90% of PC cases™". This may also
explain the function of BRCA2 mutation in FPC. Other
genes working in conjunction with FA complementation
groups, such as FANCA®!, FANCC®®, and FANCG™®,
have been reported to show very low incidences of
mutation in FPC (0%-0.5%).

Most recently, the PACGENE study group, which
included six American and Canadian institutions,
used custom genotyping arrays (iSelect Collaborative
Oncological Gene-Environment Study array: iCOGS
array) to analyze a single nucleotide polymorphism of
985 PC cases [906 cases with a family history of PC
and 79 cases with early-onset (< 50 years old)]. This
group discovered evidence supporting an association
of two genetic loci with PC: 7p21.1 (HDAC9) and
21g22.3 (COL6A2)™",

SURVEILLANCE OF HIGH RISK
INDIVIDUALS

Surveillance conditions

Screening the high-risk population is thought to be an
effective strategy for early diagnosis of PC; however,
several issues concerning screening have been
raised®®. These include the nature of the pathological
lesion that represents the best target for surgical
resection, the degree of risk expected for the scree-
ning, the best modality or combination of multiple
modalities, the best age for initiating screening, the
optimal screening interval, and the cost benefit and
mental burden for the subjects.

Targeted pathological lesions: The CAPS con-
sortium summit held in Baltimore (2011) concluded
that the success of a screening program for HRIs is
defined as the detection and treatment of high-grade
precursors (PanIN®?! and IPMN®®!) - UICC-stage I A PC
(TINOMO; limited to the pancreas and no more than
2 cm in size)®®. Today, the overall survival of UICC-
stage I A cancer is unsatisfactory (5-year survival:
68.7%). The ideal for a targeted lesion is thought
as high-grade precursors - UICC-stage 0 PC (5-year
survival: 85.8%)%.

Screening candidates and lifestyle guidance at
surveillance: A high predictive value can be obtained
by surveillance if the conditions of the high-risk group
enrolled in a screening protocol are well examined.
This is important from the viewpoint of the advantage-
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Table 2 Screening candidates with high risks'

Table 3 Non-genetic risk factors of pancreatic cancer

Individuals with = 3 affected relatives, with = 1 affected FDR
Individuals with = 2 affected FDRs with PC, with = 1 affected FDR,
reaching a certain age

Individuals with = 2 affected relatives with PC, with = 1 affected FDR
Peutz-Jeghers syndrome patients, regardless of family history of PC
CDKN2A mutation carriers with one affected FDR

BRCA?2 mutation carriers with one affected FDR

BRCA2 mutation carriers with two affected family member pf PC

PALB2 mutation carriers with one affected FDR

Mismatch repair gene mutation carrier (lynch syndrome) with one
affected FDR

'Quoted from the reference!®. FDR: First-degree relative; PC: Pancreatic
cancer.

disadvantage balance, especially concerning the eco-
nomic and mental burden placed on the individuals who
undergo this surveillance.

The risk level of the candidate individual is assessed
based on the numbers of affected family members®*
and hereditary syndromes (Table 1). “PancPro”® s
free software for estimating PC risk (based mainly on
hereditary risk) that uses prospective data obtained
from 961 families enrolled in the NFPTR; this software
is actually applied to the screening programs in
Italy® . The international consortiums recommended
that an individual who had a 5°! to 10°¢**® fold
risk undergo PC screening. However, we must bear
in mind that a complete view of the genetic suscep-
tibility of PC is still unavailable and huge amounts of
data from whole genome sequencing are needed for
accurate assessment. At present, the CAPS consortium
has proposed nine conditions for candidate HRIs (Table
2), within a setting of greater than a 5-fold risk or a 5%
of lifetime risk of PC'®,

A screening strategy should also evaluate the risk
factors of lifestyle and pancreatic diseases, such as
smoking™®'%?*%%% obesity*'** physical inactivity!?,
diabetes!*'*®! chronic pancreatitis®’®, IPMN!®®,
pancreatic cyst®*, pancreatic duct ectasia™, etc. (Table
3). For instance, a patient with diabetes mellitus and
a smoking history and a patient with one FDR with PC
each showed a 10-fold risk when compared with nega-
tive controls!'®’, The initial counseling should be used
to present modifiable risks related to the lifestyle to
HRIs and their improvement should be recommended;
i.e., smoking cessation, a healthy diet high in fruits
and vegetables, higher intakes of vitamin D (> 600
IV)™!, and regular exercise to control weight (body
mass index: < 25 kg/m?)"®®,

Modalities of screening: Consensus could not be
reached at the international consortium regarding the
modality that is the most suitable for screening®.
Many institutions currently use EUS as their standard
modality’”!, based on its ability to detect small
pancreatic lesions (< 1 cm)®”*%!, Kamata et ai** pro-
spectively compared the sensitivity of detecting a PC
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Factors Risk level
Smoking®"” OR=15-2.2
Diabetes""" RR =1.8-1.9
Obesity"*™! RR =1.1-14
Chronic pancreatitis'®” SIR = 13-14
Intraductal papillary mucinous neoplasm' SIR =16
Dilated main pancreatic duct® HR =64

Pancreatic cyst™" HR=62;0R=103

SIR: Standardized incidence ratio.

using EUS, enhanced computed tomography (CT), or
magnetic resonance imaging (MRI) during the screen-
ing of 167 consecutive cases of IPMN; these authors
concluded that EUS had the best sensitivity. EUS is also
superior at detecting risk findings frequently seen in
HRIs, such as duct ectasia, cysts™, and subtle paren-
chymal findings of the pancreas™®**'% However,
agreement is poor in terms of these characteristic
findings, even among expert endosonographers®*,
First, visualization by EUS largely depends on the
operator’s skill™®!, The choice of EUS scopes is also
contentious™®!, as convex and radial types each have
their own different peculiarities!'*”. Other drawbacks
of EUS include the necessity for a relatively long-time
fasting period and conscious sedation, with a limited
observation area in cases with a reconstructed upper
gastrointestinal tract. In this sense, abdominal ultraso-
nography is a handy tool that may substitute for EUS if
visualization of the pancreas is good without any blind
spotst®, for the subjects with slim abdominal trunk.
MRI or magnetic resonance cholangiopancreatog-
raphy (MRCP) is good at visualization of the pancreatic
ductal systems. Dilation of the pancreatic duct and cyst
formation are risk factors for PC®* and are actually
frequently recognized in HRIs (cyst in 38.9% and duct
ectasia in 2.3%)"?, making MRCP a promising tool for
assessing the risk level of HRIs. CT scans have a high
spatial resolution; however, the healthy examiners
are exposed to radiation. Long-term screening for
breast cancer with low-dose radiation may possibly
increase the incidence of cancer in BRCA mutation
carriers (BRCA1: < 2%, BRCA2: < 4%)™). This risk
is especially high when radiation exposure occurs at
age 20 or younger (OR = 2.0, 95%CI: 1.3-3.1) or
is repeated five or more times (OR = 1.8, 95%CI:
1.1-3.0)M"%), Excessive use of CT should be avoided
in @ BRCA mutant cohort. Endoscopic retrograde
cholangiopancreatography (ERCP) is too invasive for
routine screening and carries its own risk of procedure-
associated pancreatitis; nevertheless, it is used for fur-
ther investigation as it has the advantage of obtaining
pathological samples™*'***'!! Repeated pancreatic
juice cytology with placement of endoscopic naso-
pancreatic duct drainage is effective for detecting early
pancreatic carcinoma or carcinoma in situ spreading
within the pancreatic duct™®. EUS-guided fine needle
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aspiration (EUS-FNA) can target small invasive carci-
noma, although only limited tissues can be obtained
from carcinoma in situ, and dissemination is a risk!**%.

In summary, EUS and MRI are considered the most
accurate image tools%'%'** with high agreement
among the consortium experts (agreement, EUS:
83.7% and MRI/MRCP: 73.5%)"". EUS-FNA and
ERCP are applicable when abnormal findings or their
changes are observed in other images'***”\. In addition
to image analysis, serum tumor markers, including
elevated carcinoembryonic antigen and CA19-9, should
be checked each time!****>%%%,

When to start screening: Screening in many institu-
tions is started at 40 years of age®°”! or 10 years
younger than the age of the youngest relative with
PC***), As PC develops in cases of PJS at a young age
(40.8 years)®”, screening is started at 30 years old™”.
However, detection of pancreatic lesions increases
after age 50-60"%"**, No consensus has been reached
regarding the age to initiate screening and more than
half (51%) of the experts in CAPS consortium voted
the initial screening at age 50,

Screening interval: Many institutions opt for yearly
screening!**°%?>%7114 if the |atest EUS and/or CT is
normal (73.5% of agreement by CAPS consortium)®®.
Once an abnormal finding is observed, subsequent
screening is done every 3-6 mo™®”! or 3-12 mo"***®,
The endorsed screening interval for a non-suspicious
cyst is 6-12 mo (agree: 83.7%), 3 mo for a newly
detected solid lesion if surgery is not imminent (agree:
85.7%), and 3 mo for an indeterminate main pan-
creatic duct stricture (agree: 95.9%)®, The natural
history and progression of FPC still require study to
determine the appropriate duration for screening
intervals in relation to the risk level.

Surgical indications and procedures: As already
mentioned, the characteristics of pancreatic histology
in FPC kindred are multifocal PanINs or IPMNs™ asso-
ciated with duct ectasia and parenchymal atrophy™?.
The surgical indication for IPMN lesions can be deter-
mined according to established Fukuoka guidelines'™.
However, detection of PanIN3 (carcinoma in situ) or
minimally invasive cancer is difficult, as these cancers
are tiny and do not form a solid mass or a nodule.

The extent of resection is controversial, depending
on the therapeutic concept. The choices are to remove
all precancerous lesions'*? or to resect only a targeted
area that includes nodular or cystic lesions®”'**), In
cases of HBOC with the BRCA mutation, risk-reducing
salpingo-oophorectomy is affordable and has an
acceptable level of complications'®). However, for
the pancreas, total pancreatectomy (TP) has severe
complications, including a considerable level of
postsurgical in-hospital mortality (cf. nationwide: 23%,
high-volume hospital: 5%, in Germany)™"”'*® and
subsequent serious glycemic control failure (mortality:
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4%-8% per year)''*), A secondary pancreatectomy
for the remnant pancreas can be conducted without
increasing morbidity and mortality'**®, so resection of
the target area, rather than TP, has been preferable
thus far.

For many years, TP with pancreatic transplantation
has been conducted in patients with type 1 diabe-
tes!'™” and TP combined with islet autotransplantation
has been performed on chronic pancreatitis patients
with intractable pain'**!. However, most recently, due
to the improvements in post-surgical quality of life,
these treatment procedures have been considered and
actually indicated for FPC kindred with premalignant
lesions!***#*'**] Further improvements are expected in
the future.

Present outcomes of surveillance of high risk
individuals

Several surveillance results have been reported
from single or collaborated FPC registries in western
countries; their protocol conditions and outcomes
are Summarized in Table 4[42,50,91,92,94,95,97,101,114,124-127].
Some of the cases from the same registry may appear
in more than one report; therefore, interpretation of
cumulative data needs caution. About 5%-20% of
the screened HRIs underwent surgery for suspected
lesions. Roughly one third of the resected cases were
benign lesions that underwent unnecessary treatment,
and only less than one fifth were borderline precursors
and carcinoma in situ, or definitive targets of the
surveillance (Table 4). A small proportion of PC was
resected at an early phase (TLNOMO)®", but some
PC cases were detected at the advanced unresectable
stage. These outcomes testified to the difficulty of
providing an accurate diagnosis of PCs at the curative
stage.

Psychological and economical aspects of surveillance

Screening participants who are FPC kindred commonly
express grief from the experience of family death due
to PC'**™% and are distressed by the high mortality
and uncertainty related to prevention and early detec-
tion™?], Their motivation for participating in surveil-
lance is “possible early detection of (a precursor stage
of) PC" (95%-100%)"", and they want to control
their cancer risk by seeking information and resources
to prevent PC'**®), Research conducted by the Mayo
Clinic indicated that 67% (238/361) of FPC kindred felt
they had a higher lifetime risk of PC when compared
to people of the same age, race, and gender, and 95%
were likely to undergo blood test surveillance and 75%
were likely to undergo EUS surveillance!*®. A study at
the University of Toronto revealed that the perception
of PC risk was higher in FPC kindred than in BRCA2
mutation carriers (42% vs 15%)"*!. Most participants
had anxiety and worry at the beginning, although
only occasionally or sometimes!*®*3%: however, this
gradually decreased as surveillance progressed (over
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The “doing nothing” strategy provided the lowest
cost, the greatest remaining years of life, and the
best quality-adjusted life years, when compared to
the smallest benefit in these aspects obtained with
prophylactic TP.

CHEMOTHERAPY FOR FAMILIAL
PANCREATIC CANCER WITH BRCA
MUTATION

For unresectable PC, on the basis of current evidence,
FOLFIRINOX (fluorouracil, folic acid, irinotecan, and
oxaliplatin) and gemcitabine-based regimens are
standard choices of chemotherapy (median survival:
11 mo and 6-9 mo, respectively)”®, However, in
agreement with the response observed in HBOC
patients'*°), PC patients with BRCA1/2 mutation
carriers respond well to platinum-based chemo-
therapy!*® and poly (ADP-ribose) polymerase (PARP)
inhibitors™**'*"! ' as determined in several studies. For
example, Golan et a**” compared overall survival (OS)
of 43 patients with stage M-IV PC with BRCA mutation
carriers in terms of their chemotherapy regimen-either
platinum or non-platinum. Superior OS was observed
for patients treated with platinum chemotherapy (n
= 22) than with non-platinum (n = 21) (22 mo vs
9 mo, P = 0.039). A similar effect was confirmed in
an experiment using xenografts by Lohse et a/'*?,
who reported that PC xenografts harvested from
BRCA mutation carriers and implanted into nude mice
showed sensitivity to both gemcitabine and cisplatin.
By contrast, xenografts from BRCA wild cases showed
sensitivity only to gemcitabine. A joint study by Johns
Hopkins University and the MD Anderson Cancer
Center***! analyzed effectiveness of platinum-based
chemotherapy in metastatic PC patients (n = 549) by
familial cancer history, although germline BRCA status
was not described, and demonstrated a superior OS in
patients with family history of either breast, ovarian,
or pancreatic cancer (HR = 0.49, P = 0.003). Survival
was strongly associated with the number of relatives
with BRCA-related malignancy (P = 0.009).

Kaufman et al'**® reported that a PARP inhibitor
(PARPI) treatment induced a 22% response ratio with
4.6 mo of progression-free survival in BRCA-mutant PC
patients who had already showed progression resistant
to the gemcitabine treatment. PARPi is effective for PC
cases with deficiency in the homologous recombination
pathway; i.e., in cases with either mutation of ATM,
BRCA1, BRCA2, or CHEKZ2. This outcome is explained
by a synthetic lethal theory, where apoptosis is induced
by blocking both the single- and double-strand DNA
break repair system!"*?. Currently, data are lacking
with respect to PARPi use against FPC in causative
mutation carriers. Future outcomes are expected.
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CONCLUSION

In addition to classical risk factors, hereditary factors
including family history of pancreatic cancer and some
genetic syndromes must be taken into account when
screening to detect early pancreatic cancer. Since the
1990s, basic and clinical research has accumulated
much scientific data on FPC. However, to date, scree-
ning of HRIs has had unsatisfactory outcomes. In 2014,
the JFPCR was established in Japan, and projects have
just begun for early detection and better outcomes of
PC. Success in this venture will depend on improve-
ment of all aspects, including genetic medicine, scree-
ning and treatment methods, and better understanding
of what determines a HRI.
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Abstract

Lymphocytic esophagitis (LE) is a clinicopathologic
entity first described by Rubio et a/ in 2006. 1t is defined
as peripapillary intraepithelial lymphocytosis with
spongiosis and few or no granulocytes on esophageal
biopsy. This definition is not widely accepted and the
number of lymphocytes needed to make the diagnosis
varied in different studies. Multiple studies have
described potential clinical associations and risk factors
for LE, such as old age, female gender and smoking
history. This entity was reported in inflammatory bowel
disease in the pediatric population but not in adults.
Other associations include gastroesophageal reflux
disease and primary esophageal motility disorders. The
most common symptom is dysphagia, with a normal
appearing esophagus on endoscopy, though esophageal
rings, webs, nodularities, furrows and strictures have
been described. Multiple treatment modalities have
been used such as proton pump inhibitors and topical
steroids. Esophageal dilation seems to be therapeutic
when dysphagia is present along with esophageal
narrowing secondary to webs, rings or strictures. The
natural history of the disease remains unclear and
needs to be better delineated. Overall, lymphocytic
esophagitis seems to have a chronic and benign course,
except for two cases of esophageal perforation in the
literature, thought to be secondary to this entity.

Key words: Lymphocytic esophagitis; Intraepithelial
lymphocytes; Spongiosis; Gastroesophageal reflux
disease; CD4 T-cells; Dysphagia; Inflammatory bowel
disease; Esophageal rings; Proton pump inhibitors;
Esophageal dilation

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Lymphocytic esophagitis has recently been
described in 2006 and subsequently, multiple groups
have attempted to describe its clinical associations
and risk factors with minimal information available on
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treatment. We performed a PubMed search of all case
reports and retrospective studies published in English
about lymphocytic esophagitis. The objective of this
paper is to present a scientific review of all aspects of
this emerging clinical entity known to date.

Rouphael C, Gordon 10, Thota PN. Lymphocytic esophagitis:
Still an enigma a decade later. World J Gastroenterol 2017,
23(6): 949-956 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i6/949.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.16.949

INTRODUCTION

Lymphocytic esophagitis (LE) is a new clinicopathologic
entity that was first described by Rubio et a/''! in
2006 and subsequently, more frequently diagnosed
and reported by clinicians and pathologists over the
last decade. It consists of peripapillary intraepithelial
lymphocytes (IELs) with no or rare granulocytes on
esophageal biopsies. Despite LE being an emerging
entity, esophageal IELs have been described years ago
and several studies, as early as the 1970s, suggested
a possible association between gastroesophageal reflux
disease (GERD) and an increased number of IELs™.
The co-occurrence of lymphocytes and granulocytes
in reflux esophagitis has also been reported®*. IELs
with irregular nuclear contours were described on the
esophageal biopsy specimens of patients with reflux
esophagitis™. In the late 1990s, Wang et a/**' found
that IELs were not an independent marker of reflux
esophagitis as no correlation was noted between the
number of neutrophils and T lymphocytes, despite
the presence of a correlation between the number
of T lymphocytes and eosinophils. Around that time,
in a Swedish study looking for Menetrier’s disease
and varioliform lymphocytic gastritis in baboons, one
esophageal biopsy specimen was noted to be infiltrated
by lymphocytes with round irregular contours and a
lack of granulocytes'™. The latter study was the basis
for Rubio’s group to start looking for human biopsy
specimens with similar characteristics and describe LE
for the first time. They characterized this condition by
heavy peripapillary intraepithelial lymphocytic infiltra-
tion with no or rare granulocytes!'!. Consequently,
multiple studies done on LE noted intercellular edema
known as spongiosis”® on pathology slides, a criterion
that was later added to Rubio et al definition. The
widely accepted definition for lymphocytic esophagitis
is increased peripapillary IELs by more than 20 IELs
per high power field with little or no granulocytes,
along with spongiosis (Figure 1).

HISTOPATHOLOGY

The presence of neutrophils, eosinophils or increased
lymphocytes on esophageal biopsy indicates an inflam-
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matory process. A normal esophageal mucosa has a
small number of dispersed lymphocytes, mostly with
irregular nuclear contours, and mainly in the peripapil-
lary epithelium™. An acceptable count of IELs in a
normal esophagus was reported to be 10 IELs/HPF!'",
The lymphocytic population in the esophagus is part of
the gut-associated lymphoid tissue: Cytotoxic CD8+
T cells are normally seen in the squamous epithelium
along with Langerhans cells. Helper CD4+ T cells and
B lymphocytes reside in the lamina propria™".

Given that LE is defined as an increased number of
IELs, we would expect a peripapillary predominance
of cytotoxic CD8+ T cells in the esophageal squamous
epithelium. This has been inconsistent however, and a
recent study demonstrated a CD4+ T-cell-predominant
intraepithelial lymphocytosis in patients with primary
esophageal motility disorder (PEMD) raising the possi-
bility of a new clinicopathologic entity that they labeled
“dysmotility-associated LE"™. In contrast, in cases
of LE in patients with normal esophageal motility, the
number of CD4+ and CD8+ T lymphocytes varied.
Indeed, one study found a CD8+ T-cell predominance
when LE was associated with GERD in the absence of
PEMD™, A better immunophenotypic characterization
of LE is hence needed for a superior definition. Another
aspect of deficiency in the definition of LE is reflected
in the various studies performed with different cut-offs
used to demarcate an increased IEL count, ranging
between = 10 IEL/HPF"* and = 50 IEL/HPF***®! with
a cut off of = 20 IEL/HPF being commonly used™”*®,
Moreover, the acceptable number of a “few granu-
locytes” needs to be better defined, as granulocytic
inflammation is typically seen in GERD.

CLINICAL FEATURES OF LE

The incidence of LE has been on the rise in the United
States over the past few years. It is unclear whether
this is true increase in incidence or simply secondary
to the condition being better recognized by patholo-
gists and clinicians. In one study of 81 subjects with
LE, 81.5% were diagnosed between 2006 and 2009
as compared to 6.2% diagnosed between 1998
and 2001™®. It has been published that LE is being
detected at a rate of 1 in a 1000 on endoscopies and
biopsies performed in the outpatient setting!”. It is
also unclear whether LE is more commonly seen in
the western world or developing countries. Despite the
fact that a Swedish group first characterized it, most
published case reports and studies looking for clinical
associations and potential risk factors took place in the
United States. To the best of our knowledge, only three
case reports in the English literature described cases
of LE outside the United States, including Japan''®,
Portugal® and Australia®". In contrast to the findings
of Rubio et al''l, it is becoming evident that LE seems
to affect older women to a larger extent, in their sixth
decade™**'”*® 'in contrast to eosinophilic esophagitis
(EOE) seen in younger men. Smoking was also found
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Figure 1 Histopathologic findings in lymphocytic esophagitis: increased
peripapillary intraepithelial lymphocytes with spongiosis (hematoxylin
and eosin stain; x 20 magnification).

to be associated with LE in multiple retrospective
studies™**”), Patients tend to present with dysphagia
as the most common symptom, though reflux/heart-
burn, chest pain, nausea and abdominal pain have
been reported as well®*>!*'8],

ENDOSCOPIC FINDINGS

Endoscopic findings vary from normal mucosa in
up to one-third of the cases (19.8%-35%)"*'® to
esophageal rings, strictures, furrows and webs (Figure
2). For instance, Cohen et al*® demonstrated that
the esophagus looked normal in approximately 30%
of their subjects, with the most common lesions in
others being esophageal rings (19.6%), esophagitis
(13%) and strictures (8.6%). Erythema, nodulari-
ties, furrows and webs were observed to a lesser
extent. Purdy et al'® noted a significant difference in
endoscopic findings between LE subjects and controls.
Similar to Cohen et al'*® findings, a normal appear-
ance of the esophagus was the most common finding
in both groups. It is noteworthy however that when
Putra et a/* compared patients with PEMD to their
controls (GERD patients with no dysmotility disorder),
patients with LE were more likely to have a normal
upper endoscopy than patients with “dysmotility
negative-GERD"” (P = 0.004). No significant difference
was noted however between both groups when looking
at rings, furrows, esophagitis, possible Barrett's esopha-
gus, ulcer or stricture, findings that were much less
encountered in both groups than a normal esophageal
mucosa. The majority of the retrospective studies con-
ducted to look for clinical associations and risk factors
for LE, found that LE most commonly presented with
a normal esophagus. This observation was in contrast
to Pasricha et a/" findings, who noted that 82%
(23/27) of their sample had abnormal endoscopic
findings in the esophagus. In addition, all of the case
reports published to date, report abnormal esophageal
findings. For instance, Zhang et al”® reported the case
of a 66-year-old female with history of dysphagia, who
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Figure 2 Endoscopy showing narrowed esophagus with subtle strictures.

was found to have multiple concentric rings in her mid
and lower esophagus with biopsies consistent with LE.
Those endoscopic findings are similar to EoE given the
lesions and the location. It is hence important to real-
ize that a feline esophagus is not specific for EoE. In
addition, the most common presentation of LE seems
to be dysphagia with a normal esophageal mucosa on
endoscopy, hence the need for a biopsy, not only to
rule out EoE, but also to look for LE. The esophageal
abnormalities associated with LE have been reported
in multiple locations of the esophagus. In a patient
with systemic lupus erythematosus and Behget’s
disease, multiple rings were noted in the upper third
of the esophagus exclusively, with small outpouchings
developing in the cervical esophagus years later and
requiring dilation®®. In another patient with lymphoma
and esophagitis, presenting with dysphagia and food
impaction, endoscopy revealed mid-esophageal rings
as well as a distal esophageal stricture!®. Lesions
seem to develop in all 3 parts of the esophagus with
the mid esophagus being mostly co-involved with
the proximal or distal parts. As a matter of fact, in
their study, Xue et al'*? specified that most biopsies
were obtained from the mid-esophagus and had a
higher IEL count compared to other locations in the
esophagus.

CLINICAL ASSOCIATIONS AND RISK
FACTORS FOR LE

Since Rubio et al'! first described LE, multiple groups
throughout the United States attempted to better
characterize this entity through retrospective studies
trying to identify this emerging entity’s clinical features.
Numerous potential clinical associations were looked
at, including inflammatory bowel disease (IBD)™**%*,
esophageal dysmotility disorders®?, hypersensitivity
and mucosal insults®***", celiac sprue, common vari-
able immunodeficiency disorder® and GERD, as pre-
sented below (Table 1). Other groups tried to establish
LE as an independent and distinct clinical entity, many
of them failing to find any potential correlates®®****, To
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lation. Subsequently, Purdy et a® confirmed a poten-
tial association between CD and LE in the pediatric
population. In their study comprising 42 patients with
LE from a mixed adult and pediatric database, 38% of
the pediatric subset with LE had CD (3 of 8 children).
Similarly, Ebach et al™' studied an exclusively pediatric
cohort and found that LE was present in 28% of 60
patients with CD as compared to 4.4% of 68 children
without CD. A comparable association was found in
the study by Sutton et al'*®, where LE was present
in 12.2% of 49 patients with CD as compared to 5%
of 496 patients without CD. These results were not
reproducible in the adult population however, as shown
by the work of Basseri et al'**!, where only one out
of 47 patients with LE had CD. Similarly, results were
consistent in the studies conducted by Haque et a/t”’
and Xue et al'®, where none of the 119 and 45 adult
patients with LE respectively, had CD. LE might hence
be a manifestation of CD or, possibly, an indicator of
IBD activity in the pediatric population, but remains
nonspecific and most likely not associated with IBD in
adults.

Esophageal motility disorders

An interesting association of LE with PEMD was noted
by Xue et al*?, In their initial work, they compared
the clinical and histological characteristics of 3 groups:
LE-No Granulocytes (LE-NG), LE-few granulocytes
(LE-FG) and their control group which consisted of
patients with “reflux esophagitis with increased IELs”
(REIL). Out of the 21 subjects in the LE-NG group,
11 were tested for motility abnormality, which was
confirmed in 10 subjects. PEMD were also found in
6/10 patients tested in the LE-FG group (24 patients)
and in 6 of 11 tested in the REIL group (28 patients).
Interestingly, the prevalence of PEMD was significantly
higher in patients with CD4+ T-cell predominant IELs
as compared to CD8+ T-cell predominant esophagitis,
a finding that suggests a potential association between
PEMD and CD4+ T-cell predominant esophagitis.
It might hence be necessary to characterize the T-
cell subpopulation in patients with LE for diagnostic
purposes in some cases.

Esophageal mucosal injuries

Reechoing the definition of LE as peripapillary intraepi-
thelial lymphocytosis with spongiosis, one would think
of LE as an entity with histopathologic similarities to
acute spongiotic dermatitis raising the hypothesis of
a possible irritant to the esophageal mucosa resulting
in lymphocytosis and epithelial edema. Purdy et a/®
refuted this hypothesis in their work and demonstrated
no associations between LE and allergic disorders,
asthma or celiac disease. They also looked at GERD
as a potential cause of mucosal irritation and injury
and found no correlation between reflux and LE, which
brings us to a controversy in the present literature: Is
GERD associated with LE? A recent study, published
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by Olson et al*! in the form of an abstract, concluded
that LE could be associated with GERD with CD8+
T-cell predominant IELs. Another study by Kissiedu
et al''”! looked at post-ablation surveillance biopsies
in patients with Barrett’s esophagus. A significantly
higher prevalence of LE was noted on surveillance
biopsies as compared to pre-ablation specimens, sug-
gesting mucosal injury to be a potential trigger to the
development of this condition. Yet, it is noteworthy
that all those patients had GERD. A similar mechanism
of mucosal injury could hypothetically explain the
association noted between LE and smoking.

Other potential associations investigated

In addition to the above-mentioned clinical associa-
tions, authors have investigated other hypothetical
correlations. Pasricha et a/'**! excluded patients
with lichen planus from their study: according to
the authors, lichen planus and LE are two different
entities histologically as lichen planus is characterized
by lichenoid lymphocytic infiltration, which is absent
in LE. The potential link between LE and connective
tissue disorders where analyzed in a case report from
Portugal® where dysphagia secondary to LE was not
associated with systemic lupus erythematosus and
Behget's disease flare-ups, as dysphagia and flare-ups
would occur at different points in time. LE was also
reported in a patient with common variable immune
deficiency receiving intravenous immunoglobulin (IVIG)
infusions™®. No other reports in the literature described
LE in patients with immune deficiency disorders or in
patients receiving IVIG. It is hence unclear whether
LE is linked to common variable immune deficiency,
IVIG or is simply an independent entity in this specific
patient. Some studies also looked at a potential
co-occurrence of lymphocytosis in the esophagus and
other parts of the gut. One would wonder whether LE
would co-occur with lymphocytic colitis for instance. In
their study, Purdy et al™ looked at biopsies from other
gastrointestinal sites obtained at the time of esopha-
geal biopsies: Out of the 30 patients with LE, 23 had
stomach biopsies which showed normal mucosa (4/23),
Helicobacter pylori gastritis (4/23), focally enhanced
gastritis (3/23), inactive chronic gastritis (6/23) or
other random findings. Small bowel biopsies where
obtained in 15 patients and revealed normal mucosa in
8 specimens, CD in one, autoimmune enteropathy in
one, and epithelial lymphocytosis in two patients. The
other 2 specimens showed nonspecific changes. Six
patients had concurrent colon biopsies performed. One
was normal, 2 had CD, 2 showed hyperplastic polyps
and one had autoimmune enteropathy. The authors
comment however that no pattern was noted and that
interestingly, these GI tract findings corresponded to
known chronic conditions of the patients. In a case
report with multiple gastric biopsies taken concur-
rently with the esophageal biopsies that revealed LE,
gastric biopsies were negative for lymphocytosis or
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Table 2 Summary of case reports on lymphocytic esophagitis

Ref. Age (yr) Gender Associated conditions Treatment
Figueiredo et al®”, 2014 30 Male Behget’s disease Endoscopic dilation
Systemic lupus erythematosus Swallowed fluticasone
Mandaliya et al™, 2012 74 Male Lymphoma Endoscopic dilation
Esophagitis Botox injections
Zhang et al™, 2016 66 Female Opioid overdose Omeprazole 40 mg twice daily
Maejima et al™”, 2015 68 Male Food impaction Endoscopic dilation
Niewiarowski et al®, 2016 82 Female Acute food impaction Not available
Vangimalla et al®™, 2016 67 Male Common variable immune deficiency Acid suppression
Endoscopic dilation
Hendy et al™"!, 2013 35 Female Not available Topical steroids (fluticasone)

eosinophilic gastritis™. Haque et al”! also looked at
the co-occurrence of celiac disease and duodenal lym-
phocytosis with LE and EoE. There was no significant
difference in duodenal lymphocytosis co-occurrence
between the LE and the EoE groups. On the other
hand, celiac disease was more commonly noted in
patients with LE as compared to EoE, although this
was not statistically significant given the small number
of patients (Table 2).

TREATMENT

Multiple treatments have been tried including proton
pump inhibitors (PPIs), topical steroids, oral prednisone,
botox injections and esophageal dilations. Few retro-
spective studies actually addressed treatment. Cohen
et al''® conducted a study in two stages: they initially
performed a retrospective chart review of patients with
LE and investigated potential clinical associations with
this condition. The second part of the study aimed
at exploring the natural history of LE by sending out
surveys to their 81 patients with LE with a 3.3-year
median follow-up. Out of the 29 patients who complet-
ed the survey, approximately 60% reported improve-
ment in their GI symptoms that they thought was as
a result of therapy, either with PPIs or after starting
an anti-tumor necrosis factor agent for patients with
IBD. Esophageal dilation contributed to symptomatic
improvement as well. Pasricha et a* also collected
information on treatment changes after establishing a
diagnosis of LE. Out of their 27 patients, one-third had
a change in treatment that consisted of either a PPI
(6), inhaled fluticasone (1), gastrointestinal cocktail
(1) or prednisone taper (1) with improvement noted
in patients treated with PPIs or inhaled fluticasone. It
is unclear how PPIs result in symptom improvement.
Despite the fact that PPIs have actually been associ-
ated with lymphocytic and collagenous colitis'®’, they
actually seem to be therapeutic in LE, most likely
secondary to their anti-inflammatory effect. Clinicians
have been prescribing PPIs for LE, as LE is thought to
be potentially associated with GERD, and given that
improvement is being reported. For instance, Zhang
et al'® treated their patient with omeprazole 40 mg
twice daily with symptomatic improvement within
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days. As already mentioned, topical steroids have also
been suggested with symptom resolution, assuming
LE and EoE belong to the same family. Kasirye et al*”
opted to treat their patient with 220 pg/puff, two puffs
three times daily, as their patient was already treated
with PPIs and Histamine 2-receptor antagonists with
incomplete resolution of their symptoms. Additionally,
therapeutic esophageal dilations have been performed
in patients presenting with dysphagia (with or without
food impaction). Based on the few case reports pub-
lished, dilation can be repeated as needed*>".,

NATURAL HISTORY, PROGNOSIS AND
FUTURE DIRECTIONS

Extensive study of the natural history of LE is lacking.
We identified one study looking at the clinical course
of LE via a survey sent out to patients, which found
that 70 of 81 patients with LE (87%) were alive after
a 3.3-year median follow up™®. Of the 29 subjects
who completed the survey, 96.5% continued to have
GI symptoms, but reported improvement in their
symptoms with medical management, which included
PPIs or anti-tumor necrosis factor agents (for patients
with IBD); 66% were satisfied with their current
gastrointestinal health, 22 had repeat endoscopies of
which only 2 patients had normal biopsy, 9 had persis-
tent LE and the rest had other forms of esophagitis or
CD"®, Given that 9 out of 22 patients had persistent
LE on repeat biopsy, one would hypothesize that LE
might be a form of chronic esophagitis independent of
other diseases. As a matter of fact, Mandaliya et a/**
described the case of a patient who presented with a
3-year history of dysphagia leading to the diagnosis
of LE. Five endoscopies performed four years later,
showed persistent LE endoscopically and histologi-
cally, requiring serial dilations™, which supports the
possible chronic nature of this entity. It is noteworthy
that there are two cases of esophageal perforation
in the setting of LE published in the literature™ ¥, In
one case, perforation occurred following endoscopic
removal of acutely impacted meat. Repeat endoscopy,
after the acute episode resolved, showed tight rings
and a stricture of the esophagus with pathology con-
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sistent with LE®*), The other case was of a previously
healthy 35 year-old female who presented with fever,
chest pain and shock, with CT chest showing diffuse
thickening of the esophagus and bilateral pleural
effusions, exudative in nature with > 60% neutrophils.
She was hence resuscitated and started on antibiotics
for microperforation. A week later, an upper endoscopy
was performed and biopsies from the mid and distal
esophagus showed LE, thought to be the cause behind
her initial presentation"..

Overall, LE appears to be a benign entity except
for two cases of esophageal perforation. Furthermore,
it seems to have a chronic course!?®?!, either because
appropriate treatment is still not found or because
more research is needed to further characterize
its mysterious nature. According to the literature
published to date, it remains unclear whether LE is
associated with any of the clinical entities discussed.
Although multiple studies are exploring this entity and
trying to attribute it to a disease or investigating its
clinical associations, LE might end up being a diagnosis
of exclusion. It might also end up being a phenotypic
expression of different pathologic processes rather
than an actual disease. Prospective studies are needed
to depict appropriate treatments of this condition
and its possible subsets: CD4+ vs CD8+ T- cell-
predominant LE, as well as to follow the clinical course
of patients with LE to be able to better characterize the
behavior of this new entity with time.

CONCLUSION

As Haque et al”! perfectly described it, LE remains an
entity “in search of a disease”. Increasing in prevalence
since it was defined in 2006, it seems to occur more
commonly in older females and is associated with
smoking. Multiple groups attempted to better charac-
terize this entity and study potential associations with
clinical diseases such as IBD, motility disorders, GERD,
mucosal injuries and hypersensitivity reactions with
inconclusive results and sometimes, conflicting conclu-
sions. PPIs, topical steroids and esophageal dilations
are used as effective treatment modalities with good
short-term results but unclear long-term outcomes.
Prospective studies are needed to define the disease,
delineate the disease course, treatment options and
long-term outcomes.

REFERENCES

1 Rubio CA, Sjodahl K, Lagergren J. Lymphocytic esophagitis: a
histologic subset of chronic esophagitis. 4m J Clin Pathol 2006;
125: 432-437 [PMID: 16613348 DOI: 10.1309/7LAB -LGY0
-8UEM-3H26]

2 Ismail-Beigi F, Horton PF, Pope CE. Histological consequences
of gastroesophageal reflux in man. Gastroenterology 1970; 58:
163-174 [PMID: 5413015 DOI: 10.1016/S0016-5085(70)80004-X]

3 Butt AM, Murch SH, Ng CL, Kitching P, Montgomery SM,
Phillips AD, Walker-Smith JA, Thomson MA. Upregulated eotaxin
expression and T cell infiltration in the basal and papillary epithe-

Baishidenge ~ WJG | www.wjgnet.com

955

10

14

16

17

18

19

20

Rouphael C et a/. Lymphocytic esophagitis

lium in cows’ milk associated reflux oesophagitis. Arch Dis Child
2002; 87: 124-130 [PMID: 12138061 DOI: 10.1136/adc.87.2.124]
Cucchiara S, D’Armiento F, Alfieri E, Insabato L, Minella R,
De Magistris TM, Scoppa A. Intraepithelial cells with irregular
nuclear contours as a marker of esophagitis in children with
gastroesophageal reflux disease. Dig Dis Sci 1995; 40: 2305-2311
[PMID: 7587806 DOI: 10.1007/BF02063229]

Wang HH, Mangano MM, Antonioli DA. Evaluation of
T-lymphocytes in esophageal mucosal biopsies. Mod Pathol 1994;
7: 55-58 [PMID: 8159653]

Rubio CA, Hubbard G. Hyperplastic foveolar gastropathy and
hyperplastic foveolar gastritis in baboons. /n Vivo 1996; 10:
507-510 [PMID: 8899430]

Haque S, Genta RM. Lymphocytic oesophagitis: clinicopathologi-
cal aspects of an emerging condition. Gur 2012; 61: 1108-1114
[PMID: 22157333 DOI: 10.1136/gutjnl-2011-301014]

Purdy JK, Appelman HD, Golembeski CP, McKenna BJ.
Lymphocytic esophagitis: a chronic or recurring pattern of esopha-
gitis resembling allergic contact dermatitis. Am J Clin Pathol 2008;
130: 508-513 [PMID: 18794041 DOI: 10.1309/ D3PCF6D6YY
MQRX9A]

Carmack SW, Lash RH, Gulizia JM, Genta RM. Lymphocytic
disorders of the gastrointestinal tract: a review for the practicing
pathologist. Adv Anat Pathol 2009; 16: 290-306 [PMID: 19700939
DOI: 10.1097/PAP.0b013e3181b5073a]

Resnick MB, Finkelstein Y, Weissler A, Levy J, Yakirevich E.
Assessment and diagnostic utility of the cytotoxic T-lymphocyte
phenotype using the specific markers granzyme-B and TIA-1 in
esophageal mucosal biopsies. Hum Pathol 1999; 30: 397-402
[PMID: 10208460 DOI: 10.1016/S0046-8177(99)90114-4]
Podolsky DK, Camilleri M, Fitz JG, Kalloo AN, Shanahan F,
Wang TC. Yamada’s Textbook of Gastroenterology, 2 Volume Set.
6th ed. Wiley, 2015: 49

Xue Y, Suriawinata A, Liu X, Li Z, Gabbard S, Rothstein R,
Lacy B, Lisovsky M. Lymphocytic Esophagitis With CD4 T-cell-
predominant Intraepithelial Lymphocytes and Primary Esophageal
Motility Abnormalities: A Potential Novel Clinicopathologic
Entity. Am J Surg Pathol 2015; 39: 1558-1567 [PMID: 26379147
DOI: 10.1097/PAS.0000000000000493]

Olson N, Putra J, Liu X, Suriawinata AA, Lisovsky M.
Lymphocytic Esophagitis with CD8 T-cell Predominance may be
Associated with Gastroesophageal Reflux Disease. Poster, United
States and Canadian Academy of Pathology (USCAP) Annual
Meeting, March 12-18, 2016, Seattle, WA, United States

Pasricha S, Gupta A, Reed CC, Speck O, Woosley JT, Dellon ES.
Lymphocytic Esophagitis: An Emerging Clinicopathologic Disease
Associated with Dysphagia. Dig Dis Sci 2016; 61: 2935-2941
[PMID: 27343035 DOI: 10.1007/s10620-016-4230-2]

Ebach DR, Vanderheyden AD, Ellison JM, Jensen CS.
Lymphocytic esophagitis: a possible manifestation of pediatric
upper gastrointestinal Crohn’s disease. Inflamm Bowel Dis 2011;
17: 45-49 [PMID: 20848529 DOI: 10.1002/ibd.21347]

Sutton LM, Heintz DD, Patel AS, Weinberg AG. Lymphocytic
esophagitis in children. Inflamm Bowel Dis 2014; 20: 1324-1328
[PMID: 24983984 DOI: 10.1097/MIB.0000000000000100]
Kissiedu J, Thota PN, Gohel T, Lopez R, Gordon I0. Post-
ablation lymphocytic esophagitis in Barrett esophagus with high
grade dysplasia or intramucosal carcinoma. Mod Pathol 2016; 29:
599-606 [PMID: 26965580 DOI: 10.1038/modpathol.2016.50]
Cohen S, Saxena A, Waljee AK, Piraka C, Purdy J, Appelman H,
McKenna B, Elmunzer BJ, Singal AG. Lymphocytic esophagitis: a
diagnosis of increasing frequency. J Clin Gastroenterol 2012; 46:
828-832 [PMID: 22751335 DOI: 10.1097/MCG. 0b013e31825
00de8]

Maejima R, Uno K, Iijima K, Fujishima F, Noguchi T, Ara N,
Asano N, Koike T, Imatani A, Shimosegawa T. A Japanese case of
lymphocytic esophagitis. Dig Endosc 2016; 28: 476-480 [PMID:
26589889 DOI: 10.1111/den.12578]

Figueiredo PC, Pinto-Marques P, Borralho P, Freitas J. Unusual
cause for smoldering dysphagia. Lymphocytic esophagitis.

February 14, 2017 | Volume 23 | Issue 6 |



21

22

23

24

25

JBaishideng®

Rouphael C et a/. Lymphocytic esophagitis

Dysphagia 2014; 29: 283-285 [PMID: 23982520 DOI: 10.1007/
s00455-013-9489-2]

Hendy PJ, Wong DS, Florin TH. Spontaneous oesophageal per-
foration: an unreported complication of lymphocytic oesophagitis.
Gut 2013; 62: 1668-1669 [PMID: 23850714 DOI: 10.1136/gutjnl
-2013-305455]

Putra J, Muller KE, Hussain ZH, Parker S, Gabbard S, Brickley
EB, Lacy BE, Rothstein R, Lisovsky M. Lymphocytic Esophagitis
in Nonachalasia Primary Esophageal Motility Disorders: Improved
Criteria, Prevalence, Strength of Association, and Natural History.
Am J Surg Pathol 2016; 40: 1679-1685 [PMID: 27526295 DOIL:
10.1097/PAS.0000000000000712]

Zhang Z, Jain D, Brand M. Ringed Esophagus Secondary to
Lymphocytic Esophagitis. Gastroenterol Hepatol (N'Y) 2016; 12:
237-239 [PMID: 27231454]

Mandaliya R, Dimarino AJ, Cohen S. Lymphocytic esophagitis
mimicking eosinophilic esophagitis. Ann Gastroenterol 2012; 25:
355-357 [PMID: 24714246]

Basseri B, Vasiliauskas EA, Chan O, Wang HL, Basseri RJ,
Pimentel M, Soffer E, Conklin JL. Evaluation of peripapillary
lymphocytosis and lymphocytic esophagitis in adult inflammatory
bowel disease. Gastroenterol Hepatol (N Y) 2013; 9: 505-511

WJG | www.wjgnet.com

956

26

27

28

29

30

31

[PMID: 24719598]

Vangimalla S, Gordon I, Thota PN. Image of the Month:
Lymphocytic Esophagitis in Common Variable Immune Deficiency.
Am J Gastroenterol 2016; 111: 170 [PMID: 26882931 DOI:
10.1038/ajg.2015.178]

Feagans J, Victor D, Joshi V. Crohn disease of the esophagus: a
review of the literature. South Med J 2008; 101: 927-930 [PMID:
18708983 DOI: 10.1097/SMJ.0b013e31818047be]

Goldstein NS, Amin M. Upper Gastrointestinal Tract in
Inflammatory Bowel Disease. Surg Pathol Clin 2010; 3: 349-359
[PMID: 26839135 DOI: 10.1016/j.path.2010.05.004]

Masclee GM, Coloma PM, Kuipers EJ, Sturkenboom MC.
Increased risk of microscopic colitis with use of proton pump
inhibitors and non-steroidal anti-inflammatory drugs. Am J
Gastroenterol 2015; 110: 749-759 [PMID: 25916221 DOI:
10.1038/ajg.2015.119]

Kasirye Y, John A, Rall C, Resnick J. Lymphocytic esophagitis
presenting as chronic dysphagia. Clin Med Res 2012; 10: 83-84
[PMID: 22031480 DOI: 10.3121/cmr.2011.1009]

Niewiarowski TJ, Stoll LM. Recurrent dysphagia in a patient with
chronic lymphocytic esophagitis. Gastrointest Endosc 2016; 84:
1071-1072 [PMID: 26902845 DOI: 10.1016/j.gie.2016.02.016]

P- Reviewer: Blonski W, Smith RC  S- Editor: Gong ZM
L- Editor: A E- Editor: Liu WX

February 14, 2017 | Volume 23 | Issue 6 |



W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748 / wjg.v23.i6.957

World | Gastroenterol 2017 February 14; 23(6): 957-963
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2017 Baishideng Publishing Group Inc. All rights reserved.

MINIREVIEWS

Restoration of energy level in the early phase of acute

pediatric pancreatitis

Déra Mosztbacher, Nelli Farkas, Margit Solymdr, Gabriella Par, Judit Bajor, Akos Sz(ics, Jozsef Czimmer,
Katalin Marta, Alexandra Miko, Zoltan Rumbus, Péter Varju, Péter Hegyi, Andrea Parniczky

Ddra Mosztbacher, First Department of Pediatrics, Semmelweis
University, 1083 Budapest, Hungary

Ddra Mosztbacher, Nelli Farkas, Margit Solymar, Katalin
Marta, Alexandra Mikd, Zoltdn Rumbus, Péter Varju, Péter
Hegyi, Andrea Parniczky, Institute for Translational Medicine,
University of Pécs, 7624 Pécs, Hungary

Nelli Farkas, Institute for Bioanalyses, University of Pécs, 7624
Pécs, Hungary

Gabriella Par, Judit Bajor, Jézsef Czimmer, Department of
Gastroenterology, First Department of Medicine, University of
Pécs, 7624 Pécs, Hungary

Judit Bajor, Péter Hegyi, Department of Translational Medicine,
First Department of Medicine, University of Pécs, 7624 Pécs,
Hungary

Akos Szlics, First Department of Surgery, Semmelweis
University, 1082 Budapest, Hungary

Péter Hegyi, Hungarian Academy of Sciences - University of
Szeged, Momentum Gastroenterology Multidisciplinary Research
Group, 6720 Szeged, Hungary

Andrea Parniczky, Heim P4l Children’s Hospital, 1089 Budapest,
Hungary

Author contributions: Solymar M, Par G, Bajor J, Sziics A and
Czimmer J searched for the articles in Pubmed and screened them
using the titles and abstracts; Marta K, Miké A, Rumbus Z and
Varju P searched for the articles in Embase and screened them
using the titles and abstracts; data was collected from the eligible
papers by Mosztbacher D and Parniczky A; Farkas N performed
the statistical analysis; Mosztbacher D, Hegyi P and Parniczky A
drafted the manuscript.

Supported by the Hungarian Scientific Research Fund, No.
K116634 to Hegyi P; and the Momentum Grant of the Hungarian
Academy of Sciences, No. LP2014-10/2014 to Hegyi P.

Conflict-of-interest statement: All the authors disclaim any
form of conflict of interest.

Baishidenge  WJG | www.wjgnet.com

957

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited
and the use is non-commercial. See: http://creativecommons.
org/licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Andrea Parniczky, MD, Institute for
Translational Medicine, University of Pécs, Szigeti ut 12., II. em.,
7624 Pécs, Hungary. andrea.parniczky@gmail.com

Telephone: +36-72-536246

Fax: +36-72-536247

Received: October 3, 2016
Peer-review started: October 7, 2016
First decision: October 20, 2016
Revised: November 21, 2016
Accepted: January 11,2017

Article in press: January 11,2017
Published online: February 14,2017

Abstract

Acute pancreatitis (AP) is a serious inflammatory
disease with rising incidence both in the adult and
pediatric populations. It has been shown that mitoc-
hondrial injury and energy depletion are the earliest
intracellular events in the early phase of AP. Moreover,
it has been revealed that restoration of intracellular
ATP level restores cellular functions and defends
the cells from death. We have recently shown in a
systematic review and meta-analysis that early enteral
feeding is beneficial in adults; however, no reviews are
available concerning the effect of early enteral feeding
in pediatric AP. In this minireview, our aim was to
systematically analyse the literature on the treatment

February 14, 2017 | Volume 23 | Issue 6 |



Mosztbacher D et a/. Enteral feeding in acute pediatric pancreatitis

of acute pediatric pancreatitis. The preferred reporting
items for systematic review (PRISMA-P) were followed,
and the question was drafted based on participants,
intervention, comparison and outcomes: P: patients
under the age of twenty-one suffering from acute
pancreatitis; I: early enteral nutrition (per os and
nasogastric- or nasojejunal tube started within 48 h);
C: nil per os therapy; O: length of hospitalization, need
for treatment at an intensive care unit, development
of severe AP, lung injury (including lung oedema and
pleural effusion), white blood cell count and pain score
on admission. Altogether, 632 articles (PubMed: 131;
EMBASE: 501) were found. After detailed screening
of eligible papers, five of them met inclusion criteria.
Only retrospective clinical trials were available. Due to
insufficient information from the authors, it was only
possible to address length of hospitalization as an
outcome of the study. Our mini-meta-analysis showed
that early enteral nutrition significantly (SD = 0.806, P
= 0.034) decreases length of hospitalization compared
with nil per os diet in acute pediatric pancreatitis. In
this minireview, we clearly show that early enteral
nutrition, started within 24-48 h, is beneficial in acute
pediatric pancreatitis. Prospective studies and better
presentation of research are crucially needed to achieve
a higher level of evidence.

Key words: Pediatric pancreatitis; Enteral nutrition; Nil
per os diet; ATP restoration; Length of hospitalization

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Acute pancreatitis is a serious inflammatory
disease with rising incidence both in adult and pediatric
medicine. Despite the existing research activities in
this field, no specific therapy is available to treat this
disease. Results in basic science strongly suggest
that early energy restoration could be the first-line
treatment for acute pancreatitis. Our minireview
suggests that early enteral nutrition should have
priority in the treatment of acute pediatric pancreatitis.

Mosztbacher D, Farkas N, Solymar M, Par G, Bajor J, Sziics
A, Czimmer J, Marta K, Miké A, Rumbus Z, Varju P, Hegyi
P, Parniczky A. Restoration of energy level in the early phase
of acute pediatric pancreatitis. World J Gastroenterol 2017;
23(6): 957-963 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i6/957.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.16.957

INTRODUCTION

Acute pancreatitis (AP) is a serious inflammatory dis-
ease with rising incidence both in adult and pediatric
populations?!. Common characteristics in both age
groups are that no specific therapy is available to
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treat the disease and that the general supportive treat-
ments at the early phase of the disease are usually
volume resuscitation and a nil per os (NPO) diet™*®.
However, while there is clear evidence in the literature
that volume therapy is beneficial, the latter treatment
is questionable.

One of the main reasons for the debate is that
the pathogenesis of the disease clearly suggests the
opposite. Irrespective of the etiological factors, mito-
chondrial damage and energy depletion are the
leading intracellular responses in the early phase of the
disease in the exocrine pancreas” %\ Bile acids™" ¥,
ethanol, fatty acids and their non-oxidative metab-
olites, fatty acid ethyl esthers®®**>*® were shown to
elevate the intracellular Ca®" concentration, caus-
ing mitochondrial damage and a resultant decrease
of intracellular ATP concentration. This will lead to
inhibited fluid and bicarbonate secretion and CFTR CI
channel dysfunction in the ductal cells and secretory
block and intracellular trypsinogen activation in the
acinar cells (Figure 1)*%**?° very importantly, res-
toration of ATP levels both in acinar and ductal cells
prevents (at least in part) the toxic effects of the etio-
logical factorst’?*?? noted above. These data strongly
suggest that an energy supply, for example, via enteral
nutrition, should be beneficial for patients as compared
to nil energy.

Notably, early enteral nutrition (EEN) either via
oral, nasogastric- or nasojejunal tube feeding is ben-
eficial as regards systemic infections, complications,
multi-organ failure, need for surgical interventions
and mortality®**>%. Enteral nutrition has already been
proven to be beneficial in other inflammatory gastroin-
testinal diseases. The first-line recommendation to
induce remission in pediatric Crohn’s disease is exclu-
sive enteral nutrition®. Enteral nutrition could also
be effective in the maintenance of pediatric inflam-
matory bowel disease remission™*. With regard to
acute pancreatitis, three of the recent and most up-to-
date guidelines for acute pancreatitis in adults clearly
show the positive effect of enteral nutrition in moder-
ate and severe AP®****!, Besides the energy supply,
enteral nutrition in patients can also have other advan-
tages as a first-line treatment for patients. It is well
documented that the gut plays an important role as
an immune barrier in the immune system and that
EEN facilitates this barrier function. EEN significantly
decreases pathogenic bacteria in the stool, altera-
tion of intestinal flora and levels of serum endotoxins.
EEN has a favourable effect on immune dysregulation
caused by severe acute pancreatitis, which can reduce
APACHE II scores, pancreatic sepsis, initial incidences
of systemic inflammatory response syndrome (SIRS)
and multiple organ dysfunction syndrome®>*,

Recent meta-analyses of adult data showed that
EEN is beneficial in all severity groups in AP; however,
no systematic review is available concerning the role of
EEN in pediatrics®. Therefore, the aim was to review
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Mitochondrial injury

Acinar cells

| Energy depletion Ca** overload

Ductal cells
-,/

Figure 1 Early events in acute pancreatitis. Bile acids, ethanol, fatty
acids or their non-oxidative metabolites, fatty acid ethyl esthers, induce
calcium overload, causing mitochondrial damage and a resultant decrease in
intracellular ATP concentration both in acinar and ductal cells. This will lead to
general energy depletion in the pancreas.

the literature to analyse the effect of EEN vs NPO
therapy on the outcome of acute pediatric pancreatitis
(APP) and aggregate the information in APP leading
to a higher statistical power and more robust point
estimate than is possible from the individual studies.

The preferred reporting items for systematic
review and meta-analysis protocol (PRISMA-P) were
followed™®, Our structured literature search was
based on the participants, intervention, comparison
and outcomes format: P: patients under the age of
twenty-one suffering from acute pancreatitis; I: early
enteral nutrition (per os and nasogastric- or nasoje-
junal tube started within 48 h); C: NPO therapy [per
os/nasogastric- or enteral tube after 48 h and total
parenteral nutrition (TPN) within or after 48 h]; O:
length of hospitalization, need for intensive care unit
(ICU), complications, necessity of antibiotics, surgi-
cal/non-surgical interventions and mortality.

In February 2016, a literature search was per-
formed on the PubMed (http://www.ncbi.nlm.nih.
gov/pubmed) and EMBASE (https://www.embase.
com) databases using the following Medical Subject
Headings and search terms: “pediatric” OR “paediatric”
AND “pancreatitis”. The search was limited to human
studies, full-text publications with abstracts in English
with no time period, resulting in 632 articles altogether
(PubMed: 131; EMBASE: 501).

The articles were checked separately. Meta-analyses,
reviews, case reports and articles on chronic pancreati-
tis were excluded and duplicates were removed (Figure
2). Potentially eligible papers were selected, and,
finally, five of them with relevant data on EEN or/with
NPO therapy in acute pediatric pancreatitis in patients
under twenty-one years old were included (Table
1), To reduce the risk of bias, the literature search
was independently performed by three researchers
following the inclusion criteria noted above.

The details in the collected articles were checked,
and only articles where both EEN and NPO were
presented separately were used. Two articles met this
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Table 1 Studies included in the quantitative synthesis

Ref. Data Groups NO. of patients
Abu-El-Haija et al™”, 2016 Yes EEN 24
NPO 14
Flores-Calderon et al*"!, 2009 Only NPO 18
Goh et al", 2003 Only NPO 12
Raizner et al®, 2013 Only NPO 7
Szabo et al™, 2015 Yes  EEN +IVF lo 55
NPO + IVF lo 20
Yes  EEN +IVF hi 9%
NPO + IVF hi 30

EEN: Early enteral nutrition; NPO: Nil per os.

criterion. The two articles contained three separate
data pairs, where EEN was compared to NPO (Figure
3). The following parameters were collected: length of
hospitalization (LOH), need for treatment at an ICU,
development of severe AP, lung injury (including lung
oedema and pleural effusion), white blood cell count
and pain score on admission. Only one of the five
investigated parameters (LOH) contained a minimum
of three items, which were analysed statistically.

The meta-analytic calculation was made with
Comprehensive MetaAnalysis (V3) software using
the random effects model (the DerSimonian-Laird
method). We calculated a weighted standard difference
in means and 95%CI. In the case of one study (Abu-
El-Haija et al®”, 2016), we converted the median and
range values to means and standard deviation using
the modified Hozo's formula by Wan et al*?. For a
visual inspection, we used a forest plot.

Figure 3 shows the parameters collected from the
articles. It was only possible to perform forest plot
analyses on LOH. EEN significantly decreased LOH (SD
= 0.806, P = 0.034) compared to the standard NPO
diet (Figure 3).

DISCUSSION

Several therapeutic recommendations are available
in the literature on nutrition in acute pancreatitis. The
IAP/APA guideline suggests enteral tube feeding as
the first-line therapy in patients requiring nutritional
support with predicted severe and severe acute pan-
creatitis'. According to the Japanese guideline, enteral
nutrition in the early phase of severe acute pancreatitis
can decrease the incidence of complications and ele-
vate the survival rate®, Recent meta-analyses of adult
studies revealed that EEN decreases mortality, rate of
interventions and the incidence of multi-organ failure
in severe acute pancreatitis. Moreover, group analyses
of 17 parameters including laboratory parameters
(such as CRP and white blood cells) and symptoms
(such as pain or presence of SIRS) suggested that EEN
also has merits in mild acute pancreatitis. Since the
incidence of APP has risen in the past twenty years (with
3.6 and 13.2/100000 children affected annually), we
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Records identified through database search
Pubmed 7 = 131
Embase 7 = 501

Records screened based on titles and
abstracts
n =632

Records excluded 7 = 571
(meta-analyses, case reports, reviews,
chronic pancreatitis)

Full-text articles assessed for
eligibility
n =61

Records excluded 7 = 56
(duplicates, adult data, no relevant data
on enteral nutrition or nil per os diet)

Studies included in quantitative synthesis
n=5

Figure 2 Flow chart on the methods used in the literature search.

Ref. Therapy n LOH Need for ICU Severe AP Lung WBC Pain score
injury
Abu-El-Haija 1 EEN (< 24 h) 24 81.7 h
etal, 2016 NPO (< 24 h) 14 94.7 h
Szaboeta™™, 2 NPO(<48h)+IVFlo(<24h) 20 ' 7.1d(1.01SE) 20.0% (8.94 SE) 35.0% (10.7 SE) 11  13.60 (6.44 SD) 4.95 (3.75 SD)
2015 EEN (<48h) +IVFlo(<24h) 55 2.8d(0.24SE) 1.8% (1.80SE) 9.1% (3.88SE) 21 9.89 (3.89 SD) 4.62 (3.50 SD)
3 NPO(<48h)+IVFhi(<24h) 30 5.0d(0.58SE) 13.0% (6.21 SE) 17.0% (6.80 SE) 14  13.30 (4.76 SD) 6.08 (3.19 SD)
EEN (<48 h) + IVFhi(<24h) 96 3.2d(0.22SE) 1.0% (1.04 SE) 4.2% (2.04 SE) 4 11.30(5.25SD) 5.47 (3.57 SD)

| SRS

Study name Statistics for each study Std diff in means and 95%Cl

Std diff Standard Lower Upper Zvalue P value

in means error limit limit
Abu-El-Haija et a/*”), 2016  0.089 0336  -0.570 0.749  0.266 0.790
Szabo et a*®, 2015 A 1.554 0.290 0.985 2.122  5.352 0.000
Szabo et a/*®, 2015 B 0.739 0.214 0.319 1.159  3.447 0.001 ——

0.806 0.380 0.062 1.551  2.124 0.034
-2.50 1.25 0.00 1.25 2.50
PO NPO

Figure 3 Two articles contained three separate data pairs where early enteral nutrition was compared to nil per os. LOH: Length of hospitalization; EEN: Early
enteral nutrition; NPO: Nil per os. ICU: Intensive care unit; AP: Acute pancreatitis; WBC: White blood cell count.

systematically reviewed the literature to understand
whether there is any beneficial effect of EEN vs NPO in
childrent**4,

We faced several difficulties during our review: (1)
APP is still underdiagnosed, thus decreasing the pos-
sibility of performing clinical trials™**’; (2) the number
of studies on the management of these patients is
very low, and there is still only a small humber of
studies focused on understanding the characteristics
of the disease™!; (3) the studies have not focused
on the early management of the patients; the groups
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were therefore not separated; and (4) finally, but very
importantly, the methods sections and the quality
of data presentation in these articles are very low.
Consequently, in many cases, it was impossible to
obtain quality analysable data from the manuscripts
for a proper broad-spectrum meta-analysis®’>?,

By the end of the search, we identified five articles
containing relevant data on nutritional management
during the early phase of APP. Raizner et al*® published
a retrospective analysis involving seven children with
necrotizing pancreatitis. All the children received a
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strict NPO diet, five patients received TPN and just one
patient was treated with nasojejunal feeding for seven
days. All the children required a prolonged hospital stay
(with a mean of 20 d) for acute complications, with
three of them suffering from late complications™®. Goh
et al*” included twelve patients in their retrospective
study. One patient needed a distal pancreatectomy,
and eleven patients recovered with conservative
management, with none of them receiving EEN. Two
patients had acute complications, and two patients
had recurrent AP’ Flores-Calderon et a/**" studied
eighteen patients with acute pancreatitis caused by
L-asparaginase due to acute lymphoblastic leukemia. All
the patients were treated with bowel resting for a mean
of 22 d, fourteen of the patients received TPN and four
had an elementary diet. Two of the patients required
intensive care unit admission, with local complications
developing in twelve patients. None of the patients died
from complications related to AP. Although these stud-
ies point out several disadvantages of that NPO diet,
none of them could be enrolled in our meta-analysis.

Finally, it was possible to collect three sets of
analysable data pairs where both NPO and EEN were
present. Abu-El-Haija et al®” conducted a prospective
study of 38 children suffering from mild AP and retro-
spectively investigated the relationship of nutrition with
pain and LOS. EEN feeding meant per os feeding and
NPO was identified as oral feeding not being allowed
for 24 h. Importantly, EEN, even with high fat intake,
did not cause an elevation in pain in children, suggest-
ing that EEN is a well tolerable nutritional possibility in
children. The fact that LOS was much shorter in group
EEN vs NPO points to EEN as a better way of treating
APPP", The most advanced study was performed by
Szabo et al®®, where several parameters were col-
lected to understand the effect of EEN on the course of
APP. Two hundred and one children suffering from mild
AP were enrolled retrospectively. They compared EEN
vs NPO both with and without aggressive fluid resusci-
tation. Fluid therapy was administered during the first
24 h, and the type of nutrition was determined during
the first 48 h. Besides the beneficial effects of EEN on
LOS, they also showed that EEN reduces the severity
of the disease. Although our aim was to perform a
meta-analysis on several parameters to understand
the differences between EEN and NPO, we were only
able to perform the statistical analyses on LOS, which
clearly showed that EEN is not only a safe method of
nutrition but also substantially decreases LOS, result-
ing in a better and less expensive treatment of mild
APPP®,

CONCLUSION

The information collected by basic scientists, retro-
spective clinical studies and meta-analyses suggests
that EEN should have priority in treating APP. However,
it is perhaps self-evident that randomized multicenter
clinical intervention trials would be crucial to achieving
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a higher level of evidence.
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Abstract

AIM

To investigate a suitable long-term culture system
and optimal cryopreservation of intestinal organoid to
improve organoid-based therapy by acquiring large
numbers of cells.

METHODS

Crypts were isolated from jejunum of C57BL/6 mouse.
Two hundred crypts were cultured in organoid medium
with either epidermal growth factor/Noggin/R-spondinl
(ENR) or ENR/CHIR99021/VPA (ENR-CV). For
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subculture, organoids cultured on day 7 were passaged
using enzyme-free cell dissociation buffer (STEMCELL
Technologies). The passage was performed once per
week until indicated passage. For cryopreservation,
undissociated and dissociated organoids were resu-
spended in freezing medium with or without Rho kinase
inhibitor subjected to different treatment times. The
characteristics of intestinal organoids upon extended
passage and freeze-thaw were analyzed using EdU
staining, methyl thiazolyl tetrazolium assay, qPCR and
time-lapse live cell imaging.

RESULTS

We established a three-dimensional culture system
for murine small intestinal organoids using ENR and
ENR-CV media. Both conditions yielded organoids
with a crypt-villus architecture exhibiting Lgr5"
cells and differentiated intestinal epithelial cells as
shown by morphological and biochemical analysis.
However, during extended passage (more than 3
mo), a comparative analysis revealed that continuous
passaging under ENR-CV conditions, but not ENR
conditions induced phenotypic changes as observed
by morphological transition, reduced numbers of
Lgr5* cells and inconsistent expression of markers
for differentiated intestinal epithelial cell types. We
also found that recovery of long-term cryopreserved
organoids was significantly affected by the organoid
state, /.e., whether dissociation was applied, and the
timing of treatment with the Rho-kinase inhibitor
Y-27632. Furthermore, the retention of typical
morphological characteristics of intestinal organoids
such as the crypt-villus structure from freeze-thawed
cells was observed by live cell imaging.

CONCLUSION

The maintenance of the characteristics of intestinal
organoids upon extended passage is mediated by
ENR condition, but not ENR-CV condition. Identified
long-term cryopreservation may contribute to the
establishment of standardized cryopreservation
protocols for intestinal organoids for use in clinical
applications.

Key words: Intestinal organoid; Rho kinase inhibitor;
Three-dimensional culture; Cryopreservation; Long-
term culture

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The phenotypes of intestinal organoids under
epidermal growth factor/Noggin/R-spondinl (ENR)
medium were maintained over a long duration, whereas
organoid under ENR/CHIR99021/VPA medium exhibited
morphological change, reduced numbers of Lgr5 cells
and inconsistent expression of markers for differen-
tiated intestinal epithelial cell types upon extended
passages. We also demonstrated an efficacious long-
term cryopreservation method for intestinal organoids
through optimization of the organoid state and timing
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of treatment with the Rho kinase inhibitor Y-27632.
Thus, the suitable long-term culture system and
optimal cryopreservation of small intestinal organoid
may contribute to the establishment of standardized
cryopreservation protocols for intestinal organoids and
subsequent clinical applications of these cell sources.

Han SH, Shim S, Kim MJ, Shin HY, Jang WS, Lee SJ, Jin YW,
Lee SS, Lee SB, Park S. Long-term culture-induced phenotypic
difference and efficient cryopreservation of small intestinal
organoids by treatment timing of Rho kinase inhibitor. World J
Gastroenterol 2017; 23(6): 964-975 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v23/i6/964.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.i6.964

INTRODUCTION

The gastrointestinal (GI) tract is lined by a monolayer
of epithelial cells that separates the intestinal lumen
and underlying tissues. The epithelial cells of the small
intestine are organized into villi and crypt structures.
Intestinal stem cells (ISCs), which express leucine-
rich repeat containing G protein-coupled receptor 5
(Lgr5), and their progenitors are located in crypts.
ISCs generate daughter cells called transit-amplifying
(TA) cells, which either return to stemness or dif-
ferentiate into a secretory epithelial cells lineage, such
as Paneth cells, goblet cells, enteroendocrine cells, or
enterocytes!?. The GI tract is highly vulnerable to the
external environment, such as radiation. Exposure to
high levels of ionizing radiation induces the clonogenic
loss of crypt cells and villus depopulation and leads
to malabsorption of nutrients and impaired physical
barrier function. The resulting breach in the GI barrier,
accompanied by immune suppression, results in a high
risk of life-threatening infection®*!. Many studies have
been focused on understanding the mechanisms of
radiation-induced gastrointestinal syndrome (RIGS).
However, in vitro analysis of RIGS has been hampered
by the lack of a suitable culture system.

Long-term maintenance of crypts in traditional
two-dimensional (2D) cultures of primary intestinal
crypts is difficult due to the poor survival of crypts
in vitro®”, Based on three-dimensional (3D) culture
systems, long-term cultures in which crypts are
able to differentiate and recapitulate normal crypt-
villus architecture have been established using crypts
isolated from the mouse and human intestine using
two different media®®®.. Initial defined factors present
in epidermal growth factor (EGF)/Noggin/R-spondinl
(ENR) medium, which are associated with growth
requirements of intestinal epithelium, include EGF to
enhance intestinal proliferation, bone morphogenic
protein antagonists to induce expansion of crypt
numbers, and Wnt agonists to increase crypt prolifera-
tion®*%), Additionally, small molecule screening showed
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that ENR/CHIR99021/valproic acid (VPA) (ENR-CV)
medium, which was associated with enrichment of
intestinal stem cells (Lgr5") and growth of the intes-
tinal epithelium, included a combination of ENR
components and small molecules, such as CHIR99021
(a glycogen synthase kinase 3 inhibitor) and VPA [a
histone deacetylase (HDAC) inhibitor]®. Although both
media can support the formation of organoid contain-
ing crypt-villus structures that recapitulate the native
intestinal epithelium, there is little comparative study
of the characteristics of the resulting cells, particularly
after long-term continual passage.

In vitro expanded organoids have recently been
applied to treat gastrointestinal diseases in preclinical
models, supporting the establishment of potential
organoid-based therapies for repairing damaged
intestine™*?. Because clinical applications require
large numbers of cells, it may be indispensable to in
vitro expansion of organoids in long-term culture with
retaining their initial characteristics. In addition, the
cells should be capable of being preserved for pro-
longed periods, while maintaining cell functionality for
off-the-shelf use. Cryopreservation may be an attrac-
tive technique for maintaining the functional properties
and genetic characteristics of cells through long-term
storage in order to facilitate the experimental and clini-
cal applications of cell-based therapies™**!. However,
although various methods have been developed for
cryopreservation of different types of stem cells, such
as mesenchymal, hematopoietic, and pluripotent stem
cells™®™®, protocols for cryopreservation of intestinal
organoids have not been described. Therefore, it is
necessary to develop an efficient method for optimal
cryopreservation of cultured organoids.

In the present study, we performed quantitative
assessments to compare the characteristics (e.g., cell
morphological phenotype, proliferation, and composi-
tion of differentiated intestinal epithelial cell types)
of small intestinal organoids subjected to long-term
culture under two different media. We also sought to
optimize the cryopreservation method by elucidation of
the survival of cryopreserved small intestinal organoids
through a combination of dissociation and treatment
with a Rho kinase (ROCK) inhibitor during freezing.
Our findings provided important insights into our
understanding of 3D culture systems with similarities
to the intestine and contribute to the establishment of
standardized cryopreservation protocols for intestinal
organoid for use in clinical applications.

MATERIALS AND METHODS

Isolation of small intestinal crypts from mice

All animal experiments were approved by the Animal
Investigation Committee of the Korea Institute of
Radiological and Medical Sciences in South Korea and
were performed according to institutional guidelines
and national animal protection laws. Isolation of small
intestinal crypts from mice was conducted as described
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previously with some modifications®. Briefly, the
jejunum (10 cm from the stomach) of C57BL/6 male
mice (8-10 wk age, n = 4) was opened longitudinally,
cut into 5-mm pieces, washed three times with cold
phosphate-buffered saline (PBS), and incubated with 2
mmol/L ethylenediaminetetraacetic acid (EDTA) in PBS
for 15 min at 37 °C. After removal of EDTA solution,
the supernatant containing villi was replaced with cold
PBS. Crypts were isolated from the basal membrane
by vigorous hand shaking for 1 min. This procedure
was repeated until enriched crypts could be observed
in the supernatant using microscopy. After collection of
isolated crypts from tubes by centrifugation, the crypts
were resuspended in 2% D-sorbitol (Sigma, St. Louis,
MO, United States) in PBS, passed through a 70-um
cell strainer (BD Biosciences, Heidelberg, Germany),
and centrifuged at 100 x g for 3 min at 4 'C. The pellet
was resuspended in 10 mL basic medium [advanced
Dulbecco’s modified Eagle’s medium/F12, 2 mmol/L
L-glutamine, 10 mmol/L HEPES, 100 mg/mL strepto-
mycin, 100 U/mL penicillin, 1 mmol/L N-acetylcysteine,
1% B27, and N2 supplement], and crypt numbers
were counted using microscopy.

3D culture of crypts and organoid passage

The isolated crypts were cultured in organoid medium
with either ENR or ENR-CV, as previously reported®?.
Two hundred crypts in 50 uL matrigel (BD Biosciences)
were seeded in each well of a pre-warmed 24-well flat-
bottomed plate. Crypts were then incubated for 30 min
at 37 °C, and 500 pL of complete crypt culture medium
was added. The ENR medium contained basic medium
plus 50 ng/mL murine EGF (Invitrogen, Carlsbad, CA,
United States), 100 ng/mL murine Noggin (Peprotech,
Hamburg, Germany), and 500 ng/mL human
R-spondin-1 (R&D Systems, Minneapolis, MN, United
States), whereas the ENR-CV medium contained ENR
medium plus 1 mmol/L valproic acid (Invitrogen) and
10 pmol/L CHIR99021 (Invitrogen). The crypts were
cultured at 37 °C in an atmosphere containing 5% CO:
for the indicated number of days. The medium was
changed every 2-3 d. For subculture, the organoids
cultured on day 7 were passaged using enzyme-free
cell dissociation buffer (STEMCELL Technologies Inc.,
Vancouver, BC, Canada). Briefly, cultured organoids
were washed with cold PBS, and 500 pL cell dissocia-
tion buffer was added to the wells and incubated for
5 min at 37 C. After washing with 0.1% BSA in PBS,
dissociated organoids were passaged (a 1:5 ratio).
Freshly prepared medium and Matrigel were then
added for organoid culture. The passage of organoids
cultured under ENR or ENR-CV medium was performed
once per week until the indicated passage.

Cell proliferation and crypt viability

For analysis of cell proliferation in organoids by
5-ethynyl-2’-deoxyuridine (EdU) staining, the cultured
organoids on the indicated day were incubated with
fresh medium containing 10 pmol/L EdU (Molecular
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Table 1 Primer sequences used in quantitative polymerase chain reaction analysis

Gene Primer sequences (5’-3”) Annealing temperatures (C)

mLgr5 F ACATTCCCAAGGGAGCGTTC 60
R ATGTGGTTGGCATCTAGGCG

mLyz1 F GCCAAGGTCTACAATCGTTGTGAGTTG 60
R CAGTCAGCCAGCTTGACACCACG

mMuc2 F ATGCCCACCTCCTCAAAGAC 60
R GTAGTTTCCGTTGGAACAGTGAA

mChgA F CCCACTGCAGCATCCAGTT 60
R AGTCCGACTGACCATCATCTTTC

mALP F AACTCACCTCATGGGCCTCTT 60
R GGGTTTCGGTTGGCATCATA

mGAPDH F TCATCAACGGGAAGCCCATCAC
R AGACTCCACGACATACTCAGCACCG

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

Probes, Eugene, OR, United States) for 30 min and
then fixed in 4% paraformaldehyde in PBS overnight
at 4 °C. The fixed organoids were permeabilized with
0.5% Triton X-100 for 1 h, and following steps were
performed using a Click-iT EdU Imaging kit (Molecular
Probes) according to the manufacturer’s protocol.
Hoechst (1:2000) was used for nuclear staining to
facilitate cell counting. Images were acquired using an
immunofluorescence microscope (Olympus, Shinjuku,
Tokyo, Japan). For quantitative analysis of growing
organoids, cultured crypts were examined at the
indicated time point under bright-field of microscope.
Organoids exhibiting at least two budding structures
in each group were counted. Experiments were per-
formed in triplicate. The data were expressed as the
mean £ SD. For quantitative analysis of crypt viability
after freezing and thawing, we performed methyl
thiazolyl tetrazolium (MTT) assays as previously
reported™®. Briefly, on the indicated days, cultured
organoids were incubated with 10% MTT (AMRESCO,
Solon, OH, United States) for 2-3 h at 37 C. After cell
lysis by treatment with 2% sodium dodecyl sulfate
(SDS) and dimethyl sulfoxide (DMSO), the optical den-
sity (OD) value of the solution was measured at 562
nm using a Synergy HT (BioTek, Winooski, VT, United
States). Experiments were performed in triplicate. The
data were expressed as the mean %+ SD.

Immunofluorescence staining

For immunofluorescence staining, cultured organoids
were fixed in 4% paraformaldehyde in PBS overnight
at 4 'C. After washing with PBS, organoids were
incubated with PBS containing 1% BSA and 0.5%
Triton X-100 for 1 h at room temperature, followed by
incubation with primary antibodies against lysozyme
1 (1:100; Abcam, Cambridge, MA, United States),
mucin 2 (1:100; Dako, Carpenteria, CA, United
States), or chromogranin A (1:200; Thermo Scientific).
Fluorescein isothiocyanate (FITC)-conjugated goat
anti-rabbit IgG or anti-mouse IgG (1:100; Invitrogen)
was used as a secondary antibody. Images were
acquired using a Zeiss 710 confocal microscope (Carol
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Zeiss, Oberkochen, Germany) and analyzed by imag-
ing software (Olympus America, Center Valley, PA,
United States).

Quantitative real-time polymerase chain reaction

Total RNA was prepared from raw crypts (freshly
isolated crypts from mice) and cultured crypts using an
RNase mini kit (Qiagen, Valencia, CA, United States)
according to the manufacturer’s protocol. A total of 1
ug of RNA was reverse transcribed using an AccuPower
RT PreMix kit (Bioneer, Seoul, South Korea). Real-
time PCR was performed with FastStart Essential DNA
Green Master Mix (Roche, Indianapolis, IN, United
States). All reactions were performed in triplicate.
mRNA expression was normalized to endogenous
glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
expression and expressed relative to ENR-derived cells
or raw crypts. The primers sequences are listed in
Table 1.

Freezing-thawing of in vitro cultured organoids

For organoid cryopreservation, organoids cultured
under ENR conditions were left intact or dissociated
into single crypt-like colonies using enzyme-free
cell dissociation buffer (STEMCELL Technologies
Inc.). Undissociated and dissociated organoids were
resuspended in freezing medium, e.g., 10% DMSO
and 10% fetal bovine serum or recovery cell culture
freezing medium (RCCFM; Invitrogen). To determine
the effects of Y-27632, a specific inhibitor of ROCK
(STEMCELL Technologies Inc.) on the recovery of
organoids, organoids were treated with the ROCK
inhibitor for different times, including pretreatment for
30 min prior to freezing (before freezing), direct addi-
tion into freezing medium (during freezing), and post-
thaw treatment for 3 d (after thawing). After storage in
liquid nitrogen for 1-3 mo, vials were quickly thawed,
and thawed organoids were then cultured for 7 d.

Time-lapse live cell imaging

Live cell imaging was performed on a JulLi stage
system (NanoEnTek, Seoul, South Korea). A culture
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Figure 1 Establishment of small intestinal organoid culture under epidermal growth factor/noggin/r-spondin1 and epidermal growth factor/noggin/
r-spondin1-/CHIR99021/VPA conditions. Crypts were isolated from the small intestines of C57/B6 mice at ages 9-12 wk and were resuspended in growth factor-
reduced Matrigel. A: Time course of the growth of isolated crypts at passage 0 (P0) under two different culture media. Enterospheres formed on day 1, budding
appeared on day 3, and robust budding was observed on days 5-10. Scale bars: 50 um. B: Organoids were incubated with the thymidine analog EdU (green) for 1 h,
and freshly isolated crypts were cultured for 6 d. Images were analyzed by fluorescence microscopy, and nuclei were double stained with Hoechst (blue). Scale bars:
50 um. C: Numbers of organoids grown in two different media for 7 d. Organoids exhibiting at least two budding structures in each group were counted. The data are
shown as means % SDs of triplicate experiments (°P < 0.01, Student's t-tests).

dish placed on the microscope stage was covered with (ANOVA) with Dunnett’s T3 tests. Differences with P
a chamber in 5% CO: at 37 'C. Images for the growth values of less than 0.05 were considered significant.

of crypts were an acquired at 60-min intervals. The
data were processed using JuLi stage software v1.0

(NanoEnTek). RESULTS

Establishment of a small intestinal organoid culture
Animal care and use statement system using ENR and ENR-CV media
All procedures involving were reviewed and approved In an attempt to establish a conventional culture

by the Institutional Animal Care and Use Committee for intestinal organoids using two different condi-
of the South Korea Institute of Radiological and tions™®®!, freshly isolated crypts from the jejunum
Medical Sciences in Korea, and performed according of C57/B6 mice were cultured in ENR or ENR-CV
to the Guidelines for Animal Experimentation of Korea medium. Representative images of crypt growth into
Institute of Radiological and Medical Sciences. The organoids are shown in Figure 1A. On day 1, crypts
animals were acclimatized to laboratory conditions formed a round shape, called an enterosphere, and
(23°C £1°C, 12 h/12 h light/dark, 50% % 5% humid- these structures became larger over time. Budding of
ity and libitum access to food and water) for two, three enterospheres was observed beginning on day 3, and
or four weeks prior to experimentation. All appropriate robust budding was observed on day 10, demonstrat-

protocols for study were taken to minimize pain and ing a morphology typical of small intestinal organoids
discomfort of animals. with a crypt-villus structure. We found that organoids

cultured under ENR-CV conditions yielded increased
Statistical analysis budding length and size compared with those of
Data are expressed as the mean £ SD or £ SEM of organoids cultured under ENR conditions (Figure 1A).
at least two independent samples. Statistical com- Consistent with the results of previous reports (Sato
parisons between groups were performed with two- et al®, 2009; Yin et al’”!, 2014), ENR-based organoids

tailed Student’s t-tests or two-way analysis of variance exhibited proliferating cells within the crypt domains,
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Figure 2 Phenotypic differences of intestinal organoids cultured under epidermal growth factor/noggin/r-spondin1-/CHIR99021/VPA or epidermal growth
factor/noggin/r-spondin1 conditions upon continual passage. Organoids cultured for 7 d from freshly isolated crypt were split (1:4) and were cultured. Passage
was performed once per week. A: Representative morphology of organoids cultured on day 7 under ENR or ENR-CV conditions upon continual passage. Scale bars;
50 um. B: Quantitative real-time polymerase chain reaction analysis of relative mRNA expression levels of markers for intestinal stem cells (Lgr5) in organoids at
early passage (P0-4) or late passage (P8-12) after culture for 6 d under ENR or ENR-CV conditions. GAPDH was used as an internal control. The data are shown
as means + SEMs of two independent experiments (°P < 0.01, two-way analysis of variance with Dunnett's T3 tests) and normalized to the value for the ENR
condition. Note that the mean of the sum from each passage with triplicate experiments in the indicated early and late passages was used. C: Organoids cultured on
day 6 at late passage (P10) were incubated with the thymidine analog EdU (green) for 1 h. Images were analyzed by fluorescence microscopy. Nuclei were double
stained with Hoechst (blue). Scale bars: 50 um. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; ENR: Epidermal growth factor/Noggin/R-spondin1; ENR-CV:
ENR/CHIR99021/VPA.
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whereas proliferating cells were present throughout data are presented the mean of the sum of organoids
the organoids under ENR-CV conditions, as shown by from PO to P4 or from P8 to P12 after performing two
EdU staining (Figure 1B). We further confirmed the independent experiments with each passage.

effects of the ENR-CV medium on enhancement of cell To evaluate the characteristics of organoids at early
proliferation within organoids by counting the numbers and late passages, we analyzed the expression of
of organoids exhibiting at least two budding structures Lgr5, known marker of ISCs**®, in organoids cultured

(Figure 1C). in the two different media during continuous passage.

At early passages, organoids cultured under ENR-CV
Long-term culture induced phenotypic differences in conditions showed a dramatic increase in Lgr5 expres-
organoids under ENR-CV culture conditions, but not sion compared with that of organoids cultured under
ENR culture conditions ENR conditions. These findings were consistent with

The two different types of medium used in this study @ previous study showing that the expression level of
have been shown to support long-term culture of Lgr5 was upregulated more than 3-fold in organoids
intestinal organoids®®. Thus, we aimed to confirm the ~ cultured under ENR-CV conditions™®. However, at later
long-term culture of organoids under our experimental passages, Lgr5 expression under ENR-CV conditions
conditions. As shown in Figure 2A, during continuous was dramatically decreased to a level similar to that
passage, the morphology of ENR-based organoids was under ENR conditions. In contrast, Lgr5 expression
constant, whereas the enhanced size and budding levels in organoids cultured under ENR conditions were
length of organoids in ENR-CV culture conditions were similar during both early and late passages (Figure 2B).
gradually diminished after passage 8 (P8). For a more Furthermore, reduced numbers of proliferating cells,
extensive comparative analysis, we classified organoid which were generally positive for Lgr5, were observed
into early phase (P0-4) and late phase (P8-12) based in organoids cultured under ENR-CV conditions during
on morphological criteria, as shown in Figure 2A, and the late phase, as observed by EdU staining (Figure
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Figure 3 Comparison of the compositions of differentiated intestinal epithelial cells in long-term cultured intestinal organoids under two different media.
A: Quantitative real-time polymerase chain reaction analysis of relative mRNA expression of markers for intestinal epithelial cells (Muc2 for goblet cells, ChgA for
enteroendocrine cells, Alp for enterocytes, and Lyz1 for paneth cells) in organoids at early passage (P0-4) or late passage (P8-12) cultured for 6 d under ENR or
ENR-CV conditions. GAPDH was used as an internal control. The data are shown as means + SEMs of two independent experiments (P < 0.01, two-way analysis of
variance with Dunnett's T3 test) and normalized to the ENR value. Note that the mean of the sum from each passage with triplicate experiments in the indicated early
and late passages was used. Raw crypts: freshly isolated crypts from mice. B: Representative images show lysozyme (paneth cells), Muc2 (goblet cells), and ChgA
(enteroendocrine cells) staining of organoids cultured for 6 d at passages 3 and 10 under ENR-CV conditions. Three-dimensional reconstructed confocal images
are shown. Nuclei were double stained with DAPI (blue). Scale bars: 50 ym. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; ENR: Epidermal growth factor/
Noggin/R-spondin1; ENR-CV: ENR/CHIR99021/VPA.

2C). Consistent with these results, we also detected and unstable under ENR-CV conditions compared with
decreased number of colonies in organoids cultured that under ENR conditions, similar to the expression
under ENR-CV conditions upon continual passage, but of epithelial markers in primary raw crypts (Figure
not in those cultured under ENR conditions, as shown 3A). Consistent with this, the result of immunostaining
by low-magnification observation of morphology and showed the reduced expression of some epithelial
counting of organoid colonies (Supplementary Figure markers in organoids under ENR-CV conditions upon
1). continual passage (Figure 3B). In contrast, no changes

Next, we compared the compositions of intestinal in these markers were observed in organoids cultured
epithelial cells in long-term cultured organoids under under ENR conditions (data not shown). Therefore,
ENR and ENR-CV conditions. qPCR of intestinal these findings suggested that ENR-CV culture condi-

epithelial marker expression showed that the expres- tions could be susceptible to phenotypic alterations in
sion levels of Lyz (a paneth cell marker), Muc2 (a organoids upon extended passage and may be less
goblet cell marker), ChgA (an enteroendocrine cell relevant to the in vivo composition of intestine cell

marker), and ALP (an enterocyte marker) were low types.
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Figure 4 Low recovery of cryopreserved intestinal organoids upon long-term cryopreservation. Cultured organoids (P3) under ENR medium were subjected
to dissociation or were left undissociated, followed by cryopreservation. A: Representative morphology (left panel) and quantification of recovery (right panel) for
organoids on day 7 cultured under ENR conditions after thawing organoid cryopreserved for 1 mo in the presence of 10% DMSO as a cryoprotectant. Scale bars: 200
um. The data are shown as the means + SDs of triplicate MTT assays (°P < 0.01, Student’s t-tests). B: Quantification of recovery from cryopreserved organoid was
performed using MTT assay. After 1 or 3 mo of cryopreservation with 10% DMSO or RCCFM (commercial freezing media), organoids were cultured for 7 d under ENR
conditions. The data are shown as the mean + SDs of triplicate experiments (°P < 0.01, two-way analysis of variance with Dunnett's T3 tests). MTT: Methyl thiazolyl
tetrazolium; ENR: Epidermal growth factor/Noggin/R-spondin1.

Direct addition of the ROCK inhibitor Y-27632 into ture™*®. In addition, ROCK activity and cytoskeletal
freezing media was superior for the recovery of phenotypes are almost completely inhibited by 10
cryopreserved organoids without dissociation umol/L Y-27632. Thus, in this study, we aimed to

Recent studies have reported the use of continuously  further optimize the cryopreservation of cultured organ-
cultured intestinal organoids to treat GI disease in oids by examining the effects of Y-27632, a specific

mice"*?! suggesting that organoid-based therapy inhibitor of ROCK activity, on the recovery of organoids
may have applications in repairing damaged intestines. from cryopreserved stocks when added before freez-
In order to improve therapeutic technologies, we have ing, during freezing, and after thawing of organoids.

examined the optimal conditions for cryopreservation By evaluating the densities of grown organoids after
of organoids. To explore the cryopreservation of  freezing-thawing, we found that direct addition of
cultured intestinal organoids under ENR conditions, Y-27632 into freezing medium during freezing resulted
we first performed freezing-thawing of undissociated in superior recovery compared with that of untreated
and dissociated organoids using 10% DMSO, a tradi- organoids, organoids pretreated with Y-27632, or
tional cryopreservative®'. After 1 mo, cryopreserved organoids treated with Y-27632 after thawing (Figure
organoids were thawed in medium and incubated for 7 5A). Consistent with this, MTT analysis revealed
d. Organoids with a crypt-villus structure were visible that there was a higher rate of recovery from direct
from frozen stock only for undissociated organoids addition of Y-27632 during freezing (> 2.5 fold) upon
(Figure 4A), indicating that undissociated organoids cryopreservation, compare with that observed under
showed better recovery from cryopreservation with other conditions (Figure 5B). We also observed similar
10% DMSO compared with that of dissociated organ- effects of Y-27632 in commercial freezing medium
oids. Similar results were obtained from RCCFM (data when the drug was directly added during freezing (data
not shown). We also extended the storage period of not shown), and the typical organoid morphology with
cryopreserved organoids up to 3 mo, which has been a crypt-villus structure was further confirmed by tracing
used for long-term cryopreservation in previous stu- the growth of organoids for 7 d after freezing-thawing,
dies!?**?, The viability of organoids was dramatically ~ as shown by live-imaging analysis (Video data). In
decreased, even in commercial freezing medium, in contrast to undissociated organoids, we did not observe

a time-dependent manner, as shown by MTT assays improvements in dissociated organoids following treat-
(Figure 4B). ment with Y-27632 (Supplementary Figure 2). Taken

The survival of various types of stem cells, including together, these results suggested that the recovery of
ISCs, is enhanced by ROCK inhibition during subcul- cryopreserved intestinal organoids was significantly
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Figure 5 Enhanced recovery of long-term cryopreserved intestinal organoids was dependent on the timing of Y-27632 treatment. Undissociated organoids
(P3) were treated with 10 umol/L Y-27632 at the indicated time points. A: Representative morphology of organoids cultured on day 7 in the presence of ENR medium
after thawing organoids cryopreserved for 3 mo in the presence of 10% DMSO. Scale bars, 200 um. B: Quantification of recovery from cryopreserved organoids was
performed using MTT assays. The data are shown as means + SDs of triplicate experiments (°P < 0.01, two-way analysis of variance with Dunnett’s T3 tests) and
normalized to untreated samples. MTT: Methyl thiazolyl tetrazolium; ENR: Epidermal growth factor/Noggin/R-spondin1.

improved when the ROCK inhibitor Y-27632 was used
for treatment of undissociated organoids rather than
dissociated organoids during freezing.

DISCUSSION

Previous studies reported that long-term culture of
intestinal organoids could be supported through either
ENR or ENR-CV medium in a 3D culture system with a
Matrigel matrix®'**? | and in vitro cultured intestinal
organoids may have applications in organoid-based
therapy as shown in studies investigating the repair
of damaged intestines in mice™*?!. Here, we have
extended these studies to determine a suitable long-
term culture system and optimal cryopreservation of
small intestinal organoid. We found that the pheno-
types of intestinal organoids under ENR media were
maintained over a long duration, whereas organoid
under ENR-CV media exhibited morphological altera-
tions, reduced numbers of Lgr5* cells and inconsistent
expression of markers for differentiated intestinal
epithelial cell types upon extended passages. We also
identified an efficacious cryopreservation method
for expansion of undissociated intestinal organoids.
For undissociated intestinal organoids, direct addi-
tion of the ROCK inhibitor Y-27632 during freezing
permitted superior recovery of crypts after long-term
cryopreservation.

Using established cultures of intestinal organoids
under two different media, we confirmed that the
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characteristics of intestinal organoids under ENR-CV
medium in the early passage were consistent with a
previous report showing enrichment of Lgr5* expres-
sion, enhanced organoid size and budding length, and
rapid proliferating cells. However, upon extended
passaging under ENR-CV conditions, but not ENR
conditions, we observed phenotypic changes, such as
reduced size and budding length of organoid, accom-
panied by reduced expression of Lgr5, an ISC marker,
and upregulation of Muc2, a goblet cell marker (Figures
2 and 3). Although these findings are contradictory to
the report by Yin et a®’ , who showed maintenance of
Lgr5* stem cells during long-term passage, our find-
ings were consistent with other reports demonstrating
conversion of proliferating progenitors into secretory
cells, along with loss of stem cells expressing Lgr5
in the context of inhibited Notch signaling®®*. The
Notch signaling pathway contributes to enhancement
of Lgr5" stem cell proliferation and suppresses the
differentiation of these ISCs into secretory cells, such
as goblet and enteroendocrine cells. In contrast, Wnt
signaling is associated with the formation of paneth
cells, which we found to be unaltered as shown by
Figure 3A®*?1, Thus, we analyzed the expression of
Notch signaling-associated molecules, including Notch
family members and Hesl, in ENR and ENR-CV cul-
tured organoids upon extended passage. However, the
gene expression patterns were similar for organoids
cultured under both conditions (data not shown). This
suggested that the Notch signaling pathway was not
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involved in the observed changes under our culture
conditions. Interestingly, although the expression
of Lgr5 in intestinal organoids cultured in ENR-CV
medium was reduced to a level similar to that of ENR-
cultured intestinal organoids during late passages,
indicating that these events may result from the
reduced effects of small molecules, this relationship did
not seem to be causal because the composition ratio
of differentiated epithelial cells in long-term cultured
intestinal organoids under ENR and ENR-CV conditions
was not well correlated (Figure 3A). It is unclear why
enhanced expression of Lgr5 was diminished upon
continual passage in this study; however, a recent
report demonstrated that loss of Lgr5* stem cells is
often observed as an unexpected side effect in patients
treated with HDAC inhibitors™®. Therefore, it is likely
that changes in the phenotype and composition ratio of
functionally differentiated cells in intestinal organoids
under ENR-CVin long-term culture may be attributed
to prolonged treatment with valproic acid, a known
HDAC inhibitor®,

In order to determine the mechanisms underlying
RIGS at the cellular level, in-depth characterization of
intestinal epithelial cells within in vitro cultured intesti-
nal organoids is necessary. A previous study compared
the characteristics of these cells under two different
media’®. Moreover, our current findings further showed
that both media could support the long-term culture
of intestinal organoids, recapitulating the crypt-villus
architecture in vivo with ISCs (Lgr5) and differentiated
intestinal epithelial cells, consistent with previous
reports®®. Based on the comparative analysis in our
study, including analysis of raw crypts, we found that
the expression levels of most markers of differentiated
intestinal epithelial cells in ENR-cultured organoid
were higher than those in ENR-CV-cultured organoids,
regardless of whether the organoids were cultured
long term. Furthermore, upon continuous passaging,
the expression levels of epithelial cell markers in intes-
tinal organoids under ENR conditions were constant
and similar to the expression levels of corresponding
markers in primary raw crypts, suggesting that ENR
conditions may be appropriate for long-term culture
of intestinal organoids and that the characteristics of
ENR culture were relevant to determining the in vivo
composition of small intestine cell types. Given that
the specialized cellular niche plays an important role in
the maintenance of intestinal homeostasis by creating
a unique environment in vivo™”, our data emphasized
that the ENR-based intestinal organoid system may
be useful for analysis of the mechanisms of radiation
induced-intestinal cell death and that results obtained
from the ENR-CV culture system, particularly for long-
term culture, should be interpreted cautiously.

One of the most important findings in this study
was that recovery of cryopreserved intestinal organoids
was dependent on the timing of Y-27632 treatment
and the absence of dissociation. We found that intact
organoids, not dissociated organoids, were efficiently
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cryopreserved in the presence of 10% DMSO as
standard components in slow-freezing protocols!*>*",
Among current cryopreservation methods, including
slow or fast freezing (vitrification), conventional slow-
freezing protocols are generally effective in presence
of DMSO as a cryoprotectant, are less labor intensive,
and allow for handling of bulk quantities of cells!**",
However, DMSO is known to be toxic to tissues and
cells and is considered an appropriate cryoprotectant
for short-term storage owing to its time-dependent
toxicity®"!, Indeed, we observed that low survival
rates after freeze-thaw of cryopreserved organoids
following extended storage (Figure 4). Importantly,
however, addition of Y-27632 at the time of freezing
improved the recovery of freeze-thawed intestinal
organoids. Although Y-27632 is known to be a potent
inhibitor of apoptosis and to facilitate the survival of
dissociated stem cells during subculture including
ISCs®'%*4 we did not observe efficient recovery of
cryopreserved intestinal organoids when dissociated
organoids were treated with ROCK inhibitor directly
into the freezing medium (Supplementary Figure 2).
These differences may be explained by the toxicity of
DMSO, which varies from cell type to cell type during
cryopreservation™,

Our live-imaging data indicated the characteristics
of long-term cryopreserved intestinal organoids by
tracing the growth of organoids having a typical
intestinal organoid phenotype with a crypt-villus
structure. Further studies are required to determine
whether subtle genetic alterations can be induced by
cryopreservation with the ROCK inhibitor Y-27632. In
the present study, undissociated intestinal organoids,
but not dissociated organoids, were effectively cryo-
preserved and propagated after long-term cryopreser-
vation by incorporating the ROCK inhibitor Y-27632
directly into the freezing medium.

In conclusion, using a comparative analysis of the
characteristics of long-term cultured small intestinal
organoids under two different culture conditions, we
demonstrated that ENR-CV condition, but not ENR
conditions, induced phenotypic transition in in vitro
cultured small intestinal organoids upon extended
passaging. We also identified an efficacious long-term
cryopreservation method for intestinal organoids
through optimization of the organoid state and tim-
ing of treatment with the ROCK inhibitor Y-27632.
This method may contribute to the establishment of
standardized cryopreservation protocols for intestinal
organoids and subsequent clinical applications of
these cell sources.
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COMMENTS

Background

Recent studies have suggested that in vitro cultured intestinal organoids can be
introduced to manage gastrointestinal diseases, supporting the development
of promising organoid-based therapies for repair of damaged intestines. To
improve organoid-based therapeutic technologies by acquiring large numbers
of cells for clinical application, it is essential for long-term maintenance of
characteristics and optimal cryopreservation method of intestinal organoid.

Research frontiers

Two different media [epidermal growth factor/Noggin/R-spondin1 (ENR) and
ENR/CHIR99021/VPA (ENR-CV)] can support the formation of organoid
containing crypt-villus structures that recapitulate the native intestinal
epithelium. However, there is little comparative study of the characteristics of
the resulting cells, particularly after long-term continual passage. In addition,
it has not been well described for optimal cryopreservation methods for
maintaining the functional properties of intestinal organoids in order to facilitate
the experimental and clinical applications of organoid-based therapies.

Innovations and breakthroughs

This is the first study to report a continuous passages-induced phenotypic
difference of intestinal organoid under ENR-CV condition, but not ENR
condition which is suitable to long-term culture. The authors also demonstrate
that efficient long-term cryopreservation of organoids is associated with a
combination of organoid state and timing of treatment with the Rho kinase
(ROCK) inhibitor.

Applications

This study provide important insights into our understanding of 3D culture
systems for intestine-related organs and contribute to the establishment of
standardized cryopreservation protocols for intestinal organoids on application
of organoid-based therapy.

Peer-review

The manuscript by Han et al described that phenotypes of mouse intestinal
organoids under ENR media were maintained over a long duration, and
organoids under ENR-CV media exhibited morphological alterations. They also
found that adding the ROCK inhibitor Y-27632 during freezing benefits recovery
of undissociated intestinal organoids after long-term cryopreservation. The
manuscript is succinct and the conclusions are well supported by the data.
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Abstract

AIM

To explore the mechanism by which microRNA-155
(miR-155) regulates the pathogenesis of experimental
colitis.

METHODS

A luciferase assay was performed to confirm the binding
of miR-155 to the SHIP-1 3'-UTR. MiR-155 mimics,
negative controls and SHIP-1 expression/knockdown
vectors were established and then utilized in gain- and
loss-of-function studies performed in raw264.7 cells and
primary bone marrow-derived macrophages (BMDMs).
Thereafter, dextran sulfate sodium (DSS)-induced colitis
mouse model with or without antagomiR-155 treatment
was established, and the levels of miR-155 and SHIP-1,
as well as the pro-inflammatory capabilities, were
measured by western blot, quantitative polymerase
chain reaction, and immunohistochemistry.
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RESULTS

MiR-155 directly bound to the 3'-UTR of SHIP-1
mRNA and induced a significant decrease in SHIP-1
expression in both raw264.7 cells and primary BMDMs.
MiR-155 markedly promoted cell proliferation and pro-
inflammatory secretions including IL-6, TNF-a, IL-1pB,
and IFN-y, whereas these effects could be reversed
by the restoration of SHIP-1 expression. In vivo
studies showed that antagomiR-155 administration
could alleviate DSS-induced intestinal inflammation
in Balb/c mice. Moreover, significantly increased
SHIP-1 expression, as well as decreased Akt activation
and inflammatory response, were observed in the
antagomiR-155-treated mice.

CONCLUSION

MiR-155 promotes experimental colitis by repressing
SHIP-1 expression. Thus, the inhibition of miR-155
might be a promising strategy for therapy.

Key words: Experimental colitis; Inflammatory bowel
disease; MicroRNA-155; SHIP-1

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our present study identifies SHIP-1 as the
functional target of microRNA-155 (miR-155) in macro-
phages. The up-regulation of miR-155 during colitis
led to a significant decrease in SHIP-1 expression as
well as a marked enhancement in cell proliferation and
pro-inflammatory secretions, whereas the restoration
of SHIP-1 expression partly reversed these changes.
We further confirmed that antagomiR-155 treatment
effectively alleviates dextran sulfate sodium-induced
intestinal inflammation in mice, correlated with a
significant elevation in SHIP-1 expression levels. Our
findings indicate a novel mechanism by which miR-155
influences colitis progression.

Lu ZJ, Wu JJ, Jiang WL, Xiao JH, Tao KZ, Ma L, Zheng P,
Wan R, Wang XP. MicroRNA-155 promotes the pathogenesis of
experimental colitis by repressing SHIP-1 expression. World J
Gastroenterol 2017; 23(6): 976-985 Available from: URL: http:/
www.wjgnet.com/1007-9327/full/v23/i6/976.htm DOI: http://
dx.doi.org/10.3748/wjg.v23.16.976

INTRODUCTION

Inflammatory bowel disease (IBD) is characterized by
idiopathic, chronic, recurrent, inflammatory conditions
of the human bowel triggered by multi-factorial causes
that are not completely understood. IBD predomi-
nantly includes ulcerative colitis (UC) and Crohn’s dis-
ease (CD)™?. Although its etiology remains unclear,
studies have indicated that the combination of the
dysfunction of the intestinal mucosal immune system,
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the imbalanced constitution of the gut flora, genetic
susceptibility and environmental factors all contribute
to the pathogenesis of IBD™*. Thus far, certain molec-
ular changes in gene and protein expression patterns
have been identified during the chronic inflammation
process of IBD, and unraveling the molecular events
involved in these intracellular signaling transduc-
tion pathways may be helpful for IBD diagnosis and
treatment.

MicroRNAs are endogenous small non-coding
RNAs that regulate gene expression by binding to the
3’-UTR of target messenger RNAs, either targeting
the transcripts for degradation or blocking their
translation™®. MicroRNA-155 (miR-155), whose
expression is induced by inflammatory cytokines and
toll-like receptor ligands, has been reported to be
involved in tissue development, immune responses,
hematopoiesis, and a number of other important
physiological functions”®. Because the dysregulation
of these same physiological functions is frequently
observed in various inflammation or inflammation-
induced human diseases!***, miR-155 has received
a great deal of interest. Recent studies have demon-
strated that miR-155 is up-regulated in both UC and
CD patients™'*; conversely, its deficiency protects
mice from experimental colitis™, although the under-
lying mechanism stills needs to be elucidated.

Previous studies have proven that the 145-kDa
protein Src homology 2 domain-containing inositol
5’-phosphatase-1 (SHIP-1) is a primary target of
miR-1551%""1 The direct repression of SHIP-1 by
miR-155 has been demonstrated in many mammalian
cell types™*, In fact, the phenotype observed in mice
over-expressing miR-155 is closely related to that of
SHIP-1 knockout mice!®., Ubiquitously expressed in
hematopoietic cells, SHIP-1 is at the nexus of intracel-
lular signaling pathways in immune cells that mediate
the immune response, production of inflammatory and
immunosuppressive cytokines, immunoregulatory cell
formation, autoimmune diseases, and immune can-
cers”®?, For example, the PI3K-Akt pathway is a cru-
cial intracellular signaling pathway that mediates many
biological processes, and SHIP-1 negatively regulates
the PI3K-Akt cascade through the dephosphorylation
of PIP3!**, Recent evidence has shown that SHIP-1
is significantly decreased in leukemias and lympho-
mast**®! as well as in some chronic inflammatory
diseases such as clinical and experimental arthritis®®’.
However, there are few reports on SHIP-1 and IBD,
and the currently available studies give inconsistent
or even opposing results. In this study, we sought to
determine the detailed relationship between miR-155,
SHIP-1, and the pathogenesis of IBD by in vitro stud-
ies using raw264.7 cells and primary bone marrow-
derived macrophages (BMDMs) and by in vivo studies
using an experimental colitis mouse model induced by
dextran sulfate sodium (DSS).
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MATERIALS AND METHODS

Cell culture, isolation, and lipopolysaccharide challenge
The raw264.7 cell line was obtained from the American
Type Culture Collection and was maintained in low-
glucose Dulbecco’s modified Eagle’s medium (Gibco,
Grand Island, NY, United States) supplemented with
10% fetal bovine serum and 1% Pen/Strep. Cells
were incubated at 37 C and in 5% C02/95% air.
BMDMs were isolated by flushing the femurs and tibias
of Balb/c mice (female, 6-8 wk, Laboratory Animal
Center, Chinese Academy of Sciences, Shanghai,
China). Detailed procedures were performed as
described previously™’. BMDM phenotype and purity
was determined by FACS analysis for macrophage
specific antigen F4/80 (Abcam, United Kingdom).
Before function studies, cells were exposed to E. coli
lipopolysaccharide (LPS; 1 pug/mL; Sigma, St. Louis,
MO, United States) for 24 h.

Vectors and cell transfection

MiR-155 mimics (UUAAUGCUAAUUGUGAUAGGGGU)
and negative controls (CCUACGCCACCAAUUUCGU)
were provided by GenePharma (Shanghai, China). To
express the murine SHIP-1 gene (Inpp5d), the coding
sequence of Inpp5d was amplified from cDNA and
was then subcloned into a pcDNA3.1 plasmid (Thermo
Fisher Scientific, Waltham, MA), while silencing of
SHIP-1 expression was achieved by designing a small-
hairpin RNA targeting its coding sequence (shSHIP-1)
and inserting this sequence into the vector. Transfection
was performed in 6-well plates (5 x 10° cells/well), and
the cells were mixed with Lipofectamine2000 reagent
(Invitrogen, Carlsbad, CA). Cells were harvested 48 h
after transfection for further analyses.

Induction of colitis and treatment
Forty pathogen-free female Balb/c mice were randomly
separated into four groups (group 1, group 2, group 3,
and group 4). Five mice per cage were maintained in
an individual ventilated cage. All protocols concerning
laboratory animal usage were submitted and validated
by the Animal Care Ethics Committee of Shanghai
First People’s Hospital and Nanjing Medical University.
Groups 2, 3, and 4 were treated by oral administration
of 4.0% (w/v) DSS (MP Biomedicals, Aurora, OH)
dissolved in drinking water for 7 d, while group 1
was used as the control group and given normal
drinking water. On day 2 and day 5, mice in group
4 were treated with antagomiR-155 (GenePharma)
by tail vein injection at doses of 45 mg/kg in 100
uL volumes. Meanwhile, group 3 was treated with
a negative control (GenePharma) and group 2 was
untreated. The sequences of antagimiR-155 and the
negative control were as follows: antagomiR-155:
5’-AsCsCCCUAUCACAAUUAGCAUsUsAsAs-Cholesterol-37;
negative control: 5’-UsUsUGUACUACACAAAAGUAsCs
UsGs-Cholesterol-3".

During the induction phase, weight loss, stool
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character and bleeding were recorded daily to monitor
the disease activity, and the disease activity index
(DAI) was determined as previously described™®. Mice
were sacrificed under deep anesthesia at the end of
day 7. The colon tissues were stored in 10% buffered
formalin or at -80 C in liquid nitrogen after the colon
length was measured and photographed.

Histological evaluation and immunohistochemistry
Histological examination of the distal colon was
performed on paraffin-embedded sections by hema-
toxylin-eosin (HE) staining. The inflammatory damage
score was determined as previously described™® and
was the sum of inflammation infiltrations, depth of
lesions, destruction of crypt, and width of lesions.
Immunohistochemistry for SHIP-1 was performed
using the peroxidase-conjugated avidin-biotin method.
Deparaffinized and rehydrated sections were incubated
with rabbit polyclonal anti-SHIP-1 (1:300, Santa Cruz,
CA, United States) followed by biotinylated secondary
antibody (Mai Bio, Shanghai, China). Positive staining
was indicated by gray and brown particles. Ten visual
fields (x 400 magnification) were chosen randomly in
each section for evaluation of stained cells. The final
score was the product of the number of stained cells
and staining intensities. Detailed counting methods are
listed in Supplementary Table 1.

Quantitative real-time RT-PCR

Total RNA was extracted from cells or tissues by
the TriPure Reagent (Roche, Basel, Switzerland)
according to the manufacturer’s instructions. Reverse
transcription was performed using the Transcriptor
First Strand cDNA Synthesis kit (Roche). The single-
stranded cDNA served as the template for SYBR
real-time polymerase chain reaction (PCR) using
SYBR-Green PCR Master Mix (Takara Bio, Kyoto,
Japan). All reactions were run in triplicate on the
MasterCycler Real-Time PCR Detection System
(Eppendorf, Hamburg, Germany). Supplementary Table
2 lists all primer sequences used in the study. The fold
change of gene expression was calculated using the
22T method. The expression level of miR-155 was
normalized to U6 snRNA, and the expression levels of
other genes were normalized to GAPDH.

Western blot assay

Cells or colon tissues (stored at -80 C) were harvested
and extracted using the lysis buffer, and an equal
amount of protein was separated on 15% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis gel.
Separated protein bands were transferred into PVDF
membranes and then blocked in 5% skim milk powder.
The primary antibody against SHIP-1 (Santa Cruz) was
diluted according to the manufacturer’s instructions
and incubated with the membrane overnight at 4 °C,
followed by incubation with secondary antibodies
(1:1000 dilution; Mai Bio) at room temperature for 2
h. The immunoreactive bands were visualized using
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Figure 1 SHIP-1 is targeted by microRNA-155 in mouse macrophages. A: A mouse Inpp5d 3'-UTR fragment containing the wild-type or mutant miR-155-binding
sequence was cloned downstream to the luciferase reporter gene; B and C: The luciferase activity of Inpp5d 3-UTR in raw264.7 cells (B) or primary mouse bone
marrow-derived macrophages (BMDMs) (C) after transfection with miR-155 mimics or negative controls. °P < 0.05, °P < 0.01 vs the wild-type Inpp5d 3-UTR luciferase
activity in cells transfected with NCs; D: The mRNA level of SHIP-1 was significantly down-regulated in raw 254.7 cells and BMDMs after cells were transfected with
miR-155 mimics. °P < 0.05, “P < 0.01 vs controls. B: The protein level of SHIP-1 also reduced after miR-155 mimics transfection.

an ECL-PLUS kit (Piscataway, NJ). The relative protein
expression levels were normalized to GAPDH.

Luciferase reporter assay

The murine Inpp5d target site and its mutant version
were amplified by primers. The target site was
predicted by three databases (miRBase, PicTar and
miRanda). The PCR products were cloned downstream
of the luciferase gene in psiCHECK-2 luciferase vector
(Promega, WI, United States). The constructs were
transfected together with miR-155 mimics or the
negative controls. Luciferase activity was measured
using the Dual-Luciferase Reporter Assay (Promega)
24 h after transfection. Each treatment was performed
in triplicate.

Cell proliferation assay

Cell proliferation was analyzed using an MTT assay.
Briefly, 1 x 10° cells per well were seeded into a
96-well plate and incubated for three days. At the
indicated time point, 20 pL of MTT (5 mg/mL) (Sigma-
Aldrich) was added into each well and incubated for 4
h. Then, the supernatants were removed and 150 uL
of DMSO (Sigma-Aldrich) was added to terminate the
reaction. The absorbance value (OD) was measured at
570 nm.
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Enzyme-linked immunosorbent assay

The levels of TNF-a, IL-6, IL-18 and IFN-y in cell lysate
supernatants were measured using corresponding
enzyme-linked immunosorbent assay (ELISA) kits (Mai
Bio) according to the manufacturer’s instructions.

Statistical analysis

SPSS 21.0 and GraphPad Prism 5 were used for stati-
stical analyses and the rendering of figures. One-way
analysis of variance (ANOVA) was used to analyze the
differences between groups. The Student-Newman-
Keuls method of multiple comparisons was used when
the ANOVA analysis resulted in statistical significance.
Data are expressed as the means + SD. Statistical
significance was set at P < 0.05.

RESULTS

MiR-155 directly targets the 3-UTR of SHIP-1 and
inhibits its expression in murine macrophages
Because SHIP-1 is a well-established target of
miR-155, we first performed a dual-luciferase reporter
assay by constructing luciferase reporter constructs
containing the wild-type or mutant SHIP-1 3'-UTR and
co-transfecting them with miR-155 mimics or negative
controls into cells (Figure 1A). We found that miR-155
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Figure 2 Effects of microRNA-155 and its target SHIP-1 on cell proliferation and pro-inflammatory capabilities. A: The proliferation rate of raw264.7 cells
transfected with miR-155 mimics, the negative controls, miR-155 mimics + SHIP-1 vectors, SHIP-1 expression vectors, or SHIP-1 knockdown vectors was detected by
MTT assay. °P < 0.05 indicated there was significant difference between groups. B-E: ELISA analyses of the secretion of IL-6 (B), TNF-a. (C), IL-1B (D), and IFN-y (E)
in both the raw264.7 cells and mouse bone marrow-derived macrophages (BMDMs) and the respective cells transfected with miR-155 mimics, the negative controls,
miR-155 mimics + SHIP-1 vectors, SHIP-1 expression vectors, or SHIP-1 knockdown vectors. Comparison was conducted between groups: Raw264.7/miR-155,
raw264.7/SHIP-1, raw264.7/shSHIP-1 vs Raw264.7, Raw264.7/NC; Raw264.7/miR-155+SHIP-1 vs Raw264.7/miR-155. °P < 0.05, °P < 0.01.

directly bound to the wild-type but not the mutant
3’-UTR of SHIP-1 mRNA and caused the significant
reduction of luciferase activities in both the murine
macrophage cell line raw264.7 and the primarily
isolated BMDM cells (Figure 1B and C). Then, we
focused on the expression of SHIP-1 in miR-155 over-
expressing raw264.7 cells and BMDMs. As shown in
Figure 1D and E, both the mRNA and the protein levels
of SHIP-1 were significantly decreased after cells were
transfected with 60 nmol/L miR-155 mimics, which
confirmed that SHIP-1 is the direct target of miR-155
in murine macrophages.

Effects of miR-155 and SHIP-1 on the cell proliferation
and pro-inflammatory secretion of murine macrophages
An MTT assay was performed to test the effects of
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miR-155 and its target SHIP-1 on the proliferation
of raw264.7 cells. Cell proliferation was significantly
elevated following the over-expression of miR-155
and was decreased after the up-regulation of SHIP-1
(Figure 2A). ELISA analysis was then conducted to
determine whether miR-155 and SHIP-1 affected
the pro-inflammatory secretions of LPS-stimulated
raw264.7 cells and primary BMDMs. After exposure to
LPS (1 pg/mL) for 24 h, both the raw264.7 cells and
BMDMs showed remarkable secretion levels of IL-6,
TNF-a, IL-1B, and IFN-y, which represent the most
important pro-inflammatory cytokines in IBD. The cells
that over-expressed miR-155 exhibited the highest
levels of secretion of these factors, while SHIP-1
restoration could inhibit the over-production of IL-6,
TNF-a, IL-1B, and IFN-y in these two cell types (Figure
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2B-E). These results indicate that miR-155 serves
its pro-inflammatory function by repressing SHIP-1
expression in macrophages.

Inhibition of miR-155 significantly alleviates murine
intestinal inflammation induced by DSS

DSS-induced experimental colitis was established in
Balb/c mice to determine the role of miR-155 and
SHIP-1 in vivo. On day 2 and day 5, one group of mice
was injected with 45 mg/kg antagomiR-155 through
the tail vein, while another group was treated with
the same dose of negative controls. Our PCR analysis
confirmed that the level of miR-155 in murine colons
was significantly reduced by antagomiR-155 treatment
(Figure 3A). During the 7-d DSS induction, changes
in body weight, occult blood, and gross bleeding were
assessed and scored for the determination of DAI
scores. As shown in Figure 3B, the DSS-treated groups
exhibited higher DAI scores compared to the normal
distilled water-treated group. In the three DSS-treated
groups, it was observed that the mice that received
antagomiR-155 injection exhibited significantly lower
DAI compared with the mice that received random
antagomiR treatment and the untreated mice.
Additionally, the colon length of DSS-treated mice was
markedly shortened compared to controls (8.23 + 1.35
cm vs 5.45 £ 1.29 cm, P < 0.05), and the inhibition of
miR-155 could partly abate such shortening (6.82
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1.41 cm vs 8.23 £ 1.35 cm, P > 0.05) (Figure 3C).

Thereafter, we evaluated the histological changes
in colon sections by HE staining and found that the
DSS-treated mice exhibited the typical characteristics
of intestinal inflammation compared with the normal
control mice (Figure 4A). The mice co-treated with
antagomiR-155 displayed remarkably reduced levels
of colon inflammation, including neutrophil infiltration,
epithelial damage, depletion of goblet cells, and
distortion of crypt architectures, compared to the mice
treated with only DSS or the mice treated with DSS
and random antagomiRs (Figure 4B and C).

Inhibition of miR-155 leads to increased SHIP-1
expression and decreased inflammatory responses in
experimental colitis

We performed an expression analysis of SHIP-1 in
distal colon tissues and found that both the RNA
and protein levels of SHIP-1 were significantly
increased with antagomiR-155 administration (Figure
5A and B), whereas activity of its major functional
target, the Akt signaling pathway, was decreased
due to the enhancement of the negative regulation
of SHIP-1 upon p-Akt activation (Figure 5B). IHC
analysis showed that SHIP-1 was mainly expressed
in lymphocytes, neutrophils, and other hematopoietic
cells in the inflamed mucosa (Figure 5C). Similarly,
the mice co-treated with antagomiR-155 exhibited
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Figure 4 Effects of antagomiR-155 on dextran sulfate sodium-induced histological changes in intestinal mucosa. A: Representative histological images of colon
tissues from mice in differently treated groups (original magnification, upper panel, x 200; lower panel, x 400); B: Microscopic inflammatory infiltration score. °P < 0.01,
DSS vs control; °P < 0.05, DSS + antagomiR-155 vs DSS + NC; C: Microscopic crypt destruction score. °P < 0.01, DSS vs control. DSS: Dextran sulfate sodium.

higher positive staining of SHIP-1 than the mice in
other groups. Since the activation of Akt is implicated
in cell proliferation, survival, and pro-inflammatory
release®, we then investigated whether the change
in SHIP-1 expression and downstream Akt signaling
was associated with the inflammatory response in
murine colon mucosa. PCR analysis revealed that
the main pro-inflammatory mediators in colitis,
including IL-6, TNF-a, IL-1B, IFN-y, and IL-17, were
all suppressed to a large degree after antagomiR-155
treatment; however, the paramount anti-inflammatory
factor IL-10 demonstrated an opposite trend in
expression (Figure 5D), suggesting that the inhibition
of miR-155 and the over-expression of SHIP-1 could
be an effective strategy to alleviate or suppress the
inflammatory cascade in colitis.

DISCUSSION

Understanding the underlying mechanisms that
regulate gene expression and the complex interplay
of pathogenic factors is essential to develop novel
therapeutics in IBD. Thus far, the ability of microRNAs
to target functional genes and intracellular biological
signaling pathways has drawn great attention from
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bench to bedside 2!, Over the past few decades,
the identification of microRNAs in IBD has made great
progress as an initial step in this regard. As a multi-
functional microRNA, miR-155 plays an important
role in the etiology of autoimmune diseases, and
its ectopic up-regulation has been reported in both
UC and CD. However, the detailed mechanism by
which miR-155 influences the pathogenesis of colitis
remains to be elucidated. Since SHIP-1, an important
cytoplasmic phosphatase that regulates the number
and function of immune cells, has been demonstrated
as the direct target of miR-155, we therefore
investigated the possible role of miR-155 and SHIP-1
in colitis in the present study.

We first determined that SHIP-1 was directly
regulated by miR-155 in murine macrophages including
raw264.7 cells and primary BMDMs. As it is well
known that macrophages serve as the core regulator
of innate immune response during gut inflammation
or infection, here we proved that SHIP-1 might play
a role in @ miR-155-triggered inflammatory cascade
during colitis. Singh et a/™! reported that miR-155
deficiency protects mice from experimental colitis by
reducing T cell responses, and Min et a** found that
miR-155 contributes to cytokine secretion in colitis
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sodium.

by targeting FOXO3a. In this study, we confirmed the
pro-proliferation and pro-inflammation capabilities
of miR-155 in murine macrophages. Furthermore,
we found that these effects were accompanied by
a marked decrease in SHIP-1 expression and that
the restoration of SHIP-1 could effectively inhibit or
reverse these effects. Since it was first cloned and
characterized in 1996, the role of SHIP-1 in immunity
and other physiological or pathological processes has
gradually emerged from numerous studies®*". Thus
far, the dysregulation of SHIP-1 has been described
in several chronic inflammation and autoimmune
disorders. There have been reports concerning
SHIP-1 silencing in immune cells or knockout in
animal models leading to the increased release of
inflammatory cytokines®%. Kerr et a/®* in 2011
reported that Ship-17" mice develop spontaneous
CD-like ileitis, which could be corrected by adoptive
transfer of bone marrow from wildtype mice. They
further proposed that this type of colitis probably
resulted from the imbalance of intestinal immune
cells caused by SHIP-1 deprivation. Most recently, Jin
et al®® identified that the miR-155-mediated down-
regulation of SHIP-1 promotes gouty arthritis. All of
these findings point towards a pivotal role of SHIP-1
in regulation of immune response in the body. Our
analysis demonstrated that the anti-inflammation
effect of SHIP-1 is possibly via the inhibition of the Akt
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signaling pathway, both in vitro and in vivo. The pro-
inflammatory secretion of cytokines by macrophages
was significantly suppressed upon the up-regulation
of SHIP-1 expression, indicating a potential for its
clinical utility in the future. Although there was a report
documenting that the level of SHIP-1 is increased in
the intestinal mucosa samples of IBD patients™”}, we
speculate that this finding was due to the presence
of more lymphocytes, monocytes, and neutrophils
infiltrating into the colorectal mucosa during colitis.
Previous studies have identified a number of
microRNAs as diagnostic biomarkers or potential targets
for IBD treatment, such as miR-21 and miR-3152,
However, to date, no therapeutic manipulation of
microRNAs in IBD has been reported in cell lines or
animal models. In regards to miR-155, although its
aberrant expression in colitis is well established, the
prospect of a miR-155-targeted strategy has not
been fully investigated. In the present study, we
established a DSS-induced colitis model and treated
it with antagomiR-155. As expected, the inhibition of
miR-155 significantly alleviated the disease activity,
the degree of intestinal inflammation, and the release
of pro-inflammatory cytokines. We also demonstrated
that these curative effects are closely associated with
an increase in SHIP-1 expression. These data provide
a strong proof-of-concept for miR-155- and SHIP-1-
based therapeutic approaches that could modulate
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inflammation in IBD. Nevertheless, experimental data
in a chronic colitis animal model should be provided for
further validation.

In conclusion, our current study demonstrated that
miR-155 contributes to the pathogenesis of colitis by
targeting SHIP-1 expression. Therefore, the inhibition of
miR-155 and the restoration of SHIP-1 could effectively
alleviate intestinal inflammation and cytokine secretion.
Although some other effects of this miR-155 targeting
strategy still need to be considered and studied, we
cannot help speculating that this promising therapeutic
concept may emerge in the near future.
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Abstract

AIM

To clarify the mechanisms involved in the critical endo-
plasmic reticulum (ER) stress initiating unfolded protein
response pathway modified by melatonin.

METHODS

Hepatoma cells, HepG2, were cultured /n vitro. Flow
cytometry and TUNEL assay were used to measure
HepG2 cell apoptosis. Western blotting and quantita-
tive reverse transcription-polymerase chain reaction
methods were used to determine the protein and mes-
senger RNA levels of ER stress and apoptosis related
genes’ expression, respectively. Tissue microarray
construction from patients was verified by immunohis-
tochemical analysis.

RESULTS
In the present study, we first identified that melatonin
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selectively blocked activating transcription factor 6
(ATF-6) and then inhibited cyclooxygenase-2 (COX-2)
expression, leading to enhanced liver cancer cell
apoptosis under ER stress condition. Dramatically
increased CCAAT-enhancer-binding protein homologous
protein level, suppressed COX-2 and decreased Bcl-2/
Bax ratio by melatonin or ATF-6 siRNA contributed the
enhanced HepG2 cell apoptosis under tunicamycin (an
ER stress inducer) stimulation. In clinical hepatocellular
carcinoma patients, the close relationship between
ATF-6 and COX-2 was further confirmed.

CONCLUSION

These findings indicate that melatonin as a novel
selective ATF-6 inhibitor can sensitize human hepatoma
cells to ER stress inducing apoptosis.

Key words: Melatonin; Endoplasmic reticulum stress;
Activating transcription factor 6; Cyclooxygenase-2;
Hepatocellular carcinoma
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Core tip: Endoplasmic reticulum (ER) stress plays
an important role in tumor growth and resistance to
treatment. Our previous studies have already shown
that melatonin sensitizes the human hepatocellular
carcinoma cell to ER stress-induced apoptosis and
attenuates ER stress-induced doxorubicin resistance. In
this study, we first identified that melatonin selectively
blocked ER stress downstream activating transcription
factor 6 (ATF-6) and then inhibited cyclooxygenase-2
expression, leading to enhanced liver cancer cell
apoptosis under ER stress condition. Our findings
indicate that melatonin as a novel selective ATF-6
inhibitor can sensitize human hepatoma cells to ER
stress inducing apoptosis.
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INTRODUCTION

Hepatocellular carcinoma (HCC) was the fifth most
frequently diagnosed cancer worldwide and the third
cause of cancer-related death, responsible for approxi-
mately 700000 human deaths annually worldwide'?.
China accounts for the majority of total HCC incidence
in the world™., Most patients with HCC are diagnosed
at a late stage, when there is no chance of surgical
therapy. Unfortunately, there are only a few effective
chemotherapy agents for this type of malignant tumor.
One of the major reasons for untreatable HCC is
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that the liver cancer cell has much greater tolerance
towards a number of cellular stress conditions, such as
endoplasmic reticulum (ER) stress, hypoxia, nutrient
deprivation and so on®**. Thus, approaches to over-
coming this superior tolerance have been emerging as
potential drug targets for the treatment of HCC™'.

All types of stress, including oncogenetic stress
that interferes with ER function, cause accumulation of
unfolded proteins in the ER lumen, referred to as ER
stress, and activate a homeostatic signaling network
known as the unfolded protein response (UPR)®”), The
three main ER transmembrane sensors that elicit the
UPR are protein kinase RNA-like ER kinase (PERK),
inositol-requiring enzyme-1 (IRE-1), and activating
transcription factor 6 (ATF-6). In general, ER stress
initiated by IRE-1a, PERK, and ATF-6 and activated in
solid tumors is crucial for tumor growth and aggres-
siveness, as well as for microenvironment remodeling
or drug resistance®*.

Melatonin (N-acetyl-5-methoxytryptamine), which
is produced in the human pineal gland during the night
phase of the light-dark cycle, plays important roles
in physiological and pharmacological functions, such
as circadian rhythms and antioxidants. More interest-
ingly to us, however, is the fact that melatonin exerts
anticancer effects through interplay with ER stress®%,
Our previous study demonstrated that melatonin
could sensitize the human HCC cell line HepG2 to ER
stress-induced apoptosis via the inhibition of cycloo-
xygenase-2 (COX-2)"Y, Furthermore, we found that
melatonin attenuates ER stress-induced resistance
to doxorubicin through reversing tunicamycin-induced
ER stress*?. However, the mechanisms involved in
the critical UPR pathway modified by melatonin must
still be clarified.

In the present study, we first identified that melato-
nin can selectively block ATF-6 and then inhibit COX-2
expression, leading to enhanced liver cancer cell
apoptosis. In clinical HCC patients, the close relation-
ship between ATF-6 and COX-2 was further confirmed.
Our study explored the more detailed mechanisms
of melatonin enhancing ER stress-induced apoptosis
in human hepatoma cells via inhibition of COX-2 by
selectively targeting ATF-6.

MATERIALS AND METHODS

Reagents

Melatonin (M5250) and tunicamycin (T7765) were
obtained from Sigma Chemical (St. Louis, MO, United
States). DMEM was purchased from Gibco-BRL Life
Technologies (Grand Island, NY, United States). Anti-
COX-2 (ab179800), anti-Bax (ab32503) and anti-
CCAAT/enhancer-binding protein homologous protein
(CHOP) (ab11419) were obtained from Abcam
(Cambridge, MA, United States). Anti-ATF-6 (BS6476),
anti-PERK (BS2156) and anti-Bcl-2 (BS3711) were
obtained from Bioworld Technology Inc. (St Louis
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Park, MN, United States). The terminal deoxynu-
cleotidyltransferase-mediated dUTP-biotin nick end
labeling (TUNEL) system was purchased from Roche
(Indianapolis, IN, United States). The annexin V-FITC
kit was obtained from Shanghai Bestbio (Shanghai,
China). The reverse transcription kit (A3500) and
TRIzol (15596-026) were obtained from Promega Inc.
(Madison, WI, United States). The SYBR Green qPCR
kit (11744-100) was obtained from Invitrogen Life
Technologies (Grand Island, NY, United States).

HCC specimens

Tissue samples were obtained from 100 patients with
HCC. These 100 patients underwent surgery at the
First Affiliated Hospital of Anhui Medical University
between 2001 and 2007. Patients with HCC who had
accepted chemotherapy or radiation therapy before
surgery were excluded from the study. The pathohisto-
logical diagnosis of the specimens was consistent with
HCC in accordance with the World Health Organization
Guidelines. A total of 85 HCC patients were male, and
15 HCC patients were female. The median age of the
HCC patient population was 50.7 years, ranging from
18 to 84 years. These 100 HCC patients were staged
according to UICC as follows: 3 HCC patients were
Stage I (3%), 73 HCC patients were Stage 1 (73%),
9 HCC patients were Stage I (9%), and 15 patients
were Stage IV (15%). Tumors were pathologically
graded according to WHO guidelines: 4 HCC patients
were well-differentiated, 91 HCC patients were mod-
erately differentiated, and 5 HCC patients were poorly
differentiated. All the clinical specimens were collected
from patients after obtaining written informed consent.
The study was carried out in accordance with a proto-
col approved by the Ethics Committee of Anhui Medical
University (Anhui, China).

Tissue microarray construction

Formalin-fixed paraffin-embedded specimens were
obtained from the archives of the Department of
Pathology at the First Affiliated Hospital of Anhui
Medical University. Hematoxylin and eosin-stained
tissue sections were reviewed for identification of the
target area for tissue microarray construction. Three
to five representative 1-mm cores were obtained from
each sample and inserted in a grid pattern into a new
recipient paraffin block using a manual tissue arrayer
(Hengtai Instruments, Liaoning, China).

Immunohistochemical analysis

Tissue microarray sections were deparaffinized, and
endogenous peroxidase activity was blocked with 3%
hydrogen peroxide in methanol for 10 min and heated
in 0.01 mol/L sodium citrate buffer (pH 6.0) for 10 min
for antigen retrieval. Subsequently, the sections were
incubated with a primary antibody in a moist chamber
for 1 h at ambient temperature. Then, the sections
were washed in phosphate buffered saline (PBS) (pH
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7.2), incubated with a biotinylated secondary antibody
and then incubated with peroxidase-conjugated strep-
tavidin. To observe positive binding of the antigen,
the sections were incubated with diaminobenzidine
solution and then counterstained with hematoxylin.
Next, the sections were viewed under a microscope
and scored on the basis of staining intensity and the
percentage of stained cells relative to the background:
> 10% of tumor cells stained was considered positive
staining.

Cell culture

The human hepatoma cell line HepG2 was obtained
from the Shanghai Cell Bank (Chinese Academy of
Sciences, Shanghai, China). The cells were cultured
in high glucose Dulbecco’s modified Eagle’s medium
(DMEM) containing 10% heat-inactivated fetal bovine
serum, 100 U/mL penicillin, and 100 pg/mL streptomy-
cin. Cell culture was carried out at 37 C in a humidified
5% CO:2 atmosphere.

Flow cytometry

After treatment, cells were detached from the 6-well
plates by using 0.2% trypsin, harvested, washed
twice with PBS, and centrifuged twice at 300 g for 5
min at 4 'C. Then, the supernatant was discarded,
and the pellet was resuspended in 400 puL Annexin V
binding buffer at 20 °C for at least 12 h. Cells were
subsequently treated in PBS with RNase A for 30 min
at room temperature and stained with propidium
iodide (PI). Flow cytometric analysis was performed
using an EPICS XL-MCL model counter (Beckman
Coulter, Fullerton, CA, United States). A total of 1 x
10° cells/mL were analyzed for each sample, and the
experiment was repeated at least three times.

TUNEL assay

Cells were cultured on coverslips in 6-well plates
overnight. After treatment with various concentrations
of the indicated compounds for each time period,
the coverslips were washed twice with cold PBS and
fixed in a 4% paraformaldehyde solution for 1 h at
room temperature. Apoptotic cells were detected by
the TUNEL assay (TUNEL System Kit; Roche, Basel,
Switzerland), which was performed according to the
manufacturer’s instructions. The TUNEL assay results
were quantitatively analyzed through the biological
image analysis system from the Nikon ECLIPSE 80i
biology microscope, Nikon Digital Camera DXM 1200F,
ACT-1 version 2.63 software (Tokyo, Japan).

Western blotting

After drug treatment for the indicated time periods
and concentrations, cells were lysed in RIPA lysis
buffer [50 mmol/L Tris-HCI, (pH 7.4), 150 mmol/L
NaCl, 10 mmol/L phenylmethylsulfonyl fluoride
(PMSF), 1 mmol/L ethylene diamine tetraacetic acid
(EDTA), 0.1% sodium dodecyl sulfate (SDS), 1%
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Table 1 Expression of cyclooxygenase-2 was more likely to be associated with the expression of activating transcription factor 6

than with inositol-requiring enzyme-1 and protein kinase RNA-like endoplasmic reticulum kinase in hepatocellular carcinoma patients

COX-2 AFP-6 IRE-1 PERK

- + r P value - + r P value + r P value
Negative 16 39 0.198 0.011 30 25 0.135 0.086 29 26 0.017 0.134
Positive 14 95 44 65 44 65

ATF-6: Activating transcription factor 6; COX-2: Cyclooxygenase-2; IRE: Inositol-requiring enzyme; PERK: Protein kinase RNA-like endoplasmic reticulum

kinase.

Triton X-100 and 1% sodium deoxycholate] for 20-30
min on ice. Protein concentrations were determined
by the Lowry protein assay. Lysates were incubated
with 2 x Laemmli sample buffer (Bio-Rad, Hercules,
CA, United States) and heated for 10 min at 95 C.
The proteins were resolved by SDS-polyacrylamide
gel electrophoresis (SDS-PAGE), then transferred to
polyvinylidene fluoride membranes (Millipore, Bedford,
MA, United States) and incubated with blocking buffer
[Tris-buffered saline/Tween 20/5% nonfat dry milk]
overnight at 4 ‘C. Immunoblots were incubated with
the indicated primary antibody followed by the appro-
priate horseradish peroxidase-conjugated secondary
antibody and visualized with enhanced chemilumi-
nescence (Pierce, Rockford, IL, United States) using
hydrogen peroxide and luminol as substrate with
Kodak X-AR film. Autoradiographs were scanned using
a GS-700 Imaging Densitometer (Bio-Rad).

Quantitative reverse transcription polymerase chain
reaction

Total RNA was extracted from HepG2 cells using the
Trizol reagent, and 1 mg RNA was reverse transcribed
to cDNA using the Reverse Transcription System
A3500 (Fermentas, Burlington, Canada). To determine
the quantity of mRNA, the cDNA was amplified by
real-time PCR with a SYBR Green PCR master mix
kit (Invitrogen), and the housekeeping gene GAPDH
was used as the internal control. The SYBR Green
assays were performed in triplicate on a 7500 real-
time instrument (Applied Biosystems Inc, Foster City,
CA, United States). The primers to detect mRNA were
5'-CTGTATCCCGCCCTGCTGGTG-3" and 5-ACTTGCGTTG
ATGGTGGCTGTCTT-3’ for COX-2 and 5-AGAAGGCTGG
GGCTCATTTG-3' and 5-AGGGGCCATCCACAGTCTTC-3’
for GADPH. All samples were normalized to internal
controls, and fold-changes were calculated by relative
quantification. The conditions for quantitative reverse
transcription polymerase chain reaction (qQRT-PCR)
were as follows: 5 min at 94 °C, and then 50 cycles of
94 °C for 30 s, 59 °C for 30 s, and 72 °C for 1 min.

Statistical analysis

Three or more separate experiments were performed
for each experiment. Statistical analysis was performed
by Student’s t-test or ANOVA. Data are presented as
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the mean + SD. Significance was noted at P < 0.05.

RESULTS

COX-2 is the inducible form of cyclooxygenase and is
frequently highly expressed in tumor tissues, includ-
ing liver cancer, playing an important role in tumor
development. To determine which UPR pathway was
associated with COX-2 expression under ER stress in
HCC patients, we analyzed the paraffin-embedded,
formalin-fixed HCC specimens by immunohistochemi-
cal staining. For all 100 specimens, COX-2, ATF-6,
IRE-1 and PERK were stained in the nuclei and/or
cytoplasm of tumor cells. We observed that the
expression of COX-2 was more likely to be associated
with the expression of ATF-6 than with IRE-1 and
PERK, which reached statistical significance (P = 0.011)
(Table 1). These data suggest the existence of a close
relationship between ATF-6 and COX-2 (Figure 1).
There is limited information about the effects of
melatonin under ER stress conditions and the impact
of melatonin on these three UPR pathways. To address
this, we next evaluated the effects of melatonin on
the UPR pathways in vitro. To mimic the ER stress
condition, HepG2 cells were first pretreated with
tunicamycin for 8 h; then, the cells were treated
with melatonin at four different concentrations (107,
107, 107 and 10° mmol/L) for another 24 h. The
expression of all three UPR pathways was evaluated
by western blotting method. As illustrated in Figure
2A, and consistent with previous reports, the down-
stream signaling molecules ATF-6, IRE-1 and PERK
were detected after ER stress activator tunicamycin
treatment. Melatonin at concentrations between 107
to 107 mmol/L markedly inhibited ATF-6 expression.
However, only high-concentration melatonin (107
mmol/L) slightly decreased the expression of IRE-1.
Meanwhile, melatonin had no effect on the expression
of PERK. These results indicate melatonin prominently
affects the ATF-6 pathway under ER stress condition.
To investigate the underlying mechanisms of
which pathway is associated with the expression of
COX-2 under the condition of ER stress, we used RNA
interference to knockdown the mRNA in all three UPR
pathways and then observed the changes in COX-2
levels by western blotting. First, each UPR siRNA has
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Figure 1 Relationship between cyclooxygenase-2 and unfolded protein response pathways. Expression of unfolded protein response (UPR) pathways and
COX-2 in hepatocellular carcinoma (HCC) (streptavidin-peroxidase x 400). A: Expression of COX-2 in HCC; B: Expression of ATF-6 in HCC; C: Expression of IRE-1 in

HCC; D: Expression of PERK in HCC. COX-2: Cyclooxygenase-2.

three candidate sequences, and we chose the most
effective ones by western blot staining (Figure 3A-C).
As shown in Figure 4A and B, the COX-2 protein
expression is downregulated after blocking the ATF-6
mMRNA under ER stress condition. In addition, the
mMRNA level of COX-2 was also decreased by si-ATF-6
after ER stress activator tunicamycin pre-treatment.
Thus, we concluded that COX-2 can be regulated by
the ATF-6 pathway under ER stress.

To further determine whether blocking the ATF-6
pathway influences ER stress-induced apoptosis, FACS
analysis and TUNEL staining were performed using
HepG2 cells. As shown in Figure 5, tunicamycin slightly
but significantly induced tumor cell apoptosis to around
10%-20%. Interestingly, the percentage of apoptotic
cells markedly increased to around 30% when com-
bined with si-ATF-6. This result suggests that blocking
ATF-6 pathway under ER stress can further aggravate
liver tumor cell apoptosis.

As has already been found, melatonin likely acts as
an ER stress inhibitor by selectively blocking the ATF-6
pathway; thus, we next asked whether melatonin also
can aggravate liver tumor cell apoptosis in a manner
similar to si-ATF-6 after ER stress activation. To further
determine whether melatonin influences ER stress-
induced apoptosis, FACS analysis and TUNEL staining
were performed in HepG2 cells in vitro. Similar to the
results from si-ATF-6, and as shown in Figure 6, treat-
ment with melatonin for 24 h after pretreatment with
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tunicamycin led to an obvious increase in apoptotic
tumor cells. The morphological changes indicative of
apoptosis were also assessed by TUNEL staining, as
shown in Figures 5 and 6. Treatment with ATF-6-siRNA
and melatonin resulted in a dramatic increase in the
number of apoptotic HepG2 cells. This also suggested
that melatonin can effectively downregulate ATF-6 and
lead to an increased number of HepG2 cells, which
supports the results of FACS.

Further mechanism study, shown in Figure 7,
showed that melatonin or si-ATF-6 inhibits COX-2
expression while increasing CHOP and the Bax/Bcl-2
ratio to induce cancer cell apoptosis. These data sug-
gest that COX-2 expression may be directly involved in
the adaptation of human hepatoma cells to ER stress-
induced apoptosis. Based on the data of the relation-
ship between COX-2 and UPR pathways, we concluded
that melatonin can obviously knockdown ATF-6 and
reduce apoptosis under ER stress by downregulating
COX-2.

CHOP, also called GADD153, is one of the primary
effectors of ER stress-mediated cell apoptosis. As
shown in Figure 7A, the expression of CHOP was
markedly increased in the presence of melatonin and
ATF-6 siRNA. Similarly, the levels of the anti-apoptosis
factor, Bcl-2, were decreased, and the levels of pro-
apoptosis factor, Bax, were increased when cells were
exposed to melatonin or ATF-6 siRNA. The Bcl-2/Bax
ratio also decreased (Figure 7B). These data indicate
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Figure 2 Selection of the proper melatonin concentration. The effects of melatonin (MT) on the three unfolded protein response (UPR) pathways of HepG2 cells
induced by tunicamycin (TM). HepG2 cells were exposed to different concentrations of melatonin (10°, 107, 10° and 10°® moliL) for 24 h. A: Equal protein amounts
of cell lysates were subjected to western blot assay using anti-ATF-6, anti-IRE-1 and anti-PERK. B-actin in the same HepG2 cells extract was used as an internal
reference; B: Optical density reading values of specific proteins are represented as fold differences relative to the loading control protein, p-actin. °P < 0.01 vs
negative control (NC); °P < 0.05 vs positive control (TM); °P < 0.01 vs positive control (TM). ATF-6: Activating transcription factor 6; IRE: Inositol-requiring enzyme;

PERK: Protein kinase RNA-like endoplasmic reticulum kinase.

that inhibition of COX-2 with melatonin by knocking nin can selectively target ATF-6 signal, an important
down ATF-6 mRNA increases the number of apoptotic pathway of UPR response initiated by ER stress. We
cells by upregulating the expression of CHOP. found that melatonin induced hepatoma cell apoptosis

In conclusion, the results of this study indicate that through inhibiting the ATF-6 pathway. Our studies
under tunicamycin-induced ER stress, melatonin can demonstrated that downregulation of ATF-6 contrib-
inhibit the expression COX-2 by downregulating one utes to the increased susceptibility of liver cancer cells

of the UPR pathways, ATF-6, which increases the apop- to melatonin treatment under ER stress condition.

tosis of HepG2 cells via CHOP and Bcl-2/Bax pathway. HCC is one of the most common hepatobiliary
malignant tumors, causing increased cancer mortalities

DISCUSSION world, HCC is always associated with poor prognosis;
ER stress produced by tumor cells exposed to intrinsic the 5-year survival rate is less than 17%"™

worldwide. As the fifth most common cancer in the

. Hepatic

and external factors often causes tumor growth resection and liver transplantation offers treatment
and resistance to treatment™®®!, Targeting ER stress to only 20% because most patients are diagnosed at
signaling in cancer is a potential therapeutic method. a late stage™. To eliminate the early stages of HCC,
Our previous studies and other lab’s data show that local ablation, surgical resection, or liver transplanta-
melatonin exerts its anticancer actions through tion was applied to the clinical treatment of HCC.
modulation of the ER stress response®®'*2, However, Patients who suffer late stage HCC always present
there is limited information focused on the effect of with distant metastasis and liver dysfunctions, and
melatonin under ER stress conditions and the impact the tumor size no longer allows surgical manage-
of melatonin on the UPR pathways. In the present ment. Thus, there are few effective treatments for

study, we obtained evidence suggesting that melato- HCC patients to date.
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Figure 3 Selection of the most effective sequences of each unfolded protein response pathways siRNA (A-C). All of the candidate sequences of the three
unfolded protein response (UPR) pathways were examined by RNA interference, and the expression of UPR proteins was evaluated by western blotting to select the
most effective one to interfere with the UPR pathway. ATF-6: Activating transcription factor 6; NC: Negative control; IRE: Inositol-requiring enzyme; PERK: Protein

kinase RNA-like endoplasmic reticulum kinases.

A major obstacle that we have yet to overcome is
chemotherapy resistance and we still need to clarify the
underlying mechanisms. Among the complex mecha-
nisms involved in HCC development and progress, ER
stress induction associated with COX-2 is emerging as
a very important contributor. COX-2 is a well-known
inducible form of cyclooxygenase considered as a good
drug target, which is frequently elevated in variety
kinds of cancer tissues including HCC™****!,

There is increasing evidence that shows COX-2
induction as closely associated with ER stress™®*”}, One
research group observed that COX-2 and the elF2a-
ATF-4 pathway of ER stress were induced by heavy
metal cadmium in both kidney tissues and cultured
cells™®. This finding indicates the ER stress eIF2o-
ATF-4 pathway mediates COX-2 overexpression. In the
present study, we found that the expression of COX-2
was more likely to be associated with the expression
of ATF-6 but not IRE1 and PERK. An in vitro cell
experiment in which the ATF-6 pathway was blocked
using si-ATF-6 showed significant repression of COX-2
expression. These data suggest the existence of a
close relationship between ATF-6 and COX-2. Thus, it
is rational to search for specific inhibitors of ATF-6 as
potential candidates for use as new therapeutic agents
for HCC.

As HCC is resistant to systemic chemotherapy,
identification of a new intervention or targeted therapy
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is urgently needed for patients®!, One of the mecha-
nisms by which liver cancer cells gain resistance to che-
motherapy is ER stress™®*®!, The ER stress response is
a process that can be activated by a number of cellular
stress conditions, such as hypoxia, nutrient deprivation,
alterations in glycosylation status, and disturbances of
calcium flux®*®!, Those conditions always cause imbal-
ances in intracellular homeostasis.

ER stress plays an important role in post-transla-
tional modifications™*®), The ER responds to stress
conditions by activating a range of stress response sig-
naling pathways, which is referred to as the UPR. The
UPR is fundamentally a cytoprotective response, but
excessive or prolonged activation of the UPR can result
in apoptosis. In the present study, single tunicamycin-
induced ER stress only slightly induced HepG2 cell
apoptosis, whereas combination with si-ATF-6 strongly
increased the percentage of HepG2 cells undergoing
apoptosis. This finding suggests that targeting the
ATF-6 pathway in HepG2 cells enhances sensitivity to
the apoptosis inducer.

Melatonin is mainly secreted by the human pineal
gland, and it has been detected in many other tissues
or as being secreted by other organs. Melatonin is
a highly lipophilic molecule that can easily cross cell
membranes to reach subcellular compartments,
including mitochondria, where it exists in high con-
centrations!*®!. Melatonin is able to prevent oxidative
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Figure 4 Relationship between activating transcription factor 6 and cyclooxygenase-2 under endoplasmic reticulum stress. The mRNA of the unfolded
protein response (UPR) pathways was interfered by ATF-6, IRE-1 and PERK siRNA after pretreatment by tunicamycin (TM) for 8 h. A: Equal protein amounts of cell
lysates were subjected to western blot assay using anti-COX-2. B-actin in the same HepG2 cell extract was used as an internal reference. B: Optical density reading
values of specific proteins are represented as fold-differences relative to the loading control protein, B-actin. °P < 0.01 vs the negative control. RNA was harvested and
gene expression examined by gRT-PCR in the same condition above. C: The qRT-PCR fold-changes were normalized using the expression of housekeeping gene
(GAPDH) and vs those obtained from untreated HepG2 cells. °P < 0.01 vs the negative control; °P < 0.01 vs the untreated HepG2 cells. ATF-6: Activating transcription
factor 6; NC: Negative control; COX-2: Cyclooxygenase-2; IRE: Inositol-requiring enzyme; PERK: Protein kinase RNA-like endoplasmic reticulum kinase.

stress through both its free radical scavenging effect on the changes in intracellular cyclic nucleotides (CAMP,
and by directly increasing antioxidant activity™2*!, and cGMP) and calcium levels, activation of certain protein
different studies have demonstrated its protective role kinase C subtypes, intracellular localization of steroid
against oxidative damage induced by drugs, toxins, hormone receptors and regulation of G protein signa-
and different diseases®®. ling proteins. Alterations in melatonin receptor expres-

In addition, melatonin also acts upon complex func- sion and the following abnormal signaling pathway, as
tions through specific nuclear and plasma membrane well as changes in endogenous melatonin production,

receptors??*l, Melatonin MT1 and MT2 receptors  contribute to the pathophysiology of various diseases,
are G protein coupled receptors expressed in various including sleep disorders, depression and Alzheimer’s
parts of the central nervous system and in peripheral disease®’*,

organs, which mediate intracellular effects depending Interestingly, experimental and clinical studies
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recommend an increase in the awareness of melatonin ER stress induced by hepatitis B virus X (HBx)
as a therapeutic agent in cancers including gastroin- protein enhances COX-2 expression via activating tran-
testinal tract cancer™®*3%, Our previous studies and scription factor 4 (ATF-4). Further experiment showed
other labs’ findings suggest that melatonin exerts its that ATF-4 binding to the COX-2 promoter plays a cri-
anticancer action through suppressing COX-2 and tical role in HBx-mediated COX-2 induction®. In addi-
attenuating ER stress-induced drug resistance!*'**332], tion, melatonin enhances antitumor function through
A recent study also showed that melatonin inhibits upregulation of the pro-apoptotic protein BimBim
the expression of proangiogenic proteins HIF-1a and expression and downregulation of COX-2 expression
VEGF in conditions of normoxia and hypoxia using the in tunicamycin-treated breast carcinoma MDA-MB-231
HepG2 cell line®., cells?,
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Figure 6 Comparison between melatonin and activating transcription factor 6 siRNA transfection on cell apoptosis in HepG2 cells under endoplasmic
reticulum stress. A: HepG2 cells were exposed to melatonin (10° mmol/L) for 24 h after pretreatment by tunicamycin (TM) for 8 h or were transfected with ATF-6
siRNA for 6 h after pretreatment by tunicamycin TM for 8 h. Apoptotic cells were determined by FACS, and the data are expressed as the mean + SD. A1, Untreated
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siRNA negative control). ATF-6: Activating transcription factor 6; MT: Melatonin.

The present study further explored the new mecha-
nism of specific effect of melatonin on ATF-6, one of
the UPR responses. We found that melatonin selec-
tively inhibited the ATF-6 expression (Figure 1). As it
is well-known that melatonin has an inhibitory effect
on COX-2 activity®, it is easy to speculate and under-
stand that si-ATF-6 has a similar COX-2 suppression as
melatonin (Figure 4). Furthermore, we confirmed that
downregulation of ATF-6 by melatonin contributes to
the increased susceptibility of liver cancer cells to mel-
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atonin treatment under ER stress condition (Figure 6).
Dramatically increased CHOP level led to suppressed
COX-2 and decreased Bcl-2/Bax ratio by melatonin,
and ATF-6 siRNA contributed to the enhanced HepG2
cell apoptosis under ER stress stimulation (Figure 7).
These findings indicate that melatonin, as a selective
ATF-6 inhibitor, can sensitize human hepatoma cells to
ER stress-induced apoptosis.

In summary, our study provides the new mech-
anism by which melatonin downregulates COX-2
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expression and sensitizes apoptosis by selectively tar-
geting ATF-6 in human HCC cells under ER stress. Our
results raise the possibility that melatonin may be a
promising approach in targeting ER stress-induced
apoptosis as a therapeutic strategy for the treatment
of HCC and other cancers. We also identified that of
the three UPR pathways, ATF-6 was positively associ-
ated with COX-2 in HCC patient samples. Therefore, if
there are any agents that can knockdown ATF-6, like
melatonin, they can be used to treat HCC. However,
we still need to investigate whether this effect of mela-
tonin in ER stress-induced tumor apoptosis in vitro will
also work well in vivo. Because of the low toxicity and
well-documented oncostatic effects of melatonin, we
believe melatonin has a promising future in the treat-
ment of HCC.
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COMMENTS
Background

Hepatocellular carcinoma (HCC) is a frequently diagnosed cancer in China
and has a high lethality rate. Yet, there are few effective chemotherapy agents
for this malignant tumor. One of the major reasons of untreatable HCC is that
the liver cancer cell has greater tolerance towards a number of cellular stress
conditions, especially endoplasmic reticulum (ER) stress. The published works
by other authors have shown that melatonin can sensitize the human HCC
cell to ER stress-induced apoptosis and that melatonin attenuates ER stress-
induced resistance to doxorubicin. However, the precise mechanisms involved
in the critical unfolded protein response (UPR) pathway modified by melatonin
still need to be investigated.

Research frontiers

To the best knowledge of the authors, this is the first study to identify melatonin
as a selective ATF-6 blocker, thereby inhibiting COX-2 and leading to enhanced
cell apoptosis in liver cancer.
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Innovations and breakthroughs
This is the first study investigating the precise mechanisms of the critical UPR
pathways modified by melatonin.

Applications

The promising findings presented in the current report suggest that melatonin,
as a novel selective ATF-6 inhibitor, can sensitize human hepatoma cells to ER
stress inducing apoptosis, which may be considered as a therapeutic strategy
for the treatment of HCC and other cancers.

Terminology

Melatonin plays important roles in human physiological and pharmacological
functions, such as circadian rhythms and antioxidants. Interestingly, melatonin
exerts anticancer effects through interplay with ER stress. The published studies
show that melatonin sensitizes the human HCC cell to ER stress-induced
apoptosis. Furthermore, melatonin also attenuates ER stress-induced resistance
to doxorubicin through reversing tunicamycin-induced ER stress. In the current
study, the authors first demonstrated that melatonin selectively blocks ATF-6
and then inhibits COX-2 expression, leading to enhanced liver cancer cell
apoptosis. In clinical HCC patients, the close relationship between ATF-6 and
COX-2 was further confirmed. The results presented raise the possibility that
melatonin may be used in the treatment of HCC and other cancers.

Peer-review
In general, the enclosed set of data are very interesting. The article will be
interesting for readers of this journal.
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Abstract

AIM

To investigate potential effects of poly I:C on mucosal
injury and epithelial barrier disruption in dextran sulfate
sodium (DSS)-induced acute colitis.

METHODS

Thirty C57BL/6 mice were given either regular drinking
water (control group) or 2% (w/v) DSS drinking water
(model and poly I:C groups) ad /ibitum for 7 d. Poly I:
C was administrated subcutaneously (20 ug/mouse)
2 h prior to DSS induction in mice of the poly I:C
group. Severity of colitis was evaluated by disease
activity index, body weight, colon length, histology
and myeloperoxidase (MPO) activity, as well as the
production of proinflammatory cytokines, including
tumor necrosis factor-a. (TNF-a), interleukin 17 (IL-17)
and interferon-y (IFN-y). Intestinal permeability was
analyzed by the fluorescein isothiocyanate labeled-
dextran (FITC-D) method. Ultrastructural features
of the colon tissue were observed under electron
microscopy. Expressions of tight junction (TJ) proteins,
including zo-1, occludin and claudin-1, were measured
by immunohistochemistry/immunofluorescence,
Western blot and real-time quantitative polymerase
chain reaction (RT-qPCR).

RESULTS

DSS caused significant damage to the colon tissue in
the model group. Administration of poly I:C dramatically
protected against DSS-induced colitis, as demonstrated
by less body weight loss, lower disease activity index
score, longer colon length, colonic MPO activity, and
improved macroscopic and histological scores. It also
ameliorated DSS-induced ultrastructural changes of the
colon epithelium, as observed under scanning electron
microscopy, as well as FITC-D permeability. The mRNA
and protein expressions of TJ protein, zo-1, occludin
and claudin-1 were also found to be significantly
enhanced in the poly I:C group, as determined by
immunohistochemistry/immunofluorescence, Western
blot and RT-gPCR. By contrast, poly I:C pretreatment
markedly reversed the DSS-induced up-regulated
expressions of the inflammatory cytokines TNF-o., IL-17
and IFN-y.

CONCLUSION

Our study suggested that poly I:C may protect against
DSS-induced colitis through maintaining integrity of
the epithelial barrier and regulating innate immune
responses, which may shed light on the therapeutic
potential of poly I:C in human colitis.

Key words: Dextran sulfate sodium-induced acute
colitis; Mucosal injury; Epithelial barrier disruption;
Tight junction; Poly I:C
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Core tip: Poly I:C, a toll-like receptor 3 agonist, has
been previously reported to protect against acute colitis.
The potential effects of poly I:C on mucosal injury
and epithelial barrier disruption were investigated in
mouse models of dextran sulfate sodium (DSS)-induced
acute colitis. Poly I:C administration dramatically
protected against DSS-induced colitis, with ameliorated
ultrastructural changes of colon epithelium, intestinal
permeability and tight junction protein expressions. Poly
I:C may protect against DSS-induced colitis through
maintaining integrity of the epithelial barrier and
regulating innate immune responses.

Zhao HW, Yue YH, Han H, Chen XL, Lu YG, Zheng JM, Hou
HT, Lang XM, He LL, Hu QL, Dun ZQ. Effect of toll-like
receptor 3 agonist poly I:C on intestinal mucosa and epithelial
barrier function in mouse models of acute colitis. World J
Gastroenterol 2017; 23(6): 999-1009 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i6/999.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.16.999

INTRODUCTION

Inflammatory bowel disease (IBD), including Crohn’s
disease (CD) and ulcerative colitis (UC), are common
chronic diseases that are characterized by abnormal
mucosal immune response to luminal bacteria™?. The
innate and adaptive immune responses have been
suggested to engage in the initiation of inflammation
and relapse of disease activity, with increased intestinal
levels of tumor necrosis factor-a. (TNF-a), interleukin
17 (IL-17) and interferon-y (IFN-y)®*. The increased
intestinal inflammation may, in turn, lead to impaired
mucosal barrier function and intestinal permeability,
which allow subsequent translocation of microorgan-
isms to the mucosal lymphatic tissue. The down-
regulated expressions of junction complex proteins
have been demonstrated in the intestinal mucosa of
patients with IBD". The impaired gut epithelial barrier
function may cause persistent immune activation
and, thereby, enhance inflammation of the intestinal
mucosa'®.

Epithelial barrier function is determined by intestinal
permeability, which is mainly maintained by tight junc-
tions (TJs)".. As the most apical intercellular structure
of the junctional complex in epithelial cells, TJs serve
as the permeability barrier to paracellular transport of
solutes™®®. Increased intestinal permeability has been
reported to associate with the pathogenesis of IBD™”.
Therefore, maintenance of TJ and barrier function may
be beneficial for patients with IBD™*4,

Toll-like receptors (TLRs) are ancient microbial
pattern recognition receptors that play an essential
role in initiation of immune responses. Subcutaneous
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administration of poly I:C, a synthetic TLR3 agonist,
has been reported to dramatically protect against
dextran sulfate sodium (DSS)-induced acute colitis!*..
However, another study also indicated that abnormal
activation of TLR3 signaling by poly I:C broke down the
mucosal homeostasis and caused mucosal damage in
the small intestine™®. TLR3 signaling may be involved
in the process of epithelial destruction and mucosal
injury™, However, the potential effects of TLR3 activa-
tion by poly I:C on mucosal injury and epithelial barrier
disruption in DSS-induced acute colitis have not been
well investigated up to now. Therefore, the present
study aimed to investigate the potential role of poly I:
C administration on the intestinal mucosal barrier func-
tion and intestinal permeability in the mouse model of
DSS-induced acute colitis.

MATERIALS AND METHODS

Animals

All animal experiments were reviewed and approved
by the Institutional Animal Care and Use Committee
(IACUC, Approval ID: 107-038-3). Male C57BL/6 mice
(8 wk, 18-22 g) were purchased from Vital River
Laboratory Animal Technology Co. Ltd. (Beijing, China)
[License No.: SCXK (Beijing) 2006-0009]. Animals
were housed under standard conditions in a barrier
facility, according to the protocols of IACUC and Hebei
Medical University Vivarium (GB 14925-2001).

Poly I:C reconstitution

Poly I:C was prepared as described previously
Briefly, poly I:C (GE Healthcare, Piscataway, NJ, United
States) was dissolved in sterile phosphate-buffered
saline (PBS) at a concentration of 2 mg/mL and heated
at 50 C until solubilization. The solution was then
slowly cooled down to room temperature for proper
annealing. The same lot of poly I:C was employed
throughout the study.

[18]

Acute colitis models

Acute colitis was induced by DSS (40000-50000 MW;
Sigma, St. Louis, MO, United States) as described in
our previous report®, Briefly, 30 C57BL/6 mice were
randomly assigned to three groups: control group,
model group, and poly I:C group (n = 10 per group).
Mice in the poly I:C group were administrated poly I:
C subcutaneously (20 ug/mouse) in 100 yL PBS at 2 h
prior to DSS treatment. Mice in the control and model
groups were given normal saline. Animals were then
given either regular drinking water (control group) or
2% (w/v) DSS drinking water (model and poly I:C
groups) ad libitum for 7 d, and resumed on water for
the remainder of the experiments.

Disease activity assessment
Rachmilewitz disease activity index (DAI) was assessed
by an investigator blinded to the protocol and according
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to the well-established scoring system®®.. The data of
body weight (BW), stool consistency and occult blood
(OB) in the stool were recorded. Loss in BW was scored
as: 0: no weight loss, 1: 1%-5% weight loss from
baseline, 2: 5%-10%, 3: 10%-20%, and 4: more than
20% weight loss. Stool consistency was scored as: O:
well-formed pellets, 2: pasty and semi-formed stools
that do not adhere to the anus, and 4: liquid stools that
adhere to the anus. OB was scored as: 0: no blood, 2:
positive hemoccult, and 4: gross bleeding. These scores
were added together and divided by 3 to result in the
DAI ranging from 0 (healthy) to 4 (maximal activity of
colitis).

Colonic injury and inflammation

The entire colon (from the cecum to anus) was
removed and the lengths were measured as an inflam-
mation marker. The degree of colonic damage was
examined macroscopically using a 0-4 scale'™: 0:
normal colon tissue; 1: minimal colon wall thickening
without congestion; 2: moderate colon wall thickening
with congestion; 3: moderate colon wall thickening,
rigidity and congestion; and 4: marked colon wall
thickening, rigidity, and congestion. The extent of
tissue damage was assessed microscopically using
a semi-quantitative scoring system™, In detail, the
proximal colon was removed, fixed in 10% formalin
and embedded in paraffin. The sections of 4 um
thickness were stained with hematoxylin and eosin
(HE) and scored using the following parameters: (1)
severity of inflammation (0-3: none, slight, moderate,
severe); (2) extent of injury (0-3: none, mucosal,
mucosal and submucosal, transmural); and (3) crypt
damage (0-4: none, basal 1/3 damaged, basal 2/3
damaged, only surface epithelium intact, entire crypt
and epithelium lost). The total score was the sum of
each parameter multiplying an equivalent reflecting
the percentage of tissue involved (x 1: 0%-25%, x 2:
26%-50%, X 3: 51%-75%, X 4: 76%-100%).

Myeloperoxidase activity assay

Colons (100 mg wet weight) were isolated from each
group and homogenized in 1 mL buffer (0.05% hexa-
decyltrimethylammonium bromide in 50 mmol/L phos-
phate buffer, pH 6.0). The resulting homogenates were
centrifuged at 2000 g and 4 ‘C. The supernatants were
harvested and stored at -80 C for Myeloperoxidase
(MPO) activity assay. The samples (10 uL) were
transferred to a 96-well plate and incubated with 3 pL
odianisidine hydrochloride (20 mg/mL) in 290 uL 50
mmol/L phosphate buffer and 3 pL H202 (20 mmol/L).
The reaction was stopped by adding 3 uL sodium azide
(30%). Light absorbance at 460 nm was read. MPO
activity was determined by the curve obtained from
the standard MPO™?,

Immunohistochemistry/immunofluorescence
For immunohistochemistry staining, the sections were
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Table 1 Primers used for real-time quantitative polymerase chain reaction analysis

Gene Primers Length, bp

zo0-1 Forward 5-TCATCCCAAATAAGAACAGAGC-3 198
Reverse 5-GAAGAACAACCCTTTCATAAGC-3'

Occludin Forward 5 -CTTTGGCTACGGAGGTGGCTAT-3’ 86
Reverse 5-CTTTGGCTGCTCTTGGGTCTG-3'

Claudin-1 Forward 5-GCTGGGTTTCATCCTGGCTTCT-3" 110
Reverse 5-CCTGAGCGGTCACGATGTTGTC-3'

IL-17 Forward 5-TATCCCTCTGTGATCTGGGAAG-3 161
Reverse 5" ATCTTCTCGACCCTGAAAGTGA-3

IFN-y Reverse 5-ATGAACGCTACACACTGCATCTT-3" 139
Forward 5-TTTCTTCCACATCTATGCCACTT3

TNF-a Reverse 5-GGTTCTGTCCCTTTCACTCACT-3’ 169
Forward 5-GAGAAGAGGCTGAGACATAGGC-3"

GAPDH Reverse 5-GAGACCTTCAACACCCCAGC-¥ 263
Forward 5-ATGTCACGCACGATTTCCC-3"

IL-17: Interleukin 17; IFN-y: Interferon-y; TNF-a: Tumor necrosis factor-a; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

boiled 10 min in 10 mmol/L citrate (pH 6.0) for antigen
retrieval. The slides were then incubated with mouse
monoclonal antibodies against claudin-1, occludin
(Santa Cruz Biotechnology, Dallas, TX, United States),
TNF-o, and IL-17 (Sigma), and rabbit polyclonal
antibodies against zo-1 (1:150; Invitrogen, Carlsbad,
CA, United States) and IFN-y (1:300; Santa Cruz
Biotechnology), followed by peroxidase-conjugated
secondary antibodies (1:1500). The signals were
visualized by a diaminobenzidine peroxidase sub-
strate kit (Vector Laboratories, Burlingame, CA, United
States). For immunofluorescence staining, the sections
were incubated with mouse monoclonal antibodies
against claudin-1 and occludin (1:200; Santa Cruz
Biotechnology) and rabbit polyclonal antibody against
zo-1 (1:150; Invitrogen), and subsequently with FITC-
or Cy3-conjugated secondary antibodies. Images
were captured under a Leica DMIRE2 confocal laser
scanning microscope.

In vivo permeability

In vivo permeability assay was performed to assess
barrier function by using a FITC-labeled dextran
method™. Briefly, food and water were withdrawn for
4 h and mice were then gavaged with permeability
tracer (FITC-D, 60 mg/100 g body weight, MW 4000;
Sigma). Serum was collected, and fluorescence inten-
sity and FITC-dextran concentrations were determined.
Permeability was calculated by linear regression of
sample fluorescence.

Scanning electron microscopy

Specimens were fixed with 2.5% glutaraldehyde for
3 h at room temperature. The samples were then
washed in acetone, critical point dried, and coated with
gold for scanning electron microscopy (SEM).

Real-time quantitative polymerase chain reaction
Total RNA was extracted from colon tissues using Trizol
reagent (Gibco-BRL Co., Grand Island, NY, United
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States) according to the manufacturer’s protocol and
quantified using a UV spectrophotometer. Total RNA of
5 ug was used for first-strand cDNA synthesis. Real-
time polymerase chain reaction (PCR) was performed
with Quantitect™ SYBR W Green PCR Mastermix
(Qiagen, Hilden, Germany) using 2 uL of cDNA tem-
plate. The amplification program was 95 ‘C for 5 min,
45 cycles of 95°C for 1 min and 60 C for 10 s. The
primers used are summarized in Table 1. The relative
quantitative analysis was performed by 2*“ method
using Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) as internal control.

Western blot

Protein concentration was determined by using
Coomassie brilliant blue G250. Protein samples (100
ug) were resolved on 8% SDS polyacrylamide gel,
electrotransferred to nitrocellulose membrane, and
subsequently blocked in 5% skim milk in PBS. The
membranes were incubated overnight at 4 'C with
rabbit polyclonal antibodies against zo-1 (1:100) and
IFN-y (1:200), mouse monoclonal antibodies against
claudin-1 (1:200), occludin (1:200), TNF-a (1:200),
and IL-17 (1:200), and rabbit anti-GAPDH monoclonal
antibody (1:100). The secondary antibodies used were
goat anti-rabbit or -mouse IgG (1:2000) and were
incubated with membranes at room temperature for 2
h. Blots were visualized using enhanced chemilumines-
cence detection reagents (Santa Cruz Biotechnology)
and quantified by Bandscan 5.0 software using GAPDH
as the internal control.

Statistical analysis

Data were expressed as mean *+ SD and analyzed with
SPSS 13.0 software (SPSS, Inc., Chicago, IL, United
States). Comparison between the groups was done
by Student’s t-test. Comparison among the groups
was conducted by one-way ANOVA analysis followed
by LSD post-hoc test. Statistical significance was consi-
dered at P < 0.05.
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RESULTS

Poly I:C ameliorated DSS-induced acute colitis

DSS caused significant damage to the colon tissue,
with the gut inflammation and weight loss noted
in the model group during 1 to 8 d observation.
Administration of poly I:C partially reversed the DSS-
induced effects, with less BW loss (Figure 1A). The
general condition of mice was evaluated using a DAI
that scored the extent of BW loss, stool consistency,
and OB. As shown in Figure 1B, DAI was significantly
enhanced in the DSS-induced model group, and this
effect was partially alleviated by poly I:C. The colitic
parameters were further quantified after monitoring
clinical development of colitis for 8 d. As shown in
Figure 1 C and D, the colon length in the model group
was significantly shorter than that of the control
group (P < 0.01), while pretreatment with poly I:C
significantly reduced the DSS-induced colon shorten-
ing (P < 0.01). Macroscopically, mice in the model
group had significantly higher inflammation score than
those in the control and poly I:C groups (P < 0.01;
Figure 1E). Histopathological analysis in the model
group showed extensive ulceration of the epithelial
layer, edema and crypt damage of the bowel wall.
The fibrosis of muscularis mucosae and infiltration of
granulocytes and mononuclear cells into the mucosa
were also observed (Figure 1G). The histology score
was significantly higher in the model group than that
in the control group (P < 0.01). In contrast, poly I:
C pretreatment obviously reversed this DDS-induced
effect, with comparatively lower histology score noted
in the poly I:C group (Figure 1H).

Poly I:C attenuated DSS-induced paracellular
permeability

MPO activity is shown in Figure 2A. Mice in the model
group showed significantly higher MPO activity than
that in the control group (P < 0.01), while the data
were significantly lower in mice of the poly I:C group (P
< 0.01). To investigate the effect of poly I:C on para-
cellular permeability, intestinal permeability to FITC-D
was determined. The results showed the increased
permeability to 4-kDa FITC-D induced by colitis, while
mice in the poly I:C group showed a lower intestinal
permeability than that of the model group (P < 0.01;
Figure 2B). SEM observations of the colonic mucosa
showed severe mucosal loss with typical histological
inflammation feature in the mice of the model group
(Figure 2C). Besides, enterocytes in the mice of
the model group showed less glycocalyx and more
irregular surface than the control group. By contrast,
pretreatment with poly I:C obviously ameliorated
the DSS-induced ultrastructural changes, with few
histological lesions observed.

Poly I:C inhibited DSS-induced colonic inflammation
To determine the anti-inflammatory effect of poly I:
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C on the DSS-induced colitis, expressions of inflam-
matory markers, including IL-17, TNF-a and IFN-y,
were analyzed by real-time quantitative polymerase
chain reaction (RT-gPCR), immunohistochemistry,
and Western blot. RT-qPCR analysis showed the
up-regulated expressions of IL-17, TNF-a and IFN-y
in the mice of the model group, while pretreatment
with poly I:C caused the down-regulated expression of
these inflammatory cytokines (P < 0.01; Figure 3A).
These results were further confirmed by immunohisto-
chemistry and Western blot analysis, which indicated
the enhanced expressions of IL-17, TNF-o. and IFN-y in
the model group. By contrast, poly I:C pretreatment
markedly reversed the DSS-induced up-regulation of
the inflammatory cytokines (P < 0.01; Figure 3B and C).

Poly I:C prevented DSS-induced TJ disruption

To investigate the protective effect of poly I:C on
the DSS-induced disruption of TJ, the expression of
TJ markers, including zo-1, occludin and claudin-1,
were analyzed by immunohistochemistry, immuno-
fluorescence, RT-gPCR, and Western blot. Immuno-
histochemistry and immunofluorescence assays
showed that, in the control group, T] proteins were
expressed in the cytomembrane of epithelial cells,
and most commonly in the spinous and granular
layers, whereas expressions of these TJ proteins in
the model group were significantly decreased. In the
poly I:C group, however, the increased expression of
TJ proteins were observed in the both cytomembrane
and cytoplasm of spinous and granular layers in
the mucosa (Figure 4A and B). Further quantitative
analysis of TJ protein expressions by RT-gPCR and
Western blot confirmed the down-regulated expres-
sion of TJ proteins in the model group when com-
pared with the control group. Meanwhile, this effect
was compromised by poly I:C pretreatment, with the
comparatively higher expressed TJ markers (P < 0.01;
Figure 4C and D).

DISCUSSION

Poly I:C is a ligand for TLR3 that is involved in the
innate immune response to viral infection®. Admini-
stration of poly I:C in wild-type mice has been reported
to dramatically protect against DSS-induced colitis, as
demonstrated by parameter analysis of body weight,
rectal bleeding, colonic MPO activity, histopathology,
and etc!™®. However, another study also indicated that
abnormal activation of TLR3 signaling by poly I:C broke
down the mucosal homeostasis and caused intestinal
mucosal damage!'®, Therefore, the potential role of
poly I:C in the mucosal injury and epithelial barrier dis-
ruption was further investigated in DSS-induced acute
colitis. The findings of our study showed that poly I:C
administration obviously ameliorated the clinical symp-
toms of DSS-induced acute colitis, as demonstrated by
less BW loss, lower DAI score, longer colon length, and
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Figure 1 Effect of poly I:C administration on dextran sulfate sodium-induced acute colitis. A: The percentage of body weight change assessed daily during 1 to
8 d observation; B: Change in the disease activity index that was comprised of body weight loss, stool consistency and occult blood; C: Representative photographs of
colon obtained after monitoring clinical development of colitis for 8 d; D: Quantitative analysis of the length of the colon; E: Macroscopic score inflammation assessed; F:
Histological scores of the colon tissues; G: Representative photographs of HE staining of colon tissues (Magnifications, x 200). Data are expressed as mean # SD. °P
<0.01 vs control group; P < 0.01 vs model group.
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Figure 2 Effect of poly I:C on intestinal barrier in dextran sulfate sodium-induced acute colitis. A: MPO activity was measured; B: Quantification of serum
FITC-D as a measure of intestinal barrier functions; C: The ultrastructural features of colon under scanning electron microscope. The colon mucosa in the control
group was regular without histological lesion. In the model group, the mucosa showed severe loss with obvious histological lesions, including crypt distortion and
abscesses. The lesions were significantly ameliorated by poly I:C pretreatment (Upper images: x 500; Lower images: x 2000). Data are expressed as mean + SD. °P
<0.01 vs control group; °P < 0.01 vs model group. FITC-D: Fluorescein isothiocyanate labeled-dextran; MPO: Myeloperoxidase.

improved macroscopic and histological scores. These
results were consistent with the findings reported by
Vijay-Kumar et a/™!, which indicated the protective
effect of TLR3 activation by poly I:C on DSS-induced
acute colitis.

The intestinal barrier has been reported to be
defective and associated with paracellular leakiness in
inflammatory bowel conditions of UC?®!, TJ protein is
the most apical component responsible for restricting
paracellular permeability of the intestinal mucosa™®.
Poly I:C administration has been demonstrated to
protect against DSS-induced acute colitis. However,
abnormal activation of TLR3 signaling by poly I:
C has been reported to break down the mucosal
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homeostasis and cause mucosal damage in the small
intestine!*®, TLR3 signaling may be involved in the
process of epithelial destruction and mucosal injury™”.
These conflicting results urged us to study the effect
of poly I:C on paracellular permeability and epithelial
barrier function in DSS-induced acute colitis models.
Corroborating the findings of our previous study!**’
and the study of others!*®, the present study showed
increased paracellular permeability and disrupted TJ
induced by DSS, as assessed by FITC-D level, ultra-
structure of colon mucosa, and expression and distri-
bution of TJ proteins (zo-1, occludin, and claudin-1).
However, unlike the results of our study, another study
also indicated that colonic paracellular permeability
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Figure 3 Effect of poly I:C on the expressions of inflammatory markers. A: Representative photographs of immunohistochemistry staining of IL-17, TNF-a. and
IFN-y in colon tissues (Magnifications, x 200); B: Expressions of IL-17, TNF-o. and IFN-y at the mRNA level, as analyzed by RT-qPCR; C: Protein expressions of
IL-17, TNF-a. and IFN-y as analyzed by Western Blot. Data are expressed as mean + SD. °P < 0.01 vs control group; °P < 0.01 vs model group. RT-qPCR: Real-time

quantitative polymerase chain reaction; IL-17: Interleukin-17; TNF-a.: Tumor necrosis factor-o; IFN-y: Interferon-y.

was not significantly altered by DSS exposure, and
DSS mice only showed a trend of increased expres-
sions of claudin-1 and claudin-2""", This variation may
be partially explained by the different methods used to
establish the acute colitis models.

The potential effects of poly I:C administration
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were then analyzed. Paracellular permeability and TJ
were found to be significantly ameliorated when mice
were pretreated with poly I:C, as demonstrated by
decreased FITC-D permeability, ameliorated ultrastruc-
tural changes, and enhanced expression of T] proteins
at the both mRNA and protein levels. The direct effect
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Figure 4 Effect of poly I:C on colonic epithelial junctions. A: Representative photographs of immunohistochemistry staining for zo-1, occludin and claudin-1
(Magnification: x 200); B: Representative photographs of immunofluorescent staining for zo-1 (green), occludin and claudin-1 (red); C: Expressions of zo-1, occludin
and clandin-1 at the mRNA level, as analyzed by RT-qPCR; D: Protein expressions of zo-1, occludin and clandin-1 as analyzed by Western Blot. Data are expressed
as mean + SD. °P < 0.01 vs control group; “P < 0.01 vs model group. RT-qPCR: Real-time quantitative polymerase chain reaction.

of poly I:C on intestinal barrier function has been
investigated in vitro by Moyano-Porcile et al*®, and
indicated that acute exposure of rat ileum and colon
tissues to poly I:C reduced colon permeability to
macromolecules, while increasing ileum permeability
to micromolecules. Intraperitoneal injection of poly I:
C has been reported to cause severe mucosal injury of
the small intestine, along with the increased levels of
IL-151¢,

Activation of TLR-3 seems to cause adverse effects
on various epithelial barriers, like the blood-brain

Baishidenge ~ WJG | www.wjgnet.com

1007

barrier and nasal epithelial barriers'®>°!. However, to

the best of our knowledge, this study is the first to
investigate the effect of poly I:C on intestinal barrier
function in DSS-induced acute colitis. Our results sug-
gested that administration of poly I:C in DSS-induced
colitis models may help to maintain the integrity of
ultrastructure of the epithelial mucosa and junction
complex, and therefore decrease paracellular perme-
ability and recover epithelial barrier function.

TJ is known to be the rate-limiting step in transepi-
thelial transport and the principal determinant of inte-
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stinal permeability®®". Increased intestinal permeability
and disrupted TJ may cause bowel inflammation**,
TNF-a is a proinflammatory cytokine that has long
been established as a key player in the pathogenesis
of IBD diseases. Proinflammatory cytokines such as
TNF-a and IFN-y have also been linked to the increased
paracellular permeability™*?. Ligation of TLR3 by
poly I:C has been suggested to be effective in IBD-
associated gut inflammation*. This may shed light
on the barrier protective effect of poly I:C as a likely
candidate mechanism that contributes to therapeutic
efficacy in IBD diseases. Therefore, the expressions of
proinflammatory cytokines (IL-17, TNF-o, and IFN-y)
in colon epithelium were analyzed. Consistent with the
result of the above mentioned study, our study showed
the increased production of proinflammatory cytokines
TNF-a, IL-17 and IFN-y in mice of the DSS-induced
model group. However, mice pretreated with poly I:
C showed ameliorated DSS-induced high-expression
of these proinflammatory cytokines. These results
suggested that poly I:C may ameliorate inflammation
in the colitis models.

In conclusion, the findings of our study showed
evidence to suggest that poly I:C may protect against
DSS-induced acute colitis through maintaining
epithelial integrity and regulating the innate immune
responses, which may shed light on the therapeutic
potential of poly I:C in clinical colitis.

COMMENTS

Background
The toll-like receptor 3 (TLR3) agonist poly I:C has been reported to protect
against acute colitis.

Research frontiers
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Abstract

AIM
To explore the induction effects and mechanism of
Solanum lyratum Thumb (ST) on human hepatocellular
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carcinoma SMMC-7721 cells through the mitochondrial
pathway.

METHODS

The experiments were conducted on three groups:
an experimental group (with ST ethanol extracts’
concentration being 2.5, 5 and 10 mg/L), a negative
control group (with only nutrient solution, 0 mg/L ST
ethanol extracts), and a positive control group (2.5
mg/L DDP). The inhibition rate of cell proliferation
was checked by using the methyl thiazolyl tetrazolium
method, and cell apoptosis was tested by TUNEL
method. Furthermore, RT-PCR was used to examine
mRNA expression of Fas, FasL, caspase-8, caspase-3,
p53 and Bcl-2 genes.

RESULTS

Compared with the negative control group, the inhi-
bition and apoptosis rates of the experimental group
with different concentrations of ST extracts on human
hepatocellular carcinoma SMMC-7721 cells significantly
increased (P < 0.05). Besides, the mRNA expression of
FasL and Bcl-2 significantly decreased (P < 0.05) while
the mRNA expression of Fas, caspase-8, caspase-3 and
p53 increased significantly. When compared with the
positive control group, the experimental groups with 5
mg/L ST ethanol extracts showed effects similar to the
positive control group.

CONCLUSION

ST ethanol extracts induced the apoptosis of
hepatocellular carcinoma SMMC-7721 cells through
up-regulated Fas, caspase-8, caspse-3 and p53, and
down-regulated FasL and Bcl-2 in the mitochondrial
pathway.

Key words: So/anum lyratum Thumb; Hepatocellular
carcinoma cell; Cell apoptosis; Mitochondrial pathway;
Molecular mechanism

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Chinese herbal medicine has a very good effect
on the tumor. Soanum lyratum Thumb (ST) belonging
to Solanaceae, is generally used to treat tumors, so it is
a commonly used anticancer drug. However, the effects
and mechanism of ST on tumor cells are unclear. This
experiment verified that ST can induce the apoptosis of
hepatocellular carcinoma SMMC-7721 cells; moreover,
the apoptosis mechanism was related to the expression
of Fas, FasL, caspase-8, caspase-3, p53 and Bcl-2 in the
mitochondrial pathway. This result provides powerful
evidence of the improved apoptosis effects of ST on
hepatocellular carcinoma cells.

Mo XQ, Wei HY, Huang GR, Xu LY, Chen YL, Qi J, Xian W,
Qin YC, Wei LD, Zhao LJ, Huang YQ, Xing W, Pu HQ, Wei
PY, Li CG, Liang QC. Molecular mechanisms of apoptosis in
hepatocellular carcinoma cells induced by ethanol extracts of
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Solanum lyratum Thumb through the mitochondrial pathway.
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URL: http://www.wjgnet.com/1007-9327/full/v23/i6/1010.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i16.1010

INTRODUCTION

Solanum lyratum Thumb (ST), belonging to Solan-
aceae, is generally used to treat tumors'™™, including
liver, gastric, esophageal and bladder cancers, with
exact curative effects, and it is a commonly used
anticancer drug. However, the effects on tumor cells
are unclear. The occurrence of tumors is closely related
to the abnormality of cell differentiation and is a disor-
dered cell apoptosis. Cell apoptosis is strictly controlled
by multiple genes and factors. With the development
of the technologies used in molecular biology and pro-
teomics, cell apoptosis is gradually being understood,
and some new regulatory genes have been found,
with the result that the pathway of cell apoptosis is
now better recognized. The mitochondrial pathway is
currently recognized as one of the important methods
of signal transmission in the process of cell apoptosis.
Genes including Fas, FasL, caspase-8, caspase-3, p53
and Bcl-2 are involved in regulation of this pathway.
Furthermore, the coordinated network regulation
system formed by these genes promotes or inhibits
cell apoptosis™*”.

To date, there is no report on whether ST extracts
can induce the apoptosis of hepatocellular carcinoma
cells through the mitochondrial pathway or by what
mechanism such apoptosis occurs. This research
aimed to fill this gap in the current knowledge.

MATERIALS AND METHODS

Materials

Tumor cells: Human hepatocarcinoma SMMC-7721
cells were purchased from the Shanghai Institute of
Cell Biology of Chinese Academy of Science, China.

Main reagents: ST was purchased from the biolo-
gical medicine chain in Baise, Guangxi Province,
China. RPMI 1640 cultural medium and fetal bovine
serum were purchased from Gibco Company, United
States. The detection kit for in situ cell apoptosis
was sourced from Beijing Zhongshan Jingiao Biotech
Company, China. Methyl thiazolyl tetrazolium (MTT)
was produced by Shanghai Pufei Biotech Co., Ltd,
China. The polymerase chain reaction (PCR) primer
was bought from Sangon Biotech Shanghai Co., Ltd,
China. In addition, the Trizol Reagent Kit and the 2 x
SYBRGreen gPCR Mix were purchased from Shanghai
Invitrogen Company, China and Beijing Zhuangmeng
Co., Ltd, China respectively. The RevertAid First Strand
cDNA Synthesis Kit and DNase I were obtained from
Fermentas, United States.

February 14, 2017 | Volume 23 | Issue 6 |



Mo XQ et a/. Traditional Chinese medicine treatment of hepatocellular carcinoma

Table 1 Reverse transcription polymerase chain reaction primers

Gene name Primer sequence Product length, bp

Fas Forward: 5'-GAATGCAAGGGACTGATAGC-3' 414
Reverse: 5-TGGTTCGTGTGCAAGGCTC-3'

FasL Forward: 5-GGAATGGGAAGACACATATGGAACTGC-3' 239
Reverse: 5'-CATATCTGGCCAGTAGTGCAGTAATT-3'

Caspase-3 Forward: 5'-GCTATTGTGAGGCGGTTGT-3' 270
Reverse: 5'-CGTTTGGAGTCCCTTTGT-3'

Caspase-8 Forward: 5'-TCTGGAGCATCTGCTGTCTG-3' 427
Reverse: 5'-TTGACGTCTGTGGTCCGTCC-3'

pb3 Forward: 5'-CTTTCAACTCTGTCTCCTTC-3' 180
Reverse: 5'-TGGGCAACCAGCCCTGTCGT-3'

Bcl-2 Forward: 5-CAGCTGCACCTGACGCCCTT-3' 231
Reverse: 5'-GCCTCCGTTATCCTGGATCC-3'

M-actin Forward: 5'-ACACTGTGCCCATCTACGAGG-3' 621

Reverse: 5'-AGGGGCCGGACTCGTCATACT-3'

Main instruments: The main instruments used
included a carbon dioxide incubator (MCO-18AIC), a
biosafety cabinet (BHC-1300 II A/B33), an automatic
microplate spectrophotometer (Multiskan MK3), an
inverted microscope (Cioc), and a BX51 microscope
(Olympus). Furthermore, a table-top, high-speed
freezing centrifuge (1-15PK), a microcentrifuge (Uni
Force 6K) and a RT-PCR instrument (IQ5) were also
used in this study.

Methods

Ethanol extracts of ST: After being smashed, ST of
50 g was immersed for 3 h at 40 'C in 75% ethanol
and filtered. The immersion and filtration were con-
ducted three times. Afterwards, the filter liquors were
mixed and dried by using a rotary evaporator, thus
obtaining ST extractum.

Setting ST of different concentrations: The ST
extractum was dissolved using dimethylsulphoxide
(DMSO) to prepare the drug solution with a concentra-
tion of 10 mg/mL, which was then diluted by RPMI
1640 cell culture solution to obtain ST extract solutions
with concentrations of 0, 2.5, 5 and 10 mg/L.

Medicine intervention for tumor cells: Hepatoma
carcinoma SMMC-7721 cells were cultured using the
culture solution for 24 h and then the culture solution
was discarded. Then, the prepared drug solution con-
taining ST extracts was added to the cells. Moreover,
a negative control group and a positive control group
were set by adding the drug solution without ST
extracts (0 mg/L) and 2.5 mg/L DDP, respectively. The
cells were subjected to the effects of the drugs for 48 h.

MTT method: Hepatocellular carcinoma SMMC-7721
cell suspension of 200 uL was put into a culture plate
with 96 holes at density of 1 x 10* mL" to be cultured
for 24 h. Afterwards, the culture solution was removed
and discarded, and 200 uL of the prepared ST solutions
with different concentrations were added to the culture
plate. Four holes were established for each concentra-
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tion in the experimental group. The negative control
group with culture solution (0 mg/L ST extracts) and
the DDP positive control group were placed into the
incubator to be cultured for 44 h, and then dosed with
20 pL MTT (5 mg/mL), followed by 4 h of continuous
culture. After the supernatants were poured out and
150 uL DMSO was added, the solutions were shocked
for 10 min. Finally, the wavelength of the enzyme
labelling instrument was adjusted to 492 nm to detect
the light absorption value (OD value) of the solutions
(three replicates), thus allowing for calculation of the
average inhibition rate. The formula for calculating the
inhibition rate was (1 - OD value of the experimental
group/OD value of the control groups) x 100%.

TUNEL method: The experiment was conducted
according to the specification of the purchased detec-
tion kit for in situ cell apoptosis. Based on the analysis
results under a visible light microscope, the apoptosis
rate was calculated as the percentage of positive cells
counted in randomly 10 high-power fields.

RT-PCR test: (1) Primer design: Primers were
designed by using Primer Premier 5.0 software and
checked in GenBank. The primers for Fas, FasL, cas-
pase-8, caspase-3, p53, Bcl-2 and p-actin are shown
in Table 1; (2) RNA extraction: after medical interven-
tion for tumor cells using ST, total RNA was extracted
in accordance with the specification of the purchased
Trizol Reagent Kit; (3) reverse transcription: RNA of 5
uL, along with 1 yL random primer and 5 uL RNase-
free ddH20 was added into PCR tubes for warm-bath
conditioning for 5 min at 70 C and ice-bath treatment
for 10 s, followed by centrifugation. Then, after being
dosed with 4 L buffer, 2.0 uL dNTP mix, 1.0 uL RNase
inhibitor and 2.0 uL AMV reverse transcriptase, the
tubes underwent warm-bath conditioning at 37 °C for
5 min, 42 °C for 60 min and 70 °C for 10 min, before
termination of the reaction; (4) fluorescence quantita-
tive PCR (gPCR) detection: cDNA samples were diluted
6-fold: the 20 uL reaction system contained 10 puL
SYBRGreen gPCR master mix, 1 uL upstream primer
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Table 2 Comparison of the inhibition rates of proliferation of hepatocellular carcinoma SMMC-7721 cells in the groups with

different Solanum lyracum Thumb concentrations, X + s

Group Concentration, mg/L n OD value Inhibition rate, %
Three ST groups with different concentrations 2.5 12 1.516 + 0.205 18.22+2.32
5 12 1.242 +0.236 36.56 + 2.51
10 12 0.815 +0.276 55.98 +3.12
Negative control group 0 12 1.842 +0.183 -
Positive control group 25 12 1.135+£0.172 38.60 +1.78

The comparison between ST groups and the negative control group shows that P < 0.05, while that of ST groups and the positive control group indicates

that P > 0.05. ST: Solanum lyratum Thumb.

Table 3 Comparison of apoptosis rates of hepatocellular

carcinoma SMMC-7721 cells in different groups, x + s

Group Concentration, Apoptosis rate of
C/mg-L" SMMC-7721 cells, %
Three ST groups with 2.5 10.75 £2.51
different concentrations 5 17.31+£2.33
10 30.21 £ 3.62
Negative control group 0 3.75+1.23
Positive control group 215) 17.36 £1.62

The comparison of the ST groups and the negative control group shows
that P < 0.05, while that of ST groups with the positive control group
reveals that P > 0.05. ST: Solanum lyratum Thumb.

(10 pmol/L), 1 uL downstream primer R (10 pmol/L),
7 uL ddH20 and 1 uL template (cDNA). The heat cycle
was conducted by pre-denaturation for 2 min at 95 C,
denaturation for 10 s at 95 °C, and annealing for 40
s at 60 C, for a total of 40 cycles; and (5) relative
quantitative analysis method: The 272*" method was
used for relative quantitative analysis of data. The
calculation formulae were expressed as: ACT = CT
target gene - CT reference gene, and AACT = ACT
target gene - the average value of target gene ACT
in the control groups. 2 %*" represents the relative
expression of target genes.

Statistical analysis

Inhibition and apoptosis rate were analyzed by using
SPSS17 software and data were represented by
mean + standard variance (£ s). A homogeneity
test of variance and one-way ANOVA were used for
comparison among groups. As for further pairwise
comparison, if the variance was homogeneous, the
Student-Newman-Keuls method was used, while
Games-Howell was used when the variance was inho-
mogeneous. Moreover, ° was used for the comparison
of the rates. If P < 0.05, the difference was deemed
to have been statistically significant.

RESULTS

Inhibition rate of hepatocellular carcinoma cells

The inhibition rate of hepatocellular carcinoma
SMMC-7721 cells in the experimental group of each
ST concentration was significantly higher than that of
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the negative control group (P < 0.05), and the higher
the ST concentration, the higher the inhibition rate.
Furthermore, the inhibition rate of the group with 5
mg/L ST was equal to that of the positive control group
(Table 2).

Apoptosis rate of hepatocellular carcinoma cells

The apoptosis rate of hepatocellular carcinoma
SMMC-7721 cells in each ST group with different
concentrations was significantly higher than that of
the positive control group (P < 0.05). The higher the
ST concentration, the higher the cell apoptosis rate.
Moreover, the apoptosis rate of the group with 5 mg/L
ST was identical to that of the positive control group
(Table 3).

Influences of ST on the mRNA expressions of genes
relating to hepatocellular carcinoma cells

After intervention of ST extracts in each concentration
on the hepatocellular carcinoma SMMC-7721 cells,
the mRNA expressions of FasL and Bcl-2 decreased
markedly (P < 0.05) and the reductions were nega-
tively correlated with the ST concentration. However,
the mRNA expressions of Fas, caspase-8, caspase-3
and p53 increased and the increase showed positive
correlation with the ST concentration. When the con-
centration was greater than, or equal to, 5 mg/L, the
mMRNA expressions increased (P < 0.05). Moreover, the
mMRNA expressions of these genes in 5 mg/L ST group
were equivalent to those of the positive control group,
as demonstrated in Figure 1 and Tables 4 and 5.

DISCUSSION

ST has functions including cooling and dehumidifying,
detoxifying, detumescence and anticancer effects, and
it can cure cold and fever, icteric hepatitis, gallstone
disease, cholecystitis, nephritis and uterine erosion.
Clinically, it has certain effects on the treatment of
various types of cancers, especially for lung, liver,
stomach and cervical cancers®'?. The experimental
results show that the inhibition and apoptosis rates
of hepatocellular carcinoma SMMC-7721 cells in ST
groups with different concentrations were significantly
higher than those of the negative control group and
showed positive correlation with the ST concentration,
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Figure 1 mRNA expressions of genes relating to hepatocellular carcinoma SMMC-7721 cells in each group tested by reverse transcription polymerase
chain reaction. M: DNA maker; 1: 2.5 mg/L ST; 2: 5 mg/L ST; 3: 10 mg/L ST, 4: Negative control group (0 mg/L ST); 5: Positive control group (5 mg/L DDP). ST:
Solanum lyratum Thumb.

Table 4 mRNA expressions of genes relating to hepatocellular carcinoma SMMC-7721 cells in each group

Group Concentration, mRNA expression of genes
C/mgL" Fas FasL Caspase-8 Caspase-3 p53 Bcl-2 B-actin
Three ST groups with 2.5 5247 +£0.10 58.25 + 0.51 30.57 £ 0.10 22.15+0.02 34.17 £ 0.01 36.28 £ 0.14 17.53 £ 0.14
different concentrations 5 52.74 + 0.08 56.81 + 0.30 30.76 £ 0.03 22.33 +£0.09 34.45+0.20 35.40 £ 0.51 18.15+0.41
10 53.41 +0.64 55.94 + 0.80 31.30+£0.24 23.01 £ 047 35.11 £ 0.69 33.54 £ 0.51 19.10 £ 0.91
Negative control group 0 52.32 +0.04 59.13 £ 0.07 30.44 + 0.06 22.05 + 0.03 34.11+0.02 37.59 £ 0.33 17.30£0.17
Positive control group 2.5 52.79 £ 0.11 56.69 + 0.34 30.77 £ 0.03 22.35+0.12 34.43+£0.20 35.53 + 0.35 18.18 £ 0.41

ST: Solanum lyratum Thumb.

Table 5 Differences in mRNA expressions of genes relating to hepatocellular carcinoma SMMC-7721 cells in each group

Group Concentration, 27447
C/mgL” Fas FasL Caspase-8 Caspase-3 p53 Bdl-2
Negative control group 0 1 1 1 1 1 1
Three ST groups with 25 1.06 £ 0.06 2.30 +0.93° 1.08 £ 0.04 1.10 £ 0.12 1.13+£0.11 3.09 £0.59°
different concentrations 5 1.34 £ 0.25" 9.02+0.32° 1.47 £0.31° 1.50 £ 0.27° 1.43 £0.16" 9.46 + 0.58"
10 1.63 +0.14° 31.34 +0.13" 2.02+0.71° 1.82 +0.40° 1.75 + 0.25° 47.29 +0.68°
Positive control group 5 1.33+0.17° 10.02 + 0.57° 1.49 +0.30° 1.50 +0.19° 1.47 +0.11° 8.92+0.09°

By comparing the ST group with the negative control group. °P < 0.05, "P < 0.01, vs control groups. ST: Solanum lyratum Thumb.

confirming that ST can inhibit the growth of hepato- found to be a normal metabolic procedure; however, if
cellular carcinoma SMMC-7721 cells. However, the the apoptosis process is disordered, a lot of diseases,
molecular mechanism of this anti-hepatoma behavior tumors for instance, can appear. Cell apoptosis is a
is not clear and requires further clarification. multi-factor and multi-pathway process regulated

At present, cell apoptosis has been studied and by a network, involving a series of proteins, such as
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Figure 2 Intrinsic and extrinsic apoptotic pathways. TNF: Tumor necrosis factor; ROS: Reactive oxygen species.

caspase family proteins, Bcl-2 family proteins, p53
protein and survivin. Therefore, the exact mechanism
of apoptosis is unclear, while the intrinsic and extrinsic
pathways of apoptosis have been clarified™". As shown
in Figure 2, the extrinsic pathway is triggered by
death receptors such as Fas and tumor necrosis factor
receptor (TNF-R) on the surface of cells!*>**, While the
intrinsic or mitochondrial pathway is induced by many
stress conditions, chemical treatment reagents, and
medicines.

Under physiological or pathological conditions, no
matter whether the apoptosis is induced by DNA dam-
age or other receptors relating to organelles, various
receptors affect the intrinsic pathway of apoptosis!**?.,
In the intrinsic pathway of cell apoptosis, the mito-
chondria control cell activities and are important in
regulating cell apoptosis. There are two main changes
in mitochondria in the early stage of apoptosis. One is
the decrease of mitochondrial internal transmembrane
potential, and the other is the increase of mitochon-
drial external transmembrane permeability.

For the change in interaction of these two aspects,
if the difference in the internal and external poten-
tials of the mitochondrial membrane decreases, the
mitochondrial transmembrane potential decreases
and then the mitochondrial membrane permeability
increases, resulting in the release of caspase activated
cytochrome C and the activation of caspase protein.
The activated caspase affects other protein substrates
in the cells, leading to cascade reaction of apoptosis
and finally cell apoptosis!*®*®,

Caspase, as a cysteine-aspartic specific protease,
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can excise fragments containing aspartic acids. So
far, at least 14 sub-types of caspase with similar
molecular structure and high homology have been
found. According to their functions, the sub-types
can be divided into two categories, namely, initiator
and effector caspases. Moreover, caspase plays an
essential role in apoptosis. The initiator caspase acts
on the inactive effector caspase, thereby activating the
effector caspase.

Caspase-8, belonging to the initiator caspase sub-
type, is the initiator of the cascade reaction of cell
apoptosis. It can self-activate and transmit apoptotic
signals in the participation of other proteins and
activate downstream effector caspase, thus forming a
cascade amplification system to induce cell apoptosis.
Caspase-3 (being subjected to the effector caspase) is
the most important final excision enzyme and is also
an important part of the killing mechanism of cytotoxic
T lymphocyte (CTL) cells and can be activated by a
variety of factors. As to the killing effects on CTL cells,
caspase-3 can be activated by the Fas/FasL pathway
and the B pathway of granzymes. When caspase-8,
upstream of cells, is activated, the activated caspase-3
excises poly (ADP-ribose) polymerase (PARP) into two
fragments, separating two zinc fingers binding with
DNA in PARP from the C-terminal catalytic region to
influence its normal function. As a result, the activity of
Ca/Mg-dependent endonuclease is adversely affected
by PARP increases, so that the DNA between nucleo-
somes is cracked, leading to cell apoptosis!*®*",

p53, as a tumor suppressor gene, slows down or
monitors cell division and the integrity of the genome
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Figure 3 Mitochondrial apoptotic pathway of hepatocellular carcinoma
cells induced by Solanum lyratum Thumb.

when checking DNA damage loci in the G1 phase.
If there is damage, the p53 protein prevents DNA
replication and provides sufficient time to repair the
damaged DNA™,

Bcl-2, as a kind of negative regulatory gene of
cell apoptosis, can control the membrane potential
by changing the redox state of mitochondrial thiols.
Furthermore, it can also regulate the permeability
of the mitochondrial membrane for some apoptosis
protein precursors and locate apoptosis protein precur-
sor Apaf-1 on the mitochondrial membrane to stop
apoptosist®!.

Fas and FasL are membrane surface molecules,
which regulate the apoptosis induced by toxicity in T-cell
development™¥. FasL, with its high-level expression on
cell surfaces, identifies Fas on the target cell surface
after CTL cells recognize target cells. Then, by trigger-
ing the apoptosis process in the interior of target cells
using Fas, the programmed cell death of target cells
occurs?®*#,

It can be found from this experiment that, after the
intervention of ST extracts with different concentra-
tions on hepatocellular carcinoma SMMC-7721 cells,
the inhibition and apoptosis rates of the cells increased
significantly (P < 0.05). This indicated that ST inhibited
hepatocellular carcinoma cells. The mRNA expressions
of FasL and Bcl-2 were markedly reduced (P < 0.05),
which showed that the negative feedback regulation
protected CTL cells to certain extent. In addition,
the mRNA expressions of Fas, caspase-8, caspase-3
and p53 increased. Compared with the positive
control group, the effects of 5 mg/L ST extracts were
equivalent to those of the positive control group, which
suggested that these genes were positive regulatory
genes for apoptosis of hepatocellular carcinoma cells
induced by ST through the mitochondrial pathway.
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Therefore, ST regulated hepatocellular carcinoma
SMMC-7721 cells by the combination of Fas/FasL on
the surface of the cells with that on the surface of T
cells. The mitochondrial pathway was then stimulated
to transmit apoptosis signals, which activated the
upstream caspase-8 and further the downstream
caspase-3. In this way, a cascade amplification system
was formed to induce apoptosis. In addition, the apop-
tosis process was affected by the synergistic action of
tumor suppressor gene p53 and negative feedback
gene Bcl-2 for apoptosis, jointly forming the regulation
network of ST inducing apoptosis of hepatocellular
carcinoma SMMC-7721 cells, as shown in Figure 3.

Although this experiment verified that ST can
induce the apoptosis of hepatocellular carcinoma
SMMC-7721 cells, the apoptosis mechanism was
related to the expression of Fas, FasL, caspase-8, cas-
pase-3, p53 and Bcl-2 in the mitochondrial pathway.
This result provides powerful evidence of the improved
apoptosis effects of ST on hepatocellular carcinoma
cells; however, due to only a few genes being involved
in apoptosis, the regulatory effects of other genes were
unable to be determined here. Moreover, the apoptosis
may be related to other proteins in the caspase family,
so the molecular mechanism of the apoptosis induced
by ST is not completely explained and needs to be
further verified by other studies.
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Abstract

AIM

To evaluate brain involvement in quiescent Crohn’s
disease (CD) patients with fatigue using quantitative
magnetic resonance imaging (MRI).

METHODS

Multiple MRI techniques were used to assess cerebral
changes in 20 quiescent CD patients with fatigue
(defined with at least 6 points out of an 11-point
numeric rating scale compared with 17 healthy age and
gender matched controls without fatigue. Furthermore,
mental status was assessed by cognitive functioning,
based on the neuropsychological inventory including
the different domains global cognitive functioning,
memory and executive functioning and in addition
mood and quality of life scores. Cognitive functioning
and mood status were correlated with MRI findings in
the both study groups.

RESULTS

Reduced glutamate + glutamine (GIx = Glu + GIn)
concentrations (P = 0.02) and ratios to total creatine
(P = 0.02) were found in CD patients compared with
controls. Significant increased Cerebral Blood Flow
(P = 0.05) was found in CD patients (53.08 + 6.14
mL/100 g/min) compared with controls (47.60 = 8.62
mL/100 g/min). CD patients encountered significantly
more depressive symptoms (P < 0.001). Cognitive
functioning scores related to memory (P = 0.007)
and executive functioning (P = 0.02) were lower in
CD patients and both scores showed correlation with
depression and anxiety. No correlation was found
subcortical volumes between CD patients and controls
in the Ti-weighted analysis. In addition, no correlation
was found between mental status and MRI findings.

CONCLUSION

This work shows evidence for perfusion, neurochemical
and mental differences in the brain of CD patients with
fatigue compared with healthy controls.

Key words: Magnetic resonance imaging; Systemic
inflammation; Fatigue; Crohn'’s disease; Cognition
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Core tip: The present study explores perfusion, neuro-
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chemical and mental differences in the brain of Crohn’s
disease (CD) patients compared with healthy controls.
This implies that for a gastroenterologist it is important
to focus, besides gastrointestinal symptoms due to
inflammation, on the effects of systemic inflammation
on the brain and mental status. Knowledge and
understanding of these effects in CD patients may help
health professionals to set up interventions to maintain
CD remission and improve mental status by e.g. psycho-
social interventions.

Van Erp S, Ercan E, Breedveld P, Brakenhoff L, Ghariq E,
Schmid S, van Osch M, van Buchem M, Emmer B, van der
Grond J, Wolterbeek R, Hommes D, Fidder H, van der Wee
N, Huizinga T, van der Heijde D, Middelkoop H, Ronen I, van
der Meulen-de Jong A. Cerebral magnetic resonance imaging
in quiescent Crohn’s disease patients with fatigue. World J
Gastroenterol 2017; 23(6): 1018-1029 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i6/1018.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i6.1018

INTRODUCTION

Crohn’s disease (CD) is a relapsing inflammatory bowel
disease (IBD)", characterized by segmental transmural
lesions that can affect any part of the gastrointestinal
tract”, Besides gastrointestinal symptoms, fatigue is
common in CD patients. In contrast to regular fatigue
which affects nearly everyone, disease-related fatigue
is more long lasting and may occur despite sufficient
sleep and rest. Generally, fatigue lasting for more than
6 mo is considered chronic and is significantly more
prevalent in IBD patients than in healthy controls®™.
Although fatigue is influenced by IBD disease activity,
40% of the patients with quiescent disease report
fatigue as well and contributes negatively to the
patients’ health-related quality of life (QoL)™>".

The pathogenesis of CD is multifactorial and results
from an impaired interaction between environment,
commensal microbiota and the human immune
system, leading to a chronic inflammatory status and
eventually CD™7”), Furthermore, in both quiescent
and active CD patients increased levels of circulating
inflammatory cytokines, such as tumour necrosis
factor-o. (TNF-o,) are reported®™?, Although quiescent
CD patients report fewer clinical symptoms and score
less on the clinical activity score compared with active
CD patients, inflammatory cytokines are present®®'”,
TNF-o. can be secreted by a large variety of cells®™
and can initiate a signalling stimulus to the brain
parenchyma that will subsequently activate microglia.
Activated microglia stimulates the production of
monocyte chemo-attractant protein (MCP)-/CCP2,
which recruits monocytes into the brain®**!, Moreover,
this cerebral infiltration of monocytes plays an impor-
tant role in driving inflammation in the brain***3.,
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Magnetic resonance imaging (MRI) is an imaging
technique widely used to visualize the effect of several
neurological diseases, such as Multiple Sclerosis (MS),
Parkinson’s Disease and Alzheimer disease, in the
brain**. A variety of MRI methods can be employed
to identify cerebral changes due to a specific disease.
These methods include T:i-weighted imaging, mag-
netization transfer imaging (MTI), magnetic reso-
nance spectroscopy (MRS), arterial spin labeling (ASL)
and diffusion tensor imaging (DTI). Ti-weighted ima-
ging provides high-resolution, high-contrast anatomi-
cal images of the brain and can be used to determine
the volumes of the grey matter (GM), white matter
(WM), cerebral spinal fluid (CSF) and subcortical struc-
tures™!. Through voxel based morphometry (VBM), it
is possible to visualize local changes in GM volumes!*®.,
MTI is a technique sensitive to brain tissue micro-
structural changes, stemming from changes in macro-
molecules such as myelin or cell membranes!”’. MRS
measures the concentration of certain metabolites in
living tissues and gives evidence for neurochemical
changes!®. ASL is a non-invasive tool for the quan-
tification of regional cerebral blood flow (CBF)!**! and
can reveal changes in tissue perfusion. DTI is sensi-
tive to minute changes in tissue microstructure, such
as changes in myelin integrity and axonal density in
white matter fiber tracts, based on the random motion
or diffusion of water molecules™.

Previous MRI studies have shown that systemic
inflammation contributes to cognitive decline, for
example in relation to aging™, but also to brain
diseases including Alzheimer disease, MS and
Parkinson’s disease by promoting activation of the
immune system®?*, Metabolic and cerebral perfusion
changes have been found in the brain of patients with
Rheumatoid Arthritis (RA), Systemic Sclerosis and
Systemic Lupus Erythematosus (SLE)!''**731, In
addition, previous studies performed in patients with
Chronic Fatigue Syndrome (CFS) found an association
between fatigue complaints and metabolic changes in
the brain as well®*>%, In CFS patients, the mean ratio
of choline (Cho) to creatine (Cr) in the occipital cortex
was significantly higher than in controls, indicating an
abnormality of phospholipid metabolism in the brain
in CFS©*33, These findings suggest that systemic
inflammation and fatigue complaints could have
structural, neurochemical and functional correlates in
the brain. So far, the link between systemic inflamma-
tion, disease-induced fatigue and changes in the brain
have not been explored in CD patients. The aim of this
exploratory study was to investigate to what extent
systemic inflammation affects the brain of quiescent
CD patients, by using a variety of MRI acquisition
methods and neuropsychological examinations that
assess cognition, mood and QoL. Furthermore, the
correlation between MRI changes, clinical character-
istics, including fatigue scores, and mental status was
investigated.
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MATERIALS AND METHODS

Study population and study design

In this case-control study 20 CD patients and 17 age
and gender matched healthy controls were included.
Since it is known from literature that there is an age
associated decrease in brain volume, primarily caused
by a decrease in neuronal size and partly due to a
reduction in numbers of neurons caused by apop-
tosis'®, a correction was made for this confounder by
matching the subjects.

Consecutive CD patients, fulfilling the inclusion cri-
teria, were recruited through the IBD outpatient clinic
of the department of Gastroenterology and Hepatology
of the Leiden University Medical Center (LUMC), the
Netherlands. The patients had endoscopic proven
CD for at least 3 mo before inclusion, were in clinical
remission and experienced fatigue. CD patients with
anemia (Hb < 7.0 mmol/L), primary sclerosing cholan-
gitis and routine MRI-contraindications (e.g., instable
metal implants or a pacemaker) were excluded. All
medication deemed necessary by the gastroenterolo-
gist was allowed at study inclusion, except for anti-
TNFa or corticosteroid use, since this medication could
reduce systemic inflammation the most and thus
influence clinical disease activity. Healthy controls
were recruited via an advertisement in het LUMC and
included in the study if they had no anamnestic brain
abnormalities, nervous system disease or chronic
inflammation in the body. A 1-d program was set up
for all participants by the relevant medical specialists,
including a gastroenterologist, radiologist, psychiatrist
and neuropsychologist and all individuals were asked
to complete several questionnaires at study inclusion
about demographics, mental status and QoL. This
study was approved by the institutional medical ethical
committee of the LUMC and all patients signed a writ-
ten informed consent prior to study enrolment.

Clinical characteristics

Disease activity: The clinical disease activity of the
CD patients was measured with the Harvey-Bradshaw
Index (HBI). The HBI consists of 12 criteria, which
include general well-being, abdominal pain, daily
number of liquid stools, abdominal mass and extra
intestinal manifestations (arthralgia, uveitis, erythema
nodosum, aphthous ulcers, pyoderma gangrenosum,
anal fissure, new fistula and abscess). Patients with
an HBI score of 4 or less were classified as having
quiescent CD disease™,

Fatigue: Fatigue was assessed with the Multidimen-
sional Fatigue Index (MFI) and the Visual Analogue
Scale (VAS). The MFI is a self-report measurement
containing 20 questions consisting of 5 subscales
covering different dimensions: general fatigue, physical
fatigue, mental fatigue, reduced activity and reduced
motivation. The questions are about the fatigue experi-
enced by the subject in the 7 d prior to examination.
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(n=37)
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Figure 1 Flowchart of included participants in the magnetic resonance imaging analyses. CD: Crohn’s disease; VBM: Voxel based morphometry; MTI:
Magnetization transfer images; MRS: Magnetic resonance spectroscopy; ASL: Arterial spin labelling; DTI: Diffusion tensor imaging.

Scores range from 4 to 20, with higher scores indicat-
ing higher levels of fatigue®™”), The VAS consists of a
10 point self-rating scale that measures subjective
experiences of fatigue. The participants had to indicate
on a visual line how they were currently feeling. Six
points or more indicated the presence and experience
of fatigue in individuals™®.

MRI data acquisition

All study subjects underwent MRI of the brain, using a
Philips Ingenia 3.0 Tesla MRI Scanner (Philips Medical
Systems, Best, The Netherlands) equipped with a 12
channel head coil, and images were evaluated by an
experienced neuroradiologist (MvB). The MRI protocol
consisted of Ti:-weighted imaging, MTI, MRS, ASL
and DTI, and lasted for about 60 min. Since more CD
patients were included and all patients and healthy
controls were age-gender matched, in total 3 CD
patients, who matched the least with the controls,
got excluded from the voxel-based analysis of the
Ti-weighted and DTI data. For the MRS and ASL
analyses data of some CD subjects were either miss-
ing because of time limitations or excluded due to low
quality, caused by subject motion. For the MRS analy-
sis only 9 CD patients and 9 age and gender matched
controls were included, and for the ASL analysis 16
CD patients and 16 age and gender matched controls
were included (Figure 1). The MRI scan protocol con-
sisted of (1) axial 3D T1-weighted images (FOV: 224
mm x 144 mm x 182 mm, resolution: 0.88 mm x 0.88
mm X 1.20 mm, TR/TE = 9.75/4.59 ms); (2) sagittal
FLAIR images (FOV: 224 mm x 144 mm x 180 mm,
resolution: 0.5 mm x 0.5 mm x 3.6 mm, TR/TE/TI =
10000/120/1650 ms); (3) axial DTI (FOV: 176 mm x
144 mm x 224 mm, resolution: 1.75 mm x 1.75 mm
x 3.6 mm, TR/TE = 4317/55.33 ms, one volume with
b = 0 s/mm?’ and 32 diffusion-weighted volumes with
b = 800 s/mm?® ); (4) axial MTI (FOV: 224 x 144 x
180, resolution: 0.88 mm x 0.88 mm X 7.2 mm, TR/
TE = 100/10.95 ms, two volumes acquired one with
and one without a radiofrequency saturation pulse); (5)
ASL (FOV: 240 mm x 240 mm x 133 mm, resolution:
3.0 mm x 3.0 mm x 7.0 mm, TR/TE = 4000/15.19
ms, labeling duration = 1650 ms, post-labeling delay
= 1525 ms, 35 label and control pairs and background
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suppression inversion pulses at 50 and 1150 ms); and
(6) a single volume, stimulated echo acquisition mode
(STEAM) 'H MRS scan with a volume of interest (VOI)
located in the left centrum semi ovale, containing
mostly white matter as shown in Figure 2 (voxel size
=30 mm x 15 mm x 15 mm, TR/TE = 2000/14 ms,
mixing time = 19 ms, sample size = 2048, number of
averages = 96).

Post-processing and data analysis

Ti-weighted image analysis: Brain extraction tool
(BET) of FMRIB Software Library (FSL) (http://www.
fmrib.ox.ac.uk/fsl) was used to extract the brain
tissue from Ti-weighted images!*®’. FSL FMRIB'’s
Automated Segmentation Tool (FAST)"®? was used
to segment GM, WM and CSF tissues from the brain
extracted T:-weighted images. FSL FMRIB's Integrated
Registration and Segmentation Tool was used to
segment subcortical structures: nucleus accumbens,
amygdala, caudate, hippocampus, globus pallidus,
putamen and thalamus™®. Following segmentation,
the volumes of GM, WM and subcortical structures
were calculated using FSL Maths. The volumes were
normalized to subject intracranial volume by dividing
the volumes with the total brain volume of the same
subject. VBM in FSL was used to assess local GM dif-
ferences between CD patients and controlst®*",

MTI analysis: MTI were split into images with and
without saturation. Both images, with and without
saturation, were brain extracted with BET and the
image without saturation was aligned to the image
with saturation. After alignment, the magnetization
transfer ratio (MTR) of the whole brain was calcu-
lated using FSL Maths. The MTR images were then
registered to the Ti-weighted images from the same
subject with FLIRT*?, Subsequently, MTR images were
multiplied with the binary GM and WM masks from
the same subject, to create GM and WM MTR images.
Tissue-specific histograms of MTR values from the GM
and WM of patients and controls were created using
an in house-developed MATLAB® program (Mathworks,
Natick, MA, United States).

MRS analysis: The MRS analysis was performed
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Figure 2 Planning of the 'H-magnetic resonance spectroscopy volume of interest in the left centrum semi-ovale. Seen on axial (left) and on the coronal (right)
T+-weighted image slices. The effective volume of interest set at the tNAA frequency is shown (red rectangle) together with the shimming volume (yellow rectangle).

in MATLAB and LCmodel™. An in-house developed
MATLAB code was used to calculate and correct for
GM, WM and CSF tissue fraction (%) within the VOI
for each subject separately. LCmodel was used for
the calculation of the concentration and ratio to total
creatine (tCr) of the metabolites N-acetyl-aspartate
(NAA), creatine (Cr), glutamate (Glu), myo-inositol
(Ins), glutamine (GIn), N-acetyl-aspartyl-glutamate
(NAAG) and choline (Cho). Institutional units (IU) of
concentration were expressed in mmol. Among these
metabolites, NAA is a neuronal marker, NAAG is sug-
gested to be related to excitatory neurotransmission,
total Creatine (tCr), the sum of phosphocreatine and
creatine, is a marker of energy metabolism. Cho is
related to cell membrane turnover, Glu is an excitatory
neurotransmitter predominantly found in neurons, GIn
is a precursor for Glu and found mostly in astrocytes,
and Ins is a possible astrocytic marker*!!. The mean
ratios of NAA, Glu, Ins, GIn, NAAG and Cho to tCr were
compared between the two study groups.

ASL analysis: The average GM Cerebral Blood
Flow value was calculated in FSL™, The ASL label
and control images were motion corrected by FSL
MCFLIRT™®, The perfusion maps were calculated for
each subject by subtracting the label from the control
images and averaging those images. Following that,
perfusion maps from each subject were registered
first linearly and then nonlinearly to GM volume seg-
mented from the Ti-weighted image of the subject
and subsequently they were first linearly and then
nonlinearly registered to average brain template from
the Montreal Neurological Institute (MNI). CBF of the
GM is calculated by using a binary GM mask of the
subject with a threshold of 60% GM probability and
using the following equation: o)
CBF 5, = 6000-A-AM -e —
S]PD'Z'apCASL'Tla'OLBSup'(l_e )
Where A is the blood/brain partition coefficient in
mL/g which was 0.9, AM is the signal intensity of the
control image subtracted with the signal intensity of
the label image, the post labelling delay was 1525
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ms. T:a is the longitudinal relaxation time of the blood
was 1664 ms, Slro is the signal intensity of a proton
density-weighted image and < is the label duration
which was 1650 ms. Apcast is the labelling efficiency,
which was 0.85 and oeswpe was 0.83. A comparison of
GM CBF was made between the patients and controls.

Diffusion tension images analysis: ExploreDTI soft-
ware” was used for motion and distortion correction
of the DTI images and for calculating the Fractional
Anisotropy (FA) and Mean Diffusivity (MD) maps. FA
and MD maps were used as an input to tract-based
spatial statistics processing™®, which was carried out in
FSL. The FA maps were first linearly registered with an
affine transformation, subsequently non-linearly reg-
istered to the MNI space, and a mean FA skeleton was
created. For each subject, the FA map was projected
on the skeleton. Following that, randomisation was
used to perform t-test based voxel-wise comparison of
the FA skeletons between patients and controls. The
same procedure was repeated for MD maps.

Assessment of cognitive performance

Cognition: Several neuropsychological assessments
were conducted in both healthy controls and CD
patients and evaluated by an experienced clinical
neuropsychologist (HM). The examination took approxi-
mately one hour and included validated test methods in
a fixed order. Since the cognitive functioning of patients
with IBD has not been fully previously investigated, the
focus was on a wide range of neuropsychological func-
tions. Global cognitive functioning was assessed by the
Minimal Mental State Examination (MMSE). The MMSE
contained 11 questions, subdivided into 5 subdomains.
All questions were scored individually and added to
produce a total score ranging from 0 to 30, with higher
scores indicating better cognitive functioning*®. The
memory domain was evaluated with the Digit Span
Forward and Backward subtests of, respectively the
revised Wechsler Adult Intelligence Scale (WAIS-R)™”
and the revised Wechsler Memory Scale (WMS-R).
Higher scores reflected better memory performance™.
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Executive functioning was assessed by the Word
Fluency Test (WFT)®?, Stroop-Color-Word test
(SCWT)™! given in three parts, and the Trail Making
Test (TMT)™" subdivided into two parts, whereby part A
measured attention and performance speed, and part
B measured mental flexibility and ability to shift atten-
tion. The TMT involved scanning, visuomotor tracking,
divided attention and cognitive flexibility. The time used
for each trial was noted, with more time used indicating
lower performance. The SCWT was used to measure
interference sensibility. One response (reading the
word) should be inhibited in order to name the colour
of the ink, which leads to a delay in reaction time. The
number of correct responses within 45 seconds was
counted™. Furthermore, the WAIS-R Digit symbol and
Digit cancellation test was measured™".

Mental status: Cognitive performance depends on
the psychiatric status of the patient’®, and therefore
the Hospital Anxiety Depression Scale (HADS) was
included in the neuropsychological examination. The
HADS was used to determine depressive symptoms
and anxiety. HADS is a widely used measurement
to identify emotional disorders in non-psychiatric
patients. The scale includes 14 items, 7 items concer-
ning anxiety and 7 concerning depression, each scored
between 0 and 3. A score above 8 on each individual
scale were considered as a possible case and a score
above 10 as a probable case™,

QolL: To determine the QoL, the Short Form-36 (SF-36)
was used. The SF-36 is a generic questionnaire to
assess self-reported QoL. This measurement includes
in total 8 subscales covering physical and mental
aspects of QoL. The score ranges from 0 to 100, with
higher score indicating better QoL. The Dutch transla-
tion of the SF-36 was validated in both the general
population and in CD patients™”.

Statistical analysis

Data analyses were performed using SPSS 20.0, IBM
Corp, 2011, Armonk, NY, United States. Descriptive
statistics were used for the patients’ characteristics. All
comparisons between the patient and control groups
were performed with an independent t-test. A P-value
< 0.05 was considered statistically significant. To cor-
rect for multiple testing, the level of significance was
set at P < 0.01 (0.05/5) and P < 0.006 (0.05/8) for
the fatigue (five MFI subscores) and QoL (eight SF-38
subscales) scores, respectively. Based on the individual
cognitive tests corrected for education, Z-scores of
the different cognitive domains were created by using
the UNIANOVA test with an average mean * SD.
Correlations between the MRI outcomes, cognition
and mood status were performed with the Pearson
Correlation test.
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RESULTS

Demographic characteristics

In this study, 20 CD patients and 17 healthy controls
were age (P = 0.46) and gender matched (P = 0.68).
All patients were in clinical remission at study inclusion
(mean HBI = 2.16, SD = 1.12), with an average age
of onset at 21.4 years and an IBD disease duration
of 8.8 years. Based on the inclusion criteria, patients
reported more fatigue complaints according to the
MFI-20 (P < 0.001) and VAS fatigue score (P < 0.001)
compared with the control subjects. Furthermore, the
education level of the healthy controls was significantly
higher than that of the CD patients. Since this variable
might influence mental status scores, a correction was
made. An overview of the clinical characteristics of the
individuals is presented in Table 1.

MRI analysis

Volumetric data: The comparison of the subcortical
volumes between the CD patients and controls in
the analysis of the Tiweighted images did not show
significant differences between the two subject groups.
The volume differences in the right amygdala (P =
0.08) and nucleus accumbens (P = 0.08) just missed
significance (Table 2). VBM analysis showed a lower
GM content in the superior frontal gyrus in CD patients
compared with healthy controls (P < 0.05) (Figure 3).

MTI data: No significant differences were observed in
the mean MTR values or in the MTR histogram peak
heights of the CD patients compared with healthy
controls.

MRS data: Lower glutamate + glutamine (GIx = Glu
+ GIn) concentrations (4.85 £ 0.78 mmol vs 5.96 +
0.98 mmol, P = 0.02) and ratios to tCr (0.92 + 0.13
vs 1.10 £ 0.14, P = 0.02) were found in the patient
population compared with control subjects (Table 3).

ASL data: Average GM CBF of the CD patients (53.1
+ 6.1 mL/100 g/min) was significantly higher than
the GM CBF of the control group (47.6 = 8.6 mL/100
g/min) (P = 0.05).

DTI data: No differences were observed across white
matter in the FA and MD values between CD patients
and controls.

Mental status

Neuropsychological examination and cognitive scores
were corrected for educational level (Table 4).
Generally, a difference close to significance between
patients and controls was found in several individual
cognitive test scores. Compared with controls, CD
patients had a lower Stroop interference index (P
= 0.06), a reduced total score of the WAIS-R Digit
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Table 1 Demographic characteristics

CD patients Controls P value
(n=20) (n=17)

Age (yr) at inclusion, mean + SD 301+£62 285(6.7) 0.460
Female, 1 (%) 17 (85.0) 13 (76.5)  0.680
HBI score, mean + SD' 22+1.1 - -
Age of IBD onset (yr), mean + SD 21.4+57 - -
IBD disease duration (yr), mean + SD 8.8+72 - -
Smoker, 1 (%) 11 (55.0) 4.0(23.5) 0.400
VAS, mean + SD 7.4 (1.3) 34(23) <0.001
MFI, mean * SD 66.1 (13.3) 36.4 (10.3) <0.001
General Fatigue 16.4 (2.8) 8.9(3.3) <0.001
Physical Fatigue 14.4 (3.0) 6.2(2.2) <0.001
Mental Fatigue 128 (41) 72(29) <0.001
Reduced Activity 10.7 (3.5) 6.9 (2.7) <0.001
Reduced Motivation 1203.6) 71(27) <0.001
Education level, n (%) 0.001
Low* 4 (20) -
Intermediate® 10 (50) 2 (11.8)
High* 6 (30) 15 (88.2)
Montreal classification
Location CD, 1 (%)
L1 ileal 3 (15.0) - -
L2 colonic 2 (10.0) - -
L3 ileocolonic 15 (75.0) - -
L4 upper - - -
L1-3 + L4 - - -
Behaviour CD, n (%)
B1 non-stricturing/ penetrating 15 (75.0) - -
B2 stricturing 3 (15.0) - -
B3 penetrating 2 (10.0) - -
+ Perianal disease 3 (15.0) - -
Medication use, n (%)
Immunosuppressive drugs 12 (60.0) - -
(Aza/6MP)
None 8 (40.0) - -

"HBI missing of 1 Crohn’s disease (CD) patient. “Low: primary education
(elementary school) and lower secondary education (preparatory
secondary education); "Intermediate: higher secondary education (higher
general continued education, pre-university secondary education) and
postsecondary education (intermediate vocational education); ‘High:
tertiary education (higher professional education, university). To correct
for multiple testing, the level of significance was set at P < 0.01 for the MFI
score. HBI: Harvey Bradshaw Index; VAS: Visual Analogue Scale; MFI:
Multidimensional fatigue index.

Symbol test (P = 0.06) and were slower in completing
trial A of the TMT test (P = 0.08). When the individual
tests were transformed into a Z-score based on the dif-
ferent cognitive domains, significant reduced Z-scores
of the memory domain (P = 0.007) and executive
functioning domain (P = 0.02) were found in the
patient population compared with the healthy controls
(Table 5). CD patients experienced more depressive
symptoms (P < 0.001), were more anxious (P = 0.002)
and reported a significantly lower QoL.

Correlation of MRI findings with clinical characteristics
and mental status

No correlations were found between mental status,
including depression and anxiety, and MRI findings.
Depressive symptoms were correlated with reduced
scores of global cognitive functioning (r = -0.5, P =
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Table 2 Group mean subcortical structure volumes as

percentage of the total brain volume in Crohn’s disease
patients and controls

CD patients Controls P value
(n = 20) (n=17)
Left Accumbens 0.04 £ 0.01 0.04 £ 0.01 0.56
Left Amygdala 0.09 £ 0.01 0.09 £ 0.01 0.61
Left Caudate 0.24 £0.02 0.24 £0.02 0.94
Left Hippocampus 0.27 £0.02 0.27 £ 0.03 0.94
Left Pallidus 0.13+£0.01 0.12+£0.01 0.32
Left Putamen 0.33+£0.02 0.32+0.03 0.24
Left Thalamus 0.54 £ 0.02 0.54 £ 0.03 0.94
Right Accumbens 0.04 +0.00 0.03 +0.01 0.08
Right Amygdala 0.08 £ 0.01 0.09 £ 0.01 0.08
Right Caudate 0.25+0.03 0.25+0.02 0.76
Right Hippocampus 0.26 £ 0.02 0.27 £0.03 0.22
Right Pallidus 0.12+0.01 0.13 £ 0.01 0.30
Right Putamen 0.31+0.08 0.32+£0.02 0.56
Right Thalamus 0.53 £ 0.02 0.52+£0.03 0.48

Mean in % + SD. CD: Crohn’s disease.

Table 3 Mean metabolite ratio to total creatine

CD patients Controls P value
n=29) n=29)
Ratio Glu:tCr 0.76 £ 0.12 0.84 +0.10 0.19
Ratio Cho:tCr 0.29 £ 0.02 0.29 £ 0.04 0.81
Ratio Ins:tCr 0.66 £ 0.08 0.70 £ 0.10 0.38
Ratio NAA:tCr 1.31+£0.12 1.27 £0.09 0.44
Ratio NAA + NAAG:tCr 1.59 £0.18 1.56 £ 0.13 0.69
Ratio Glu + GIn:tCr 0.92+£0.13 1.10+£0.14 0.02

Mean metabolite ratio to tCr in mmol + SD. CD: Crohn’s disease; tCr:
Total Creatine; Glu: Glutamate; Cho: Choline; Ins: Insulin; NAA: N-Acetyl
Aspartate; NAAG: N-Acetyl Aspartate Glutamate; Gln: Glutamine.

0.003), memory (r = -0.34, P = 0.04) and executive
functioning (r = 0.35, P = 0.04). Additionally, CD
patients reported in the present study increased symp-
toms of anxiety and this was significantly correlated
with reduced global cognitive functioning (r = -0.36, P
= 0.03) and memory scores (r = -0.32, P = 0.05). No
further correlations between cognitive scores, disease
activity, disease duration and MRI findings were found
in this study.

DISCUSSION

Several MRI techniques were used in this study in a
cross-sectional manner to examine the differences
in brain morphology, neurochemistry and perfusion
between CD patients with fatigue and healthy controls
without fatigue. The most important findings reported
in this study are the significant differences in perfusion,
neurochemistry and mental status (e.g., cognition,
mood and QoL) between patients and controls. Lower
levels of GIx concentration and their ratio to tCr were
observed and an increased CBF was found in the
patient population compared with control subjects. CD
patients scored lower on several individual cognitive
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Figure 3 FMRIB Software Library voxel based morphometry analysis. Voxel based morphometry results shown on MNI152 standard space. The red colour
indicates the voxels with significantly reduced grey matter volume in CD patients compared with healthy controls (with a P-value < 0.05, corrected for multiple
comparison). The red voxels correspond to the left superior frontal gyrus.

test scores, with a trend towards significance, and
scored significantly lower on the memory and the
executive functioning domain compared with the
healthy controls. Also, the patient population had a
significantly lower QoL and mood status.

The present study observed with MRS a signifi-
cantly reduced GIx concentration as well as a lower
ratio of GIx to tCr in the CD group. Glutamate is the
predominant excitatory neurotransmitter in the brain
and is involved in different brain functions including
memory and mood status. Receptors are mainly pres-
ent in the hippocampus®>®, Glutamine is important
in energy metabolism of the brain and previous
studies reported that a reduced level of glutamine is
associated with brain diseases such as Alzheimer’®®!,
Increasing evidence shows that major depression dis-
order is associated with altered function of the major
excitatory and inhibitory neurotransmitters such as
glutamate and GABA®>®’l, The present study did not
find correlations between depressive symptoms and
the reduced GlIx concentration and ratio to tCr.

These reduced MRS results found in the present
pilot study in CD patients are not in accordance with
the findings of previous research performed in other
inflammatory diseases such as RA and SLE!"®*, RA
and SLE patients were shown to have increased cho-
line and myo-inisotol levels, indicating inflammation in
the form of monocyte infiltration since this is a marker
of cell membrane turnover’®®®, In addition, in SLE
patients only decreased NAA signals were reported,
indicating neuronal loss®®*?, while an increased NAA
ratio was found in our CD patient population. This con-
tradiction may be due to the fact that RA and SLE are
systemic inflammatory diseases, but not comparable
with the systemic inflammation in IBD.

CBF values can reveal changes in tissue perfu-
sion and are an indication for cerebral metabolism
changes . In the present study, significant higher CBF
values were found in the patient population. Increased
CBF is thought to be a compensatory mechanism in
response to ischemia or injury, which could be the case
in the CD patients due to inflammation”*”?. Our find-
ings are in line with the results of Wang et a/"! who
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described in their cohort that SLE patients had higher
CBF values compared with healthy controls.

The volumetric results in this study extend on
earlier findings in IBD patients. The reduced GM
content of the superior frontal gyrus demonstrated in
this study is in agreement with results presented by
Agostini et al'”?. The superior frontal gyrus is involved
the self-awareness, and important in processing infor-
mation”*”*!, It has been suggested that the observed
decrease in local GM volume could have many causes,
including a decrease in cell size, neural or glial cell
apoptosis or changes in blood flow”?. It is not clear
whether this local volume reduction is directly linked to
systemic inflammation, but it may represent the ana-
tomical substrate for the development of cognitive and
emotional disturbances”>”®, Similar significant positive
correlations have been found between the GM volume
in aging and measures of short-term memory"”.

Besides MRI findings, neuropsychological findings
were assessed in this study. Previously, no evidence
has been obtained on the association of the intrinsic
disease process and cognitive dysfunction in IBD
patients. It is probable that concurrent mood disor-
ders, in particular depression, affect the cognitive
performance of IBD patients in memory and execu-
tive functioning tasks®!. This may be the case in
the current cohort, since depressive symptoms were
correlated with reduced neuropsychological scores
in the three different domains: cognitive functioning,
memory and executive functioning. However, Berrill
et al’® suggested that intellectual deficits existed
in IBD patients compared to controls and remained
significant after the correction for educational level
and mood disorders.

Previous studies have shown a link between systemic
inflammation and reduced brain volumes, possibly
resulting in cognitive deficits. Zonis et al’® suggested
that chronic intestinal inflammation alters hippocampal
neurogenesis and thus might underlie the behavioural
manifestations in patients with IBD. In another study,
SLE patients with cognitive deficits appeared to have
reduced temporal lobe structures (hippocampus and
amgydala) compared to SLE patients without cognitive
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Table 4 Mental status

CD patients Controls P value
(n=20) (n=17)

Global cognitive functioning
MMSE (total score), mean + SD
Memory
Verbal
WMS memory quotient, mean + SD° 109.2 (10.5) 115.7 (8.7) 0.72
Non verbal
WMS visual reproduction (total 11.6(2.7)
score), mean * sSD’

289 (1.62) 29.65(0.49) 0.87

129(22) 075

WAIS-R Digit Span forward, mean+ 5.4 (1.0) 6.5(1.3) 015
SD
WAIS-R Digit Span backward, mean 4.5 (1.0) 52(0.9) 015
+SD
Executive functioning
WEFT, mean + SD'
No. of good answers 42.7(7.8) 482(9.8) 0.29
No. of perseverative errors 028 (0.5) 0.47(0.8) 0.58
Stroop Color-Word test, mean + SD
Stroop 1 time (s) 439(72) 392(8.6) 041
Stroop 1 No. of errors 0.2 (0.4) 0.1 (0.3) 0.98
Stroop 2 time (s) 56.6 (8.3) 53.8(6.9) 0.62

Stroop 2 No. of errors 0.3 (0.8) 0 (0.0) 0.21

Stroop 3 time (s) 883 (14.7) 76.6(88) 0.22

Stroop 3 No. of errors 0.6 (1.5) 0.13(0.3) 020

Stroop interference index 50.1(7.8) 56.1(5.5) 0.06
TMT, mean + SD

Part A time (s) 30.3 (11.8) 221(8.5) 0.08

Part A no. of errors 0.1 (0.2) 0.1(0.2) 0.56

Part B time (s) 61.8(29.2) 50.1(17.4) 0.72

Part B no. of errors 0.1 (0.2) 0.2(05) 041
WAIS-R Digit Symbol, mean + SD

Total score 59.7(8.4) 71.0(6.2) 0.06

No. of errors 0 (0.0)
Digit cancellation test, mean + SD*

Total score

No. of good answers (%)

01(03) 063

436.2 (88.1) 498.6(82.9) 0.16
57.3(29.5) 78.9(20.9) 0.16

HADS, mean + SD 13.1(73) 4.8(29) <0.001

Anxiety 7.5 (3.8) 377  0.002

Depression 6.1 (4.0) 0.9 (1.1) <0.001
SE-36

729+202 96.6+3.4 <0.001
52.0+29.0 90.7+9.8 <0.001

Physical functioning
Social functioning

Role physical problem 713+374 29+83 <0.001
Role emotional problem 404+461 20+81 0.002
Bodily pain 353+20.7 5.6+12.6<0.001
General health perception 65.8+18.8 82.0+15.2<0.001
Mental health 63.6+16.0 80.4+10.9 0.001
Vitality 30.1+£183 72.9+14.3<0.001

'Missing in 2 CD patients; “Missing 1 CD patient and 1 healthy control;
*Missing in 2 healthy controls; *Missing in 5 patients and 3 healthy
controls. To correct for multiple testing, the level of significance was set
at P < 0.006 for the SF-36 score. MMSE: Mini Mental State Examination;
WMS: Wechsler Memory Scale; WAIS-R: Wechsler Adult Intelligence
Scale-Revised; WFT: Word Fluency Test; TMT: Trial Making test; HADS:
Hospital Anxiety Depression Scale; CD: Crohn'’s disease.

deficits®™, In the present study, we did not find these
correlations.

Some limitations of this study need to be revealed.
Although this study is an exploratory study, the popu-
lation size was limited. In this pilot study we have com-
pared the most extreme cases; quiescent CD patients
with fatigue vs healthy controls without fatigue. In this
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Table 5 Z-scores of the different domains of cognitive

functioning

CD patients Controls P value
(n=20) (n=17)

297 (05) 0870

Global cognitive functioning', mean 28.9 (1.6)
+SD

Memory?, mean + SD 1.1 (2.9)
Executive functioning’, mean + SD

13(23)  0.007
2942  0.020

'The global cognitive functioning domain includes the Minimal Mental
State Examination; “The memory domain includes the Wechsler Adult
Intelligence Scale and the revised Wechsler Memory Scale; *The executive
functioning domain includes the Word Fluency Test, Stroop-Color-Word
test and Trail Making Test. CD: Crohn'’s disease.

design, we have found significant differences between
the groups and now further research is required. In
addition, the significant difference in the fatigue score
between patients and controls is not a finding of the
study, but part of the design. As a consequence, it
cannot be definitely concluded whether the differences
in MRI measures are caused by CD per se or represent
only patients with combined CD and fatigue. However,
fatigue is a subjective measurement and was evaluated
as such. It is hard to draw major conclusions from
these questionnaires, since some healthy controls
reported a high fatigue score as well due to other cir-
cumstances than IBD. In some MRI analyses, subjects
got excluded due to the quality of the data. MRS data
with high Cramer-Rao lower bounds, suggesting unreli-
able metabolite quantification, were excluded from
data analysis. This could have been influenced by the
patients” motion or bad shimming.

In conclusion, our findings support the hypothesis
that systemic inflammation influences the brain and
effects cognitive functioning and mood. This is a first
step in the gathering of data and understanding of
brain involvement in CD patients. This study implies
that for a health professional, it is important to focus
in CD patients not only on symptoms related to the
gastrointestinal tract, but also on the effects of inflam-
mation on the brain. Understanding these affects in
CD patients may help health professionals to set up
interventions to maintain CD remission by the use of
medication and to improve mood status and QoL by
e.g., psychosocial interventions.

COMMENTS

Background

Both active and quiescent Crohn’s disease (CD) is a chronic inflammatory
status in which levels of circulating inflammatory cytokines, such as tumour
necrosis factor-a, are reported in the body. These cytokines may play a role in
driving inflammation in the brain by activating microglia and the recruitment of
monocytes.
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patients with other systemic diseases including rheumatoid arthritis, systemic
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sclerosis and systemic lupus erythematosus. In addition, previous studies found
an association with fatigue and metabolic brain changes. Thus it is of interest,
whether systemic inflammation and fatigue complaints influence the brain in CD
patients as well.
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The present data support the hypothesis that systemic inflammation influences
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patients with fatigue. This is a first step in understanding brain involvement in
CD patients.
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This study implies that for a health professional, it is important to focus in CD
patients also on the effects of inflammation on the brain. Understanding these
affects in CD patients may help health professionals to set up interventions to
maintain CD remission by the use of medication and to improve mood status
and QoL by e.g., psychosocial interventions.
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this design, the authors have found significant differences between the groups
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Abstract

AIM

To evaluate the effectiveness and tolerability of a
split-dose 2 L polyethylene glycol (PEG)/ascorbic acid
(AA) regimen for healthy examinees who visited for
comprehensive medical check-up in the early morning.

METHODS

From February 2015 to March 2015, examinees of
average risk who were scheduled for a colonoscopy in
the morning were retrospectively enrolled.

RESULTS

The 189 examinees were divided into split-dose
and non-split-dose groups. The adequacy of bowel
preparation for the split-dose group vs the non-split-
dose group was 96.8% vs 85.2%, respectively, P <
0.001, and the compliance of the last meal restriction
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was 74.6% vs 58.2%, respectively, P < 0.001. The
sleep disturbance (P < 0.001) was more prevalent
in the split-dose group, however the willingness to
repeat the same preparation method (P = 0.243) was
not different in both groups. The split-dose regimen
was the most important factor influencing adequate
bowel preparation in multivariate analysis (HR = 10.89,
95%CI: 6.53-18.17, P < 0.001).

CONCLUSION

A split-dose regimen of 2 L PEG/AA for an early
morning colonoscopy was more effective and showed
better compliance for diet restriction without any
difference in satisfaction and discomfort. Introducing
a split-dose regimen of 2 L PEG/AA to morning
colonoscopy examinees is effective and tolerable in a
comprehensive medical check-up setting.

Key words: Compliance; Early morning colonoscopy;
Effectiveness; Split-dose regimen; Tolerability

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A split-dose regimen of 2 L polyethylene glycol
plus ascorbic acid is not widely used in comprehensive
medical check-up, because this is considered intolerable
for an early morning visit. We performed a retrospec-
tive cohort study to evaluate the effectiveness and
tolerability of split-dose regimen for early morning
visitors. A split-dose regimen for an early morning
colonoscopy was more effective in bowel cleansing and
showed better compliance for diet restriction compared
with non-split-dose regimen without any difference in
satisfaction and discomfort. Therefore, introducing a
split-dose regimen to morning colonoscopy examinees
is effective and tolerable even in comprehensive medi-
cal check-up settings.

Seo JY, Lee C, Jin EH, Yun MH, Lim JH, Kang HY, Yang JI,
Chung SJ, Yang SY, Kim JS. Is a split-dose regimen of 2 L
polyethylene glycol plus ascorbic acid tolerable for colonoscopy
in an early morning visit to a comprehensive medical check-up?
World J Gastroenterol 2017; 23(6): 1030-1037 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v23/i6/1030.htm
DOI: http://dx.doi.org/10.3748/wjg.v23.i6.1030

INTRODUCTION

Bowel preparation is one of the most important factors
for a complete colonoscopy. When bowel cleanliness
is adequate, the adenoma detection rate increases™™?,
and the possibility of missed lesions decreases**..
The polyethylene glycol (PEG) solution, an isosmotic
non-absorbable polymer, is generally used for bowel
preparation’. Recently, a low volume (2 L) of PEG with
ascorbic acid (AA) was found to be preferred in Korea
because 2 L PEG with AA (PEG/AA) was not inferior
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to 4 L PEG in bowel cleansing, despite the smaller
volume”™, High dose AA is not absorbed in intestine
and promotes osmotic diarrhea. So the addition of
high dose AA to PEG reduces the solution volume and
improves taste™®,

It has already been reported that a split-dose
regimen is more effective than a non-split-dose regi-
men for various drug preparations™' ™!, However, the
compliance and tolerability of a split-dose regimen
has always been a matter of concern'*'¥. In a split-
dose regimen, it is uncomfortable to wake up at dawn
to prepare for the colonoscopy scheduled in the early
morning because patients should finish the laxative at
least 2 h prior to the colonoscopy.

In case of comprehensive medical check-up in
Korea, the colonoscopy appointment varied according
to other examinations that were scheduled, but all
patients visited the center early in the morning from
7 am to 9 am. Therefore, their bowel preparation
had to be completed before 5 am to 7 am. We can
easily imagine that this leads to poor compliance and
dissatisfaction. Nevertheless, no study has directly
compared the effectiveness of split-dose cleansing
and non-split-dose cleansing using 2 L PEG/AA. Is a
split-dose regimen still effective and tolerable in these
healthy examinees?

This study aimed to compare the effectiveness,
compliance and satisfaction of a split-dose regimen vs
a non-split-dose regimen in healthy examinees who
visited a heath check-up center in the early morning.

MATERIALS AND METHODS

Study population and ethical considerations
Examinees were retrospectively enrolled in the
Seoul National University Hospital (SNUH) Healthcare
System Gangnam Center from February 2015 to
March 2015. Healthy examinees of average risk who
visited our center from 7 am to 9 am and received a
colonoscopy in the morning (8 am to 12 pm) were
enrolled. The exclusion criteria for patients were as fol-
lows: younger than 18 years of age, had inflammatory
bowel diseases or familial adenomatous polyposis, had
previously received colorectal resection, did not receive
a complete colonoscopy, or refused to participate. This
study was approved by the Ethical Committee at SNUH
(IRB No. H-1601-007-729).

Bowel preparation regimen

A non-split-dose regimen with 2 L PEG/AA has been
used in the Gangnam Center because of the concern
of patients’ poor compliance and dissatisfaction with
the split-dose regimen. According to the recent bowel
cleansing guidelines’™** as part of a quality assurance
program for colonoscopies, the split-dose regimen
was introduced in March 2015. In this regimen,
patients had to ingest 2 liters of PEG/AA solution
(Coolprep®, Taejoon Pharm, Seoul, Korea) and 1
liter of water. Detailed regimens for 2 L PEG/AA in
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Table 1 Bowel-cleansing regimens applied in this study

Non-split-dose regimen

Split-dose regimen

Low-residue diet 3d 3d
Type of last meal Rice porridge Rice porridge
Time of last meal Lunch (12:00 pm) Dinner (6:00 pm)

Bowel cleansing product (day before examination)

Bowel cleansing product (day of the examination)

PEG/AA 1L + water 0.5 L (6:00 pm-7:30 pm)
PEG/AA 1L + water 0.5 L (8:30 pm-10:00 pm)

PEG/AA 1L + water 0.5 L (9:00 pm-10:30 pm)

PEG/AA 1L + water 0.5 L (4:00 am-5:30 am)

AA: Ascorbic acid; PEG: Polyethylene glycol.

both groups are shown in Table 1. In the non-split-
dose group, all of the bowel cleansing product and
additional water was administered from 6:00 pm to
10:00 pm on the day before the colonoscopy. In the
split-dose group, half of the product was administered
the day before the colonoscopy, and the rest of the
product was administered in the early morning (4:00
am to 5:30 am) on the day of the colonoscopy.

All patients received written instructions and phone
calls from nurses about diet control and the method of
bowel cleansing 1 wk prior to the colonoscopy.

Assessment of compliance, tolerability and safety
The compliance of patients was checked by nurses on
an individual basis. Patients were questioned how long
they had a low-residue diet, what food they ate for the
last meal, the time when they had the last meal and
the amount of PEG/AA and water they ingested.

The tolerability, dissatisfaction or discomfort expe-
rienced by the patients was evaluated using question-
naires before the colonoscopy. In terms of satisfaction,
patients checked uncomfortable symptoms they had
during bowel cleansing, such as nausea and/or vomit-
ing, bloating, excessive diarrhea, anal pain, abdominal
pain and/or discomfort, dizziness, fecal incontinence,
sleep disturbance, large amount of fluid to intake, chill-
ing and headache. Discomfort of bowel cleansing was
assessed by using a visual analogue scale (on a scale
of 1 to 10, with 10 being the worst). The willingness
to repeat the same bowel cleansing regimen was also
assessed.

For safety purposes, serious side effects that
needed medical management such as dehydration and
allergic reaction were monitored.

Colonoscopy and scoring of the bowel preparation

All procedures were performed by 17 expert endosco-
pists who had each performed more than 2000 colo-
noscopies. The effectiveness of bowel preparation was
graded according to the Aronchick Bowel Preparation
Scale!®, The cleanliness of the total bowel was scored
as one of five grades as follows: excellent, good, fair,
poor, inadequate. In some patients, the colonoscopy
was withdrawn before complete intubation because of
huge amounts of solid materials in the left colon. The
bowel preparation in these patients was also graded
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“inadequate”. Degrees of bowel preparation that were
deemed fair or better (fair, good and excellent) were
considered ‘adequate bowel preparation’ in this study.

Statistical analysis

Continuous variables were expressed as the mean
+ SD. Differences of continuous variables were ana-
lyzed by the independent-samples t-test. Categorical
variables were expressed as a number (percent).
These variables were analyzed using the »° test and
Fisher’s exact test. The associations of the interval
between when the bowel preparation was completed
and the start of the colonoscopy and the quality of
the bowel preparation were calculated according to
linear regression and one-way analysis of variance.
To evaluate the important factors associated with
adequate bowel preparation, the logistic regression
method was used. Variables with P values less than
0.05 in the univariate analysis were included in the
multivariate analysis. P values < 0.05 were consid-
ered statistically significant. Statistical analyses for
this study were conducted using SPSS for Windows
12.0 (SPSS Inc., Chicago, IL, United States).

RESULTS

Clinical characteristics of patients

The number of patients enrolled in this study was 378.
Among them, 189 patients were in the non-split-dose
group, and the other 189 patients were in the split-
dose group. Demographics and clinical characteristics
of the patients are shown in Table 2. No differences
were observed in the proportion of males (58.7% in
the non-split-dose group vs 60.3% in the split-dose
group, P = 0.753), the mean age of participants (53.4
+ 10.9 vs 51.8 + 9.3, respectively, P = 0.110) and the
proportion of patients receiving the colonoscopy for
screening purposes (22.8% vs 25.4%, respectively, P
= 0.547). The mean frequency of bowel movements
per week and the proportion of patients who were tak-
ing drugs for constipation were not different between
the two groups.

Effectiveness of the bowel preparation method
The effectiveness of the bowel preparation according
to the different regimens is displayed in Table 3. A
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Table 2 Demographics and clinical characteristics of patients

n (%)

Table 4 Compliance of bowel preparation according to
different preparation regimens

Non-spilt-dose Split-dose P value Non-spilt-dose  Split-dose P value
regimen regimen regimen regimen
n = 189 n =189 n = 189 n = 189
Gender 0.753 Low-residue diet 0.542
Male 111 (58.7) 114 (60.3) <3d 54 (28.6%) 49 (25.9%)
Female 78 (41.3) 75 (39.7) =3d 134 (70.9%) 140 (74.1%)
Age (yr) 53.4+10.9 51.8+9.3 0.110 Type of last meal <0.001
Previous examination 0.547 Rice porridge 110 (58.2%) 141 (74.6%)
Screening 43 (22.8) 48 (25.4) Other low residue diet' 48 (25.4%) 25 (13.2%)
Surveillance 146 (77.2) 141 (74.6) Normal or high residue diet 19 (10.1%) 4(2.1%)
Bowel movement (wk) 71433 71435 0.738 Time of last meal <0.001
Medications for constipation 0.869 As recommended or earlier 138 (73.0%) 176 (93.1%)
Yes 5(2.6) 4(2.1) After recommendation 50 (26.5%) 11 (5.8%)
No 169 (89.4) 172 (91.0) Dose of PEG/ AA intake 0.736
2L 185 (97.9%) 184 (97.4%)
<2L 4(2.1%) 5(2.6%)
Dose of water intake 0.081
Table 3 Difference of bowel preparation score between two =1L 185(97.9%) 189 (100%)
groups 71 (%) <1L 3 (1.6%) 0(0%)

Non-spilt-dose Split-dose P value
regimen regimen
n = 189 n = 189
<0.001
Adequate
Score 1 (Excellent) 7 (3.7) 33 (17.5)
Score 2 (Good) 47 (24.9) 119 (63.0)
Score 3 (Fair) 107 (56.6) 31 (16.4)
Inadequate
Score 4 (Poor) 20 (10.6) 5(2.6)
Score 5 (Inadequate) 8(4.2) 1(0.5)

change in the bowel preparation regimen showed
drastic improvement in bowel cleanliness (P < 0.001).
When we numerically calculated the score of the bowel
preparation, the mean score of the bowel preparation
was 2.8 £ 0.8 in the non-split-dose group and 2.0
£ 0.7 in the split-dose group (P < 0.001). Adequate
bowel preparation (excellent, good and fair) reached
significance in the split-dose regimen group (85.2%
in the non-split-dose group vs 96.8% in the split-dose
group, P < 0.001). Only 1 patient experienced inad-
eqguate bowel preparation (received a score of 5) in the
split-dose group. Only 1 (0.5%) patient in the split-
dose group and 4 (2.1%) patients in the non-split-
dose group received the additional bowel preparation
method for the repeated colonoscopy.

Compliance of patients

The compliance of patients according to different
preparation regimens was analyzed based on the
nurses’ medical records of the patients (Table 4).
To achieve good compliance for bowel preparation,
written instructions and phone calls were offered. Most
examinees carefully read the instructions (97.4% in
the non-split-dose group vs 98.9% in the split-dose
group, P = 0.429), and the patients also received
explanations from phone calls (87.8% vs 89.4%,
respectively, P = 0.134). As a result, most patients
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'Other low residue diet includes fish, egg, bread, potato, etc. AA: Ascorbic
acid; PEG: Polyethylene glycol.

understood the significance of bowel cleansing prior
to a complete colonoscopy (97.9% vs 94.2%, respec-
tively, P = 0.131).

When we divided the bowel preparation into a
“diet control” part and an ingesting “PEG/AA” part,
the compliance of the ingestion of PEG/AA and water
was higher than 97% in both groups. However, the
compliance of the “diet control” part was not satisfac-
tory. Patients who ingested a low-residue diet for more
than 3 d had a compliance of only 70.9% and 74.1%
in the non-split-dose group and split-dose group,
respectively, P = 0.542. More patients in the split-
dose group followed the restriction of the last meal.
The percentage of patients who had rice porridge was
much higher in the split-dose group compared to the
non-split-dose group (74.6% vs 58.2%, respectively,
P < 0.001). Only 73.0% followed the time limit of the
last meal in the non-split-dose group compared to
93.1% in the split-dose group.

Tolerability and safety of the patients

The data relating to satisfaction and discomfort of the
patients were collected and analyzed from question-
naire surveys (Table 5). According to the visual
analogue scale of the discomfort index, no significant
difference in discomfort between the two groups
(5.2 £ 2.7 vs 4.8 £ 2.8, P = 0.257) was observed.
Regardless of their discomfort, most patients in both
groups answered that they were inclined to repeat the
same regimen the next time (69.8% vs 70.4%, P =
0.243). In terms of adverse events, the most common
causes of discomfort during bowel preparation were
poor taste, nausea and/or vomiting and bloating. For
the split-dose group, sleep disturbance was the 2™
most common complaint (40.9%), which was higher
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Table 5 Subjective discomfort of patients according to different preparation regimens 7 (%)

Non-split-dose regimen Split-dose regimen P value
n =189 n =189
Discomfort score (0-10)" 52+£27 48+28 0.257
Willingness to repeat same regimen
Yes 132 (69.8) 133 (70.4) 0.243
No 47 (24.9) 52 (27.5)
Adverse events
Poor taste 53 (50.5) 74 (54.0) 0.585
Nausea/vomiting 39 (37.1) 53 (38.7) 0.806
Bloating 38 (36.2) 54 (39.4) 0.608
Excessive diarrhea 27 (25.7) 27 (19.7) 0.266
Anal pain 20 (19.0) 14 (10.2) 0.050
Abdominal pain/discomfort 13 (12.4) 20 (14.6) 0.618
Dizziness 9 (8.6) 9 (6.6) 0.556
Fecal incontinence 8 (7.6) 7 (5.1) 0.422
Sleep disturbance 6 (5.7) 56 (40.9) <0.001
Bulky fluid 4(3.8) 0(0) 0.021
Chilling 3(2.9) 1(0.7) 0.198
Headache 1(1.0) 0(0) 0.252

'Patients graded subjective discomfort from 0 (tolerable) to 10 (extremely distressed).

Table 6 Factors associated with adequate bowel preparation

Univariate analysis

Multivariate analysis

HR (95%CI) P value HR (95%CI) P value
Age 0.99 (0.97-1.01) 0.524
Gender (female) 1.26 (0.83-1.91) 0.273
Bowel movement (wk) 1.00 (0.94-1.06) 0.989
Low-residue diet (= 3 d) 1.55 (1.00-2.39) 0.048 1.49 (0.88-2.53) 0.139
Time of last meal' 3.47 (1.92-6.29) <0.001 1.61 (0.78-3.30) 0.195
Type of last meal
Normal or high residue 1.00 (reference) 1.00 (reference)
Rice porridge only 5.09 (1.83-14.12) 0.002 2.26 (0.70-7.30) 0.174
Other low residue’ 2.86 (0.94-8.69) 0.064 2.53 (0.72-8.93) 0.150
Preparation regimen (split-dose) 10.63 (6.57-17.19) <0.001 10.89 (6.53-18.17) <0.001
Intake of PEG/AA (dose) 2.08 (0.20-22.06) 0.543
Intake of water (dose) 0.036 (0.00-12.36) 0.265

'Whether patients followed recommendations; lunch for non-spilt-dose regimen, dinner for split-dose regimen; *Other low residue diet includes fish, egg,

bread, potato, etc. AA: Ascorbic acid; PEG: Polyethylene glycol.

than the non-split-dose group (5.7%, P < 0.001).
Additionally, the complaint of the bulky fluid was more
common in the non-split-dose group than the split-
dose group (3.8% vs 0%, respectively, P = 0.021).

During bowel preparation, none of the patients
experienced serious side effects. Only one case of
urticaria was reported in the non-split-dose regimen
group. The patient was a 75-year-old female who had
generalized urticaria after ingesting half of the PEG/AA
solution. She was fully recovered after receiving an
oral antihistamine.

Factors associated with adequate bowel preparation

Important factors leading to adequate bowel prepara-
tion are shown in Table 6. In the univariate analysis,
the factors that were significantly related to adequate
bowel preparation were as follows: = 3 d of a low
residue diet (P = 0.048), time of the last meal was as
instructed (P < 0.001), rice porridge for the last meal (P
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= 0.002), and split-dose regimen (P < 0.001). Using
these factors in the multivariate analysis, the split-
dose regimen was the only significant factor related
to adequate bowel preparation (adjusted HR = 10.89,
95%CI, 6.53-18.17, P < 0.001).

In the split-dose regimen group, the interval
between the completion of the bowel preparation and
the colonoscopy was shorter than that of the non-
split-dose regimen group. The average intervals were
728.3 £ 91.0 min for the non-split-dose regimen
group and 291.5 + 65.0 min for the split-dose regi-
men group (P < 0.001). The linear regression of the
continuous variables demonstrated that the quality
of bowel preparation improved when the interval
decreased between the completion of the bowel prep-
aration and the start of the colonoscopy (B = 0.002,
r = 0.462, P < 0.001). When we divided patients
into their bowel preparation scores, we observed a
meaningful difference in the interval time between
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Table 7 Correlation of bowel cleanliness and interval between finishing bowel preparation and colonoscopy

Bowel preparation score Inadequate Poor Fair Good Excellent P value
n=4 n =25 n =138 n = 165 n = 40

Interval' 661.3 £ 91.3 667.3 £ 205.6 631.0 £201.3 413.7 £210.2 364.5+167.8 <0.001

T a a a b b TukeyB

'Interval between finish of bowel preparation and start of colonoscopy (min). Statistical significances were tested by One-way analysis of variances among

groups; “The same letters indicate non-significant difference between groups based on Tukey’s multiple comparison test.

the patients who received good/excellent scores and
the patients who received fair/poor/inadequate scores
(one-way analysis of variance, P < 0.001; Table 7).

DISCUSSION

In this study, we observed that the effectiveness of
bowel cleansing was markedly improved in the split-
dose regimen group as previously described™®. We
also analyzed the importance of the time interval
between the completion of the bowel preparation and
the starting time of the colonoscopy. Patients who had
a time interval less than 7 h showed a better outcome
than that of patients with more than a 7-h interval.
This result is in accordance with previous reports that
bowel cleansing was better when the colonoscopy was
performed within 8 h after ingesting the last fluid than
after 8 h of the final ingestion™" and that the degree of
bowel preparation worsens with time™”.

Our results showed that the compliance of diet con-
trol was much better in the split-dose group than the
non-split-dose group, particularly in regard to the type
and time of the last meal. This result could be inter-
preted to mean that having an early dinner before the
day of the colonoscopy was acceptable and tolerable in
the split-dose regimen group. Additionally, it would be
difficult to restrict food at lunch during working hours
in the non-split-dose group, and having a low residue
diet for dinner would be much easier. This study is the
first of its kind that showed better compliance of diet
control in the split-dose group compared to that of the
non-split-dose group; the diet control regimen for the
split-dose group was more tolerable and effective for
bowel preparation.

However, keeping a low-residue diet for 3 d was
not followed well in both groups; therefore, the proper
number of days for diet restriction has not yet been
determined. Some studies have focused on a liberal
diet for better compliance, but the results were not
satisfactory***®!, Various high-residue foods such as
kimchi are a considerable part of the Korean diet, and
these fiber materials are difficult to remove during a
colonoscopy. Nevertheless, even though our patients
knew the necessity of bowel preparation and con-
formed to ingesting whole PEG/AA, their compliance to
a low-residue diet was still very poor. The usefulness of
education about bowel preparation has been already
reported™*?, Continuous education and promotion of
diet control will be important, and further studies are
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required to reduce the days of diet control.

When we reviewed the patients who received an
additional bowel preparation regimen during the study
period, the only patient who failed the bowel prepara-
tion in the split-dose group was a 45-year-old man.
He did not follow the diet control as instructed; he
had high-residue side dishes for the last meal the day
before the colonoscopy and a low-residue diet for only
1 d. When he followed the instructions of the split-
dose regimen completely for the repeat colonoscopy,
his bowel preparation was excellent. Furthermore, 4
patients needed additional bowel preparation in the
non-split-dose group. In spite of ingesting additional
PEG solution or perfectly following instructions of the
non-split-dose regimen, the best score they received
for the repeat colonoscopy was fair.

Despite the concerns of complaints in the split-dose
group, no differences in tolerability and satisfaction
were observed between the two groups. However, a
significant difference in the details of complaints was
observed. Examinees of the split-dose group expe-
rienced more sleep disturbance than the non-split-
dose group. In contrast, examinees of the non-split-
dose group complained about the bulky fluid because
they had to ingest a large amount of fluid within a
few hours. Interpreting our data, very little difference
was observed in general satisfaction according to the
type of regimen, and only in the different subtype of
discomfort.

This study has inevitable limitations because of its
non-randomized design and retrospective nature. The
examinees who completed the survey during the study
period were enrolled in this study, and the possibility of
selection bias was present. Despite its shortcomings,
the strength of this study is related to the following
advantages: (1) this is the first study that compared
effectiveness, compliance and tolerability of split-dose
and non-split-dose regimens using low volume PEG
for early morning visitors to a comprehensive medical
check-up. Therefore, this study required a special con-
dition that all examinees should complete their bowel
preparation before their visit for the comprehensive
medical check-up; (2) we presented the compliance
of the bowel cleansing regimens step-by-step and
detailed the complaints and practical dissatisfaction of
the examinees; and (3) finally, we demonstrated that
diet control in the split-dose group was more tolerable
than the non-split-dose group.

In conclusion, a split-dose-regimen of 2 L PEG/AA
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for an early morning colonoscopy was more effective
and showed better compliance for diet restriction
without any differences in satisfaction and discomfort.
Therefore, it is reasonable to introduce a split-dose
regimen for the early morning colonoscopy examinees
undergoing comprehensive medical check-up consi-
dering its remarkable effectiveness and compliance.

COMMENTS

Background

Bowel preparation is one of the most important factors for a complete
colonoscopy. It has already been reported that a split-dose regimen is more
effective than a non-split-dose regimen for various drug preparations. However,
a split-dose regimen of 2 L polyethylene glycol (PEG) plus ascorbic acid (AA) is
not widely used in comprehensive medical check-up in Korea because the split-
dose regimen is considered intolerable for an early morning visit.

Research frontiers

In a split-dose regimen, it is uncomfortable to wake up at dawn to prepare for
the colonoscopy scheduled in the early morning because patients should finish
the laxative at least 2 h prior to the colonoscopy. This study aimed to evaluate
the effectiveness and tolerability of a split-dose 2 L PEG/AA regimen for healthy
examinees who visited for comprehensive medical check-up in the early
morning.

Innovations and breakthroughs

In this study, the authors found that effectiveness of bowel cleansing was
markedly improved in the split-dose regimen group. Compliance of diet
control was much better in the split-dose group than the non-split-dose
group, particularly in regard to the type and time of the last meal. Despite the
concerns of complaints in the split-dose group, no differences in tolerability and
satisfaction were observed between the two groups. However, a significant
difference in the details of complaints was observed. Examinees of the split-
dose group experienced more sleep disturbance than the non-split-dose group.
In contrast, examinees of the non-split-dose group complained about the bulky
fluid because they had to ingest a large amount of fluid within a few hours.

Applications

It is reasonable to introduce a split-dose regimen for the early morning
colonoscopy examinees undergoing comprehensive medical check-up
considering its remarkable effectiveness and compliance.

Terminology

Split-dose regimen is a method of bowel preparation for colonoscopy that
examinees take half of bowel cleansing dose at night on the day before the
colonoscopy and the other half in the early morning on the day of colonoscopy.

Peer-review

This is a good study in which the authors analyzed the effectiveness and
compliance of split-dose regimen of 2L PEG/AA for an early morning
colonoscopy. This result is an important ground to introduce a split-dose
regimen to morning colonoscopy examinees in a comprehensive medical
check-up.
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Absitract

AIM

To determine if patients can localise dysphagia level
determined endoscopically or radiologically and associ-
ation of gender, age, level and pathology.

METHODS

Retrospective review of consecutive patients presenting
to dysphagia hotline between March 2004 and March
2015 was carried out. Demographics, clinical history
and investigation findings were recorded including
patient perception of obstruction level (pharyngeal,
mid sternal or low sternal) was documented and the
actual level of obstruction found on endoscopic or
radiological examination (if any) was noted. All patients
with evidence of obstruction including oesophageal
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carcinoma, peptic stricture, Schatzki ring, oesophageal
pouch and cricopharyngeal hypertrophy were included in
the study who had given a perceived level of dysphagia.
The upper GI endoscopy reports (barium study where
upper GI endoscopy was not performed) were reviewed
to confirm the distance of obstructing lesion from central
incisors. A previously described anatomical classification
of oesophagus was used to define the level of obstruction
to be upper, middle or lower oesophagus and this was
compared with patient perceived level.

RESULTS

Three thousand six hundred and sixty-eight patients
were included, 42.0% of who were female, mean
age 70.7 + 12.8 years old. Of those with obstructing
lesions, 726 gave a perceived level of dysphagia:
37.2% had oesophageal cancer, 36.0% peptic stricture,
13.1% pharyngeal pouches, 10.3% Schatzki rings and
3.3% achalasia. Twenty-seven point five percent of
patients reported pharyngeal level (upper) dysphagia,
36.9% mid sternal dysphagia and 25.9% lower sternal
dysphagia (9.5% reported multiple levels). The level
of obstructing lesion seen on diagnostic testing was
upper (17.2%), mid (19.4%) or lower (62.9%) or
combined (0.3%). When patients localised their level
of dysphagia to a single level, the kappa statistic was
0.245 (P < 0.001), indicating fair agreement. 48%
of patients reporting a single level of dysphagia were
accurate in localising the obstructing pathology. With
respect to pathology, patients with pharyngeal pouches
were most accurate localising their level of dysphagia
(P < 0.001). With respect to level of dysphagia, those
with pharyngeal level lesions were best able to identify
the level of dysphagia accurately (P < 0.001). No
association (P > 0.05) was found between gender,
patient age or clinical symptoms with their ability to
detect the level of dysphagia.

CONCLUSION

Patient perceived level of dysphagia is unreliable in
determining actual level of obstructing pathology and
should not be used to tailor investigations.

Key words: Deglutition disorders; Oesophageal stenosis;
Oesophageal neoplasm; Gastroscopy; Fluoroscopy;
Patient perception; Pharyngeal pouch

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patient perception of the level of their dysp-
hagia is only accurate in 48% of patients. It is most
accurate for those with pharyngeal pouches and for
those with pharyngeal or upper oesophageal pathology
which might help guide initial investigations, e.g., to
barium swallow. No other patient features or history
helps determine patient accuracy. Endoscopists and
radiologists should be aware of the importance of
carefully examining the whole oesophagus to avoid
missing pathology irrespective of a patient’s perceived
level of dysphagia.
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INTRODUCTION

For more than 40 years, it has been established that
a careful history can establish the diagnosis in up to
80% of patients presenting with dysphagia' . Indeed
we and others have demonstrated that aspects of
history and patient demographics can be highly predic-
tive of specific diagnoses such as oesophageal cancer,
peptic stricture, pharyngeal pouch and eosinophilic
oesophagitis'”.

However studies which have explored whether
patients are accurately able to localise the site of the
cause of their dysphagia have been inconclusive.
Some have found overall poor correlation between
patient localisation and actual site of pathology™®®
whilst others have found it to be good®*, While
some studies suggest that localisation of proximal
pathology is more accurate!’>'" others have shown the
converse®®, Only the study by Roeder® has attempted
to determine if the underlying pathology was related
to the patient’s ability to accurately localise the level
of dysphagia and that was primarily to investigate
whether diffuse localisation was associated with an
underlying motility disorder (which was the case in
only 9%).

Whether a patient is able to accurately localise
the level of their dysphagia is important. If they can
accurately localise the level of dysphagia, then a
focussed examination might be feasible, reducing
cost, time and, for barium examinations, radiation
exposure. If they are unable to accurately localise the
level of dysphagia it is equally important that radiolo-
gist or endoscopist is aware of this or they may fail to
focus on the whole oesophagus and miss important
pathology™?.

We reviewed the final outcome of 3668 consecutive
patients presenting with dysphagia between March
2004 and March 2015. Patient localisation of the level
of their dysphagia was compared to that found at
endoscopy or barium swallow examination in patients
with an obstructing oesophageal lesion. We explored
whether the nature of the pathology, patient charac-
teristics or clinical features were associated with the
patients’ ability to localise the level of dysphagia.

MATERIALS AND METHODS

Case ascertainment

We reviewed the final outcome of those patients
presenting to our nurse led telephone triage dys-
phagia hotline*’ between March 2004 and March
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Table 1 Diagnoses in patients with discrete pathology

investigated for dysphagia between 2004 and 2015

Diagnosis n (%)
Oesophageal cancer 270 (37.2)
Peptic stricture 261 (36.0)
Cricopharyngeal hypertrophy/pharyngeal pouch 95 (13.1)
Schatzki ring 75 (10.3)
Achalasia 24 (3.3)
Pharyngeal pouch and oesophageal cancer 1(0.1)

2015. Firstly those patient with an obstructing lesion
including oesophageal carcinoma, peptic stricture,
Schatzki ring, oesophageal pouch and cricopharyngeal
hypertrophy were identified. The patient group studied
were those with an obstructing oesophageal lesion
and patient-derived data regarding localisation levels.
Patient data was contemporaneously recorded but
reviewed retrospectively and included: patient demo-
graphics, patient perception of their level of dysphagia
as upper (described as level of throat), middle (mid
chest) or lower (bottom of chest); and associated
symptoms.

Investigations and level of dysphagia

We next determined where those with an obstructing
lesion who had given a defined level of obstruction
had undergone upper gastrointestinal endoscopy only,
barium swallow only or both. The level of dysphagia
was taken as that recorded by the endoscopist (either
as distance from the incisors or as upper, middle or
lower oesophagus). When endoscopy was unsuccess-
ful, refused or not performed for another reason then
the level of dysphagia was taken as that recorded at
barium swallow. If the radiologist had not recorded
a level of dysphagia, the films were reviewed by a
radiology registrar and consultant to agree a level. The
final level was then recorded as per the subdivision
of the oesophagus suggested by the National Cancer
Institute**, namely. Upper: from thoracic inlet to
level of tracheal bifurcation; 18-23 cm from incisors.
Middle: from tracheal bifurcation to midway to gastro-
oesophageal junction; 24-32 cm from incisors. Lower:
from midway between tracheal bifurcation and gastro-
oesophageal junction to gastro-oesophageal junction;
32-40 cm from incisors.

Statistical analysis

The Kappa statistic was used to define if the patient
localisation and diagnostic localisation matched. Cate-
gorical variables were explored using Pearson’s ;* test
to look at the association of the clinical and patient
characteristic factors, such as diagnosis, the level of
pathology and history of symptoms (duration, regur-
gitation, reflux, odynophagia, chest pain, diet change
and weight change) and gender. Following test for
assumption of normality, age was explored using
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Independent t-test to determine if there was a mean
difference in age of people who could and could not
determine the localisation of their obstruction. Missing
data was handled using complete case analysis.

Data was analysed using IBM SPSS Statistics
V22.0, and were two tailed tests where statistical
significance was accepted if P < 0.05!*",

The statistical methods of this study were reviewed
by Stig B Laursen of Odense University Hospital,
Odense, Denmark.

The study was reviewed by the Research, Develop-
ment and Innovation sponsorship team, Royal Cornwall
Hospitals NHS Trust at the Royal Cornwall Hospital who
ruled that formal ethics approval was not required as it
fell within the remit of audit/service evaluation.

RESULTS

Patients and diagnoses

A total of 3668 consecutive patients were seen by the
dysphagia hotline during the study period. Of these,
807 had an obstructing lesion of who 726 had given a
perceived level of obstruction. Of these, 42.0% were
female, mean age 70.7 £ 12.8 years old. The final
diagnoses are shown in Table 1.

Six hundred and forty-one (88.3%) had undergone
upper gastrointestinal endoscopy alone, 73 (10.0%)
a barium swallow only and 12 (1.6%) had undergone
both. Twenty-seven point five percent of patients
reported pharyngeal level (upper) dysphagia, 36.9%
mid sternal dysphagia and 25.9% lower sternal dys-
phagia. The remaining 9.5% reported less well defined
dysphagia, giving more than one level of perceived
dysphagia, most commonly pharyngeal and mid ster-
nal dysphagia (7.4%). The levels of obstructing lesions
seen on diagnostic testing were upper (17.2%), mid
(19.4%), lower (62.9%) or combined (0.3%).

Symptoms were described as progressive (42.5%),
intermittent (56.8%), dysphagia to solids (98.9%) or
dysphagia to liquids (17.4%), associated with regur-
gitation (63.6%) or reflux (51.5%). Odynophagia was
described in 23.8%, chest pain 25.1%, diet change
due to dysphagia in 48.2% and weight loss of 2 kg or
more in 36.9%.

Association between patient localisation of disease and
actual localisation

Where patients described multiple levels of dysphagia
there can be no agreement between patient described
levels of dysphagia and actual levels. Comparing only
when patients were able to accurately pinpoint their
level of dysphagia (single localisation point), gave
a kappa statistic of 0.245 (P < 0.001), indicating a
fair agreement'*® between patient localisation and
actual level of lesion. Of those patients indicating a
single level of dysphagia, 48.0% of patient had an
absolute match between perceived and actual level of
dysphagia.
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Table 2 Accuracy in perceiving correct level of dysphagia correlated to final diagnosis

Diagnosis Perceived single level (77) Perceived diffuse level (1) Absolute match
Achalasia 23 1 34.8%
Oesophageal cancer 243 27 47.3%
Peptic stricture 235 26 38.7%
Pharyngeal pouch 88 7 84.1%
Schatzki ring 66 9 40.9%

One patient perceived the obstruction as pharyngeal and had both pharyngeal (pouch) and distal (cancer) obstruction. Their data is not included in this

table.

Table 3 Effect of level of obstructing lesion on patient ability to accurately localise the cause of their dysphagia

Level of obstructing lesion Total (7) Perceived as pharyngeal Perceived as mid sternal Perceived as lower sternal ~ Correct level identified
Upper 115 94 18 3 81.7%
Middle 130 39 64 27 49.2%
Lower 410 66 186 158 38.5%
Total 655 199 268 188 48.2%

Six hundred and fifty-five patients with a single obstructing oesophageal lesion with the test derived level shown in column 1 and the patient perceived

level in columns 3-5. When a patient perceived their dysphagia correctly this is shown in bold. Some patients perceived more than one level of dysphagia
(diffuse) but their data is not shown here for clarity (1 = 71). Pearson 7 test gave P < 0.001.

Table 4 Associated symptoms and their ability to improve patient localisation of dysphagia 7 (%)

Symptom Number reporting symptom Number with symptom correctly localising dysphagia P value
Regurgitation/choking 416/ 647 (67.4) 195/416 (46.9) 0.478
Reflux 339/649 (52.2) 152/339 (44.8) 0.059
Odynophagia 158/651 (24.3) 72/158 (45.6) 0.415
Chest pain 162/649 (25.0) 71/162 (43.8) 0.180
Change in diet 315/651 (48.4) 151/315 (47.9) 0.883
Weight gain 47/635 (7.9) 20/47 (42.6) 0.422
Weight loss 244/611 (39.9) 116/244 (47.5) 0.816

Effect of nature of obstructing lesion on localisation of
dysphagia

Patients with pharyngeal pouches were most likely to
accurately localise their level of dysphagia. Regarding
patients perceiving dysphagia at a single level,
84.1% accurately identified the level. The number
and percentage of absolute match (single localisation
level accurately identified by patient) among different
diagnostic groups is shown in Table 2. * test showed
this was statistically significant (P < 0.001), establish-
ing a definite association between nature of the
pathology and the patients’ ability to localise the level
of dysphagia.

Effect of level of obstructing lesion on localisation of
dysphagia

When the actual level of the obstructing lesion was
considered, it was noted that patients with pharyngeal
obstruction were most likely to accurately localise the
obstruction (Table 3).

Effect of patient gender on localisation of dysphagia
No association was found between gender and ability
to detect the level of dysphagia. Similar figures were
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seen for males (183 of 386: 47.4% absolute match)
and females (132 of 270: 48.9% absolute match), P =
0.709.

Effect of patient age on localisation of dysphagia

Three hundred and fifteen of 656 patients who cor-
rectly identified their level of obstruction had a mean
age of 71.28 £+ 13.02 years. The mean age for patients
who were incorrect in identifying the level of their dys-
phagia was 70.58 + 13.17 years. Independent t test
found the mean difference not significant (P = 0.497)
indicating that patient age does not influence ability to
identify the level of dysphagia (95%CI: -2.706-1.314).

Effect of “associated symptoms” on patients’ ability to
detect level of dysphagia

Patients with dysphagia presented with many associ-
ated symptoms. Symptoms were described as pro-
gressive (43.4%), intermittent (56.4%), dysphagia to
solids (99.5%) or to liquids (17.1%). It was associated
with regurgitation, reflux, odynophagia, chest pain,
diet change due to dysphagia and weight loss of 2 kg
or more as shown in Table 4. Duration was less than 8
wk (27.6%), 8-25 wk (35.2%) or greater than 25 wk
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(37.1%) Statistical analysis indicated no association
of any of these with the ability to localise the level of
dysphagia.

DISCUSSION

To our knowledge this is the largest study comparing
patient localisation of dysphagia with true level of
obstruction defined by endoscopy or barium swallow
examination. In 48% of patients, the dysphagic
symptoms accurately predicted the location of the
underlying obstructive oesophageal pathology and this
was most accurate (81.7%) in patients with lesions in
the upper oesophagus despite only 17.6% of patients
presenting with pharyngeal level lesions. No factors
in patient demographics or history predicted which
patients more accurately localised their pathology.

Previous studies have shown a very wide range in
the ability of patients to accurately identify the level
of obstructing oesophageal pathology ranging from
17% to 74%P%%™ possible reasons for the differ-
ences between each of these studies and our own
include small patient numbers in the studies where
patient localisation appeared more accurate!’®'"! and
differences in the populations studied. For instance,
Roeder et al® found patients with distal pathology
most accurate (80%) but these comprised only a
small percentage of their study (which may indicate
problems with selection bias). They comprise 62.6% of
a larger patient cohort in the present study population.

When comparing specific pathologies with the
ability to localise, those with pharyngeal pouches were
most accurate. This differs from previous studies which
failed to show any difference based on underlying
oesophageal pathology™'". It provides some reas-
surance that our policy of performing barium swallow
initially rather than gastroscopy for patients presenting
with pharyngeal level dysphagia is correct™.

Again there have been differences in the pathology
studied. We elected to study conditions where the
pathology was well defined and could be accurately
localised. Some studies have included patients with
motility disorders® and gastro-oesophageal reflux dis-
ease'™! which are more diffuse. There are differences
in investigations performed. Some studies performed
barium swallow alone!®, others manometry and
gastroscopy'™, and others barium swallow and gastros-
copy™!. Manometry was not easily accessible for our
patient cohort (the nearest centre during most of the
study period being 60 miles (96 km) from our centre
so few patients were studied in this way). Differences
in conditions studied, investigations performed, differ-
ences in the manner in which patient localisation was
recorded and in the final diagnoses studied as well as
the size of the patient cohort could all influence the
final outcome.

The current study is retrospective and has used
only 3 areas for patient localisation unlike that of
Wilcox™!! who used exact patient identified levels and
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determined how accurate they were in centimetres
from the pathology found. But others have used 3-6
levels also™®,

We also acknowledge that the pathology seen
at endoscopy or on barium study is not always the
underlying reason for a patient to experience dysp-
hagia eg a patient with a Schatzki ring could have
oesophageal dysmotility underlying their dysphagia,
but it seems highly likely that the recorded pathology
(pharyngeal pouches, achalasia, oesophageal cancer
and peptic strictures) would have been responsible in
the majority. Our study has included only patients with
obstructing oesophageal pathology, which represents
18% of the 3668 consecutive cases presenting with
dysphagia to our rapid-access dysphagia hotline
clinic. Patients with dysphagia and non-obstructive
oesophageal pathology were excluded from analysis.
This is an important point to bear in mind, as although
we have demonstrated that 48% of patients accurately
predict their level of obstructing oesophageal pathol-
ogy, in clinical practice when faced with a patient with
dysphagic symptoms the predictive value of level of
dysphagia will likely be an order of magnitude less
than we observed in our selected population.

It is recognised that 11.3% of upper gastrointes-
tinal cancers have been missed on an examination
within 3 years of their diagnosis™*?. Whilst oesophageal
lesions account for only 9% of this cohort it is possible
that endoscopists or radiologists could be misled by
patient symptoms and focus on the area of patient
localisation. With this in mind, we disagree with the
advice of Wright and Ellis"” to tailor the examination
to focus on the patient localised area of dysphagia.

In summary, we have shown that in 48% of
patients the level of dysphagic symptoms accurately
predicted the location of the underlying obstructive
oesophageal pathology and this was most accurate
in patients with upper oesophageal pathology. The
clinical utility of the level of dysphagia in an unselected
dysphagic population is likely to be low.

Patients are relatively inaccurate in localising
obstructing oesophageal pathologies causing dyspha-
gia. Those with pharyngeal pouches or pharyngeal
level pathology in general are most accurate but a
full examination of the oesophagus is essential in all
patients presenting with dysphagia to prevent missing
pathology.
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Background

Previous studies investigating patients with dysphagia and their ability to
determine the level of obstructive lesions have produced discordant results.
Some have shown good correlation between actual and perceived level,
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others have not. Some have shown distal pathology is better correlated, others
pharyngeal level.

Research frontiers

Dysphagia is a common symptom which can be secondary to malignancy. If
patients are able to determine the level of their dysphagia, limited endoscopic
or fluoroscopic examination may be feasible. It is also important to determine if
patients with pharyngeal pouches in particular are able to determine the level
of their dysphagia since some centres will investigate patients with pharyngeal
level dysphagia initially by barium swallow to avoid endoscopy and risk of
perforation.

Innovations and breakthroughs

This study is much larger than any previous studies investigating patient
perception of dysphagia level and investigates only those conditions where
there is a definite level of pathology. Detailed history obtained prospectively
was available and used to determine if associated features help with patient
perception. Patient perceived dysphagia level with actual level correlate in 48%
of patients overall but in 84.1% of those with pharyngeal pouches and 81.7%
of those with pharyngeal level pathology. Ability to perceive level of obstruction
was unrelated to patient age or gender or any associated symptoms.

Applications

Patients with pharyngeal level dysphagia and pharyngeal pouches in particular
are most able to accurately determine the level of their dysphagia. Patients with
pharyngeal level dysphagia should therefore be considered for barium swallow
as their initial investigation. Endoscopists and radiologists should be aware that
they need to investigate the whole of the oesophagus for causes of dysphagia
and should not be reliant on patient derived level of dysphagia.

Peer-review

This theme of this article is unique, though more information and discussion
is required. The detailed complaints of dysphagia should be discussed and
the factors for the decreasing accuracy should be analyzed carefully. More
information of the obstructive lesion or considering the cause in combination
with the background of each subject may provide some clue.
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AIM

To investigate presence and extent of eosinophilic chol-
angitis (EC) as well as IgG4-related disease in patients
with indeterminate biliary stricture (IBS).

METHODS

All patients with diagnosis of sclerosing cholangitis
(SC) and histopathological samples such as biopsies or
surgical specimens at University Hospital Frankfurt from
2005-2015 were included. Histopathological diagnoses
as well as further clinical course were reviewed. Tissue
samples of patients without definite diagnosis after
complete diagnostic work-up were reviewed regarding
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presence of eosinophilic infiltration and IgG4 positive
plasma cells. Eosinophilic infiltration was as well
assessed in a control group of liver transplant donors
and patients with primary sclerosing cholangitis.

RESULTS

One hundred and thirty-five patients with SC were
included. In 10/135 (13.5%) patients, no potential
cause of IBS could be identified after complete
diagnostic work-up and further clinical course. After
histopathological review, a post-hoc diagnosis of
EC was established in three patients resulting in a
prevalence of 2.2% (3/135) of all patients with SC as
well as 30% (3/10) of patients, where no cause of IBS
was identified. 2/3 patients with post-hoc diagnosis
of EC underwent surgical resection with suspicion
for malignancy. Diagnosis of IgG4-related cholangitis
was observed in 7/135 patients (5.1%), whereas 3
cases were discovered in post-hoc analysis. 6/7 cases
with IgG4-related cholangitis (85.7%) presented with
eosinophilic infiltration in addition to IgG4 positive
plasma cells. There was no patient with eosinophilic
infiltration in the control group of liver transplant
donors (7 = 27) and patients with primary sclerosing
cholangitis (7 = 14).

CONCLUSION

EC is an underdiagnosed benign etiology of SC and IBS,
which has to be considered in differential diagnosis of
IBS.

Key words: Indeterminate biliary stricture; Endoscopy;
Endoscopic retrograde cholangiopancreatography;
Eosinophilic cholangitis; Bile duct stenosis; IgG4-related
disease; Primary sclerosing cholangitis

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To differentiate benign from malignant disease
in indeterminate biliary strictures (IBS) is crucial for
clinical management. To date, data on eosinophilic
cholangitis (EC) as a potential cause of IBS are lacking.
In this retrospective study, we demonstrate that EC
occurs in up to 30% of patients presenting with IBS
and unclear clinical and histopathological findings at the
end of diagnostic work-up. We thereby demonstrate
that EC is a potentially underdiagnosed benign disease,
which has to be considered in differential diagnoses of
IBS to prevent these patients from surgery.
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Rust M, Albert JG. Eosinophilic cholangitis is a potentially
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INTRODUCTION

Sclerosing cholangitis (SC) can arise from various
underlying diseases, such as infectious, immunological,
toxic or ischemic etiology as well as due to mechanical
obstruction. Different types of SC may look alike at
cross sectional imaging and radiography of the bile
ducts, unified by a characteristic narrowing of intrahe-
patic and/or extrahepatic bile duct system. For clinical
management, especially differentiation of benign from
malignant strictures is fundamental. However, a defi-
nite diagnosis can solely be established by histopatho-
logical analysis of the bile duct alterations. Clinical data
together with percutaneous ultrasound, computed
tomography (CT), magnetic resonance imaging (MRI)
and endoscopic retrograde cholangiopancreatography
(ERCP) contribute to a probable diagnosis, not equal-
ing the security of histopathology. Differentiating
indeterminate biliary strictures (IBS) and establishing
the diagnosis of SC vs cholangiocarcinoma (CCA) is
challenging in many patients. This is represented by
studies reporting a benign diagnosis in patients with
IBS after surgery in up to 17%™,

In recent years, an increasing number of cases
were reported with SC caused by eosinophilic cholangi-
tis (EC): a benign condition first described by Leegaard
in 1980™. EC is characterized by (1) a wall thickening
or stenosis of the biliary system; (2) histopathological
findings of eosinophilic infiltration; and (3) reversibility
of biliary abnormalities without treatment or follow-
ing steroid treatment™. Peripheral eosinophilia was
observed often but not necessarily in case reports
(65%'™). EC as cause of SC is of special interest, since
it can appear as Klatskin-mimicking lesion and is often
only diagnosed after bile duct resection, although
conservative treatment leads to resolution of the
stricture. However, an underlying cause of EC could
not be identified to date and data on prevalence of EC
are lacking.

In the present study, we performed a retrospective
analysis to evaluate prevalence of EC and IgG4-RD in
patients with IBS and inconclusive histopathological
findings.

MATERIALS AND METHODS

Patients

Patients with diagnosis of SC (according to ICD-10
Code) between 2005 and 2015 at University Hospital
Frankfurt were screened and all patients with histo-
pathological specimen available from biopsies or surgi-
cal resections were included. Thereby, patients with
IBS that were surgically treated for suspicion of malig-
nancy were included as well as inconclusive findings at
biopsies. To evaluate the subsequent clinical course of
the patients with inconclusive histopathological find-
ings, electronic medical records were investigated and
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Figure 1 Underlying etiologies of patients with clear diagnoses in histopathological reports. I|gG4-RD: IgG4-related disease; PSC: Primary sclerosing

cholangitis; PBC: Primary biliary cirrhosis.

standardized. Extracted data were: age, gender and
final diagnosis from clinical documents.

Histopathological and clinical review

In all patients with inconclusive histological and clinical
findings after full diagnostic work-up, hematoxylin-
eosin stained slides of surgical or bioptical specimens
were reevaluated by an expert pathologist. Eosinophilic
granulocytes were counted per high power field (HPF)
in areas of cholangitis with the highest density up
to an eosinophilic count of 30/HPF. All cases with =
15 eosinophilic granulocytes/HPF were assessed as
positive according to the threshold for eosinophilic
esophagitis’”). In addition, a representative block was
chosen and staining with an IgG4-antibody (Mouse
anti-IgG4, Zytomed Systems, Berlin, Germany) was
performed. Cases were considered as 1gG4-positive,
when > 30% of plasma cells stained positive for IgG4.
Furthermore, all patients with inconclusive findings
after full diagnostic work-up were reviewed for pres-
ence and appearance of biliary stricture in cross
sectional imaging (CT, MRI) and ERCP.

After the review of histopathological and clinical
data, patients were classified into consistent with EC,
consistent with IgG4-RD or not consistent with either
EC or IgG4-RD.

To evaluate eosinophilic infiltration in primary
sclerosing cholangitis (PSC) and non-inflammatory
bile ducts, samples with histopathological reports of
biopsies or surgical specimens including the diagnosis
PSC and liver transplant-donors were investigated as
well.

For ERCP, standard duodenoscopes (Olympus
V-Scopes, TIJF 160VF, TJF-Q180 V; Olympus Europe,
Hamburg, Germany) were used and the short-
wire technique with locking the wire at the distal
end of the duodenoscope was applied. In patient 4,
cholangioscopy was used as well (duodenoscope TIF
- Q180V, Olympus Medical, Tokyo, Japan).
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Descriptive statistics were calculated using BiAS
(version 11.01, BiAS for Windows; Epsilon-Verlag,
Frankfurt, Germany). The study protocol was approved
by the institutional review board (No. 478/15) of
the local ethics committee of the University Hospital
Frankfurt.

RESULTS

Patients

In total, 135 histopathological specimens were identi-
fied of patients treated for SC between 2005 and 2015.
Mean age of the patients at the date of initial histo-
pathological investigation was 54.0 (SD 15.2, range
22-86) and 87/135 (64%) of the patients were men.
Histopathological reports were based on liver biopsies
(n = 64), intraductal bile duct biopsies (n = 33), biliary
brush cytology (n = 16), surgical specimen from liver
or bile duct resection (n = 15), liver transplant (n = 6)
or autopsy (n = 1).

In 69 of 135 patients (51%), the histopathological
investigation reported a strong suspicion of a specific
disease or a definite diagnosis (all diagnoses are shown
in Figure 1). In 7 patients, no relevant pathological
findings were reported. 6/7 of these patients were
clinically diagnosed with PSC and one patient with CCA
in further clinical course.

In the group of patients with inconclusive histo-
pathological diagnosis, investigation of clinical reports
revealed a specific diagnosis in 56/66 patients (85%).
In the remaining ten patients (15%), clinical diagnosis
was either unclear cholangitis (n = 4) or patients had
surgery with suspicion for malignancy but inconclusive
findings in histopathological examination (n = 6). The
study design, including final diagnoses, is documented
in Figure 2.

Histopathological review
To further characterize these ten patients with unclear
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135 patients with cholangitis and histological specimen

66 patients with inconclusive histological diagnosis

Clinical diagnosis:
PSC (n = 21) Unclear clinical diagnosis (7 = 10)
Neoplasia (7 = 9)

PBC (7 = 5)

Ischemia (7 = 5)
Choledocholithiasis (7 = 5)
Post-surgery (7 = 4)
PSC/AIH Overlap (7 = 3)
Other (n = 4)

Histological review:

> 30 Eos/HPF (n = 3)
IgG4-positive (7 = 3)

Low Eos-Count/no IgG4 (n = 3)
Insufficient tissue (7 = 1)

Figure 2 Study design. AIH: Autoimmune hepatitis; Eos: Eosinophilic granulocytes; HPF: High power field; PSC: Primary sclerosing cholangitis; PBC: Primary biliary
cirrhosis.

Table 1 Clinical data of all patients with suspicion for IgG4-related disease (Pat1-Pat3) or eosinophilic cholangitis (Pat4-Paté)

Patient ID Age Sex Year Eos (histology) Eos (serum) IgG4-staining Biliary stenosis Clinical course
Patl 40 M 2008 iz - iz Perihilar Hemihepatectomy
Pat2 52 M 2011 iz - iz Perihilar Hemihepatectomy
Pat3 73 M 2005 - NA + Perihilar CBD-resection
Pat4 40 F 2015 + - - Distal Steroids

Pat5 63 M 2008 + - - Distal PPPD

Pat6 65 F 2006 + - - Perihilar CBD-resection

Eosinophilic infiltrate was assessed as positive, if = 15 eosinophilic granulocytes/high power field were present. Cut off for peripheral eosinophilia
was = 4% of leukocytes. Plasma cells were assessed as positive, if > 30% stained positive for IgG4. CBD: Common bile duct; PPPD: Pylorus preserving
pancreaticoduodenectomy; Year: The year the histological specimen was obtained; Eos: Eosinophilic granulocytes; NA: Not available.

clinical as well as histopathological diagnosis and to granulocytes/HPF, whereas one patient had 25 eos-

exclude EC and IgG4-RD as possible underlying etiol- inophilic granulocytes/HPF. Thus, of all cases with
ogy, we performed a histological review quantifying IgG4-RD, 6/7 (85.7%) showed a marked infiltration
eosinophilic infiltration and determining IgG4-status. with eosinophilic granulocytes.

Thereby, we identified 3/10 (30%) patients with

dense eosinophilic infiltrate (= 30 eosinophilic granu- Clinical review

locytes/HPF) but without IgG4-positive plasma cells. All six patients with suspicion of EC or IgG4-RD were
We also found 3/10 patients (30%) to have a distinct investigated for alterations in the biliary tract. Patients
infiltration of plasma cells with positive IgG4 staining. with suspicion of EC had strictures in both the extrahe-
Notably, 2 of these 3 patients additionally showed as patic and intrahepatic biliary tree, whereas all strictures
well a dense eosinophilic infiltrate (> 30/HPF; Figure of patients with suspicion of IgG4-RD were located in
3). Of the remaining 4 patients, 3 did neither have the perihilar region. Besides anatomical location of the
an elevated eosinophilic count nor a positive staining stricture, further clinical course of these patients was
for IgG4 and 1 patient had insufficient material for a investigated. 5/6 of these patients underwent surgical
reliable histopathological review. resection, whereas one patient with EC was treated
Since 2/3 newly diagnosed IgG4-positive samples conservatively with oral steroids. Clinical data of the 6
had a marked eosinophilic infiltrate, a review of the 4 patients consistent with diagnoses of EC or IgG4-RD
routinely diagnosed IgG4-RD cases was performed. are shown in Table 1.
Notably, 3/4 of these patients had > 30 eosinophilic Thereby, after histological and clinical review,
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Figure 3 Infiltration of eosinophilic granulocytes and IgG4 positive plasma cells of patients with eosinophilic cholangitis without IgG4 positive plasma
cells (A and B); as well as patients with IlgG4-related cholangitis with eosinophilic infiltration (C and D); and without eosinophilic infiltration (E and F). A, C

and E: x 200, hematoxylin-eosin; B, D and F: x 200, IgG4-Ab.

prevalence of cases consistent with EC was 3/135 (2%)
in all patients with cholangitis and biopsy or surgical
specimen, 3/66 (5%) in cases with inconclusive
histological findings and 3/10 (30%) in patients with
no clear clinical diagnosis in further course after full
diagnostic work-up. Further clinical course of these
patients was investigated as well: the two patients
with EC treated with bile duct resection had several
episodes of transient cholestasis or cholangitis after
surgery, which were managed with temporary stent
placement if necessary. The patient treated with oral
steroids is currently off treatment since 12 mo and has
not experienced a relapse so far.

Taking into account the growing knowledge about
IgG4-RD during the period of this study, the date of
histological examination of this entity was investigated
as well: Samples with IgG4-RD being diagnosed only
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within the retrospective histopathological review in this
study were taken from 2005-2011, whereas patients
with diagnosis of IgG4-RD in initial histopathological
examination were taken between 2012 and 2014.

Eosinophilic infiltration in primary sclerosing cholangitis
and non-inflammatory bile duct tissue

To further characterize EC in comparison to other
potential differential diagnoses, eosinophilic infiltration
was analyzed in 14 patients with PSC (mean histo-
logical stage was 2.0, range 1-3). Mean eosinophilic
count/HPF was 1.8 (range 0-6, SD 2.0). In addition,
non-inflammatory biliary tissue from liver transplant
donors was investigated for degree of eosinophilic
infiltration: 27 samples were examined and mean
eosinophilic count was 0.1/HPF (range 0-3, SD 0.6;
Supplementary Figure 1).
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DISCUSSION

Management of patients presenting with IBS is a
frequent challenge for the clinician and the strategic
choice of whether and when to perform surgery might
have an important effect on these patients’ quality
of live. In the present study we report results from a
retrospective prevalence study on EC, a benign and
conservatively treatable differential diagnosis of IBS,
which so far has only been described in case reports.

We evaluated all patients with diagnosis of scle-
rosing cholangitis and available histopathological
specimen and found a prevalence of EC of 3/135
(2.2%) as well as 3/10 (30%) in the group of patients
without clear clinical diagnosis in further course. 2/3
patients with EC were treated surgically. Of note,
also in case reports of EC, 14/35 (40%) patients
had cholecystectomy and 10/35 (28.6%) patients
were treated with major bile duct resections due to
suspicion for malignancy (Supplementary Table 1).
The considerable part of patients being retrospectively
diagnosed with EC in our study combined with the
high rate of surgeries in literature indicates that EC
is most likely an underdiagnosed disease, which is
often only identified after possibly avoidable bile duct
resection. These data stress the important role EC
plays as potential underlying disease of SC and point
out that surgeons, interventional endoscopists and
gastrointestinal pathologists should be aware of this
conservatively treatable condition in cases with IBS.

All cases consistent with EC in this study had a
dense infiltrate of eosinophilic granulocytes with =
30 per HPF which was considerably higher than the
threshold of = 15 eosinophilic granulocytes/HPF we
defined according to diagnostic criteria for eosinophilic
esophagitis'”’. In view of the frequent submucosal infil-
tration with eosinophilic granulocytes, we recommend
taking preferably intraductal biopsies instead of biliary
brushings in case of suspicion for EC. Moreover, as
recommended in IBS and eosinophilic esophagitis, we
suggest to take multiple biopsies to reduce risk of false
negative results”®?. Since some cases with EC were
reported to be associated with eosinophilic infiltration
in other parts of the gastrointestinal tract, taking
additional biopsies in the stomach or colon should be
considered as well™®*?, In addition, cholangioscopy
can be another helpful tool to diagnose EC™*,

IgG4-RD was identified to be the underlying disease
of SC in 7/135 (5.2%) cases. Three of these cases
were diagnosed only after retrospective histopatho-
logical review within this study. Of note, these three
cases were originally diagnosed 2011 and earlier
whereas the four routinely diagnosed cases of IgG4-RD
were between 2012 and 2014, pointing out the grow-
ing knowledge about this disease during the period
of our study. Of note, since prevalence data about
IgG4-related cholangitis in western countries is very
limited, a comparison of our data with other studies is
hindered™***,
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Notably, 6/7 (85.7%) cases with IgG4-RD addi-
tionally showed a marked eosinophilic infiltration sug-
gesting a potential overlap in pathogenesis of these
two conditions. This finding correlates to a prospec-
tive study from 2014, where a cohort of patients
with eosinophilic esophagitis was shown to have sig-
nificantly elevated IgG4-positive plasma cells com-
pared to a control group!*®.. Furthermore, IgG4-positive
plasma cells and serum levels reacted to specific foods
suggesting an IgG4-associated pathogenesis of eosin-
ophilic esophagitis. However, three patients with diag-
nosis of EC in our study did not show IgG4-positive
plasma cells indicating that common features in
pathogenesis of EC and 1gG4-RD need further
characterization.

Another entity important to differentiate from EC
is PSC. For instance, in a Japanese study, 27% of PSC
patients were reported to have peripheral eosinophilia
and hepatic infiltration with eosinophilic granulocytes
was described in a patient with PSC!'”*®!, Even so, in
the present study we performed a histological inves-
tigation of 27 cases of PSC and did not find evidence
for eosinophilic infiltration in this cohort suggesting a
rather easy differentiation of these entities in western
patients by histopathological investigation.

To interpret the data of this study it has to be
considered that our study was designed retrospectively
and monocentric including mostly Caucasian patients.
Moreover, Frankfurt University Hospital is a tertiary
referral center, which might have raised the number of
patients with inconclusive findings.

In conclusion, the findings of this study suggest
that to date, EC is most likely an underdiagnosed
etiology of SC, which is important to have in mind in
patients presenting with IBS.
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Background

Differentiation of benign and malignant biliary stenosis in indeterminate biliary
stricture (IBS) is a common interdisciplinary challenge. Data on eosinophilic
cholangitis as a potential cause of IBS are lacking.

Research frontiers
This study represents the first retrospective analysis on prevalence of
eosinophilic cholangitis.

Innovations and breakthroughs
This study revealed eosinophilic cholangitis as a most likely underdiagnosed
differential diagnosis of sclerosing cholangitis.

Applications
This study suggests that eosinophilic cholangitis has to be kept in mind in
patients presenting with IBS. In suspicious cases, multiple biopsies should be
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obtained and cholangioscopy should be considered.

Terminology

Eosinophil granulocytes are a subgroup of leukocytes. IgG4 is a subgroup of
immunoglobulin G which represents the majority of serum antibodies. Infiltration
of the bile duct with eosinophilic granulocytes or IgG4-positive plasma cells can
lead to sclerosing cholangitis and thereby mimic biliary cancer.

Peer-review

Excellent effort in contributing important information on the challenging
problem of IBS. As the authors learn more about EC and similar entities
from contributions such as this the authors will be able to offer more specific
treatment and avoid surgery that is not needed.
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Abstract

AIM

To evaluate the clinical impact of surveillance for head
and neck (HN) region with narrow band imaging (NBI)
in patients with esophageal squamous cell carcinoma
(ESCC).

METHODS

Since 2006, we introduced the surveillance for HN
region using NBI for all patients with ESCC before
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treatment, and each follow-up. The patients with
newly diagnosed stage I to 1l ESCC were enrolled
and classified into two groups as follows: Group A (no
surveillance for HN region); between 1992 and 2000),
and Group B (surveillance for HN region with NBI;
between 2006 and 2008). We comparatively evaluated
the detection rate of superficial head and neck
squamous cell carcinoma (HNSCC), and the serious
events due to metachronous advanced HNSCC during
the follow-up.

RESULTS

A total 561 patients (group A: 254, group B: 307) were
enrolled. Synchronous superficial HNSCC was detected
in 1 patient (0.3%) in group A, and in 12 (3.9%) in
group B (P = 0.008). During the follow up period,
metachronous HNSCC were detected in 10 patients
(3.9%) in group A and in 30 patients (9.8%) in group B
(P = 0.008). All metachronous lesions in group B were
early stage, and 26 patients underwent local resection,
however, 6 of 10 patients (60%) in group A lost their
laryngeal function and died with metachronous HNSCC.

CONCLUSION

Surveillance for the HN region by using NBI endoscopy
increase the detection rate of early HNSCC in patients
with ESCC, and led to decrease serious events related
to advanced metachronous HNSCC.

Key words: Esophageal squamous cell carcinoma;
Head and neck squamous cell carcinoma; Narrow
band imaging; Endoscopic resection; Surveillance;
Metachronous cancer

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to evaluate the
clinical impact of intensive surveillance for head and
neck (HN) region by using narrow band imaging (NBI)
endoscopy in patients with esophageal squamous
cell carcinoma. The detection rate of superficial head
and neck squamous cell carcinoma (HNSCC) which
could be easily treated with endoscopic resection was
dramatically increased after introduction of surveillance
for HN region with NBI, and the serious events (loss
of laryngeal function, death) due to metachronous
advanced HNSCC were led to decrease when comparing
with historical control. Surveillance for HN region
with NBI might have a clinical impact at the point of
reduction of head and neck cancer death in esophageal
cancer survivor.

Morimoto H, Yano T, Yoda Y, Oono Y, Ikematsu H, Hayashi R,
Ohtsu A, Kaneko K. Clinical impact of surveillance for head and
neck cancer in patients with esophageal squamous cell carcinoma.
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INTRODUCTION

Most of patients with esophageal squamous cell car-
cinoma (ESCC) have a high prevalence of second
primary head and neck squamous cell carcinoma
(HNSCC)™. Matsubara et al®! reported an assess-
ment of the risk of a second primary cancer in patients
with ESCC undergoing esophagectomy. In that report,
HNSCC was the highest risk after esophagectomy and
the prognosis after the detection of HNSCC was signi-
ficantly unfavorable compared to that of other malig-
nancies because of the difficulty in the early detection
of HNSCC. An image-enhanced endoscopic technology
system, narrow-band imaging (NBI), was reported to
be useful for the detection of superficial HNSCC®,
These superficial lesions are depicted clearly as well-
demarcated brownish areas without magnification,
and increased intraepithelial papillary capillary loops
(IPCL) with irregularity are visible as the endoscopic
features of superficial HNSCC with magnification™.
Muto et al! reported that both detection rate and
diagnostic accuracy of HNSCC were higher in NBI than
in white light imaging. Furthermore, several studies
have also reported that minimally invasive treatment,
such as peroral endoscopic resection (ER) of superficial
pharyngeal cancer, was a feasible and effective treat-
ment with curative intent’”?),

At the beginning of 2006, we introduced intensive
surveillance program for the head and neck (HN)
region, including the oropharynx, hypopharynx, and
larynx, using NBI for all ESCC patients before treat-
ment and at every follow up visit. If early HNSCCs
were detected, these lesions were mainly treated with
ER after the confirmation of cured esophageal cancer.
However, it has not been yet clarified whether prompt
detection and intervention for early HNSCC in patients
with ESCC would decrease the death rate or the loss of
laryngeal function related to metachronous advanced
HNSCC. In this study, we compared the detection rate
of early HNSCC, and the number of serious adverse
events related to metachronous advanced HNSCC, in
periods before and after the commencement of NBI
surveillance for the head and neck region.

MATERIALS AND METHODS

Patients

Patients were recruited from our database of patients
who have received definitive treatments, such as ER,
surgery and chemoradiotherapy (CRT), for ESCC in the
National Cancer Center Hospital East. Selection criteria
of this study were as follows: (1) initial treatment
histologically confirmed ESCC; (2) clinical stage I to
IT; (3) no prior HNSCC; (4) absence of synchronous
advanced cancer containing HNSCC; (5) no recurrence
or metastasis of ESCC detected within 6 mo after
initial ER or surgery for ESCC; (6) complete response
(CR) was achieved and a recurrence after achieving
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Figure 1 Narrow Band Imaging observations in individual regions from the oropharynx to the pharynx. A : The view seen from the entrance of the oral cavity:
dorsal side of tongue, hard palate and soft palate; B: Uvula, palatoglossal arch and lateral walls of oropharynx; C: Posterior wall of oropharynx; D: The lateral wall of
oropharynx; E: Vallecula of epiglottis, median glossoepiglottic fold; F: The right side of epiglottis, base of tongue; G: Vocal cord, arytenoids and aryepiglottic fold; H:
Post-cricoid area and posterior wall of hypopharynx; I: The lateral wall and apex of right piriform sinus.

CR or metastasis was not detected within 6 mo of Endoscopic examination and follow-up schedule
CRT; (7) an observation period longer than a year Since the patients in group A underwent conventi-
after treatment for ESCC; and (8) provided written onal endoscopy with white light illumination, intensive
informed consent before all endoscopic evaluation and surveillance to detect superficial HNSCC was not
treatment. performed actively. In contrast, the HN regions
Two groups were classified between the periods including the oropharynx, hypopharynx and larynx,
before and after commencement of surveillance for the were observed using endoscope equipped with a NBI
HN region. ESCC patients who were treated between system (Olympus Medical Science, Tokyo, Japan) in
October 1992 and December 2000, with a follow-up group B. The endoscopic observation order in the HN
until December 2004 were defined as a control group region using NBI endoscopy in our hospital is shown in
(group A). During this period, the HN region was Figure 1%,
not intensively observed to detect superficial lesion The follow-up schedule of endoscopic observation
with endoscopy before treatment or during follow after the treatment for esophageal cancer was as
up periods. Group B was defined patients who were follows. Patients who received CRT were evaluated
treated between January 2006 and December 2008 every 6 mo after achieving CR. The initial examination
and followed until December 2014. These patients in was performed at 3 mo in patients after ER, and every
group B routinely received intensive surveillance using 6 mo thereafter, and an annual examination was
magnified NBI endoscopy in the HN region. performed in patients after esophagectomy.
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Table 1 Characteristics of patients with esophageal squamous

cell carcinoma n (%)

Group A Group B P value
(n = 254) (n = 307)
Sex
Male 214 (84) 260 (85) 0.907
Female 40 (16) 47 (15)
Age (yr), median (range) 64 (39-81) 66 (41-86) <0.001
Baseline clinical TNM-stage
I 119 (47) 155 (50) 0.39
II 66 (26) 88 (29) 0.50
I 69 (27) 64 (21) 0.09
Treatment for primary ESCC
Surgery 84 (33) 124 (40) 0.079
Endoscopic resection 77 (30) 113 (37) 0.010
Chemoradiotherapy 93 (37) 70 (23) 0.001
Follow-up period
Median months (range) 60 (13-145) 67 (12-107) 0.150

ESCC: Esophageal squamous cell carcinoma.

Pathological evaluation of HNSCC

The histologic diagnosis was made according to
criteria proposed by World Health Organization™".
Clinical staging was determined according to the Japan
Society for Head and Neck Cancer, same as the TNM
classification 7" edition. Superficial cancers without
lymph node or distant metastasis were defined as
early cancer and cancers invading muscularis propria
and deeper layers were defined as advanced cancer.

Treatment strategy and details of treatment for HNSCCs
Treatment for early HNSCC was provided after initial
treatment for ESCC was completed. However, second
primary HNSCC was not treated if the ESCC was not
cured, because there was few possibility that the
treatment for HNSCC affected the prognosis.
Endoscopic resection for HNSCC under general
anesthesia was introduced in our hospital at the begin-
ning of 2003. Subsequently, early HNSCC was mainly
treated with ER after the confirmation of cured ESCC.
When a lesion was small (approximately 10 mm in
diameter or less), endoscopic mucosal resection with
the cap technique was performed®****, and endo-
scopic submucosal dissection (ESD) was performed
for larger lesions (over 10 mm in diameter)”*). The
procedure of ESD was as follows. A videoendoscope
with a water jet system (JIFQ-260], Olympus, Tokyo,
Japan) was used for the entire procedure. And then 7
mL to 10 mL of 2.0% glycerin-free Lugol iodine solu-
tion, consisting of 2.0 g potassium iodine and 4.0 g
iodine in 100 mL distilled water was sprayed to deli-
neate the margins of the lesion. Markings were placed
outside the margin of the lesion with a dual knife
(Olympus KD-650L) and an electrosurgical current
generator (ICC200, Erbe, TUbingen, Germany) set at
25 W for forced coagulation mode. A saline solution
with epinephrine and indigo carmine dye was injected
into the subepithelial layer. A circumferential incision
around the lesion was performed and then the sub-
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epithelial tissue was dissected by the dual knife with
50 W current for forced coagulation mode. After the
lesion was resected, a temporary tracheostomy was
performed by a head and neck surgeon if laryngeal
edema was severe.

Analysis and statistics

The detection rate of superficial HNSCC was evaluated
for each group. The incidence rate of metachronous
HNSCC and serious events related to metachronous
HNSCC, such as death or loss of laryngeal function,
were also evaluated.

All information was collected from the medical
records or was provided by the patients’ physicians.
This retrospective study was approved by the institu-
tional review board of the National Cancer Center in
accordance with the Declaration of Helsinki.

SPSS Statistics 22 was used for statistical ana-
lysis. The results were expressed as medians. The
Fisher’s exact test was used to analyze categorical
data to compare proportions. Risks of metachronous
HNSCC were estimated by using the Kaplan-Meier
method. P value of < 0.05 was considered statistically
significant.

RESULTS

Patient characteristics

A total of 470 patients with stage I to I ESCC were
initially treated with definitive treatments (ER: 125,
surgery: 119, CRT: 173) between October 1992 and
December 2000 as group A, whereas 443 patients
with stage I to Il ESCC were initially treated (ER:
159, surgery: 161, CRT: 123) between January 2006
and December 2008 as group B. Patients consisting
of 254 in group A and 307 in group B were recruited
in this study according to the eligibility criteria. The
characteristics of these patients are shown in Table 1.
The male-to-female ratio, clinical stage of ESCC, and
the follow up period were not significantly different
between group A and group B, however, median age
was significantly higher in patients of group B than in
patients of group A. There was a significant difference
in a treatment for ESCC in both groups (P = 0.025):
the frequency of CRT were higher in group A (group A:
37%, group B: 23%).

Synchronous HNSCC

Synchronous superficial HNSCC was detected in
only 1 patient (0.3%) in group A. In contrast, the
synchronous superficial HNSCC was found in 12 (3.9%)
patients in group B (P = 0.008) (Table 2). Among
these all 13 patients, 9 patients (69%) were cured of
ESCC and 7 of the 9 patients with synchronous HNSCC
were treated after the treatment for ESCC. In these
7 patients who were treated for HNSCC, 5 patients
underwent organ preserved local resection (ER or
surgery). One patient with hypopharyngeal cancer in
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Table 4 Clinical course of patients with metachronous head
and neck squamous cell carcinoma 7 (%)

Group A Group B P value
(n = 254) (n = 307)

Synchronous HNSCC
No. of patients 1(0.3) 12 (3.9) 0.008
No. of lesions 1 14 0.010
Location of cancer
Oropharynx 0 5
Hypopharynx 1 8
Larynx 0 1
Treatment for synchronous HNSCC
ER or surgical local resection 0 7 (58)
TPLE 0 1(8)
Radiation and/or chemotherapy 1 (100) 0
No treatment 0 4 (33)
Death due to synchronous HNSCC 0 0

ER: Endoscopic resection; TPLE: Total pharyngo-laryngo-esophagectomy;
HNSCC: Head and neck squamous cell carcinoma.

Table 3 Characteristics of metachronous head and neck

squamous cell carcinoma #n (%)

Group A Group B P value

(n = 254) (n = 307)

Metachronous HNSCC
No. of patients 10 (3.9) 30 (9.8) 0.008
No. of lesions per patients 0.404
1 9 22
=2 1 8
Total number of cancers 11 53 0.007
Location of cancer
Oropharynx 3 13
Hypopharynx 7 34
Larynx 1 6
Clinical stage <0.001
1/1 4 (36) 53 (100)
m/v 7 (64) 0
Interval between ESCC and HNSCC
Median months (range) 56 (7-80) 31 (7-107) 0.130

HNSCC: Head and neck squamous cell carcinoma.

group A underwent radiotherapy and 1 patient with
hypopharyngeal cancer in group B underwent total
pharyngo-laryngo-esophagectomy (TPLE) because
the tumor was located in a position where treatment
to preserve laryngeal function was impossible. The
remaining 4 patients did not receive any treatment
for synchronous HNSCC because their ESCC was not
cured. Most of the patients who were cured of ESCC
and received treatment for superficial HNSCC had
preserved laryngeal function. No patient died due to
synchronous HNSCC in both groups.

Metachronous HNSCC

Metachronous HNSCC lesions were detected in 10
patients (3.9%) in group A and in 30 patients (9.8%)
in group B (P = 0.008; Table 3). The cumulative risk
of metachronous HNSCC after treatment of ESCC
is shown in Figure 2. The 5-year cumulative risk of
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Group A, Group B, P value
patients  patients
(n = 10) (n = 30)

Metachronous HNSCC 11 lesions 53 lesions < 0.001
/1 4 (36) 53 (100)
/v 7 (64) 0(0)
Treatment
Local resection 2 (18) 49 (92) <0.001
Endoscopic resection 0 44
Surgical local resection 2 5
TPLE 3(27) 0(0) 0.001
Radiotherapy alone and/or chemotherapy 4 (36) 2(4) 0.006
No treatment 2 (18) 2(4) 0.133
Laryngeal function <0.001
Maintained 4 (40) 30 (100)
Lost 6 (60) 0
Outcome 0.001
Alive 3 (30) 26 (87)
Death 7 (70) 4 (13)
Death with metachronous HNSCC 6 (60) 0(0) <0.001

HNSCC: Head and neck squamous cell carcinoma; TPLE: Total
pharyngo-laryngo-esophagectomy.

Cummulative risk
o
=
o
T

0.00 -

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00
Time since treatment for ESCC (mo)

Figure 2 Cumulative risk of metachronous head and neck squamous
cell carcinoma after treatment of esophageal squamous cell carcinoma.
ESCC: Esophageal squamous cell carcinoma.

developing metachronous HNSCC after treatment for
ESCC was only 2.5% in group A, whereas it was 8.7%
in group B (P < 0.001).

The characteristics of metachronous HNSCCs are
shown in Table 3. Eleven metachronous HNSCC lesions
were detected in 10 patients in group A, and 53
lesions in 30 patients in group B (P = 0.008). In the
clinical stages of metachronous HNSCC, only 4 (36%)
lesions were superficial type and stage I /II in group A,
however, all 53 lesions were superficial lesions in group
B (P < 0.001), and these lesions were stage I /1I .

Clinical course of patients with metachronous HNSCC

The clinical course of patients with metachronous
HNSCC is shown in Table 4. There were no patients
in group A who underwent ER as an initial therapy. Of
10 patients in group A, 7 (70%) who were detected
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Table 5 Clinical outcome of all patients with esophageal
squamous cell carcinoma 7 (%)

Group A Group B P value
(n = 254) (n = 307)
Occurrence of advanced 7 (2.8) 0 0.003
metachronous HNSCC
Loss of laryngeal function 6(2.4) 0 0.008
Outcome <0.001
Alive 172 (68) 254 (83)
Dead 82 (32) 53 (17)
ESCC 43 (17) 41 (13) 0.284
HNSCC 6 (2.4) 0 0.018
Other cancer 6(2.4) 4 (1.3) 0.360
Gastric cancer 3(1.2) 0 0.092
Lung cancer 0 2(0.7) 0.0503
Lymphoma 1(0.4) 1(0.3) >0.999
HCC 1(0.4) 1(0.3) >0.999
Prostate cancer 1(0.4) 0 0.452
Other/unknown 27 (11) 8 (2.6) <0.0001
Radiation pneumonia 8(8.1) 1(0.3) 0.013
Heart failure 6(2.4) 1(0.3) 0.050

HNSCC: Head and neck squamous cell carcinoma; ESCC: Esophageal
squamous cell carcinoma; HCC: Hepatocellular carcinoma.

metachronous HNSCC had stage II/IV HNSCC at
diagnosis. In these 7 patients, only one patient who
received radiotherapy achieved a cure for HNSCC.

In contrast, metachronous HNSCC was found
in 30 patients with 53 lesions in group B (Table 4).
Furthermore, all the 53 lesions were superficial cancer
alone. ER was performed in 44 of the 53 lesions and
only 2 of 44 lesions had local recurrence. One of the
2 patients had re-ER and was cured, and another
patient has not receive any active treatments for
the superficial cancer. There were no patients who
developed lymph node or distant metastasis within
the observation period. In addition, 2 patients were
received RT alone, and the remaining 2 were not
treated for HNSCC because their ESCC recurred after
the initial treatment for ESCC.

As serious events, the 7 of 10 patients in group
A died due to cancer, and 6 of the 7 patients died
due to metachronous HNSCC (group A: 60%, group
B: 0%. P < 0.001; Table 4). Furthermore, 6 of the
10 patients (60%) in group A who were detected in
metachronous HNSCC lost laryngeal function due to
intensive treatment, otherwise none of the 30 patients
with the 53 lesions in group B lost laryngeal function (P
< 0.001).

Clinical outcome of all patients with ESCC

Clinical outcome is shown in Table 5. A total of 82 (32%)
patients in group A and 53 (17%) patients in group B
died during the follow up periods. While there was no
significant difference in the frequency of deaths due to
the progression of ESCC between both groups [group
A vs B: 43 (17%) vs 41 (13%), P = 0.28], the deaths
related to metachronous HNSCC were more frequent
in group A (group A vs B: 6 (2.4%) vs 0 (0%), P =
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0.008). In contrast, other noncancerous diseases or
unknown sudden death which might be late toxicity of
RT for ESCC were more frequent in group A [27 (11%)
vs 8 (2.6%), P < 0.001].

DISCUSSION

This is the first study to investigate the clinical
significance of early detection and intervention to
second primary HNSCC in ESCC patients. The innov-
ation of NBI has allowed for the early diagnosis of
head and neck cancer. The NBI technique could
significantly improve the efficacy of screening and
surveillance of HN region, especially the lesions at
oropharyngeal and hypopharyngeal mucosal sites.
In previous reports, NBI screening was undertaken
for the HN region (10%-13%) in ESCC patients?®*.
In this study, we classified into two groups whether
intervention of NBI surveillance was present or
not, and detection rate of superficial HNSCC was
clarified. Few superficial HNSCCs were detected using
conventional endoscopy with white light illumination
alone, however, many superficial HNSCCs were
detected synchronously (3.9%) and metachronously
(9.4%) after commencement of NBI surveillance.
Furthermore, multiple metachronous HNSCCs were
also detected. One of the main reason of lower
HNSCC detection rate is considered that we did not
perform NBI surveillance with magnifying endoscopy
in all cases. One important point was that almost all of
metachronous HNSCC could be detected as superficial
cancer by NBI surveillance once from six months to
one year.

Furthermore, early detection of second primary
HNSCC in ESCC patients brought to minimally invasive
treatment, such as peroral ER. In this study, ER was
performed in 83% of second primary HNSCCs due
to NBI surveillance, and these patients did not lose
laryngeal function. In contrast, most of the second
primary HNSCCs were detected as advanced cancers
in no NBI surveillance from 1992 to 2000, 60%
of patients lost laryngeal function due to invasive
treatment. Several studies have reported that peroral
ER of superficial HNSCC is a feasible and effective
treatment with curative intent!®*>'®, Muto et a/*’
reported that local recurrence or distant metastasis
after ER or superficial pharyngeal cancer were only
8% and patients who underwent ER had an excellent
prognosis, with a 5-year cause-specific survival rate of
97% (95%CI: 93%-100%). We believe development
of ER for cancer of oral cavity would progress along
with early detection of superficial HNSCC. Loss of
laryngeal function is a serious problem, and decre-
ases quality of life in patients with second primary
HNSCC. In contrast, we clarified that second primary
advanced HNSCC could become the risk of death
if superficial HNSCC was not detected. HNSCC was
2.4% of various death factors in no NBI surveillance,
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however, there was no HNSCC related death after
NBI surveillance. In this study, while two groups
were different periods (1992-2000 vs 2006-2008),
we compared the detection rate of early HNSCC,
and the number of serious adverse events related to
metachronous advanced HNSCC, in periods before
and after the commencement of NBI surveillance for
the head and neck region. We suggested that early
detection of metachronous HNSCC in ESCC patients
led to minimally invasive ER without loss of laryngeal
function, and avoided HNSCC related death. Regarding
follow-up periods, NBI surveillance was performed
in 6 mo for ER and CRT and in 1 year for operation.
In our present results, 5 years have passed through
NBI surveillance, however, advanced HNSCC was
not detected. We believe that 6 mo follow-up periods
would be appropriate.

Limitations of this retrospective study are that
the data are taken from only a single institution, and
historical background, the medical backgrounds of the
ESCC patients, are different in each group. Moreover,
it is uncertain whether the approximately 5 years of
follow up in the present study is long enough to verify
the serious events due to metachronous HNSCC.
However, it seems impossible to conduct a randomized
control study since the usefulness of endoscopic
surveillance with NBI has been demonstrated.

In conclusion, endoscopic surveillance using NBI for
the HN region improved detection of both synchronous
and metachronous superficial HNSCC in patients with
ESCC. The early detection and intervention for HNSCC
might lead to the reduction of serious adverse events
and the risk of death related to HNSCC.

COMMENTS

Background

Most of patients with esophageal squamous cell carcinoma (ESCC) have a
high prevalence of second primary head and neck squamous cell carcinoma
(HNSCC). The innovation of narrow-band imaging (NBI) has allowed for
the early diagnosis of head and neck cancer. However, it has not been yet
clarified whether prompt detection and intervention for early HNSCC in patients
with ESCC would decrease the death rate or the serious events related to
metachronous advanced HNSCC. In this study, the authors compared the
detection rate of early HNSCC, and the number of serious adverse events
related to metachronous advanced HNSCC, in periods before and after the
commencement of NBI surveillance for the head and neck region.

Research frontiers

NBI is useful to detect the early HNSCC and minimally invasive treatment,
such as peroral endoscopic resection (ER) of early HNSCC, is a feasible and
effective treatment with curative intent. This results of this study contribute to
clarifying the clinical impact of early intervention to metachronous NHSCCs in
patient with ESCC.

Innovations and breakthroughs

In this study, many HNSCCs were detected synchronously (3.9%) and metach-
ronously (9.4%) after commencement of NBI surveillance, and all 53 lesions
could be detected as early stage. These results are in agreement with previous
reports. Minimally invasive treatment (ER) was performed in 83% of these
second primary HNSCCs due to NBI surveillance and these patients did not
lose laryngeal function or death related to HNSCC. In contrast, most of the
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second primary HNSCCs were detected as advanced cancers in no NBI
surveillance from 1992 to 2000, 60% of patients lost laryngeal function and
were died due to invasive treatment.

Applications

This study suggested that early intervention for metachronous HNSCC is useful
to reduce the serious adverse events and the risk of death related to HNSCC in
patient with ESCC.

Terminology

NBI: A video endoscopic imaging technique that enhances the display of the
microstructures and capillaries in the superficial mucosal layer using narrow
band filters that change the spectral features of the observation light.

Peer-review

This study investigated the clinical usefulness of surveillance of head and neck
cancer in patients with esophageal squamous cell carcinoma. Although the
study is retrospectively performed, the results are well analyzed and clearly
presented.
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Abstract

AIM

To investigate Helicobacter pylori (H. pylori) eradication
rates using second-line bismuth-containing quadruple
therapy and to identify predictors of eradication failure.

METHODS

This study included 636 patients who failed first-
line triple therapy and received 7 d of bismuth-
containing quadruple therapy between January 2005
and December 2015. We retrospectively demonstrated
H. pylori eradication rates with respect to the year of
therapy as well as demographic and clinical factors.
H. pylori eradication was confirmed by a “C-urea
breath test or a rapid urease test at least 4 wk after
the completion of bismuth-based quadruple therapy:
proton pump inhibitor, metronidazole, bismuth, and
tetracycline.

RESULTS

The overall eradication rates by intention-to-treat
analysis and per-protocol analysis were 73.9%
(95%CI: 70.1%-77.4%) and 94.5% (95%CI:
92.4%-96.5%), respectively. Annual eradication rates
from 2005 to 2015 were 100.0%, 92.9%, 100.0%,
100.0%, 100.0%, 97.4%, 100.0%, 93.8%, 84.4%,
98.9%, and 92.5%, respectively, by per-protocol
analysis. A multivariate analysis showed that diabetes
mellitus (OR = 3.99, 95%CI: 1.56-10.20, 2 = 0.004)
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was associated with H. pylori eradication therapy
failure.

CONCLUSION

The second-line bismuth-containing quadruple therapy
for H. pylori infection is still effective in Korea, and
diabetes mellitus is suggested to be a risk factor for
eradication failure.

Key words: Helicobacter pylori; Disease eradication;
Treatment failure; Bismuth; Diabetes mellitus

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study investigated the efficacy of 7 d of
second-line bismuth-containing quadruple therapy for
Helicobacter pylori (H. pylori) infection and identified
risk factors for eradication failure in South Korea.
The overall eradication rate per-protocol analysis was
94.5% in the current study. Additionally, diabetes
mellitus was related to H. pylori eradication therapy
failure. Therefore, second-line bismuth-containing
quadruple therapy for H. pylori infection is still worth
considering in South Korea, and diabetes mellitus is
suggested to be a risk factor for eradication failure.

tions in the Maastricht IV/Florence consensus report.
Specifically, clarithromycin-containing triple therapy
is the recommended first-line eradication therapy,
and bismuth-containing quadruple therapy is recom-
mended for the second-line eradication treatment if
the clarithromycin-based triple therapy fails™..

In general, clarithromycin-containing therapy is
recommended for first-line eradication treatment
in low (< 20%) clarithromycin resistance areas'.
However, the eradication rates for clarithromycin-
containing triple therapy have been decreasing
significantly in Korea in recent years due to increased
H. pylori antibiotic resistance!®”. In addition, there is
controversy about the role of bismuth-containing qua-
druple therapy as a second-line therapy for H. pylori
eradication due to a decrease in eradication rates for
bismuth-containing quadruple therapy in Korea™®,

The aims of the present study were to identify
the effects of second-line eradication therapy using
bismuth-containing quadruple therapy at a single cen-
ter over the past 11 years, and to evaluate risk factors
associated with the failure of second-line eradication
therapy.

MATERIALS AND METHODS

Kim SE, Park MI, Park SJ, Moon W, Kim JH, Jung K, Kim HK,
Lee YD. Second-line bismuth-containing quadruple therapy for
Helicobacter pylori eradication and impact of diabetes. World
J Gastroenterol 2017; 23(6): 1059-1066 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i6/1059.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.16.1059

INTRODUCTION

Helicobacter pylori (H. pylori) is a global pathogen
that causes gastritis, peptic ulcers, mucosa-associated
lymphoid tissue (MALT) lymphoma, and gastric
cancer''l, The International Agency for Research on
Cancer, a branch of the World Health Organization, has
declared that H. pylori is a definite gastric carcinogen
(group 1), Therefore, H. pylori eradication is crucial
to maintain public health, especially in high H. pylori
and gastric cancer prevalence areas.

Various combination therapies are recommended
for H. pylori eradication due to a decrease in eradica-
tion rates. According to the Maastricht IV/Florence
consensus report, clarithromycin-containing therapy
[comprised of a proton pump inhibitor (PPI), amoxicil-
lin, and clarithromycin] is recommended for first-
line eradication treatment, and bismuth-containing
quadruple therapy (comprised of a PPI, metronidazole,
bismuth, and tetracycline) is recommended for second-
line eradication treatment if first-line eradication
therapy fails™, Guidelines for the treatment of H. pylori
infection in South Korea are similar to recommenda-
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Study population

Patients who failed clarithromycin-containing triple
therapy and received second-line bismuth-containing
quadruple therapy at Kosin University Gospel Hospital
from January 2005 to December 2015 were retrospec-
tively enrolled in this study. H. pylori positivity was
identified using a **C-urea breath test or a rapid urease
test before and after eradication therapy. Patients lost
to follow-up were defined as patients who received
the second-line bismuth-containing quadruple therapy
with unknown results regarding eradication success
or failure. Compliance was classified as good or poor
by pill count in the medical records. Patients who took
80% or more of the prescribed medicine were included
in the good compliance group, and those who took less
than 80% of the prescribed medicine were placed in
the poor compliance group.

We investigated demographic features: area of
residence, smoking and alcohol habits, diabetes mel-
litus, hypertension, endoscopic findings, and adverse
effects of eradication therapy. Rural or urban residence
was regarded as living or not living in the metropolitan
cities of Korea, respectively. All patients underwent
endoscopy, and endoscopic findings [such as gastric
ulcers, duodenal ulcers, gastric and duodenal ulcers,
a previous endoscopic submucosal dissection (ESD)
state due to adenoma or early gastric cancer (EGC),
MALT lymphoma, nodular gastritis, dyspepsia, gastric
polyps, and intestinal metaplasia] were identified by
endoscopy or by endoscopy with biopsy. Adverse
effects after eradication therapy were identified by
verification in the medical records. The Institutional
Review Board (IRB) of Kosin University Gospel Hospital
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Table 1 Baseline characteristics of the patients 7 (%)

Variable Patients (7 = 636")
Age (yr, mean * SD) 54.6 £11.6
Gender
Male 354 (55.7)
Female 282 (44.3)
Residence
Rural 126 (19.8)
Urban 510 (80.2)
Cigarette smoking 174/605 (28.8)
Alcohol intake 279/605 (46.1)
Diabetes mellitus 61/605 (10.1)
Hypertension 121/605 (20.0)
Endoscopic findings
Gastric ulcer 205 (32.2)
Duodenal ulcer 193 (30.3)
Gastric ulcer + Duodenal ulcer 40 (6.3)
Post ESD due to adenoma or EGC 91 (14.3)
Nodular gastritis 29 (4.6)
Others’ 78 (12.2)

'Total number of enrolled patients; missing values are not included. The
number behind the dash is the total number of subjects who answered
each question. “Others include MALT lymphoma, dyspepsia, gastric polyp
and intestinal metaplasia. ESD: Endoscopic submucosal dissection; EGC:
Early gastric cancer; MALT lymphoma: Mucosa-associated lymphoid
tissue lymphoma.

approved this study (IRB file No. 2015-03-018).

H. pylori eradication therapy and follow-up

Patients who failed the first-line clarithromycin-contain-
ing triple therapy (standard-dose PPI, 1.0 g amoxicillin,
and 0.5 g clarithromycin twice daily for 7 d) were
recommended for second-line eradication therapy. The
latter was comprised of 20 mg rabeprazole twice daily,
500 mg metronidazole three times daily, 300 mg tripo-
tassium dicitrato bismuthate, and 500 mg tetracycline
four times daily for 7 d. Afterwards, a *C-urea breath
test or a rapid urease test was conducted to assess
H. pylori eradication at least 4 wk after the treatment
completion, and at least 2 wk after cessation of PPIs or
histamine (H2) receptor antagonists.

C-urea breath test

Patients fasted for at least 4 h before the first breath
sample was collected. Then, participants took tablets
including 100 mg of *C-urea (UBiTkit™, Otsuka
Pharmaceutical, Tokyo, Japan) with 100 mL of water
orally, and the second breath sample was obtained
20 min after taking the tablets. H. pylori infection was
analyzed using the C-urea breath test (UBIT-IR300%;
Otsuka Electronics, Osaka, Japan) on the collected
breath samples. The cut-off value in the current proce-
dure was set at 2.5%o.

Rapid urease test

To identify H. pylori infection with the rapid urease
test (CLOtest®; Delta West, Bentley, WA, Australia),
an endoscopic biopsy was conducted at the gastric
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mucosa. The site of gastric mucosal biopsy was antrum
and/or corpus, and normal or near-normal gastric
mucosa with little atrophy or intestinal metaplasia was
removed. The tissue sample was immersed in rapid
urea reagent. The result was positive when the reagent
color changed from yellow to red at least 12 h later,
and the result was negative when there was no change
in reagent color.

Statistical analysis

All statistical analyses were conducted with the
Statistical Package for the Social Sciences software
version 20.0 (SPSS, Chicago, IL, United States). The
H. pylori eradication rate was demonstrated by inten-
tion-to-treat (ITT) and per-protocol (PP) analyses.
The trend in H. pylori eradication rates was analyzed
with linear association. Patients lost to follow-up or
those with poor compliance were excluded when
we performed the PP analysis and univariate and
multivariate logistic regression analyses. Categorical
variables were analyzed using a y’-test, and conti-
nuous variables were analyzed using the Student’s
t-test. Univariate and multivariate logistic regression
tests were used for the analysis of risk factors, which
were expressed as an OR and 95%CI. A P value < 0.05
was considered statistically significant.

RESULTS

Patient characteristics

Between January 2005 and December 2015, 636
patients received 7 d of second-line bismuth-containing
quadruple therapy after H. pylori eradication failure
with clarithromycin-based triple therapy. Average age
(mean = SD) was 54.6 £ 11.6 years (range, 17-86
years), and 354 patients (55.7%) were male. Table 1
shows the clinical data and demographic information
for enrolled patients. Among 636 patients receiving
second-line bismuth-containing quadruple therapy,
138 patients were lost to follow-up, and three patients
exhibited poor compliance. Finally, a total of 495
patients were included as subjects for PP analysis and
multivariate logistic regression (Figure 1).

H. pylori eradication rates

In terms of eradication therapy success or failure, 468
patients achieved successful eradication. The eradica-
tion rates by ITT and PP analyses were 73.9% (95%CI:
70.1%-77.4%) and 94.5% (95%CI: 92.4%-96.5%)
for second-line quadruple therapy, respectively. Annual
eradication rates from 2005 to 2015 were 100.0%,
92.9%, 100.0%, 100.0%, 100.0%, 97.4%, 100.0%,
93.8%, 84.4%, 98.9% and 92.5%, consecutively by
PP analysis. The eradication rate for first-line triple
therapy decreased over the years (P = 0.01). Figure
2 presents the annual eradication rates for the last 11
years.
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7-d Bismuth-containing
quadruple therapy

(n = 636)

ITT analysis

Follow-up loss
(n =138)

Poor
compliance
(n=3)

7-d Bismuth-containing
quadruple therapy
(n = 495)

PP analysis

)

H. pylori eradication
success
(n = 468)

H. pylori eradication
failure
(n=27)

Figure 1 Flowchart of the study participants. ITT: Intention-to-treat; PP: Per-protocol; H. pylori: Helicobacter pylori.
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Figure 2 Helicobacter pylori eradication rates of second-line bismuth-based quadruple therapy according to years (P = 0.01).

Table 2 Adverse effects after bismuth-based quadruple

therapy n (%)

Patients (7 = 495)

Side effect 74 (14.9)
Diarrhea 16 (3.2)
Bloating or abdominal pain 22 (4.4)
Nausea or vomiting 26 (5.3)
Others' 10 (2.0)

'Others include myalgia, headache and bitter sensation in the mouth.

Adverse effects of eradication therapy
Of the 495 patients, 74 patients (14.9%) complained
of adverse events after bismuth-based quadruple

Baishidenge ~ WJG | www.wjgnet.com

1062

therapy; fortunately, the adverse events were mild or
moderate. Adverse events possibly related to treat-
ment were diarrhea in 16 patients (3.2%), bloating
or abdominal pain in 22 patients (4.4%), nausea or
vomiting in 26 patients (5.3%), and others (such as
myalgia, headache, and bitter sensation in the mouth)
in 10 patients (2.0%; Table 2).

Associated factors for eradication failure

Associated factors for eradication failure are summa-
rized in Table 3. Univariate and multivariate analyses
demonstrated that only diabetes mellitus (OR = 3.99,
95%CI: 1.56-10.20, P = 0.004) was significantly
related to eradication failure. There was no statistically
significant relationship between eradication failure and
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Table 3 Related factors about eradication failure of bismuth-based quadruple therapy 7 (%)

Variable Eradication Success (n = 468") Eradication Failure (7 = 27") P value’ P value® Adjusted OR (95%CI)“
Age (yr)

<50 124 (95.4) 6 (4.6)

> 50 344 (94.2) 21 (5.8) 0.822 0.752 1.17 (0.44-3.09)
Gender

Male 248 (93.2) 18 (6.8)

Female 220 (96.1) 9(3.9) 0.233 0.240 0.57 (0.22-1.46)
Residence

Rural 90 (94.7) 5(5.3)

Urban 378 (94.5) 22 (5.5) 1.000 0.783 1.16 (0.41-3.24)
Cigarette smoking

No 341 (95.0) 18 (5.0)

Yes 111 (92.5) 9(75) 0359 0435 1.48 (0.56-3.93)
Alcohol intake

No 252 (94.4) 15 (5.6)

Yes 200 (94.3) 12 (5.7) 1.000 0.522 0.74 (0.29-1.89)
Diabetes mellitus

No 408 (95.6) 19 (4.4)

Yes 44 (84.6) 8 (15.4) 0.005 0.004 3.99 (1.56-10.20)
Hypertension

No 361 (94.5) 21 (5.5)

Yes 91 (93.8) 6 (6.2) 0.806 0.638 0.78 (0.28-2.18)

'Total number of analyzed patients. Missing values are not included. °P < 0.05, univariate logistic regression test; P < 0.05, multivariate logistic regression

test. Logistic model including terms of age, gender, residence, cigarette smoking, alcohol intake, diabetes mellitus and hypertension.

other factors including age, gender, residence, smo-
king, alcohol, and hypertension.

DISCUSSION

In the current study, the H. pylori eradication rate
for bismuth-containing quadruple therapy given for
7 d was < 80% by ITT analysis, but was > 90% by
PP analysis in patients who failed clarithromycin-
containing triple therapy. The frequency of adverse
effects was less than 15%, which is consistent with the
results of previous studies using bismuth-containing
quadruple therapy™ %,

As a second-line therapy, the effect of bismuth-
containing quadruple therapy is controversial. Our
PP eradication rate result was consistent with earlier
studies, which reported that bismuth-containing
quadruple therapy produced a high eradication rate
in patients that failed H. pylori eradication therapy
using clarithromycin-containing triple therapy. A recent
multinational study in Europe reported the eradica-
tion rates for bismuth-containing quadruple therapy
as rescue therapy for 10 d were 93.2%-93.8% by
ITT analysis and 94.7%-95.0% by PP analysis!".
Results with bismuth-containing quadruple therapy in
China also demonstrated a 10-d bismuth-containing
quadruple therapy eradication rate of 88.9% by ITT
analysis and 90.9%-91.6% by PP analysis in patients
that failed H. pylori eradication therapy'***\. However,
eradication rates using second-line bismuth-containing
quadruple therapy revealed diverse results in South
Korea. Yoon et al"* suggested that a 7-d bismuth-
containing quadruple therapy might be as efficient
as a 14-d bismuth-containing quadruple therapy for
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second-line eradication therapy, because a 7-d bis-
muth-containing quadruple therapy produced 83.5%
and 87.7% eradication rates by ITT and PP analyses,
respectively, and a 14-d bismuth-containing quadruple
therapy produced 87.7% and 88.9% eradication rates
by ITT and PP analyses, respectively. In contrast,
another study reported that ITT eradication rates for
a 7-d bismuth-containing quadruple therapy were
67.4%, and PP eradication rates were 78.2%, whereas
ITT eradication rates for a 14-d bismuth-containing
quadruple therapy were 72.8%, and PP eradication
rates were 84.1%"., Usually, H. pylori eradication rates
correlate with patient drug compliance and H. pylori
antibiotic resistance. Unfortunately, studies to evaluate
antibiotic resistance between different areas in South
Korea are rare, and one small study determined there
was no significant regional difference between H. pylori
metronidazole and tetracycline resistance in South
Korea!*. Therefore, the reason for the high PP eradi-
cation rate in the current study is unclear. Although
regional differences in antibiotic resistance may exist,
bismuth-containing quadruple therapy achieved a
more than 90% ITT eradication rate in patients who
had H. pylori resistant to metronidazole (32.7%) and
clarithromycin (63.3%)"". Thus, bismuth-containing
quadruple therapy for second-line eradication therapy
might even be effective in patients with antibiotic-
resistant H. pylori.

In terms of adverse effects, most patients in the
current study complained of gastrointestinal symptoms
including nausea, vomiting, bloating, abdominal pain,
or diarrhea. The symptoms were well tolerated, and
no serious adverse events were observed. Only one
patient wanted to be hospitalized for supportive care
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due to nausea. With regard to neurologic symptoms,
three patients complained of headache or dizziness,
but the symptoms were mild. Severe neurological
symptoms, such as bismuth-related encephalopathy,
were not observed™***”), In accordance with previous
studies, bismuth-containing therapy for the eradication
of H. pylori is considered safe and well tolerated™®*®,

Several factors have been postulated as the cause
of eradication failure, including age, gender, smoking,
alcohol, and specific drug history (e.g., aspirin)®'%%,
However, there was no significant relationship between
these factors and eradication failure in the current
study, except for diabetes mellitus. Diabetes mellitus
has been presumed to be a risk factor for H. pylori
eradication failure based on a recent meta-analysis (RR
= 2.19, 95%CI: 1.65-2.90)*. It is hypothesized that
microcirculatory complications related to diabetes mel-
litus could induce gastroparesis and reduce the absorp-
tion of antibiotics into the gastric mucosa, thereby
influencing the effect of eradication therapy™*®!. In
addition, drug binding was revealed to be decreased
by glycosylation, which was presumed to be associated
with levels of blood glucose®®. Concerning antibiotic
resistance, the frequent use of antibiotics might
increase antibiotic resistance”*”). A recent Danish
nationwide cohort study found that the rates for
community-based antibiotic prescriptions were higher
in patients with diabetes mellitus compared to the
general population®®. Therefore, a more careful choice
of H. pylori eradication therapy is needed for patients
with diabetes mellitus.

Limitations of the present study are that it was
performed at a single center and many patients were
lost to follow-up, which might have influenced results
of the ITT analysis. In addition, antibiotic suscepti-
bility tests were not conducted in this study. Culturing
H. pylori is difficult, and the response rates for antibiotic
susceptibility tests are relatively low. Therefore, this
was hard to inspect in all enrolled patients, and there
were no standard criteria for identifying antibiotic resis-
tance!. Furthermore, we did not diagnose H. pylori by
histology before and after eradication therapy, as most
patients underwent the *C-urea breath test or the
rapid urease test for confirmation of H. pylori presence
before and after therapy. These limitations could affect
the eradication rate. According to the manufacturer,
sensitivity and specificity of the rapid urease test were
90% to 95% and 95% to 100%, respectively. A recent
meta-analysis reported that sensitivity and specificity
of the >C-urea breath test were 95% to 97% and
91% to 94%, respectively, and that this test only
rarely provided false-positive results™34. We found
that eradication rates based on the “C-urea breath
test and the rapid urease test were 95.1% (327/344)
and 93.4% (141/151), respectively (P = 0.519).
Therefore, there was no significant difference between
the two methods. The accuracy of both tests is high
and very practical for clinical use®®, thus the absence
of histology is unlikely to have had a significant effect
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on this study.

In conclusion, bismuth-containing quadruple ther-
apy might be effective in patients that failed H. pylori
eradication using clarithromycin-containing triple the-
rapy, and might be worthy of consideration as a useful
second-line therapy for H. pylori eradication in South
Korea. Additionally, patients with diabetes mellitus
are at higher risk for eradication failure with bismuth-
containing quadruple therapy. Further studies on a
larger scale evaluating the effects of second-line bis-
muth-containing quadruple therapy are needed in the
near future in South Korea.
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carcinogen (group 1) by the International Agency for Research on Cancer.
Therefore, H. pylori eradication is important to protect public health, especially
in areas with high H. pylori prevalence. However, the eradication rate for proton
pump inhibitor (PPI)-containing triple therapy has decreased worldwide, and an
effective rescue treatment is needed.

Research frontiers

There is controversy about the role of bismuth-containing quadruple therapy as
a second-line therapy for H. pylori eradication due to a decrease in eradication
rates for bismuth-containing quadruple therapy in South Korea. In addition, risk
factors related to the failure of second-line eradication therapy are obscure.
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This retrospective study was performed to investigate the effects of second-
line eradication therapy using bismuth-containing quadruple therapy at a single
center over the past 11 years, and to evaluate the risk factors associated with
the failure of second-line eradication therapy. According to the high eradication
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Abstract

AIM

To assess the impact of disease characteristics on
the quality of life (QOL) in children with inflammatory
bowel diseases (IBD).

METHODS

This was a cross-sectional study conducted at the First
Department of Pediatrics of the University of Athens
at the “Aghia Sophia” Children’s Hospital. Children
diagnosed with Crohn’s disease (CD) or ulcerative
colitis (UC), who were followed as outpatients or
during a hospitalization, participated, after informed
consent was obtained from their legal representative.
QOL was assessed by the IMPACT-III questionnaire.
Demographic data and disease characteristics were
also collected. Statistical analyses included parametric
(Student’s #-test and Pearson’s /) and non-parametric
(Mann-Whitney test, Fisher’s test and Spearman’s rho)
procedures.

RESULTS
Ninety-nine patients (UC: 37, 73.0% females, CD: 62,
51.6% females), aged 12.8 + 2.6 years were included.
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Overall, as well as, sub-domain scores did not differ
between UC and CD (overall score: 73.9 + 13.3 vs 77.5
+ 11.2, respectively, P = 0.16). In the entire sample,
total score was related to physician’s global assessment
(PGA, patients classified as “mild/moderate” active
disease had, on average, 14.8 % 2.7 points lower total
scores compared to those “in remission”, £ < 0.001)
and age at IMPACT completion (Pearson’s r = 0.29,
P = 0.05). Disease activity assessed by the indices
Pediatric Ulcerative Colitis activity index, Pediatric
Crohn’s disease activity index or PGA was significantly
associated with all subdomains scores. Presence of
extraintestinal manifestations had a negative impact on
emotional and social functioning domains.

CONCLUSION

Disease activity is the main correlate of QOL in children
with IBD, underlining the importance of achieving and
sustaining clinical remission

Key words: Inflammatory bowel disease; Ulcerative
colitis; Crohn’s disease; Quality of life; IMPACT-III;
Children

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study demonstrated that disease activity
is the main correlate of quality of life (QOL) in children
with inflammatory bowel diseases (IBD). Further-
more, several factors, that pose increased risks for
impaired QOL for children with IBD, were identified.
In brief, children of younger age, the early years after
the diagnosis and the presence of extra-intestinal
manifestations were inversely related to IMPACT-
IIT scores. Therefore, in children with these specific
features, physicians should be more vigilant in order
to recognize and address issues related to their QOL
promptly.

Chouliaras G, Margoni D, Dimakou K, Fessatou S, Panayiotou
I, Roma-Giannikou E. Disease impact on the quality of life of
children with inflammatory bowel disease. World J Gastroenterol
2017; 23(6): 1067-1075 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i6/1067.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.16.1067

INTRODUCTION

Inflammatory bowel diseases (IBD) are immune
mediated disorders with a genetic component, charac-
terized by chronic inflammation of the gastrointestinal
tract. Although patients suffering from these conditions
have a normal life expectancy, the need for long-term
medication, frequent hospitalizations, surgeries and
the relapsing nature of the disease significantly nega-
tively affect their quality of life (QOL). The term QOL
encompasses the patients’ subjective perception of
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their health state, as well as the impact of their disease
on their physical, social and emotional wellbeing™.

There are several studies published on the subject,
the majority of which support that patients with IBD,
as with other chronic diseases, have an impaired
QOL compared to the normal population*?!. Most
researchers have concluded that in patients with IBD
the disease activity is the main predictive factor of
QOL; however it is not yet defined how other disease
characteristics, such as disease duration, recurrent
hospitalizations or different treatment modalities
affect their QOL.

In this study we assessed the QOL in Greek pedia-
tric patients with IBD and attempted to identify how it
is affected by disease characteristics.

MATERIALS AND METHODS

The study was conducted at the First Department of
Pediatrics of the University of Athens, Greece after
approval by the Ethics Committee of the “Aghia
Sophia” Children’s Hospital in Athens, Greece.
Informed consent was obtained from all legal repre-
sentatives of the children who participated.

This was a cross-sectional study. Candidates for
inclusion were children diagnosed with UC or CD
according to the revised Porto criteria, who were
hospitalized or followed in the outpatient IBD clinic.
All patients had undergone at least one full ileocolo-
noscopy with biopsies, esophago-gastro-duodenoscopy
with biopsies and magnetic resonance enterography
for small bowel assessment.

At the time of evaluation, a number of parameters
were recorded: Demographic data, disease activity,
disease duration, current treatment and number of
hospitalizations in the previous 3 mo. For the disease
activity evaluation the Pediatric Crohn’s disease acti-
vity index (PCDAI)"® or the Pediatric Ulcerative Colitis
activity index (PUCAI)® were used. For PCDAI the
score ranges from 0 to 100, whereas for PUCAI the
score ranges from 0 to 85 points. Based on the activity
indices patients were classified as being in remission
(PCDAI < 10 or PUCAI < 10), in relapse with mild
activity (10 < PCDAI < 30 or 10 < PUCAI < 34) and
in relapse with moderate/severe activity (PCDAI > 30
or PUCAI > 34). Physician’s global assessment (PGA)
was also recorded at the time of evaluation. PGA is a
validated instrument through which the physician is
able to evaluate disease activity clinically, on a 4 point
scale (inactive, mild, moderate and severe disease).

QOL was assessed by the IMPACT-III question-
naire, which is a 35-item self-report tool that assesses
QOL in children and adolescents with IBD. Children
indicate on a 5-point Likert scale the extent to which
they are bothered by specific aspects of their health
condition. It consists of 6 subscales: bowel symptoms,
systemic symptoms, emotional functioning, social
functioning, body image and treatment/interventions.
Scores range from 35 to 175, with higher scores
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Table 1 Demographic data, disease characteristics and medications at the time of the evaluation 7 (%)

Overall (7 = 99) CD (n = 62) Uc (n = 37) P value

Gender, females 59 (59.6) 32 (51.6) 27 (73.0) 0.06°
Age (yr) 12.8+26 13.4+24 116 +25 0.001"
Age at diagnosis (yr) 99+31 10.7+29 8.6+3.0 <0.001
Number of hospitalizations* 2 (1-4) 2 (1-4) 3 (1-6) 0.09°
Disease duration at IMPACT completion (yr) 28+26 27+25 3.0£27 0.48'
Disease activity NA 7.2+103 14.0 £20.5 NA
Disease status, in remission 70 (70.7) 45 (72.6) 25 (67.6) 0.65°
Physician global assessment 0.9’

Clinical remission 80 (80.8) 50 (80.6) 30 (81.1)

Mild 14 (14.1) 9 (14.5) 5 (13.5)

Moderate 5(5.1) 3 (4.8) 2(5.4)
Medications at IMPACT completion

Antibiotics 2(2.0) 2(3.2) 0(0.0) 0.52°

Steroids 39 (39.4) 24 (38.7) 15 (40.5) 0.99’

Immunomodulators 68 (68.7) 47 (75.8) 21 (56.8) 011

Biologic agents 31 (31.3) 25 (40.3) 6 (16.2) 0.03°

Enteral nutrition 0 (0.0) 0 (0.0) 0 (0.0) NA

Aminosalicylates 52 (52.5) 15 (24.2) 37 (100.0) <0.001°

't-test; "Mann-Whitney test; *Fisher’s exact test; *Three months prior to completing IMPACT, median (interquartile range). NA: Not applicable; CD: Crohn’s

disease; UC: Ulcerative colitis.

suggesting better QOL. We used the Greek version
of the questionnaire, created by one of the authors
(Roma-Giannikou E), which has been translated from
the original one designed by Otley and the Pediatric
Inflammatory Bowel Disease Working Group on Quality
of Life in 20021, The patients completed the IMPACT-
III questionnaires, in the presence of their parent(s),
in approximately 20 min.

Statistical analysis

Statistical analysis was performed by a medical
biostatistician (GC). Summary statistics for continuous
variables are presented as mean + SD and compared
by t-test, whereas in cases of small samples (< 30) or
skewed distributions, median and interquartile range
are presented and the Mann-Whitney test was used.
Categorical data are presented as absolute (n) and
relative (%) frequencies and compared by Fisher’s
exact test. Correlations were assessed by Pearson’s
correlation coefficient (r), or Spearman’s rho. Due to
the small number of observations in the PGA-category
«moderate», categories «mild» and «moderate» were
collapsed into one class and compared to patients
in «clinical remission». Similarly, as the numbers of
subjects in the moderate/severe categories, accord-
ing to PCDAI/PUCAI classification, were very small,
patients were grouped as “in remission” or “in relapse
with mild/moderate activity” and a new joined variable
was formed including all individuals. After univariate
analyses were performed, a stepwise backward
regression analysis was performed to assess signifi-
cant parameters at the multivariate level, grouping
all IBD patients. Level of statistical significance, for
univariate analyses, was set to 0.05. For the stepwise
approach, the level for entering a covariate into the
model was 0.051 whereas for removing, it was 0.05.
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All analyses were performed with Stata 11.0 MP
statistical software (Stata Corp, TX, United States).

RESULTS

Descriptive statistics

A total of 99 patients (62 CD, 37 UC) were included
in the analysis. Demographic data and disease chara-
cteristics are shown in Table 1. Patients with CD were
older at the time of diagnosis, as well as at the time of
IMPACT completion and were more likely to be treated
with an anti-TNFo agent. Table 2 illustrates total and
sub-domain IMPACT scores, overall as well as accord-
ing to diagnosis. In general, patients with CD scored
higher in all scales compared to ulcerative colitis
group; however the results did not reach statistical
significance, not even after adjusting for PGA level (all
P values > 0.05). The only exception was emotional
functioning domain, where among patients in clinical
remission, according to PGA, CD children scored
significantly higher compared to UC children (79.3 £
16.2 vs 70.0 + 21.1, P = 0.05).

Total score of correlates of IMPACT scores

In the entire study sample of IBD patients, the total
IMPACT score was positively related to disease dura-
tion (Pearson’s r = 0.20, P = 0.04), age at IMPACT
completion (Pearson’s r = 0.19, P =0.05) and inversely
related to disease activity assessed by PUCAI and
PCDAI (“in remission” vs “mild/moderate”: 79.6 £ 11.4
vs 68.0 = 10.0, respectively, P < 0.001). Sub-analyses
confirmed the relation between total IMPACT score and
disease activity in both IBD groups (UC: Pearson’s r =
-0.45, P = 0.005, CD: Pearson’s r = -0.42, P < 0.001)
and between total IMPACT score and age at IMPACT
completion only in the UC group (Pearson’s r = 0.29,
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Figure 1 Total IMPACT scores (mean and 95%Cl) according to physician’s global
assessment in the entire inflammatory bowel disease study sample (A),
ulcerative colitis (B) and Crohn’s disease (C). Statistical comparisons were
performed by the Mann-Whitney test. PGA: Physician’s global assessment; UC:
Ulcerative colitis; CD: Crohn’s disease.

P = 0.05). Disease duration was not a significant
predictor in either group, in stratified analyses. Overall,
total scores showed a significant trend across the PGA
scale, with lower scores corresponding to worst clinical
assessment (Mann-Whitney test, P < 0.001; Figure
1A). The same result occurred in the stratified analyses
(Mann-Whitney test, UC: P = 0.014 and CD: P < 0.001;
Figure 1B and C respectively).
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Gender, number of hospitalizations in the previous
3 mo and type of medication were not correlated to
total IMPACT scores neither overall or per group (all P
values > 0.10).

Finally a multivariate stepwise regression analysis
was performed in the entire study sample. In the
final model, PGA and age at IMPACT-III completion
remained significant. More specifically, patients clas-
sified as “mild/moderate” had, on average, 14.5 +
2.7 points lower total scores compared to those “in
remission” (P < 0.001). In addition, it was estimated
that one year increase in age at IMPACT-III completion
increases the total score by an average of 0.8 £ 0.4
points, regardless of PGA classification (P = 0.044).

Sub-domain scores of correlates of IMPACT scores

Bowel symptoms: Overall, the bowel symptoms
domain score was significantly related to disease
duration (Pearson’s r = 0.27, P = 0.005), age at
IMPACT completion (Pearson’s r = 0.23, P = 0.018)
and disease activity (in remission vs mild/moderate
activity: 81.4 £ 12.7 vs 65.3 £ 10.0, respectively, P
< 0.001). In the stratified analysis the direction of the
correlations was retained; however in UC only disease
activity remained a statistically significant predictor
(Pearson’s r = -0.56, P < 0.001), whereas in the
CD group disease duration (Pearson’s r = 0.31, P =
0.013) and disease activity (Pearson’s r = -0.54, P <
0.001) reached statistical significance. Patients with
CD who were being treated with steroids had signifi-
cantly lower scores in the bowel symptoms domain
compared to steroid-free CD patients (on-steroids vs
no-steroids: 73.8 £ 13.8 vs 80.7 £ 13.9, P = 0.047).
After stratification according to PGA, significance was
marginally not achieved for patients in remission (on-
steroids vs no-steroids: 77.8 £ 11.3 vs 83.7 £ 12.1,
P = 0.09). No other significant associations between
bowel symptoms domain scores and type of medica-
tions were observed. As shown in Tables 3, 4 and 5,
across the study population, overall as well as in the
sub-group analyses, there was a clear trend for bowel
symptoms scores resulting in significantly lower scores
for patients in the moderate/mild category compared
to those classified in remission. The regression analysis
showed that PGA, disease activity and disease duration
were significant covariates in the final model. Based
on PGA, children classified as “mild/moderate” had, on
average, 9.6 * 4.1 points lower total scores compared
to those “in remission” (P = 0.022), whereas according
to activity indices a similar difference was estimated
between the two categories (9.8 £ 3.6, P = 0.008).
An interesting point is that these results are adjusted
for the level of the other covariate. For example,
patients classified “in remission”, according to PGA,
have significantly different scores depending on their
disease status based on activity indices. In the regres-
sion analysis it was, also, estimated that one year
increase in disease duration increases the total score
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Table 2 IMPACT scores (total and domain scores) in the study population

Overall (n = 99) CD (n = 62) Uuc (n = 37) P value'

Total score 762+12.1 775+11.2 73.9+13.3 0.16
Individual domains

Bowel symptoms 76.6 +14.8 78.0+14.0 742+155 0.22
Systemic symptoms 80.8+17.4 82.0+16.7 78.8 £18.5 0.36
Emotional functioning 724+19.0 752+18.3 67.9+£19.6 0.06
Social functioning 799+124 80.6 £12.0 78.6 £13.0 0.42
Body image 71.5+17.9 72.6+19.3 69.8£15.4 0.46
Treatment/interventions 69.0+19.9 70.0 +18.4 67.3+22.4 0.51

!t-test. CD: Crohn'’s disease; UC: Ulcerative colitis.

Table 3 IMPACT scores per domain according to physician’s

global assessment classification (total population)

Table 5 IMPACT scores per domain according to physician’s

global assessment classification (Crohn’s disease patients)

1

Domain PGA P value' Domain PGA P value
Clinical remission Mild/moderate Clinical remission Mild/moderate
Bowel symptoms 80.0+13.3 624+11.8 <0.001 Bowel symptoms 81.6+12.1 63.4+134 <0.001
Systemic symptoms 84.2+16.0 66.6 +15.9 <0.001 Systemic symptoms 85.0+15.1 69.4+17.9 0.005
Emotional functioning 75.8 £18.6 583 +13.5 <0.001 Emotional functioning 79.3+£16.2 58.0+16.9 <0.001
Social functioning 825+11.0 69.0+11.9 <0.001 Social functioning 83.4+99 68.9+13.2 0.001
Body image 73.2+17.9 64.5+16.4 0.032 Body image 75.0+£18.6 62.5+19.6 0.036
Treatment/interventions 70.9 £20.1 61.0+£17.1 0.007 Treatment/ interventions 722+17.5 61.1+20.2 0.070

'Mann-Whitney test. PGA: Physician’s global assessment.

Table 4 IMPACT scores per domain according to physician’s

global assessment classification (ulcerative colitis patients)

Domain PGA P value'

Clinical remission Mild/moderate

Bowel symptoms 774+15.1 60.7£9.2 0.007
Systemic symptoms 82.8+17.6 61.9+11.6 0.002
Emotional functioning 70.0+21.1 587+45 0.050
Social functioning 80.8+12.7 69.0 £10.0 0.032
Body image 703 £16.6 67.9+8.9 0.600
Treatment/interventions 68.9+242 60.7 +11.5 0.300

'Mann-Whitney test. PGA: Physician’s global assessment.

by an average of 1.0 £ 0.5 points, irrespective of PGA
classification or disease activity (P = 0.037).

Systemic symptoms: With respect to the systemic
symptoms domain score, disease activity was a sig-
nificant correlate overall (in remission vs mild/moder-
ate activity: 84.3 £ 16.0 vs 72.4 *+ 18.0, respectively,
P = 0.001), as well as in the UC and CD groups
(Pearson’s r = -0.45, P = 0.005 and Pearson’s r =
-0.30, P = 0.015, respectively). Similarly to the bowel
symptoms domain, PGA was significantly and nega-
tively related to systemic symptoms domain (Tables
3, 4 and 5). With the exception of steroids, treatment
was not related to systemic symptoms. Patients receiv-
ing steroids scored significantly lower in the systemic
symptoms domain (on-steroids vs no-steroids: 76.5
+ 18.8 vs 83.6 = 18.9, P = 0.045). When the analysis
was repeated, after stratifying according to PGA class,
the effect was retained for those patients in remission
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"Mann-Whitney test.

(on-steroids vs no-steroids: 79.2 £ 19.8 vs 86.6 *
18.9, P = 0.039) but not for those with active disease (P
= 0.34). In the final model only PGA remained statisti-
cally significant (“mild/moderate” had, on average,
17.5 % 4.1 points lower total scores compared to those
“in remission” (P < 0.001)

Emotional functioning: The same pattern was
observed for the emotional functioning domain score
and disease activity, as well: (overall: in remission
vs mild/moderate activity: 75.9 £ 19.4 vs 64.0 £
15.2, respectively, P = 0.004, UC: Spearman’s rho =
-0.33, P = 0.04, CD: Spearman’s rho = -0.32, P =
0.011). In addition, disease duration appeared to be
positively and significantly related to the emotional
functioning domain score overall, but not in the sub-
group analyses (overall: Pearson’s r = 0.20, P = 0.046).
An interesting finding was the negative effect of extra-
intestinal manifestations on emotional functioning
(yes vs no: 55.0 £ 19.8 vs 73.4 £ 18.6, P = 0.046).
In relation to PGA, in accordance to previous results,
patients classified as “mild/moderate” had significantly
worse scores compared to those “in remission” (Tables
3, 4 and 5). Therapeutic modalities did not affect emo-
tional functioning. The multivariate analyses, where all
candidate parameters were included and a stepwise
process rejected the statistically insignificant, revealed
a quite different final model. PGA and disease duration
were, again, significant correlates [PGA: “mild/moder-
ate” had, on average, 15.7 £ 4.4 points lower scores
compared to those “in remission” (P = 0.001); one
year increase in disease duration increases the score
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by an average of 1.6 £ 0.7 points (0.019)]. Moreover,
it was shown that patients with extra-intestinal mani-
festations had lower scores (average difference: -19.7
+ 0.7, P = 0.017) and the same was demonstrated
for gender, with boys having significantly higher scores
compared to girls (average difference: 7.4 £ 3.6, P =
0.045).

Social functioning: A positive trend was recorded
between age and social functioning scores, overall
(Pearson’s r = 0.21, P = 0.030), but not in stratified
analyses. The previously described inverse relation
between domain scores and disease activity was also
observed in the social functioning domain score not
only in the entire IBD population (overall: in remission
vs mild/moderate activity: 83.7 = 10.7 vs 70.8 +
11.5, respectively, P < 0.001), but also per IBD group
(UC: Pearson’s r = -0.52, P < 0.001 and CD: Pearson’
s r = -0.43, P < 0.001). Disease duration appeared
to be positively and significantly related to social
functioning domain score in the entire study popula-
tion (Pearson’s r = 0.21, P = 0.034). Patients in the
“mild/moderate” group according to PGA classification
had impaired social functioning compared to those “in
remission” (Tables 3, 4 and 5). Medications were not
associated with the social functioning score, overall
nor in the stratified analyses. Nevertheless, in the
final modeling, PGA was not a significant parameter.
Higher disease activity assessed by PCDAI and PUCAI
resulted in worse social functioning (“*mild/moderate”
vs “in remission”, average difference -13.2 £ 2.3, P <
0.001) and the presence of extra-intestinal manifesta-
tions, also, was related to lower scores compared to
no extra-intestinal manifestations (average difference:
-12.1 £4.9, P =0.015).

Body image and treatment/interventions:
For both, body image and treatment/interventions
domains, no statistically significant relationship to
the assessed disease characteristics or prescribed
medications was found. Regarding PGA, in general,
the previously described trends were also observed,
although correlations for body image and treatment/
intervention domains in UC patients (P = 0.6 and P =
0.3, respectively), and treatment/intervention in CD
patients (P = 0.07) did not reach statistical significance
(Tables 3, 4 and 5).

DISCUSSION

The results of the present study indicate that disease
activity is the major factor associated with low QOL
in children with IBD. The analysis demonstrated a
clear inverse relationship between disease activity and
IMPACT-III, total and subdomain, scores. The same
trend was observed for CD and UC patients, separately.
Additionally, it was shown that physician’s assessment
(through the PGA scale) was a strong correlate of
QOL. Interestingly, in the multivariate analysis, PGA
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absorbed the statistical significance of disease activity,
as a correlate of IMPACT-III total score. This could
reflect the greater ability of physician’s perspective to
detect subtle variations in the patient’s physical and
psychological status. These findings are in accordance
with the majority of previous studies, which also found
disease activity as the major negative predictor of QOL
in IBD patients® .

Published data have been inconsistent regarding
comparisons of QOL between patients with CD and
UC. Some reports suggest that no such differences
exist!'®1 whereas, others describe poorer QOL in
patients with CD, due to its worse clinical course,
constant need of treatment and higher likelihood for
surgery®, In our analysis, CD patients reported better
QOL scores compared to UC patients, although the
difference was not statistically significant. In the sub-
domain analyses statistical significance was reached
for the emotional functioning domain. Notably, CD
patients in our study were older and were more likely
to be receiving an anti-TNF agent. Both these param-
eters have been shown to improve QOL, although
for the latter no such association was recorded in our
samplet*?,

The assessment of the association between age
and QOL in pediatric IBD populations has generated
controversial results. We recorded a positive, statisti-
cally significant association between age and total
IMPACT-III scores, independently of PGA classification.
In 2002, Loonen et al®* concluded that adolescents
have impaired QOL scores compared to younger chil-
dren, whereas Gallo et ai™® found no association. An
interesting study published by Deepal et af*" in 2012,
supported that post-colectomy QOL in UC patients
was better when the diagnosis was made under the
age of twelve. A possible interpretation of our result is
that, as children grow into adolescence, they may be
able to develop more efficient coping mechanisms and
therefore be less vulnerable to the psychological effect
of a chronic disease.

An area which has been sparsely investigated is the
impact of disease duration and received mediations
on QOL. Although some studies failed to find any
correlation™®*!, others have indicated improved QOL
scores with longer disease duration®?®?’!, Similarly
to the latter, we also showed that disease duration
is positively correlated to IMPACT-III total scores.
Moreover, in subdomain-analyses, the same positive
trend was observed for bowel symptoms, emotional
functioning and social functioning. This finding could
reflect an adaption process to a new life-style, which,
particularly for growing, peri-pubertal children, may be
cumbersome and prolonged. In pediatric IBD, bowel
symptoms, emotional and social issues are of major
concern and their course contribute significantly to
QOL™¥,

Our findings, also, suggest that, with the excep-
tion of steroids, type of medication had no effect
on QOL. Nevertheless, patients on steroid therapy
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scored significantly lower in the systemic symptoms
domain and CD patients on steroids recorded impaired
bowel symptoms domain subscores. Surprisingly,
for systemic symptoms, the effect was retained for
the group of patients in remission, after stratifying
according to PGA class, whereas for bowel symptoms
in CD it was marginally lost. This is probably due to
the fact that patients usually receive steroids during
and shortly after a flare, when systemic symptoms are
present or recent, consequently affecting their QOL.
Another interpretation could be that steroid therapy
can cause mood impairments, although this should
affect the emotional functioning of the patients as
well. Furthermore, steroid therapy imposes dietary
restrictions and requires supplemental medication
(vitamin D). All the above might contribute to the
observed effect. Previous studies have, also, demon-
strated the negative impact of steroid therapy in the
QOL of patients®*”, In contrast to recent reports,
we did not find any association between the use of
biological agents and IMPACT-III, total and subdomain,
scores*' 31,

An interesting observation, not frequently reported
in literature, was the negative association between
extra-intestinal manifestations and emotional function-
ing. This seems to be in accordance with one previous
study which concluded that musculoskeletal manifesta-
tions had a detrimental effect on QOL"?, In our popu-
lation, three patients had sclerosing cholangitis and
two patients suffered from type I peripheral arthritis.
The latter has a clinical course independent of IBD
activity™; therefore it could contribute to an impaired
QOL even if a patient is in remission. The former is
known to have an irreversible, progressive course
leading ultimately to liver failure. It would be reason-
able to assume that the knowledge of having such
a destructive, chronic, untreatable disease, severely
affects emotional functioning in these patients.

The main drawback of our study is the cross-
sectional nature of the analysis that does not permit
detection of causal relations. Furthermore small sub-
sample sizes may have prevented some comparisons
from reaching statistical significance due to reduced
power.

In conclusion, The QOL of patients with IBD is
directly and mainly dependent on the activity of their
disease and this relationship is optimally assessed by
PGA rather than activity indices. Extra-intestinal mani-
festations and use of steroids should always raise the
concern of impaired QOL, even if clinical remission of
intestinal disease has been achieved. Disease duration
and age have a positive impact on QOL; therefore the
first years after the diagnosis, particularly in younger
children, is the most sensitive period requiring inten-
sive, supportive interventions.

COMMENTS

Background

The inflammatory bowel diseases (IBD) are chronic conditions of the intestines
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requiring frequent hospitalizations and long-term medications. The risk for
surgeries, complications and extra-intestinal manifestations is increased in
children suffering from these disorders. All the above result in a significant
psychosocial burden which negatively affects their quality of life (QOL).

Research frontiers

The spectrum of the clinical evolution of a child suffering from IBD presents
many fluctuations and is affected by the age of onset, disease duration,
medications and medication-related side effects, and disease-related
complications, such as surgeries and extra-intestinal manifestations. The main
research question, which is of direct clinical importance, is the identification of
factors that predispose in impaired QOL. This would allow treating physicians
to, timely, intervene in a timely manner and try to minimize the negative
consequences, which is a top priority in growing adolescents.

Innovations and breakthroughs

Several, different, disease-related parameters were found to influence the
QOL in pediatric IBD patients, such as disease activity, use of steroids and
extra-intestinal manifestations. The significant relation of the physician’s global
assessment to the QOL underlines the importance of the clinician’s subjective
impression, apart from the standardized activity indices. The time frame of
maximum vulnerability appears to be during the early years after the diagnosis,
especially in younger children

Applications

The observations derived from the present study could serve as a guide for
identifying IBD sub-groups at high risk for impaired QOL. Based on these
results, physicians treating children with IBD, could implement early strategies
in order to manage, or optimally prevent, significant deteriorations. On the
other hand, focused research on these high-risk patients could help to clarify
the biologic and psychological mechanisms underlying the above described
processes.

Terminology

IBD is a group of chronic intestinal disorders, which may present in early
childhood. QOL encompasses information from different aspects of a child’s
perception on everyday life. It can be assessed by the IMPACT-III questionnaire
which is a self-reporting, validated, structured scale offering quantitative
assessment on the QOL, overall, as well as on distinct sub-domains.

Peer-review
This study was well conducted and nicely written, it can be of assistance to the
scientific community.
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Observational Study
Simple pain measures reveal psycho-social pathology in
patients with Crohn’s disease
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Abstract

AIM
To determine whether pain has psycho-social associ-
ations in adult Crohn’s disease (CD) patients.

METHODS

Patients completed demographics, disease status,
Patient Harvey-Bradshaw Index (P-HBI), Short Form
Health Survey (SF-36), Short Inflammatory Bowel
Disease Questionnaire (SIBDQ), and five socio-
psychological questionnaires: Brief Symptom Inventory,
Brief COPE Inventory, Family Assessment Device,
Satisfaction with Life Scale, and Work Productivity and
Activity Impairment Questionnaire. Pain sub-scales in
P-HBI, SF-36 and SIBDQ measures were recoded into
4 identical scores for univariate and multinomial logistic
regression analysis of associations with psycho-social
variables.
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RESULTS

The cohort comprised 594 patients, mean age 38.6
+ 14.8 years, women 52.5%, P-HBI 5.76 £+ 5.15.
P-HBI, SF-36 and SIBDQ broadly agreed in their
assessment of pain intensity. More severe pain was
significantly associated with female gender, low socio-
economic status, unemployment, Israeli birth and
smoking. Higher pain scores correlated positively with
psychological stress, dysfunctional coping strategies,
poor family relationships, absenteeism, presenteeism,
productivity loss and activity impairment and all WPAI
sub-scores. Patients exhibiting greater satisfaction with
life had less pain. The regression showed increasing
odds ratios for psychological stress (lowest 2.26,
highest 12.17) and female gender (highest 3.19) with
increasing pain. Internet-recruited patients were sicker
and differed from hardcopy questionnaire patients in
their associations with pain.

CONCLUSION

Pain measures in P-HBI, SF-36 and SIBDQ correlate
with psycho-social pathology in CD. Physicians should
be aware also of these relationships in approaching CD
patients with pain.

Key words: Crohn’s disease; Psycho-social pathology;
Pain
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Core tip: Pain is a very important symptom in patients
with Crohn’s disease. Pain level and frequency are
measurable with a series of simple questionnaires.
We show that pain has demographic associations
concerning gender, economic status, birthplace and
smoking, as well as psycho-social associations such as
disease coping strategies, family support, satisfaction
with life, absenteeism and presenteeism related to the
workplace, and leisure activity. Understanding these
relationships will assist physicians in their approach to
patients with pain.

Odes S, Friger M, Sergienko R, Schwartz D, Sarid O, Slonim-
Nevo V, Singer T, Chernin E, Vardi H, Greenberg D; Israel IBD
Research Nucleus. Simple pain measures reveal psycho-social
pathology in patients with Crohn’s disease. World J Gastroenterol
2017; 23(6): 1076-1089 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i6/1076.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.16.1076

INTRODUCTION

Crohn’s disease (CD) is an idiopathic inflammatory
condition of the gastrointestinal tract, most commonly
affecting the small and large intestines, and causing
diarrhea, pain, malaise, weight loss and anemia.
Abdominal pain is the commonest form of pain in
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patients with CD. It constitutes a major diagnostic
criterion of CD in epidemiological studies and the first
therapeutic target in CD patient management™®!. Over
50% of adult patients with active CD reported having
abdominal pain'®”). Interestingly, pain is also present
when CD is not active. Pain was present in 20% to
50% of patients in clinical remission™®°., It has been
suggested that in these cases the pain results from
persistent peripheral sensitization after the acute CD
episode has passed, and that this hypersensitivity is
augmented by psychological stressors!®, Concern
about pain was reported to be higher in some coun-
tries than others; it is reportedly higher in patients in
Israel compared to some other countries™™, Up to a
third of patients need to take analgesics for abdominal
pain®®’, Medical cannabis is increasingly used to
relieve abdominal pain in CD™?. It was shown that
dependence on medication for pain was associated
with poorer health status™®. Pain results in impaired
socio-psychological functioning and a reduced quality
of life®*¥, Abdominal pain in CD is associated with
depression and increased anxiety™*®,

The above-quoted studies indicate that while the
intensity of pain in CD is a consequence of the patho-
logy of the disease, it is related also to the psycho-
logical functioning of these individuals in response to
illness-induced stress, and may be moderated by the
coping mechanisms used by patients to deal with their
illness, and perhaps by demographic variables. These
important relationships are as yet poorly understood,
and further knowledge in this area may contribute to
improving the treatment of these patients. We aimed
to investigate the relationship of pain to psychological
functioning and disease-coping in the broad spectrum
of CD patients of different demographic status. We
report here the results of our study performed in a
country-wide large non-selected community cohort of
CD patients.

MATERIALS AND METHODS

Patients

Consecutive adult (age 18 years and over) patients
consenting to take part in an ongoing socio-economic
study of CD in the Israeli adult patient population were
studied using self-report questionnaires. Patients were
eligible to participate whatever the duration or severity
of their illness, and irrespective of their past and pres-
ent treatments and surgery (if any). There were two
methods of patient recruitment. Most patients (70%)
were recruited on a consecutive basis when presenting
for follow-up or acute non-hospitalized care at the
out-patient Gastroenterology Departments of five
participating university-affiliated tertiary care hospitals
in Israel. These patients met the standard criteria for
diagnosis as CD (ECCO), and were given the option of
completing the questionnaires on paper or on the inter-
net in their own time at home. The other patients were
canvassed on the website of “The Israel Foundation for
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Crohn’s Disease and Ulcerative Colitis” and completed
the questionnaires on-line. It was assumed that these
patients would have established CD. Physicians and
nurses did not assist in completing the questionnaires.
All questionnaires were in the public domain and were
made available in their validated Hebrew translations.
Knowledge of Hebrew was a condition for inclusion in
the study. Charts of hospital-recruited patients were
checked to uncover any psychological or psychiatric
disease, but this information could not be ascertained
for patients recruited by the internet.

Study design

This was a cross-sectional study with data collection
from July 2013 to June 2016. Patients reported socio-
demographic and medical characteristics including
gender, year and place of birth, education, economic
status, marital status and number of children, religion
and religiosity, current and past smoking habits,
disease duration, current medications, anytime
surgery for CD, and hospitalizations for CD in the
past year. Data concerning co-morbidities were col-
lectible from most patients attending at the hospitals.
Patients completed the Patient Harvey-Bradshaw
Index (P-HBI), Short Form Health Survey (SF-36)
and Short Inflammatory Bowel Disease Questionnaire
(SIBDQ), all of which include questions about pain. In
addition, patients completed five socio-psychological
questionnaires: Brief Symptom Inventory (BSI), Brief
COPE Inventory (COPE), Family Assessment Device
(FAD), Satisfaction with Life Scale (SWLS) and Work
Productivity and Activity Impairment Questionnaire
(WPAI).

P-HBI"": This clinical measure of the severity of dis-
ease was specifically designed for patients with CD. It
consists of 4 items reflecting the previous day’s symp-
toms and signs of CD; the question regarding the
physician’s assessment of the possible presence of an
abdominal mass in the original HBI is removed in the
P-HBI, making the questionnaire suitable for comple-
tion by the patients themselves. A total score < 5
indicates disease remission, 5-7 mild disease, 8-16
moderate disease, and > 16 severe disease.

SF-36""*": This generic health-related quality of life
measure is comprised of 36 items divided into eight
domains, which in turn are grouped as Physical Health
Summary Score (physical functioning, role-physical,
bodily pain, general health) and Mental Health
Summary Score (vitality, role-emotional, social func-
tioning, mental health). Responses refer to the past
four weeks. The range of the Physical or Mental Health
Summary Score is 0-100. A higher score represents
a better quality of life. The Hebrew version has been
validated™'.

SIBDQ™: Is an inflammatory bowel disease-specific
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health-related quality of life tool measuring physical,
social, and emotional status. It consists of 10 items:
each item refers to the last two weeks, and is rated
on a 7 degree scale (1 = all the time, 7 = never). The
total score is in the range from 10-70. A higher value
indicates a better quality of life. A validated Hebrew
version was used!,

BSI™“: This instrument is a measure of psychological
stress in the past month. It consists of 53-items that
assess nine symptomatic dimensions (depression,
somatization, obsession-compulsive, interpersonal
sensitivity, anxiety, hostility, phobic anxiety, paranoid
ideation, and psychoticism) on a 0-4 scale; a higher
score implies more psychological distress. The General
Severity Index (GSI) yields a useful global summary
score called the GSI with range 0-4. In non-patient
normal individuals the GSI was reported as 0.30 +
0.31. The Hebrew version was validated™.

Brief COPE Inventory™: This measure comprises
28 items; each item is rated on a 4 degree scale (1
= I do not do it at all, 4 = I do it very much). Items
are grouped to yield 14 coping subscales that are
grouped into 3 strategies: emotion-focused (emotional
support use, positive reframing, humor, acceptance,
religion), problem-focused (active coping, instrumental
support use, planning), and dysfunctional coping
(self-distraction, denial, substance use, behavioral
disengagement, venting, self-blame). A greater score
indicates more use of that coping strategy. The Brief
COPE presents the present condition of the subject.
We used the validated version in Hebrew.

FAD™®: This is a scale that measures the level of
perceptions of family functioning and communication.
It consists of 12 items; each item can be rated on a 4
degree scale (1 = strongly agree, 4 = not agree at all).
A higher value indicates a worse family functioning.
This measure has a Cronbach’s Alpha = 0.89. It has
been validated in Hebrew!?”..

SWLS™®: This instrument measures the individual’s
level of satisfaction with life at that moment in time.
It includes five questions (q): “ql, my life is close to
ideal; g2, conditions of my life are excellent; g3, I am
satisfied with my life; g4, I have gotten the important
things I want in life; g5, if I could live my life over, I
would change almost nothing.” Each question is rated
on a 7-point scale (1 = not agree at all with the item,
7 = strongly agree). The possible range of this scale
is from 1-7 per question. The summary score has a
range of 5-35, with a higher value indicating a higher
level of satisfaction with life. Cronbach’s alpha was
0.89. This measure has been validated in Hebrew™.

WPATI"": This measure evaluates the effect of disease
on the patient’s ability to work and to perform regular
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Table 1 Details of pain questions and scoring'

Questionnaire Question about  Score in questionnaire Recoded
pain score

Patient Harvey-  Did you have 0 None 0
Bradshaw Index abdominal pains 1 Mild 1
yesterday? 2 Moderate 2
3 Severe 3
MOS Short- How much bodily 1 None 0
Form Survey pain have you had 2 Very Mild 0
Instrument during the past 4 3 Mild 1
wk? 4 Moderate 1
5 Severe 2
6 Very Severe 3
Short How often during 1 All of the time 3
Inflammatory the past 2 wk 2 Most of the time 2
Bowel Disease have you been 3 A good bit of the time 2
Questionnaire  troubled by pain 4 Some of the time 1
in the abdomen? 5 A little of the time 1
6 Hardly any of the time 0
7 None of the time 0

'Pain questions in the three questionnaires with original scoring, and the
recoded scores used in the analysis.

activities in the past 7 d (not including the present
day). This instrument yields 4 scores: absenteeism
(work time missed due to disease), presenteeism
(impairment while working, i.e., reduced on-the-job
effectiveness due to disease) work productivity loss
(overall work impairment, i.e., the sum of absenteeism
plus presenteeism) and activity impairment (degree
that disease impairs regular activities). Scores are
expressed as percentages. Higher scores indicate
greater impairment at work or when performing activi-
ties. The Hebrew version of this measure was accessed
from the internet™,

Statistical analysis

All data from the questionnaires were pooled in a
single database. The questions relating to pain were
question 2 in P-HBI, question 4 in SIBDQ and question
21 in SF-36. These questions emphasized different
aspects of pain and differed by the time period under
review and the possible responses. Patients whose
data were deemed eligible for analysis were required
to have filled in all 3 questions patients; with any
missing values were excluded. Based on the frequency
of patients’ responses to these questions, 4 sub-scores
(no pain, mild pain, moderate pain, severe pain) were
formulated for each pain scale and used in the analysis
(Table 1). Results are expressed as means (* SD),
and medians (IQR) where the data distribution was
skewed. Univariate analysis was used to show the
significance of associations of pain with demographic
and socio-psychological variables. We used the Mann-
Whitney test, Kruskal-Wallis test, t-test, and Spearman
correlations to test the significance of associations
depending on the type of distribution of the data. A
multinomial logistic regression was used to examine
the associations between the level of pain (in the three
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scales) and those demographic and socio-psychological
variables that were significant on univariate analysis.
Each pain questionnaire was examined separately, and
the “no pain” state was the reference category. The
model controlled for age, education, economic status
and family status. Statistical significance was set at P
< 0.05. Since the analysis revealed large differences
between patients filling in the questionnaires by inter-
net or hardcopy, these results are shown separately.

Ethical considerations

The study was approved by the Ethics Committees of
all participating hospitals and the patients recruited at
these hospitals signed an approved informed consent
form. Patients recruited via the website were deemed
to have consented to participate in the study when
they completed the questionnaires electronically. The
consent form contained a description of the study, its
aims and scope. A similar explanation was posted on
the website. All data were treated anonymously.

RESULTS

Patients

The total cohort comprised 594 patients with mean
age (£ SD) 38.6 + 14.8 years, and 57.6% were
women. Duration of disease was 11.05 £ 8.73 years
in the entire cohort; 10.8% of patients reported a
disease duration of 2 years or less. The P-HBI was 5.76
+ 5.15; 44.6% of the patients were in remission and
55.4% had various grades of active disease. Further
demographic data of the cohort are given in Table 2.
Very few patients (< 5%) were found to have mild
psychological comorbidities and they were included in
the analysis since this did not impact on the outcome
of the study. In the entire cohort 45.1% of patients
were on biologic medication. These patients reported
more pain by the P-HBI (P = 0.03) compared with
those not on biologic medication. However, there were
no differences in respect of the level or frequency of
pain by SF-36 or SIBDQ.

We compared the patients who completed the
questionnaires by internet or as hardcopy (Table 2).
Internet patients had a lower economic status, higher
disease activity level by P-HBI score and worse quality
of life compared to the hardcopy patients.

Questionnaires

Results of the socio-psychological questionnaires
appear in Table 3. In the total cohort the SF-36 sum-
mary scores were: physical 42.09 £ 10.76, and mental
41.99 £ 11.33. The SIBDQ total score was 46.33 =+
13.83. Half the patients reported their economic status
as moderate. The mean score for satisfaction with
life was moderate at 22.06 + 7.64. The GSI mean
score of 0.98 £ 0.75 indicated a mild psychological
distress level in the cohort, but the FAD mean score of
1.81 = 0.55 revealed moderate disturbance of family
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Table 2 Demographic parameters and disease characteristics of the Crohn’s disease cohort

Patient characteristic Total cohort Internet questionnaire Hardcopy questionnaire P value'
n =594 n =370 n =224
Age (yr) 0.151
mean + SD 38.56 + 14.06 36.99 +12.65 39.48 +14.77
Median (min-max) (IQR) 35 (18-79) (28-47) 35 (18-72) (26 -44) 35 (19-79) (28-49)
Education (yr) 0.043
mean + SD 14.81+2.93 15.05 £ 2.65 14.66 + 3.08
Disease duration (yr) 0.234
mean + SD 11.05+8.73 10.39 £8.23 11.45 £ 9.00
Median (min-max) (IQR) 10 (0-47) (4-15.5) 10 (0-41) (3-16) 10 (0-47) (5-15)
Female gender 57.6% 59.78% 56.90% 0.521
Married/living together 58.6% 57.01% 60.16% 0.452
Economic status
Good 29.8% 25.45% 33.15% 0.040
Moderate 49.8% 57.27% 46.58%
Poor 18.9% 17.27% 20.27%
Current cigarette smoking 18.9% 16.97% 21.55% 0.183
Biologic medication 45.1% 44.64% 45.41% 0.856
Surgery, ever 33.3% 32.59% 33.78% 0.765
Hospitalization in past year 25.3% 26.79% 24.32% 0.503
Patient Harvey-Bradshaw Index (P-HBI) 5.76 £5.15 6.70 +5.69 5.32+4.83 0.002
P-HBI sub-groups
Disease remission (score < 5) 44.60% 66 (40.00%) 199 (55.74%) 0.003
Mild disease (score 5-7) 20.00% 47 (28.48%) 72 (20.17%)
Moderate disease (score 8-16) 19.40% 40 (24.24%) 75 (21.01%)
Severe disease (score > 16) 3.90% 12 (7.27%) 11 (3.08%)

'Statistical differences between internet and hardcopy source of questionnaires.

Table 3 Scores of the social questionnaires of the Crohn’s disease cohort

Total cohort Internet Questionnaire  Hardcopy Questionnaire P value'

mean + SD mean # SD mean + SD
Median (min-max) (IQR) Median (min-max) (IQR) Median (min-max) (IQR)

Variables

MOS Short-Form Survey Instrument

Physical health 42.09 £10.76 40.88 £10.41 4272 £10.90 0.041
Mental health 41.99 £11.33 39.23 £11.36 43.42 £11.05 <0.001
Short Inflammatory Bowel Disease Questionnaire, total score 46.33 +13.83 42.02 +13.38 48.84 +13.48 <0.001
SWLS 22.06 +7.64 20.81+7.92 22.82+7.37 0.004
23 (5-35) (16-28) 21.0 (5-35) (15-27) 24.0 (5-35) (17-29)
GSI 0.98 £0.75 1.11£0.80 0.90£0.70 0.002
0.79 (0-3.92) (0.38-1.47) 0.9 (0.0-3.9) (0.4-1.6) 0.7 (0.0-3.2) (0.4-1.3)
FAD 1.81£0.55 1.90 £0.56 1.75£0.53 0.001
1.75 (1.0-4.0) (1.33-2.17) 1.9 (1.0-4.0) (1.4-2.3) 1.7 (1.0-4.0) (1.3-2.1)
COPE: Emotion-focused strategies 24.23 £5.88 24.50 £5.77 24.07 £5.94 0.340
24.5 (3-40) (20-29) 25 (6-39) (20-29) 24 (3-40) (20-28)
COPE: Problem-focused strategies 16.10 £ 4.74 16.82 £ 4.51 15.67 +4.83 0.004
16 (3-24) (13-20) 17 (4-24) (14-20) 16 (3-24) (12-19)
COPE: Dysfunctional Strategies 22.28 +5.93 23.41 £5.86 21.60 +5.87 0.000
22 (6-42) (18-26) 23 (8-41) (20-27) 21 (6-42) (17-25)
WPAL Absenteeism (%) 8.81+19.26 11.12+20.77 7.36 +18.16 0.021
0 (0-100) (0-8.35) 0(0-100.0) (0-15.2) 0 (0-100) (0-1.6)
WPAL: Presenteeism (%) 29.16 +30.20 31.52 +30.44 27.54 +30.00 0.119
20 (0-100) (0-50) 20 (0-100.0) (10.0-55.0) 20.0 (0-100) (0-50)
WPAL Work productivity loss (%) 29.19 +30.38 33.60 + 31.57 26.50 +29.38 0.025
20 (0-100) (0-50) 21.2 (0-100) (10-60) 20.0 (0-100) (0-40.7)
WPAL Activity impairment (%) 33.92 +30.61 37.60 + 30.86 31.74 +£30.30 0.021
30 (0-100) (10-60) 30 (0-100) (10-60) 20.0 (0-100) (0-50)

'Statistical differences between internet and hardcopy source of questionnaires. SWLS: Satisfaction with Life Scale; GSI: Global Severity Index; FAD:
McMaster Family Assessment Device; COPE: Brief Cope Inventory; WPAIL: Work Productivity and Activity Impairment Questionnaire.

productivity of the patients, 8.81% reported absentee-
ism from work and 29.19% reported loss of produc-
tivity while at work. Nearly 30% of patients reported

functioning. Patients made greater use of emotion-
focused and dysfunctional coping strategies compared
with problem-focused strategies. Concerning the work

Raishidenge ~ WJG | www.wjgnet.com 1080 February 14, 2017 | Volume 23 | Issue 6 |



Odes S et a/. Pain in CD

60.0 [ ] None
50.9 O mid
0.0 - - 46.8 I Moderate
' 43.0 _ 42.4 W Severe
40.0 [ ] 379 ]
' 34.8 3.0 33.2 33.8
= 0.8 8.6
g 26. ]
5 300 23.7 23.7
< 19.6
9.5 .
20.0 15.1 8.1
9.8
8.0 5.8
10.0 - 4.6 4.9 5.7
0.0
Internet Hardcopy Internet Hardcopy Internet Hardcopy
P-HBI SF-36 SIBDQ

Figure 1 Responses to the pain questions by the Patient Harvey-Bradshaw Index, Short Form Health Survey and Short Inflammatory Bowel Disease
Questionnaire, for patients completing the questionnaires by internet or hardcopy. Patient Harvey-Bradshaw Index (P-HBI) and Short Form Health Survey (SF-36)
measure pain intensity whereas Short Inflammatory Bowel Disease Questionnaire (SIBDQ) measures pain frequency. P values for differences in responses to the

pain questions are: by P-HBI P < 0.001, by SF-36 P = 0.081, by SIBDQ P < 0.001.

overall work impairment, and one third of the patients
responded that their disease impaired regular daily
activities. The data shown separately for internet and
hardcopy patients also appear in Table 3. Significant
differences between these groups are noted for quality
of life measures, SWLS, GSI, FAD, problem-focused
coping, dysfunctional coping, and three of the WPAI
measures. Internet patients had lower quality and
satisfaction of life scores and more psychological stress
compared with hardcopy patients. Internet patients
also reported having more problems with family
support. Furthermore, internet patients made greater
use of problem-focused and dysfunctional coping than
hardcopy patients. The internet patients had more
absenteeism from work, were less productive and had
more activity impairment compared with hardcopy
patients.

The mean scores (£ SD) of the pain questions in
the three questionnaires were the following: P-HBI
0.99 + 0.92, SF-36 52.79 + 28.44, and SIBDQ 4.46 +
1.82. The median scores (IQR) of the pain questions
were: P-HBI 1 (0-2), SF-36 40 (40-80), and SIBDQ
5 (3-6), respectively. The distribution of the patients’
responses to the pain questions (Figure 1) indicated
that the responses to P-HBI and SIBDQ were in close
agreement, whereas the responses to SF-36 revealed
relatively more patients reporting mild pain. Internet
patients reported more pain intensity or frequency
compared with hardcopy patients with respect to the
pain scores by P-HBI and SIBDQ; the differences were
statistically significant (both P < 0.001). Demographic
variables associated significantly with the degree of
reported pain by all three pain measures are shown
in Table 4. By the P-HBI measure, females had more
frequent moderate and severe pain than males (33.7%
vs 24.2%, P = 0.005). Likewise, the P-HBI showed
significantly more frequent moderate and severe pain
in patient with poorer economic status, birthplace in
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Israel and not working. By the SF-36 pain measure,
a similar result was noted for female gender, poorer
economic status, Asia-Africa birthplace and not work-
ing. Again, by the SIBDQ pain measure, more frequent
moderate and severe pain was noted for poor eco-
nomic status, birthplace in Israel, current smoker and
not working. In Tables 5 and 6 these data are shown
separately for the internet and hardcopy patients. It
will be noted that the statistically significant differences
occur more in the hardcopy part of the cohort.

Pain measures

The results of the five socio-psychological measures
were examined in relation to the results of the pain
measures (Table 7). More intense pain (moderate and
severe pain rather than no pain or mild pain) by P-HBI
was noted for GSI, emotion-focused coping strategies,
dysfunctional coping strategies, FAD, and all four
WPAI analyses. For SF-36 the variables significantly
associated with more intense pain were GSI, problem-
focused strategies, dysfunctional coping strategies,
FAD, and all four WPAI analyses. For the SIBDQ pain
measure the significant associations with more intense
pain were noted for GSI, dysfunctional coping strate-
gies, FAD, and again all four WPAI analyses. On the
other hand, a greater satisfaction with life score was
significantly associated with less pain by P-HBI, SF-36
and SIBDQ pain measures (all P < 0.0001). The dif-
ferences described here in the total cohort occurred in
both the hardcopy and internet patients (Tables 8 and
9).

Regression analysis

A multinomial logistic regression analysis of demo-
graphic and social variables and intensity of pain was
carried out. The results of the internet and hardcopy
patients are shown separately in Table 10, which is
designed in particular to show the differences between
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why more patients reported mild pain intensity with
SF-36 compared with the other measures. It is also
possible that our method of recoding the 6 items in
SF-36 to 4 scores corresponding to the questions of
P-HBI may account for some of this difference. On the
other hand, we recoded the SIBDQ as well, from 7
items to 4 scores, and still its agreement with P-HBI
was very good. Thus, the longer recall period may be
the explanation: that patients tend to become accus-
tomed to pain over time and discount its intensity.
In all, we showed that the combined use of the pain
questions from all 3 measures was a useful tool to
assess the severity of pain in this CD cohort. The use
of the pain questions from the Harvey-Bradshaw Index
(similar to P-HBI with an additional question regarding
the presence or absence of an abdominal mass) and
the SIBDQ was previously reported in a study of opiate
use in CD patients in the United States, but no attempt
was made to standardize these respective scores™?.

Pain in CD is treated with a variety of analgesics
including nonsteroidal anti-inflammatory drugs, opiates
and more recently cannabis preparations!*>***%, Pain in
CD patients is reported as often being undertreated, as
was found in a recent large Swiss study™. Treatment
of pain is often neglected in the patient whose disease
is controlled. Unfortunately the ethical limitations of
our protocol did not allow of investigation of pain treat-
ments in the cohort.

Predictors of pain

Predictors of abdominal pain in CD have been little
investigated. In a pediatric CD cohort in the United
States it was shown by multivariate analysis that pain
was predicted by depression, weight loss and abdomi-
nal tenderness™. However, this cohort was composed
entirely of subjects suffering from depression, which
is known to exacerbate symptoms like pain in chronic
illnesses™!, In a Scandinavian study performed on
distressed adults with CD, use of the SF-36 measure
revealed that personality impacted on the pain sub-
scale®®, These two studies did not relate to patients
without diagnosed confounding conditions. Our study
is the first detailed attempt to our knowledge to
unravel the factors that are associated with increased
severity of pain in CD patients without psychological or
psychiatric comorbidities. By using a self-selected large
community cohort presenting all stages of the disease
course we were able to investigate patients who are
representative of the average patients attending out-
patient facilities for on-going medical care. By using
a broad spectrum of psycho-social questionnaires
we were able to relate the measures of psychological
stress, coping strategies, family functioning, satisfac-
tion with life, and functioning at work and at leisure
to the intensity of pain captured by the three pain
questions. In the univariate analysis, working patients
reported less intense pain than those unemployed,
and in fact close to 40% of workers had no pain at

Raishidenge ~ WJG | www.wjgnet.com

all. Consistent with this finding, patients with a poorer
economic status reported more pain by all three pain
measures. Patients with a higher level of satisfaction
with life score experienced significantly less pain. In
the multinomial logistic regression analysis, stress as
measured by the GSI was the variable most related
to pain, with the odds ratio increasing progressively
as the pain intensity rose. Gender behaved in a fairly
similar fashion, with females having more intense pain
than males, but with lower odds ratios. These observa-
tions show convincingly that the level of stress expe-
rienced by patients, as well as gender issues, requires
careful clinical consideration in CD cases presenting
with pain. It is well known that current smokers have
a worse course of CD than non-smokers™”, Our study
adds to this knowledge by the new finding that cur-
rent smokers experience significantly more pain than
non-smokers.

It is well documented that CD patients are less
productive than healthy controls and have more
periods off work®®. The literature on this topic has
focused in general on the role of medical treatments,
particularly the more successful biologic therapy, as
well as abdominal surgery in improving the ability of
these patients to work. The present study is the first
documentation of the association of pain with both
work impairment and a lower socioeconomic state.
Women are reported to have more severe CD than
men. Women with CD also have a reduced quality
of life compared with men™®., Our study however is
the first to explore the differences in pain severity and
the impact of pain on several psycho-social variables.
In healthy individuals and patients with CD there are
no gender differences in satisfaction with life*"**, The
present study indicates that patients with a greater
satisfaction of life are healthier, with less pain.

Pain and coping measures

Coping with chronic diseases is an important mental
resource to improve patients’ well-being, but the vari-
ety of measures has resulted in a plethora of concepts
regarding coping strategies™’!. We studied disease-
coping strategies in relationship to pain using the COPE
instrument, which clearly separates emotion-focused,
problem-focused and dysfunctional coping strategies
and avoids any overlap of component questions™".
By univariate analysis we found that the dysfunctional
coping strategy was significantly correlated with the
intensity of pain in all three pain measures. This is
not surprising, since this is in fact a negative coping
mechanism which does not promote better control of
the disease. In the regression analysis we found that
dysfunctional coping was associated with mild or mod-
erate pain by all three pain measures. The positively-
orientated coping strategies, emotion-focused and
problem-focused, showed few correlations with pain
intensity. This is contrary to what we expected and the
matter requires further investigation. Nevertheless,
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these findings regarding coping mechanisms present
a message for clinicians treating patients with pain:
namely, that prompt referral to a psychologist versed
in these matters may assist CD patients to cope cor-
rectly with their illness and may actually lead to reduc-
tion of their pain level, particularly when dysfunctional
coping strategies are identified and averted.

The strengths of our study include the use of
a large representative cohort and a series of well-
accepted psycho-social instruments. The consistencies
of the three pain questions demonstrate the validity
of this method of assessing pain. One limitation was
the use of recall tools, although a recent publication
regarding patients with inflammatory bowel disease
did find that patient recall was quite adequate for
research purposes®!. The lack of access to detailed
clinical material was another limitation. Thus, we could
not relate our findings to specific phenotypes of CD by
the Montreal classification, nor were we able to docu-
ment any treatments given for pain and relate them
to our research. Furthermore, we could not determine
the direction of the reported associations because of
the cross-sectional design of our study. Future work
should thus include long-term follow up of patients
and knowledge of their phenotypic classification and
analgesic medication. Moreover, an interventional
program will be required to evaluate whether medical
and psychological therapy can alleviate pain and its
associations in these patients.

In conclusion, the pain questions in the P-HBI,
SF-36 and SIBDQ, although differing in their focus,
were related a variety of psycho-social pathologies
in our CD cohorts. These are associations or correla-
tions and of course cannot imply causality in a cross-
sectional study. We suggest that clinicians apply these
three simple guestions in the busy clinic setting to
determine the severity of pain even in those patients
who appear to be in remission. In fact, patients could
fill in this information in two or three minutes while
waiting to be seen. This simple strategy may identify
patients in need of psychological treatment.
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Abstract

AIM

To evaluate the feasibility of chemotherapy including
fluoropyrimidine, platinum and taxane with modified
dosages for unresectable gastric cancer in Japanese
patients.
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METHODS

We performed a feasibility study of a modified docet-
axel, cisplatin and capecitabine (DCX) regimen for
stage IV gastric cancer. In particular, 30 or 40 mg/m’
of docetaxel on day 1, 60 mg/m’ of cisplatin on day
1, and 2000 mg/m’ of capecitabine for 2 wk were
administered every three weeks.

RESULTS

Three patients were treated with modified DCX (mDCX)
with 30 mg/m? docetaxel, and five patients were
treated with this regimen with 40 mg/m* docetaxel.
Grade 3 or 4 neutropenia was observed in six of the
eight patients; no patients exhibited febrile neutropenia.
Partial response was achieved in four of the eight
patients. Three patients underwent gastrectomy,
which achieved RO resection without residual tumors in
dissected lymph nodes. In one of these three patients,
resected specimens revealed pathological complete
response in the primary lesion and in lymph nodes.

CONCLUSION

mDCX was well tolerated by Japanese patients with
stage IV gastric cancer. This regimen might be useful
for allowing gastric cancer patients with distant lymph
node metastasis to undergo conversion surgery.

Key words: Docetaxel; Cisplatin; Capecitabine; Gastric
cancer

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A combination of fluoropyrimidine and plati-
num is a standard treatment for unresectable gastric
cancer. Although the addition of a taxane to this dou-
blet is expected to improve effectiveness, research has
demonstrated that such triplet regimens often cause
adverse effects, including neutropenia. To reduce
adverse events but maintain therapeutic effectiveness,
we devised a triplet regimen with modified dosages.
Modified docetaxel, cisplatin and capecitabine treat-
ment was safe and effective for stage IV gastric cancer.
Three of the eight treated patients underwent conver-
sion surgery and achieved long-term survival without
recurrence.

Maeda O, Matsuoka A, Miyahara R, Funasaka K, Hirooka Y,
Fukaya M, Nagino M, Kodera Y, Goto H, Ando Y. Modified
docetaxel, cisplatin and capecitabine for stage [V gastric cancer
in Japanese patients: A feasibility study. World J Gastroenterol
2017; 23(6): 1090-1097 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i6/1090.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.16.1090

INTRODUCTION

The prognosis of stage IV gastric cancer is poor, and

Baishidenge ~ WJG | www.wjgnet.com

Maeda O et a/. DCX for gastric cancer in Japanese patients

the median overall survival time is approximately one
year. The standard treatment for Stage IV gastric
cancer is chemotherapy with agents such as fluoropy-
rimidines and platinum compounds. In Japan, the oral
fluoropyrimidine S-1 plus cisplatin (SP) is the standard
regimen for HER2-negative advanced gastric cancer
because SP was proven to be superior to S-1 alone in
a phase I randomized trial'”’. Because capecitabine,
similarly to S-1, is an effective oral fluoropyrimidine,
capecitabine plus cisplatin (XP) is also a possible
regimen™,

The addition of docetaxel to fluoropyrimidine and
cisplatin was expected to improve therapeutic efficacy.
A combination of docetaxel, cisplatin and 5-fluorouracil
(DCF) produced longer overall survival than cisplatin
plus 5-fluorouracil; however, the use of DCF is limited
due to severe side effects, including hematologic
toxicity™. Various modified DCF regimens have been
tested in attempts to improve tolerability without losing
efficacy*®. Research has also examined regimens
that replace the infusion of 5-fluorouracil with an oral
fluoropyrimidine, such as docetaxel, cisplatin and S-1
(DCS)®! and docetaxel, cisplatin and capecitabine
(DCX)™, Although DCX has been reported to be
effective for unresectable gastric cancer, this regimen
often causes adverse events, including hematologic
toxicities'**?!. We believed that a modification of the
doses used for DCX might reduce toxicity but maintain
effectiveness. In previous reports, doses of docetaxel
used for DCX ranged from 60 mg/m? to 75 mg/m?'**,
In certain studies of DCS, the dose of docetaxel was set
to 30-40 mg/m?, and good effectiveness and adequate
safety were achieved™ ™!, In the present study, we set
the dose of docetaxel to 30 or 40 mg/m?, which was a
lower dose than that used in previous reports on DCX,
and evaluated the safety and efficacy of our modified
DCX (mDCX) regimen in Japanese patients.

MATERIALS AND METHODS

Patient eligibility

The eligibility criteria included stage IV unresectable
HER2-negative gastric cancer, an age of 20-75 years,
Eastern Cooperative Oncology Group performance
status 0-1, conserved organ functions, and no prior
chemotherapy.

Treatment

The treatment regimen, which consisted of 1000 mg/m?
capecitabine twice per day on days 1-14, 60 mg/m’
cisplatin on day 1 and 30 or 40 mg/m’ docetaxel
on day 1, was administered every three weeks. The
dosage of docetaxel was 30 mg/m? for the first three
patients and was planned to increase to 40 mg/m?’
for subsequent patients if no dose-limiting toxicities
(DLTs) were observed after the first three patients’ first
treatment cycle. The treatment was continued until the
disease progressed, patients experienced intolerable
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Table 1 Patient characteristics and prognoses

Age Sex Macroscopic Histopathology Metastasis Number of Objective tumor Prognosis (mo)  Conversion surgery
type courses response
1 64 M 3 tub2/por Liver, LNs 7 PR 21.9 Dead
2 59 M 3 tub2/por LNs 5 PR 50.9 Alive Yes
3 62 M 2 por Liver, LNs 6 SD 7.4 Dead
4 65 M 3 por LNs 5 PR 7.7 Dead
5 67 F 3 tub2/por LNs 3 non-CR/non-PD 31.3 Alive Yes
6 66 M 3 por LNs 4 non-CR/non-PD 12.0 Dead
7 62 M 2 por Liver, LNs 3 SD 54 Dead
8 63 F 2 tub2/por LNs 4 PR 244 Alive Yes

tub2: Moderately differentiated tubular adenocarcinoma; por: Differentiated adenocarcinoma; LNs: Lymph nodes; PR: Partial response; SD: Stable disease;

CR: Complete response.

Table 2 Hematologic and non-hematologic adverse events 7 (%)

Any grade Grade 3 Grade 4
Leukopenia 7 (87.5) 2 (25) 0
Neutropenia 7 (87.5) 4 (50) 2 (25)
Anemia 6 (75) 1(12.5) 0
Thrombocytopenia 7 (87.5) 0 0
Hyperbilirubinemia 3 (37.5) 0 0
Elevated serum aspartate aminotransferase 6 (75) 0 0
Elevated serum alanine aminotransferase 8 (100) 0 0
Elevated serum creatinine 3(37.5) 0 0
Fever 4 (50) 0 0
Fatigue 2 (25) 0 0
Alopecia 1(12.5) 0 0
Skin rash 1(12.5) 0 0
Anorexia 7 (87.5) 4 (50) 0
Diarrhea 4 (50) 2(25) 0
Nausea 3(37.5) 0 0
Vomiting 3 (37.5) 0 0
Constipation 1(12.5) 0 0
Peripheral neuropathy 1(12.5) 0 0
Infection 1(12.5) 1(12.5) 0

side effects, or curative resection was expected.

Treatment was interrupted if a patient developed
grade = 3 hematologic toxicity. If a patient experi-
enced grade 4 neutropenia for more than 5 d or grade
3 febrile neutropenia, the dosage of all agents was
decreased to 75% for the next course. If a patient
exhibited grade 4 thrombocytopenia, dosages of all
agents were decreased to 50%. If a patient had grade
= 2 diarrhea and/or grade = 2 hand-foot syndrome,
the treatment course was interrupted. If creatinine
clearance (Ccr) was < 60 mL/min and = 50 mL/min,
cisplatin was decreased to 75%. If Ccr was < 50
mL/min and = 40 mL/min, cisplatin was decreased to
50%. If Ccr was < 40 mL/min, the treatment protocol
was terminated. Supportive treatment, including G-CSF
and anti-emetics, was permitted.

Safety and anti-tumor activity assessments

Adverse events were assessed using the National
Cancer Institute’s CTCAE v4.0. DLTs were defined as
adverse events that occurred after the beginning of the
first cycle and before the beginning of the second cycle
that satisfied any of the following criteria: (1) non-

Baishidenge ~ WJG | www.wjgnet.com

1092

hematologic toxicities = grade 3 that did not resolve to
grade 0 or grade 1 within two consecutive days, except
for nausea, vomiting, anorexia and asymptomatic
electrolyte imbalance; (2) neutropenia = grade 3 for >
5 consecutive days; (3) febrile neutropenia (absolute
neutrophil count < 1.0 x 10°/L and fever = 38C); (4)
grade 4 thrombocytopenia or platelet transfusion; or
(5) delay of the treatment cycle for > 2 wk.

Radiological tumor assessments were conducted
using computed tomography every eight weeks in
accordance with the Response Evaluation Criteria in
Solid Tumors (RECIST), version 1.1.

RESULTS

Three patients received mDCX with 30 mg/m?® of
docetaxel. Because no DLTs were observed in the first
three patients, treatment with 40 mg/m? docetaxel
was administered to five subsequent patients.

The patients’ characteristics and clinical courses are
summarized in Table 1, and adverse events are sum-
marized in Table 2. No DLTs were observed after the
first treatment cycles in any patient. The relative dose
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Figure 1 Case 1. Endoscopic findings (A, B) and computed tomography images (C, D) before (A, C) and after (B, D) seven courses of modified docetaxel, cisplatin

and capecitabine (DCX) (mDCX).

intensities of DCX were 90.6%, 90.0% and 76.2%,
respectively. Four of the eight patients exhibited a
partial response (PR). Three patients (cases 2, 5 and 8)
underwent gastrectomy with lymph node dissection;
for all of these patients, RO resection was achieved,
and no viable tumors were detected in resected lymph
nodes (ypNQO). Case 2 achieved pathological complete
response in both the primary lesion and lymph node
metastasis. Regarding case 5, the observed therapeu-
tic effect was grade 2, and she received capecitabine
for ten weeks as adjuvant chemotherapy. The clinical
courses of three representative cases are presented
below.

Case 1

A 64-year-old man had type I advanced cancer in the
fornix of the stomach and multiple liver metastases
(Figure 1). Biopsy specimens were pathologically
diagnosed as moderately and poorly differentiated
adenocarcinoma. The patient received three courses
of mDCX, and the liver metastases shrank, a pheno-
menon judged to be PR. After five courses, PR was
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confirmed. After seven courses, shrinkage of the liver
metastases was sustained. The treatment protocol was
discontinued due to grade 2 sensory peripheral neu-
ropathy. Other adverse events were grade 2 anemia,
grade 1 aspartate aminotransferase elevation, grade
1 alanine aminotransferase elevation, and grade 1
anorexia. The patient received post-protocol treatment
that included irinotecan and weekly paclitaxel. He died
22 mo after enrollment in the study.

Case 2

A 59-year-old man had type I advanced cancer at
the small curvature of the angulus with lymph node
metastasis along the superior mesenteric artery (#14a;
Figure 2). Biopsy specimens were pathologically
diagnosed as moderately and poorly differentiated
adenocarcinoma. After three courses of mDCX, the
lymph node metastasis shrank; after five courses,
PR was confirmed. Adverse events included grade 2
leukopenia, grade 3 neutropenia, and grade 2 anemia.
The patient underwent subtotal gastrectomy with
lymph node dissection. Pathological findings revealed
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Figure 2 Case 2. Endoscopic findings (A, B) and computed tomography images (C, D, E, F) before treatment (A, C, E) and after (B, D, F) five courses of modified
docetaxel, cisplatin and capecitabine (DCX) (mDCX). The primary lesion (A, B), swollen lymph nodes along the common hepatic artery (#8) (C, D) and lymph nodes
along the superior mesenteric artery (#14a) (E, F) markedly shrank. Microscopic findings for the resected specimens of the primary lesion (E, magnification x 100) and

lymph nodes (F, magnification x 400) revealed no residual tumor.

no residual carcinoma, and the observed therapeutic
effect was grade 3. He received S-1 for one year as
adjuvant chemotherapy. He remains alive without
any findings indicative of recurrence four years after
enrollment.

Case 8

A 63-year-old woman had type Il advanced cancer at
the gastric antrum with lymph node metastasis that
included left supraclavicular lymph nodes and para-
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aortic lymph nodes (Figure 3). Biopsy specimens were
pathologically diagnosed as moderately and poorly
differentiated adenocarcinoma. After two courses of
mDCX, the lymph nodes shrank; after four courses,
PR was confirmed. Adverse events included grade 2
leukopenia, grade 4 neutropenia, grade 3 anorexia,
and grade 3 diarrhea. Because the patient’s lymph
node metastasis became undetectable by computed
tomography, she underwent subtotal gastrectomy with
D2 dissection; the para-aortic lymph nodes were not
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Figure 3 Case 8. Computed tomography images before (A, C) and after (B, D) four courses of modified docetaxel, cisplatin and capecitabine (DCX) (mDCX). Left
supraclavicular nodes (A, B) and para-aortic nodes (C, D) became undetectable.

Table 3 Previous reports regarding docetaxel, cisplatin and capecitabine

Ref. Setting Capeci- Cisplatin Docet- Interval Number Grade 3-4 Febrile RR PFS (o) RO pCR
tabine axel (d) of patients neutro- neutro- (95%CI) (95%CI) (95%CI) resection

penia penia (mo) (mo)
Kang et al", Metastatic 1875mg, 60mg, 60mg, 21 40 625%  10% 68% 7.6 14.4 10.0%
2010 or recurrent days1-14 day1l dayl (53%-83%) (6.9-8.4) (7.3-21.5)
Symetal"”, Neoad- 1875mg, 60mg, 60mg, 21 49 (36 69% 4% R0:54.3  RO: not 63.0%
2010 juvant  days1-14 day1l dayl resected (0-112.9)  reached

cases) Non-R0:  Non-RO0:
5.1 11.5
(3.6-6.6) (7.3-15.7)
Thuss- Perio- 1875mg, 60mg, 75mg, 21 51 Preo- 76.5% 21.5% 90.2% 13.7%
Patience perative days1-14 day1l dayl perative
et al'™, 2012 Posto-  62.9%  11.1%
perative
Polyzos  Metastatic 2000 mg, 60mg, 60mg, 21 36 50% 16% 44.4% 5 12
et al, days2-15 dayl day1 (28%-60%)  (3-6)" (5-24)
2012
Yoonetal™, Adjuvant 1875mg, 60mg, 60mg, 21 46 40% 15% 26.9 43.9
2015 for stage days1-14 dayl day1l (7.5-46.4)> (29.2-58.7)
mB-IV

'Time to progression; “Relapse-free survival. RR: Response rate; PFS: Progression-free survival; OS: Overall survival; pCR: Pathological complete response.

dissected. Pathological findings revealed no residual
tumors in the lymph nodes, and the observed thera-
peutic effect was grade 1b. As adjuvant chemotherapy,
she underwent two courses of capecitabine plus oxali-
platin which were discontinued due to grade 2 nausea
and fatigue. She subsequently received S-1 for one
year. The patient remains alive without any findings
indicative of recurrence two years after enrollment.

DISCUSSION

Reports have described the effectiveness of DCX for
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unresectable gastric cancer'®*®, as preoperative chemo-

therapy!”, as adjuvant chemotherapy™® and as peri-
operative chemotherapy™?. These reports indicate that
DCX is highly effective but also rather toxic, particularly
in hematologic respects. To our knowledge, no prior
reports have described a DCX trial in Japan.

In the present study, six of the eight patients (75%)
experienced grade 3 or grade 4 neutropenia, although
no patients experienced febrile neutropenia. Although
the modifications to the DCX regimen decreased the
dose of docetaxel to 30 or 40 mg/m?’, the frequency of
hematologic toxicity in this study was similar to those
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reported in prior studies of DCX (neutropenia = grade
3, 40%-76.5%; Table 3). However, we regarded the
observed side effects as tolerable because no DLT was
observed after the first cycle, and all patients were able
to receive three or more courses of treatment with
appropriate supportive care. In addition, the median
admission period was five days (data not shown), indi-
cating that for the most part, admission was primarily
necessary for hydration due to the administration of
cisplatin.

Three of the five patients with only distant lymph
node metastasis underwent conversion surgery, and
all three patients have remained alive for more than
two years without recurrence. Therefore, we believe
that intensive treatment with a triplet regimen could
be a useful preoperative treatment that enables con-
version surgery for patients with distant lymph node
metastasis. However, in certain cases, survival time
was shorter than one year; in particular, one case died
7.7 mo after the start of treatment, although PR was
achieved. It is necessary to identify certain biomark-
ers to select patients suitable for a triplet regimen.
Furthermore, a randomized control study is needed to
evaluate whether the proposed triplet regimen is sup-
erior to a standard platinum and oral fluoropyrimidine
doublet.

In conclusion, mDCX is safe and effective for Stage
IV gastric cancer in Japanese patients.
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Abstract

AIM

To determine the procedure-related factors that affect
sedation satisfaction and to make a suggestion to
improve it.

METHODS

We prospectively enrolled a total of 456 patients who
underwent outpatient endoscopy procedures with
midazolam sedation between March 2014 and August
2014. All patients completed both pre- and post-
endoscopy questionnaires about sedation expectations
and satisfaction.

RESULTS
The study cohort included 167 (36.6%) patients who
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underwent esophagogastroduodenoscopy (EGD),
167 (36.6%) who underwent colonoscopy, and 122
(26.8%) who underwent a combined procedure (EGD
and colonoscopy). Over 80% of all patients were
satisfied with sedation using midazolam. In univariate
and multivariate analyses, total procedure time in the
EGD group, younger age (< 50 years), and longer
colonoscopy withdrawal time in the colonoscopy group
were related to decreased satisfaction with sedation.
However, in active monitoring and intervention group,
there was no decrease in grade of satisfaction despite
longer procedure time due to more procedures during
colonoscopy. Younger age (< 50 years), longer inter-
procedure time gap, and colonoscopy withdrawal time
were related to decreased satisfaction in the combined
EGD and colonoscopy group.

CONCLUSION

Midazolam is still a safe and effective sedative for
gastrointestinal endoscopy. Satisfaction with sedation
depends on several factors including age (< 50 years)
and procedure time duration. To improve patient
satisfaction with sedation, active monitoring of sedation
status by the endoscopist should be considered for
patients who require long procedure time.

Key words: Conscious sedation; Patient satisfaction;
Endoscopy; Midazolam; Surveys and questionnaires

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This was a prospective study of 456 patients
that evaluated procedure-related factors with mida-
zolam sedation satisfaction. Satisfaction with sedation
depends on several factors including age (< 50 years)
and procedure duration. To improve patient satisfaction
with sedation, active monitoring of sedation status
by an endoscopist should be considered for patients
whose procedures take a long time.

Jin EH, Hong KS, Lee Y, Seo JY, Choi JM, Chun J, Kim SG,
Kin JS, Jung HC. How to improve patient satisfaction during
midazolam sedation for gastrointestinal endoscopy? World J
Gastroenterol 2017; 23(6): 1098-1105 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i6/1098.htm DOI:

http://dx.doi.org/10.3748/wjg.v23.16.1098

INTRODUCTION

Esophagogastroduodenoscopy (EGD) and colonoscopy
are important examinations for screening, diagnosing,
and treating a variety of gastrointestinal diseases.
Specifically, endoscopy is one of the best surveillance
tools for early detection of several cancers, but some
patients refuse endoscopic examinations because of
fear and anxiety of discomfort during the procedure!™.
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Previous studies have reported that conscious sedation
endoscopy improves patient satisfaction, reduces fear
and discomfort, and increases compliance with repeat
endoscopic procedures®®, Recently, conscious seda-
tion endoscopy has become commonplace in clinical
practice!®®.

As more procedures emerge that are appropriate
for sedation endoscopy, sedation quality becomes
an important factor because it is directly related to
patient satisfaction and could have an effect on perfor-
mance of endoscopy. Thus, satisfaction with sedation
has become an important outcome measure and sur-
veys of satisfaction are critical for quality assurance in
many endoscopy centers”). In previous studies, young
age, high level of anxiety, female sex, and increased
gag reflex have been proposed as factors related
to decreased patient satisfaction with non-sedation
endoscopy™®®’, However, results varied about factors
related to satisfaction with sedation in endoscopy!?,
and no survey of satisfaction with sedation endoscopy
has yet been validated.

Worldwide, midazolam is the most commonly
used drug for sedation during endoscopy, followed by
fentanyl, propofol, and meperidine!*®.. Midazolam is a
short-acting benzodiazepine with anxiolytic, amnestic,
and hypnotic effects. Appropriate sedation level could
be adjusted by intravenous titration of midazolam.
Because it is possible to evaluate the subject’s
level of sedation by medical staff during procedure
through the Richmond Agitation-Sedation Scale™" or
Observer’s Assessment of Alertness/Sedation Scale™,
Flumazenil, a specific benzodiazepine receptor antago-
nist, can be used to treat benzodiazepine overdoses
in emergency situations and to help reverse anes-
thesia*®!. In the present study, all patients received
midazolam for sedation, and meperidine was added
for patients undergoing colonoscopy.

The purpose of this study was to evaluate patient
satisfaction with conscious sedation endoscopy, to
determine procedure-related factors that affect satis-
faction with sedation during endoscopic examinations,
and to make a suggestion to improve it.

MATERIALS AND METHODS

Patient selection

We prospectively enrolled 466 patients who underwent
outpatient endoscopy procedures between March 2014
and August 2014 at Seoul National University Hospital
(SNUH), which is a tertiary referral center in Korea.
Ten (2.1%) patients were excluded because they did
not complete the satisfaction questionnaire. A total of
456 patients were eligible for this study.

All participants provided written informed consent
before completing study interviews and undergoing
endoscopy. The procedure for our review of clinical
records for this study was approved by the Institutional
Review Board of SNUH (IRB No. 1402-083-558).
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Pre-endoscopy interview

Each patient completed an interview before the
endoscopic procedure. An investigator administered
a questionnaire in the waiting room after the patient
had received explanations of the endoscopic procedure
and sedation. The following patient information was
recorded: age, sex, body mass index, previous seda-
tion endoscopy, anxiety about procedure, cause of
anxiety, and patient expectations of sedation depth
according to the Richmond Agitation-Sedation Scale
(drowsy, light, or deep sedation)!**!. Before the proce-
dure started, nurses checked and recorded vital signs
including oxygen saturation and blood pressure.

Endoscopy procedure

After completing the pre-endoscopy questionnaire,
all patients were moved from the waiting room to
the endoscopy procedure room. Before EGD, patients
received topical anesthesia by pharyngeal spray with
lidocaine. All patients underwent examinations with
sedation by intravenous midazolam; meperidine at a
dose of 25 mg was added for all patients undergoing
colonoscopy. The examinations were performed by
14 board-certified endoscopists using an esopha-
gogastroduodenoscope (GIF-260; Olympus, Tokyo,
Japan) and/or a colonoscope (CF H260AL; Olympus,
Tokyo, Japan). A nurse and an assistant monitored the
patient during the procedure by periodically assessing
pulse, blood pressure, ventilator status, and neurologic
status. Nurses also completed records that included
adverse effects of midazolam, the doses and frequency
of midazolam injections, and the durations of the
procedure and sedation. Three stages of sedation have
been described: minimal, moderate, and deep™. In
our study, most patients underwent endoscopy with
moderate sedation referred to as “conscious sedation”.

Post-endoscopy questionnaire

After the endoscopy procedure, patients were allowed
sufficient time to recover from sedation, and then
they completed a post-procedure questionnaire before
discharge. Patients subjectively evaluated the depth
of sedation and memory loss during the procedure.
The questionnaire was self-administered and collected
information regarding patient satisfaction with sedation
(very satisfied, satisfied, neutral, dissatisfied, or very
dissatisfied) and the cause of dissatisfaction, if patients
answered “dissatisfied” or “very dissatisfied”.

Definitions

Paradoxical response was defined as unexpected move-
ment after midazolam injection. Decreased respiration
was defined as oxygen saturation below 88% despite
stimulation. In the case of decreased respiration, oxy-
gen was administered via nasal prong. Procedure time
was subdivided into the following periods: midazolam
injection to procedure start, procedure duration, and
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procedure finish to antidote injection. For colonoscopy
procedures, we further divided the procedure time into
two periods: insertion time (anal verge to cecum) and
withdrawal time (cecum to anal verge). For patients in
the combined EGD and colonoscopy group, the inter-
procedure time gap was defined as the waiting time
from the end of the first endoscopy procedure to the
beginning of the second endoscopy procedure.

Statistical analysis

Results are expressed as frequencies and percentages
for categorical variables and means for continuous
variables. We compared the three procedure groups
using the y’-test for ordinal variables and analysis of
variance for quantitative variables.

Patient satisfaction outcomes were grouped accor-
ding to satisfaction: very satisfied, satisfied, neutral,
dissatisfied, and very dissatisfied. We constructed
univariate and multivariate proportional odds logistic
models to determine which factors were related to
satisfaction in each procedure group. Results with P
values less than 0.05 were considered statistically sig-
nificant. Data were analyzed with statistical software R,
version 3.2.2.

RESULTS

A total of 456 patients were eligible for this study and
completed the post-endoscopy questionnaire. The
patient group comprised 224 men and 232 women and
the mean age of the group was 57.2 years. The study
cohort included 167 (36.6%) patients who underwent
EGD, 167 (36.6%) who underwent colonoscopy, and
122 (26.8%) who underwent a combined procedure
(EGD and colonoscopy together). The characteristics
of the three groups are shown in Table 1. Compared
with the other procedure groups, the combined group
had slightly higher first and total midazolam doses; the
combined group was also more likely to receive more
frequent injections and have longer procedure time.
The EGD group was the most satisfied with conscious
sedation (Figure 1).

In all, 280 (61.4%) patients reported no anxiety
before endoscopy; only 149 (32.7%) patients had
mild anxiety and 19 (4.2%) patients had moderate
anxiety. The most common cause of anxiety was fear
of endoscopy procedure (n = 69, 41.1%), followed
by fear of abdominal pain during endoscopy (n = 34,
20.2%), fear of insufficient sedation (n = 19, 11.3%),
and fear of paradoxical response (n = 9, 5.4%). Most
patients (50.2%) expected moderate sedation with
movement or eye-opening to voice, followed by light
sedation (41.9%) with brief awakenings to voice (Table
2).

In the EGD group, 81 (48.5%) patients were very
satisfied, 74 (44.3%) were satisfied, 7 (4.2%) were
neutral, and 5 (3.0%) were dissatisfied with sedation
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Table 1 Baseline characteristics of patients according to procedure group 7 (%)

EGD (n = 167) Colonoscopy (7 = 167) Combined group' (7 = 122) P value
Sex 0.099
Male 71 (42.5) 89 (53.3) 64 (52.5)
Female 96 (57.5) 78 (46.7) 58 (47.5)
Age (yr) 0.878
<50 43 (25.7) 44 (26.3) 29 (76.2)
> 50 124 (74.3) 123 (73.7) 93 (76.2)
Body mass index (kg/m’) 22,6 229 23.3 (76.2) 0.245
Previous sedation endoscopy 0.310
Yes 137 (82.5) 135 (80.8) 92 (75.4)
No 29 (17.5) 32(19.2) 30 (24.6)
Midazolam (mg)
First dose 41 43 44 0.014
Second dose 1.5 1.6 17 0.055
Third dose 1.0 1.6 1.5 0.269
Fourth dose 1.5 15 1.9 0.881
Total midazolam dose (mg) 44 5.0 6.4 <0.005
No. of midazolam injections 1.2 14 22 <0.005
Time (min)
Midazolam injection to procedure start 51 45 4.7 0.327
Total procedure time 35 23.7 424 <0.005
Inter-procedure gap 195
Procedure finish to antidote injection 12.8 13.1 12.1 0.482
Satisfaction with sedation during endoscopy 0.016
Very satisfied 81 (48.5) 51 (30.5) 46 (37.7)
Satisfied 74 (44.3) 86 (51.5) 58 (47.5)
Neutral 7 (4.2) 19 (11.4) 11 (9.0)
Dissatisfied 5(3) 11 (6.6) 7 (5.7)
Very dissatisfied - - -

!Combined group: Esophagogastroduodenoscopy and colonoscopy together. EGD: Esophagogastroduodenoscopy.

Very satisfied
Satisfied
Neutral
Dissatisfied

Bl

60%

100% -
80% - I I I

40%
20%
00/0 - l .
EGD Colonoscopy Combined
group

Figure 1 Patient sedation satisfaction according to endoscopy procedure.
'Combined group: Esophagogastroduodenoscopy and colonoscopy together.
EGD: Esophagogastroduodenoscopy.

according to the post-procedure questionnaire. Total
procedure time was only the factor associated with
decreased satisfaction (OR = 0.97, P = 0.041) in the
EGD group (Table 3).

In the colonoscopy group, 51 (30.5%) patients
were very satisfied, 86 (51.5%) were satisfied, 19
(11.4%) were neutral, and 11 (6.6%) were dissatisfied
with sedation. In our univariate analysis, younger age
(= 50 years), total midazolam dose, and colonoscopy
withdrawal time were associated with decreased
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Table 2 Patient anxiety and expected sedation depth before

endoscopy 77 (%)

Anxiety before endoscopy

No anxiety 280 (61.4)
Mild anxiety 149 (32.7)
Moderate anxiety 19 (4.2
No answer 8 (1.8)
Cause of anxiety
Fear of endoscopy procedure 69 (41.1)
Fear of abdominal pain during endoscopy 34 (20.2)
Fear of insufficient sedation 19 (11.3)
Fear of paradoxical response 9(5.4)
None of the above 36 (21.4)
Expected sedation depth'
Drowsy 19 (4.2)
Light sedation 191 (41.9)
Moderate sedation 229 (50.2)
No answer 9(2)

'Drowsy: Not fully alert, but experiences sustained wakening to voice;
Light sedation: Briefly awakens to voice; Moderate sedation: Movement or
eye-opening to voice.

patient satisfaction in this group. Age (> 50 years) (OR
= 0.38, P = 0.005) and colonoscopy withdrawal time
(OR = 1.03, P = 0.036) were significantly associated
with sedation satisfaction in the multivariate analysis
(Table 4). In colonoscopy cases, an endoscopist
directly commanded nurse to inject additional doses of
midazolam under active monitoring of sedation status.
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Table 3 Factors associated with sedation satisfaction in the esophagogastroduodenoscopy group

Univariate analysis Multivariate analysis

Beta SE (B) P value OR (95%ClI) Beta SE(B) Pvalue OR (95%CI)
Sex (Female) 0.063 0.302 0.834 1.07 (0.59-1.92)
Body mass index (kg/m’) 0.001 0.005 0.798 1.00 (0.99-1.01)
Previous sedation endoscopy 0.642 0.395 0.104 1.90 (0.88-4.12)
Midazolam, first dose (mg) -0.094 0.143 0.509 0.91 (0.69-1.20)
Midazolam, total dose (mg) -0.022 0.116 0.852 0.98 (0.78-1.23)
Time (min)
Midazolam injection to procedure start -0.033 0.052 0.525 0.98 (0.78-1.23)
Total procedure time 0.127 0.062 0.041 0.97 (0.87-1.07) 0127  0.062  0.041 0.97 (0.87-1.07)
Procedure finish to antidote injection -0.036 0.024 0.127 1.14 (1.01-1.28)

Table 4 Factors associated with sedation satisfaction in the colonoscopy group

Univariate analysis Multivariate analysis

Beta SE (B) P value OR (95%Cl) Beta SE (B) P value OR (95%Cl)
Sex (female) 0.197 0.294 0.503 1.22 (0.68-2.17)
Age (>50 yr) -0.937 0.339 0.006 0.39 (0.20-0.76) -0.956 0.341 0.005 0.38 (0.20-0.75)
Midazolam, first dose (mg) 0.253 0.165 0.127 1.29 (0.93-1.78)
Midazolam, total dose (mg) 0.223 0.108 0.039 1.25 (1.01-1.54)
No. of midazolam injections 0.441 0.244 0.070 1.55 (0.96-2.51)
Time (min)
Midazolam injection to procedure start 0.009 0.051 0.863 1.01 (0.91-1.12)
Procedure time
Colonoscopy insertion time 0.015 0.036 0.670 1.02 (0.95-1.09)
Colonoscopy withdrawal time 0.030 0.014 0.035 1.03 (1.00-1.06) 0.030 0.014 0.036 1.03 (1.00-1.06)
Procedure finish to antidote injection 0.016 0.020 0.447 1.02 (0.98-1.06)

These patients were similarly satisfied with sedation
despite longer procedure time due to more procedures
(28.8 £ 12.2 min vs 22.3 + 12.2 min, P = 0.005) (Table
5).

In the combined EGD and colonoscopy group, 46
(37.7%) patients were very satisfied, 58 (47.5%)
were satisfied, 11 (9.0%) were neutral, and 7 (5.7%)
were dissatisfied with sedation. In our univariate
analysis, female sex, younger age (< 50 years), total
midazolam dose, number of midazolam injections,
procedure time, and number of endoscopic mucosal
resections were associated with decreased patient
satisfaction in the combined group. In the multivariate
analysis, age (> 50 years) (OR = 0.38, P = 0.022),
inter-procedure time gap (OR = 1.02, P = 0.027), and
colonoscopy withdrawal time (OR = 1.08, P = 0.002)
were associated with dissatisfaction with sedation
(Table 6).

Five (1.1%) patients experienced a paradoxical
response, 10 (2.2%) patients complained of pain
during the procedure, and 7 patients complained of
decreased respiration during the endoscopy procedure.
Among these patients, 3 patients with paradoxical
response and 2 patients with decreased respiration
were given an antidote to the sedative. Of 23 dissatis-
fied patients, 16 complained of insufficient sedation.

DISCUSSION

Using a multivariate analysis in this prospective study,
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we found that longer procedure time in EGD, younger
age, and longer colonoscopy withdrawal time were
procedure-related factors that influenced patient
satisfaction with conscious midazolam sedation. Young
age, long inter-procedure time, and long colonoscopy
withdrawal time were associated with decreased
satisfaction in the combined EGD and colonoscopy
group, as determined by the multivariate analysis. If
a procedure is prolonged, the concerned endoscopist
and other health care personnel should pay attention
to the sedation status, especially for younger patients.
Few studies have assessed procedure-related factors
that affect satisfaction with sedation. In previous stu-
dies, endoscopy-associated sedation satisfaction was
related to organizational factors such as waiting time,
personal considerations, and comfort of the hospital
environment”*?), Patient factors such as nervousness
and chronic use of psychotropic drugs have also been
associated with sedation satisfaction!®. The satisfac-
tion survey mGHAA-9 has been used to evaluate the
general satisfaction with hospital systems and subjec-
tive aspects of endoscopy centers; however, mGHAA-9
is insufficient to evaluate satisfaction with the sedation
itselft*”,

Previous studies found that female and young
patients experienced more discomfort during endos-
copy and received more sedatives than male and older
patients for achieving similar comfort levels™**®., Our
findings support the fact that female and younger
patients (< 50 years) were less satisfied with seda-

February 14, 2017 | Volume 23 | Issue 6 |



Jin EH et al. Factors related to sedation satisfaction

Table 5 Patients” satisfaction through active monitoring and intervention by endoscopist during colonoscopy

Active monitoring (7 = 39) Non-active monitoring (7 = 128) P value
Sex (Male, %) 19 (48.7) 70 (54.7) 0.584
Age (mean * SD) 56.1+13.0 57.7£13.5 0.514
Proportion of EMR, 7 (%) 32 (82.1) 51 (39.8) <0.001
Satisfaction, 1 (%) 0.968
Very satisfied 12 (30.8) 39 (30.5)
Satisfied 20 (51.3) 66 (51.6)
Fair 5 (12.8) 14 (10.9)
Unsatisfied 2(5.1) 9 (7.0%)
Midazolam, first dose (mg, mean + SD) 45+10 42409 0.159
Midazolam, total dose (mg, mean + SD) 58+1.2 48+15 0.002
Midazolam, No. of injections (mean * SD) 1.6+0.5 14+07 0.025
Procedure time (min, mean #* SD) 28.8+122 223+122 0.005

Table 6 Factors associated with sedation satisfaction in the combined esophagogastroduodenoscopy and colonoscopy group

Univariate analysis

Multivariate analysis

B SE () P value OR (95% CI) B SE (B) P value OR (95%Cl)
Sex (Female) 0.689 0.349 0.049 1.99 (1.00-3.95)
Age (> 50 yr) -0.868 0.407 0.033 0.42 (0.19-0.93) -0.978 0.427 0.022 0.38 (0.16-0.87)
Body mass index (kg/m?) -0.001 0.006 0.878 1.00 (0.99-1.01)
Previous sedation endoscopy -0.013 0.395 0.974 0.99 (0.46-2.14)
Midazolam, first dose (mg) 0.105 0.210 0.619 1.11 (0.74-1.68)
Midazolam, total dose (mg) 0.278 0.113 0.014 1.32 (1.06-1.65)
No. of midazolam injections 0.690 0.284 0.015 1.99 (1.14-3.48)
Time (min)
Midazolam injection to procedure start 0.041 0.033 0.215 1.04 (0.98-1.11)
Procedure time
Inter-procedure time gap 0.021 0.010 0.043 1.02 (1.00-1.04) 0.024 0.011 0.027 1.02 (1.00-1.05)
Colonoscopy insertion time 0.084 0.038 0.027 1.09 (1.01-1.17)
Colonoscopy withdrawal time 0.069 0.025 0.006 1.07 (1.02-1.13) 0.081 0.027 0.002 1.08 (1.03-1.14)
Procedure finish to antidote injection 0.014 0.029 0.637 1.01 (0.96-1.07)

tion in the combined EGD and colonoscopy group.
However, female sex was not a significant factor for
dissatisfaction with sedation during endoscopy in our
multivariate analysis.

Longer procedure time was strongly associated with
dissatisfaction in our analysis. When we divided pro-
cedure time for colonoscopy procedures, colonoscopy
withdrawal time was associated with sedation satisfac-
tion. When additional procedures such as biopsies
and endoscopic mucosal resections were performed,
withdrawal time was longer. In colonoscopy cases,
an endoscopist directed a nurse to inject additional
doses of midazolam while actively monitoring sedation
status. Interestingly, over 80% of these patients were
satisfied with sedation and there was no decrease in
the degree of satisfaction despite longer procedure
time due to the additional procedures being carried out
(Table 5). However, the endoscopist, as a single vari-
able, was not statistically significant in initial univariate
analysis and was not included in multivariate analyses
because only one endoscopist was involved in active
monitoring of patient groups. Active monitoring and
intervention by an endoscopist could be an important
way to improve a patient’s sedation satisfaction. For
active monitoring, endoscopists have to pay close
attention to sedation status by observing spontaneous
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eye opening, verbal arousal, and complaints of pain. As
a result of active monitoring, timely dose titrations of
midazolam might help maintain the desired conscious
sedation during the procedure.

Same-day EGD and colonoscopy are commonly
used in clinical practice!’”), and carried out in clini-
cal settings when digestive disease is suspected.
Performing both EGD and colonoscopy as a combined
procedure is convenient for patients, efficient for pro-
viders, and saves costs for the health care system!'®,
Although the combined procedure group had a longer
procedure time than the single-colonoscopy group in
our data, patients in the combined group were more
satisfied with conscious sedation than those in the
colonoscopy group. Patients in the combined group
tended to have higher midazolam doses and more
midazolam injections than those in the colonoscopy
group. This finding is likely because the endoscopist
verified the sedation status of the patient and
administered additional midazolam before performing
the second procedure. In the combined EGD and
colonoscopy group, the inter-procedure time gap
(the waiting time from the end of the first endoscopy
procedure to the start of the second procedure) was
related to sedation satisfaction. Therefore, this waiting
time should be reduced as much as possible in clinical
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practice.

In recent years, the sedative propofol use has
increased in community medical practice compared to
academic medical practicel™®?°\. In a previous study,
propofol increased sedation satisfaction by reducing
fear and pain compared to other types of sedation'.
Because propofol provided more rapid recovery than
midazolam'®!, it has the merit of post-procedure neuro-
psychologic function over midazolam', Moreover, a
previous study showed that propofol was cost-effective
in critical illness and emergency situations'”. However,
its cost-effectiveness in outpatient endoscopy is yet
unknown. It is important to select sedative medica-
tion not only for economic reasons but also for its
safe use. The narrow therapeutic window of propofol
necessitates close patient monitoring because of the
risk of adverse cardiopulmonary events**. Therefore,
midazolam was still the best option as a sedative
during endoscopy in terms of both safety and cost-
effectiveness. Administration of another sedative flu-
mazenil results in a safe and cost-effective shortening
of the recovery time*.

This study has some limitations that must be
considered. First, we collected the post-procedure
survey from patients on site, usually in the recovery
room. Patients may have been hesitant to provide
responses indicating dissatisfaction in the presence of
clinical staff. For this reason, our study showed higher
satisfaction scores in on-site surveys than in mail-back
surveys®®., In addition, patients in the recovery room
may still have been under the influence of midazolam
and, as such, unable to answer all questions accu-
rately. While the patients in this study answered our
surveys on the day of the endoscopy examination,
previous studies collected such data a few days after
the examination via telephone surveys or using a
mail-back system!*®. However, the response rate to
telephone or mail back surveys could be lower than
that to the on-site survey'™. Even though the on-site
survey has weaknesses, the magnitude of the differ-
ences is small, and the on-site method is simple and
associated with a higher response rate than mail-back
surveys.

Second, the surveys were not anonymous: each
survey had the name of the patient and the date of
the procedure printed at the top of the questionnaire.
This unblinded format could also have led patients
to overestimate satisfaction because most patients
anticipated a return visit to the hospital to discuss
the results of the endoscopy. However, anonymous
questionnaires were impossible for this study because
we analyzed clinical procedure data such as procedure
time and midazolam doses. Third, we used a satisfac-
tion survey that has not been formally validated. A
few validated surveys exist for evaluating the general
satisfaction of endoscopy, but currently no validated
survey specifically evaluates sedation satisfaction.

In conclusion, midazolam is still a safe and effective
sedative for gastrointestinal endoscopy. Satisfaction
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with sedation depends on total procedure time in
EGD; younger age and colonoscopy withdrawal time in
colonoscopy; and younger age, inter-procedure time
gap, and colonoscopy withdrawal time in combined
procedures. To improve patient satisfaction with mid-
azolam sedation, active monitoring and intervention by
the endoscopist should be considered for patients who
require long procedure time.
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The use of endoscopy is important for the early detection of gastrointestinal
cancers, but some patients refuse endoscopic examinations owing to fear
and anxiety over expected discomfort during the procedure. Conscious
sedation endoscopy is the best option to relieve patient discomfort. Therefore,
satisfaction with sedation endoscopy is critical for quality assurance in many
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satisfaction. In addition, midazolam was still found to be a safe and effective
medication for conscious sedation.

Applications
The results of this study could help an endoscopist make decisions concerning
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Abstract

High-grade colonic neuroendocrine carcinomas (NECs)
are uncommon but extremely aggressive. Their
co-existence with tubular adenoma (TA) has rarely
been reported. We present a 68-year-old man who
was found on routine colonoscopy to have multiple
colorectal TAs and an ulcerated lesion in the ascending
colon. Microscopically, a poorly-differentiated invasive
carcinoma juxtaposed with a TA was identified.
Differential diagnosis included a poorly-differentiated
adenocarcinoma, medullary carcinoma, high-grade
NEC and lymphoma. The immunohistochemical profile
showed positive staining for keratins, synaptophysin
and chromogranin but negative for LCA, CDX2, CK7,
CK20, TTF-1 and PSA, supporting the NEC diagnosis.
Upon subsequent laparoscopic right hemicolectomy,
the tumor was identified as a 3.0 cm umbilicated and
ulcerated mass with an adjacent TA. Both TA and
NEC showed positive staining for B-catenin indicating
a shared colonic origin. The mitotic counts (77/10
high power fields) and a high proliferation rate (75%
by Ki-67) corroborated a high-grade stratification.
Mutational analysis indicated a wild-type BRAF and KRAS
with mismatch repair proficiency. The AJCC (7" edition)
pathologic stage is pT3, pNO, pMx. The patient received
adjuvant chemotherapy with cisplatin/etoposides for
three cycles and will be followed up for a year to detect
recurrence. In conclusion, the co-existence of TA with
high grade-NEC in our case allowed early identification
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and intervention of the otherwise asymptomatic but
aggressive tumor. In addition, the finding of a high-
grade NEC within a large TA in this case suggests a link
between the two lesions and could represent a shared
stem cell origin.

Key words: Neuroendocrine carcinoma; Tubular adenoma;
Colorectal; Colocalization

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

stages due to their advanced and widely metastatic
disease at the time of diagnosis™®®. The coexistence of
tubular adenoma (TA) with high-grade NECs has been
reported in only a few articles in the GI tracts such as in
the ampulla of Vater™, stomach®™ and rectum™”. Most
of the reported cases showed liver or lymph nodes
metastases at the time of diagnosis. We present a
unique case of a large cell high-grade NEC of ascending
colon that was identified during a routine colonoscopic
surveillance, due to its coexistence with a TA.

Core tip: This is a case report of a patient with a high-
grade large cell neuroendocrine carcinoma in the
ascending colon with an overlying tubular adenoma
discovered during routine colonoscopic screening in
absence of clinical symptoms. This is a unique case
where the contiguity of the neuroendocrine carcinoma
to the tubular adenoma allowed for the diagnosis of the
otherwise asymptomatic high-grade carcinoma. Being
aware of this association bears practical implication
where it can be conducive to the early and correct
diagnosis of invasive cancer. In addition, we review the
literature citing pertinent cases.

Soliman ML, Tiwari A, Zhao Q. Coexisting tubular adenoma
with a neuroendocrine carcinoma of colon allowing early surgical
intervention and implicating a shared stem cell origin. World J
Gastroenterol 2017; 23(6): 1106-1112 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i6/1106.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i6.1106

INTRODUCTION

Neuroendocrine tumors (NET) is a distinct group
of neoplasms that arises from enterochromaffin/
neuroendocrine cells throughout the body and display
unique histomorphology. The NETs are composed of
neuroendocrine secretory granules with neurosecretory
capacity that can be detected immunohistochemically
on tissue sections and serologically in peripheral blood,
i.e., chromogranin A, which can be used as tumor
surrogate marker. The 2010 World Health Organization
(WHO) classification, divides NET into well- and poorly-
differentiated categories. The well-differentiated NET
include low-grade (G1) and intermediate-grade (G2),
whereas the poorly-differentiated tumors are high-
grade (G3) and are called neuroendocrine carcinoma
(NEC), including large cell and small cell types'. Both
mitotic count and Ki-67 labeling index for measuring
proliferation rate are required for tumor classification.
NETs in gastrointestinal tract account for 2% of
all GI malignancies, and majority of them are well-
to moderately-differentiated. High-grade NECs are
extremely rare in GI tract, but they are extremely
aggressive with poor prognosis when compared to
colorectal adenocarcinoma of similar pathological
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CASE REPORT

A 68-year-old male undergoing a routine colonos-
copy was found to have multiple TAs measuring 5-8
mm, including one in ascending colon with surround-
ing ulcerated, irregular and slightly raised mucosa
(Figure 1A) which was also biopsied. Under micro-
scopic examination, an infiltrating poorly-differentiated
malignant tumor was identified in the ulcerated lesion
in close vicinity with an overlying TA. The tumor dem-
onstrated pathological findings suggestive of a high-
grade malignancy such as increased mitotic figures
and apoptosis. The differential diagnosis included
a poorly-differentiated adenocarcinoma, medullary
carcinoma, NEC, high-grade lymphoma and sar-
coma. Immunohistochemical studies performed on
formalin-fixed paraffin-embedded tissue sections
revealed positive staining for keratin Cam5.2, neuro-
endocrine markers synaptophysin and chromogranin
but negative for lymphoma (LCA/CD45), colorectal
adenocarcinoma (CDX2, CK20, CK7), lung adenocar-
cinoma (TTF-1) and prostatic adenocarcinoma (PSA)
markers. A diagnosis of high-grade NEC large cell
type with associated TA was rendered. Further evalu-
ation by computed tomography (CT) and magnetic
resonance imaging (MRI) for tumor staging revealed
no metastatic disease or lymphadenopathy. Three
months after the biopsy, the patient underwent lapa-
roscopic right hemicolectomy. A 3-cm umbilicated
tumor mass was identified in the proximal ascending
colon with slightly raised border and central ulceration
(Figure 1B). The tumor was grossly and microscopi-
cally seen invading into and through the muscularis
propria into subserosal soft tissue, but not the serosa.
The microscopic examination revealed solid sheets
and nests of high-grade tumor cells with medium to
large-sized vesicular nuclei and prominent nucleoli as
well as prominent lymphocytic infiltration; a pattern
morphologically consistent with the large-cell vari-
ant of high-grade NEC (Figure 2A and B). Moreover,
the residual overlying TA is again identified in the
raised mucosal surface with no high-grade dysplasia
(Figure 2A). In addition to the classic morphology of
a high-grade large-cell neuroendocrine carcinoma,
the diagnosis was confirmed using immunohistoche-
mical studies showing positive staining of the tumor
cells for synaptophysin and chromogranin (Figure 3A
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Figure 1 A 68-year-old male undergoing a routine colonoscopy was found to have multiple tubular adenomas measuring 5-8 mm. A: The endoscopic picture
shows an ulcerated non-circumferential medium-sized slighted raised polyp/lesion (arrow and circle) in the ascending colon measuring 0.3 cm in diameter; B: Gross
picture of the specimen with the ascending colon showing an ulcerating mass with raised borders and clear resection and radial margins.

Figure 2 Hematoxylin and eosin staining of the tumor sections at x 2000 (A) and x 20000 (B). A: Shows the tubular adenoma component juxtaposed to the
underlying high-grade large-cell neuroendocrinal carcinoma; B: Higher magnification showing medium to large-sized tumor cells with vesicular nuclei, prominent

nucleoli consistent with large-cell neuroendocrine carcinoma.

and B). The number of mitotic figures [up to 77/10
high power fields (hpf)], the presence of focal tumor
necrosis and the Ki-67 proliferation index of 75%
(Figure 3D) confirmed the stratification as a high-
grade NEC. Mutational analysis studies indicated that
the NEC tumor cells expressed wild type BRAF and
KRAS in addition to intact expression of mismatch
repair proteins (MLH1, MSH2, PMS2 and MSH6) and
therefore negative screening for Lynch syndrome.
Immunohistochemical studies showed strong and dif-
fuse positive staining for CAM5.2 and nuclear staining
for B-catenin in the NEC tumor cells and TA (Figure
3C, E and F), indicating both components are related.
No regional lymph node metastases were noted in 24
examined lymph nodes. According to the American
Joint Committee on Cancer Staging Manual, 7" edi-
tion, the tumor is staged as pT3, pNO, pMx. The
patient received adjuvant chemotherapy with cispla-
tin/etoposides for three cycles and has not shown any
recurrence. The patient will be followed up for a year
to detect recurrence.

Discussion and literature review
We described a clinical scenario of a 68-year-old male
patient who was found to have a mixed high-grade
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large cell NEC with an overlying TA discovered during
routine colonoscopic screening in absence of clinical
symptoms. The invasive large cell NEC was located
underneath the TA, deeply involving the muscularis
propria, without liver or distant metastatic disease
or lymph nodes involvement at the time of primary
tumor resection. The patient received postsurgical
chemotherapy due to the high-grade nature of the
carcinoma. As of the time of the article preparation,
no recurrence was identified. Long-term follow up will
be necessary to report any potential recurrence. We
suspect that the clinical outcome will be shaped by the
behavior of the clinically predominant tumor, which is
neuroendocrine tumor in the present case.

The sequence of adenoma to adenocarcinoma
in colorectal cancer is well established and both are
believed to originate from the same precursor cells. A
mixed or collision tumor is composed of both adenocar-
cinoma and NEC. The notion that the two malignancies
as well as the TA originate from common multipotent
stem cells simultaneously differentiating into glandu-
lar and neuroendocrine lineages is likely and plausible.
However, when a TA is mixed with a high-grade NEC,
their association becomes less clear. Following the
examination of genome-wide loss of heterozygosity, it
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Figure 3 High-grade large-cell neuroendocrine carcinoma. Immunohistochemical profile of the tumor showing positive staining for synaptophysin (A) and
chromogranin (B) in the neuroendocrine carcinoma component. Both the glandular and neuroendocrine components stained positive for CAM5.2 (C) and B-catenin (E
and F). The Ki-67 labeling index is approximately 75% positive in stained tumor cells (D).

was proposed that the common genetics of the glan-
dular and neuroendocrine components indicate origin
from a single precursor’®. This suggests that the two
components of mixed tumors arise from multi-poten-
tial stem cells and show bi-phenotypic differentiation
after carcinogenesis is initiated®'°!. An alternative
hypothesis is that mixed tumors are a neuroendocrine
phenotype of dedifferentiated tubular adenocarci-
noma™!!, Certain cases are reported of cecum and
rectosigmoid collision adenocarcinoma and neuroen-
docrine tumors which were found to metastasize to
lymph nodes as juxtaposed glandular and neuroen-
docrine componentst***?, Likewise, a case of collision
tumor located in transverse colon (adenocarcinoma
and large-cell NEC) presented three years after resec-
tion with a retroperitoneal metastasis with 50% NEC
and 50% adenocarcinoma!'*. These latter examples
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support the counter argument against the double prim-
aries theory.

Poorly differentiated NEC may lose their intestinal
differentiation and show negative immunostaining for
CK20 and CDX2 as in our case. However, we found
CK20 and CDX2 to be positive in the TA component as
expected. The dedifferentiation and/or loss of intestinal
differentiation may be a late event.

The current case presented as an ulcerative mass
in the right colon, with TA (30% of the mass) juxta-
posed with NEC (70% of the mass). In a review of 67
previously reported cases and 23 new cases, mixed
neoplasms were found to present as a polypoid growth
(57%), mass (30%) and ulcerating lesion (9%). The
glandular component varied from adenoma (17%)
to adenoma with well- or moderately-differentiated
adenocarcinoma (35%), or adenoma with poorly-
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differentiated adenocarcinoma (48%). Furthermore,
56% of mixed colo-rectal tumors arise in the right
colon with the tumors being 58% collision tumors
(two distinct neoplastic components), 42% composite
(i.e., intermixed neoplastic components) and less than
1% amphicrine (where individual cells demonstrate
both exocrine and endocrine features) and with
mean age of presentation of 61.9"°. Nevertheless,
mixed neoplasms have also been reported in various
locations like the gallbladder''®!, pancreatic ampulla’”,
stomach™® and cecum™®. Based on the WHO 2010
classification, the neuroendocrine component in the
present case is G3 based on the mitotic count of 77/10
hpf and the Ki-67 index of 75%, which far exceed the
20/10 hpf and 20% proliferation index, respectively
used to grade NECs.

The patient under study has not presented with
symptoms suggestive of carcinoid syndrome. Whereas
many neuroendocrine tumors present with secre-
tory syndromes characterized by flushing, diarrhea,
wheezes, sweating, palpitations and right-sided heart
valve lesions, gastrointestinal neuroendocrine tumors
are less likely to present with carcinoid syndrome!*.,
Serum chromogranin A elevation can be detected in
patient with neuroendocrine tumor in the absence of
carcinoid syndromes.

The large cell NEC is a poorly-differentiated neo-
plasm that is quite and belongs to the poorest
prognostic subgroup among primary colorectal can-
cers. In a study of 6495 patients with colorectal
cancer, only 0.65% had NEC and only 0.2% had large
cell NEC. Despite its rarity, it is important to differenti-
ate colorectal NEC from other tumor types because
patients may benefit from alternative cytotoxic che-
motherapy™. In this regard, unlike the colorectal
adenocarcinoma, large cell NEC is managed primarily
with platinum based chemotherapy such as cisplatin/
etoposide and cisplatin/irinotecan. Based on various
studies, the median survival rate for patients with
colorectal NEC is between 5 and 11 mo with one-year
survival rate between 10% and 15%. Patients with
colorectal large cell neuroendocrine carcinoma were
found an overall median survival of 9.4 mo™.

Well-differentiated neuroendocrine tumors (also
known as carcinoid) or microcarcinoid tumor nests
had been reported in association with colonic tubular
or tubulovillous adenoma. Those neuroendocrine
components are well-differentiated either forming
tumor nodules or scattered in the lamina propria within
the adenoma lesion®*?1, High-grade NECs arising
in association with tubulovillous or tubular adenoma
have only been seen in a handful of cases!*?%,
Whereas more than 50% of cases were found to
have liver, bone or nodal metastasis at the time of
diagnosis even when the tumor was microscopic,
some primary tumors showed invasion limited to the
muscularis mucosa. Therefore, colorectal NECs tend
to behave aggressively and the prognosis is extremely
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poor with survival lasting a few months. Our case
represents a unique situation where the presence
of a TA warranted a polypectomy and endoscopic
evaluation led to the adjacent ulcerated mucosa to be
noticed and biopsied. In other words, the contiguity
of the NEC to the TA allowed for early diagnosis of
the otherwise asymptomatic NEC. Being aware of this
association bears practical implication where it can be
conducive to the early and correct diagnosis of high-
grade tumor such as the NEC in the current case, and
avoiding overlooking other fragments distinct from the
adenoma.

Another implication to be born in mind is that super-
ficial biopsy specimens may not provide the adequate
representation of underlying neuroendocrine tumor
found in the mixed tumor. Even when present in the
biopsy sample, pathologists must be vigilant of the
possibility of a mixed tumor and resist the tendency
to diagnose an adenoma before careful inspection
of the tissue for additional lesions. The overlying
large TA or tubulovillous adenomas may mask a
deep invasive tumor, making it imperative to collect
adequate and deep tissue samples. Furthermore,
surgical pathologist must also be aware of the differ-
ential diagnosis of poorly differentiated neoplasms
that may involve an adenoma. This includes poorly-
differentiated adenocarcinoma, medullary carci-
noma, high-grade neuroendocrine carcinoma and
lymphoma. Because the prognosis and management
varies significantly amongst these entities, careful
attention must be paid to the morphology of the
tumor cells and general architecture. In addition, a
panel of immunohistochemical stains that includes
neuroendocrine, lymphocytic and adenocarcinoma
markers and DNA mismatch repair enzyme screening
should be considered to use for rendering the correct
diagnosis.

COMMENTS

Case characteristics
An asymptomatic 68-year-old male patient undergoing routine colonoscopy.

Clinical diagnosis
Multiple ascending colon tubular adenomas, one of which is surrounded by an
ulcerated and irregular mucosa of a suspicious lesion.

Differential diagnosis

The tumor demonstrated morphological features of high-grade and poorly
differentiated malignancy. Broad differential diagnoses included a poorly-
differentiated adenocarcinoma, medullary carcinoma, neuroendocrine
carcinoma, high-grade lymphoma and sarcoma.

Laboratory diagnosis
Laboratory results were unremarkable.

Imaging diagnosis
Computed tomography and magnetic resonance imaging evaluation for tumor
staging revealed no metastatic disease or lymphadenopathy.
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Pathological diagnosis

Immunohistochemical studies performed on formalin-fixed paraffin-
embedded tissue sections revealed positive staining of the tumor cells for
the neuroendocrine markers (synaptophysin and chromogranin) but negative
staining for lymphoma (LCA/CD45), colorectal adenocarcinoma (CDX2,
CK20, CK7) and prostatic adenocarcinoma markers, rendering a diagnosis of
high-grade neuroendocrine large-cell type with associated tubular adenoma.

Treatment
Laparoscopic right hemicolectomy followed by three cycles of adjuvant
chemotherapy with cisplatin/etoposides.

Term explanation
Neuroendocrine carcinomas are malignant neoplasms of the enterochromaffin
tissue.

Experiences and lessons

For patients undergoing colonoscopy screening, all biopsy fragments should
be examined at all levels with high suspicion in order not to miss indolent high
grade malignancies.

Peer-review

Colocalization of tubular adenoma and high-grade neuroendocrine carcinoma
is rarely encountered; early diagnosis of a high-grade albeit asymptomatic
neuroendocrine carcinoma carries a better long-term survival benefit.

REFERENCES

1 Klimstra DS. Pathologic Classification of Neuroendocrine
Neoplasms. Hematol Oncol Clin North Am 2016; 30: 1-19 [PMID:
26614366 DOLI: 10.1016/j.hoc.2015.08.005]

2 Yao JC, Hassan M, Phan A, Dagohoy C, Leary C, Mares JE,
Abdalla EK, Fleming JB, Vauthey JN, Rashid A, Evans DB. One
hundred years after “carcinoid”: epidemiology of and prognostic
factors for neuroendocrine tumors in 35,825 cases in the United
States. J Clin Oncol 2008; 26: 3063-3072 [PMID: 18565894 DOI:
10.1200/JC0O.2007.15.4377]

3 Ilett EE, Langer SW, Olsen IH, Federspiel B, Kjer A, Knigge U.
Neuroendocrine Carcinomas of the Gastroenteropancreatic System:
A Comprehensive Review. Diagnostics (Basel) 2015; 5: 119-176
[PMID: 26854147 DOI: 10.3390/diagnostics5020119]

4 Sun JH, Chao M, Zhang SZ, Zhang GQ, Li B, Wu JJ. Coexistence
of small cell neuroendocrine carcinoma and villous adenoma in
the ampulla of Vater. World J Gastroenterol 2008; 14: 4709-4712
[PMID: 18698690 DOI: 10.3748/wjg.v14.i29.4709]

5 De Marco L, Carlinfante G, Botticelli L, Di Maira PV, Putrino I,
Cavazza A. Mixed neoplasia of the stomach: description of a case
of tubular adenoma combined with carcinoid. Pathologica 2003;
95: 214-216 [PMID: 14577207]

6  Yoshikane H, Arakawa D, Kawashima H, Sakakibara A, Hidano
H, Takahashi H, Yokoi T. Small neuroendocrine carcinoma of the
rectum entirely covered by an adenomatous component. Endoscopy
2001; 33: 298 [PMID: 11293775 DOI: 10.1055/5-2001-12807]

7 Khamidullina GA, Kapuller LL, Sereda EN, Izbagambetov NA,
Zharkov NV. Small-cell rectal carcinoma coexisted with tubular-
villous adenoma. Arkh Patol 2006; 68: 37-39 [PMID: 17144530]

8 Kim KM, Kim MJ, Cho BK, Choi SW, Rhyu MG. Genetic
evidence for the multi-step progression of mixed glandular-
neuroendocrine gastric carcinomas. Virchows Arch 2002; 440:
85-93 [PMID: 11942581]

9 Kitajima T, Kaida S, Lee S, Haruta S, Shinohara H, Ueno M, Suyama
K, Oota Y, Fujii T, Udagawa H. Mixed adeno(neuro)endocrine
carcinoma arising from the ectopic gastric mucosa of the upper
thoracic esophagus. World J Surg Oncol 2013; 11: 218 [PMID:
24139488 DOI: 10.1186/1477-7819-11-218]

10 Kim JJ, Kim JY, Hur H, Cho YK, Han SU. Clinicopathologic

Baishidenge ~ WJG | www.wjgnet.com

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

significance of gastric adenocarcinoma with neuroendocrine
features. J Gastric Cancer 2011; 11: 195-199 [PMID: 22324009
DOI: 10.5230/jgc.2011.11.4.195]

Gurzu S, Kadar Z, Bara T, Bara T, Tamasi A, Azamfirei L, Jung
I. Mixed adenoneuroendocrine carcinoma of gastrointestinal tract:
report of two cases. World J Gastroenterol 2015; 21: 1329-1333
[PMID: 25632209 DOI: 10.3748/wjg.v21.i4.1329]

Pecorella I, Memeo L, Ciardi A, Rotterdam H. An unusual case
of colonic mixed adenoendocrine carcinoma: collision versus
composite tumor. A case report and review of the literature.
Ann Diagn Pathol 2007; 11: 285-290 [PMID: 17630114 DOI:
10.1016/j.anndiagpath.2006.03.011]

Mesina C, Vasile I, Ciobanu D, Calota F, Gruia CL, Streba L,
Mogoanta SS, Parvanescu H, Georgescu CV, Tarnita DN. Collision
tumor of recto-sigmoidian junction - case presentation. Rom J
Morphol Embryol 2014; 55: 643-647 [PMID: 25178338]
Minaya-Brave AM, Garcia Mabhillo JC, Mendoza Moreno F,
Noguelares Fraguas F, Granell J. Large cell neuroendocrine -
Adenocarcinona mixed tumour of colon: Collision tumour with
peculiar behaviour. What do we know about these tumours? Ann
Med Surg (Lond) 2015; 4: 399-403 [PMID: 26635955 DOL: 10.
1016/j.amsu.2015.10.004]

Li Y, Yau A, Schaeffer D, Magliocco A, Gui X, Urbanski
S, Waghray R, Owen D, Gao ZH. Colorectal glandular-
neuroendocrine mixed tumor: pathologic spectrum and clinical
implications. Am J Surg Pathol 2011; 35: 413-425 [PMID:
21317713 DOL: 10.1097/PAS.0b013e3182093657]

Paniz Mondolfi AE, Slova D, Fan W, Attiyeh FF, Afthinos J, Reidy
J, Pang Y, Theise ND. Mixed adenoneuroendocrine carcinoma
(MANEC) of the gallbladder: a possible stem cell tumor? Pathol Int
2011; 61: 608-614 [PMID: 21951672 DOI: 10.1111/j.1440-1827.
2011.02709.x]

Huang Z, Xiao WD, Li Y, Huang S, Cai J, Ao J. Mixed
adenoneuroendocrine carcinoma of the ampulla: two case reports.
World J Gastroenterol 2015; 21: 2254-2259 [PMID: 25717267
DOL: 10.3748/wjg.v21.i7.2254]

Jain A, Singla S, Jagdeesh KS, Vishnumurthy HY. Mixed
adenoneuroendocrine carcinoma of cecum: a rare entity. J Clin
Imaging Sci 2013; 3: 10 [PMID: 23607079 DOI: 10.4103/2156
-7514.107995]

Wang YH, Lin Y, Xue L, Wang JH, Chen MH, Chen J.
Relationship between clinical characteristics and survival of
gastroenteropancreatic neuroendocrine neoplasms: A single-
institution analysis (1995-2012) in South China. BMC Endocr
Disord 2012; 12: 30 [PMID: 23194346 DOI: 10.1186/1472
-6823-12-30]

Bernick PE, Klimstra DS, Shia J, Minsky B, Saltz L, Shi W, Thaler
H, Guillem J, Paty P, Cohen AM, Wong WD. Neuroendocrine
carcinomas of the colon and rectum. Dis Colon Rectum 2004; 47:
163-169 [PMID: 15043285]

Pulitzer M, Xu R, Suriawinata AA, Waye JD, Harpaz N.
Microcarcinoids in large intestinal adenomas. Am J Surg Pathol
2006; 30: 1531-1536 [PMID: 17122508 DOI: 10.1097/01.pas.
0000213295.88778.00]

Ito H, Ito M, Tahara E. Minute carcinoid arising in gastric tubular
adenoma. Histopathology 1989; 15: 96-99 [PMID: 2767625]
Aponte Aponte IE, Caceres W. Anal large cell neuroendocrine
carcinoma with tubulovillous adenoma coexistence: A case report.
Bol Asoc Med P R 2014; 106: 27-28 [PMID: 26148395]

Kuratate S, Inoue S, Chikakiyo M, Kaneda Y, Harino Y, Hirose
T, Yagi T, Saitoh S, Sumitomo M, Fujino R, Satake N. Coexistent
poorly-differentiated neuroendocrine cell carcinoma and non-
invasive well-differentiated adenocarcinoma in tubulovillous
adenoma of the rectum: report of a case. J Med Invest 2010; 57:
338-344 [PMID: 20847536]

Ispas C, Yu J, Tarantino DR, Lara JF. Pathologic quiz case: a
44-year-old woman with a tubulovillous adenoma of the colon
and liver and bone lesions. Small cell (neuroendocrine) carcinoma
of the colon with metastasis and an associated, overlying villous

February 14, 2017 | Volume 23 | Issue 6 |



Soliman ML et a/. Colocalized colonic neuroendocrine carcinoma and tubular adenoma

adenoma. Arch Pathol Lab Med 2005; 129: 412-414 [PMID: alterations in poorly differentiated endocrine colon carcinomas
15737043 DOIL: 10.1043/1543-2165(2005)1292.0.CO;2] developing in tubulo-villous adenomas: a report of two cases.
26  Ubiali A, Benetti A, Papotti M, Villanacci V, Rindi G. Genetic Virchows Arch 2001; 439: 776-781 [PMID: 11787850]

P- Reviewer: Liu SH S- Editor: Qi Y
L- Editor: A E- Editor: Wang CH

Raishidenge ~ WJG | www.wjgnet.com 1112 February 14, 2017 | Volume 23 | Issue 6 |



W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/ wjg.v23.i6.1113

World | Gastroenterol 2017 February 14; 23(6): 1113-1118
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2017 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Pancreatic endometrial cyst mimics mucinous cystic

neoplasm of the pancreas

Michael A Mederos, Nicole Villafafie, Sadhna Dhingra, Carlos Farinas, Amy McElhany, William E Fisher,

George Van Buren II

Michael A Mederos, Nicole Villafafie, Amy McElhany,
William E Fisher, George Van Buren II, Department of
General Surgery, Baylor College of Medicine, Houston, TX
77030, United States

Sadhna Dhingra, Department of Pathology, Baylor College of
Medicine, Houston, TX 77030, United States

Carlos Farinas, Department of Radiology, Baylor College of
Medicine, Houston, TX 77030, United States

Author contributions: Mederos MA and Villafaiie N designed
the report and wrote the paper; Amy M assisted in writing and
editing the paper; Fisher WE assisted in writing and editing
the paper; Van Buren I G performed the surgery, collected the
patient’s clinical data, designed the report and wrote the paper;
Dhingra S reviewed the pathology, selected the images, and wrote
the paper; Farinas C reviewed the imaging, selected the images,
and wrote the paper.

Institutional review board statement: After approval from the
institutional review board through Baylor College of Medicine
tissue and clinical information was obtained.

Informed consent statement: The patient provided informed
consent for the study.

Conflict-of-interest statement: None of the authors have any
conflict of interest.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited
and the use is non-commercial. See: http://creativecommons.
org/licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: George Van Buren II, MD, Assistant

Baishidenge  WJG | www.wjgnet.com

Professor, Department of General Surgery, Baylor College of
Medicine, 6620 Main St, Suite 1350, Houston, TX 77030,
United States. george.vanburen@bcm.edu

Telephone: +1-7137982262

Fax: +1-713798258

Received: September 30, 2016
Peer-review started: September 30, 2016
First decision: December 19, 2016
Revised: January 13,2017

Accepted: January 17,2017

Article in press: January 17,2017
Published online: February 14,2017

Abstract

Pancreatic cysts include a variety of benign, premali-
gnant, and malignant lesions. Endometrial cysts in the
pancreas are exceedingly rare lesions that are difficult
to diagnose pre-operatively. This report describes the
findings in a 43-year-old patient with a recent episode
of acute pancreatitis who presented with a large cyst
in the tail of the pancreas. Imaging demonstrated
a loculated pancreatic cyst, and cyst fluid aspiration
revealed an elevated amylase and carcinoembryonic
antigen. The patient experienced an interval worsening
of abdominal pain, fatigue, diarrhea, and a 15-pound
weight loss 3 mo after the initial episode of pancreatitis.
With concern for a possible pre-malignant lesion, the
patient underwent a laparoscopic distal pancreatectomy
with splenectomy, which revealed a 16 cm x 12 cm X
4 cm lesion. Final histopathology was consistent with
an intra-pancreatic endometrial cyst. Here we discuss
the overlapping imaging and laboratory features of
pancreatic endometrial cysts and mucinous cystic
neoplasms of the pancreas.

Key words: Pancreatic cyst; Pancreatic endometrial
cyst; Endometriosis; Mucinous cystic neoplasm of the
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Core tip: Intra-pancreatic endometrial cysts are an
exceedingly rare entity. Imaging and laboratory assess-
ments are valuable tools for diagnosing pancreatic
cysts. However, pre-operative diagnosis of pancreatic
endometrial cysts remains problematic. These lesions
have overlapping radiographic and laboratory features
with premalignant lesions, such as mucinous cystic
neoplasms. Due to the diagnostic similarities between
these rare endometrial cysts and the more common
mucinous cystic lesions, the optimal diagnostic and
therapeutic option is resection.

Mederos MA, Villafaiie N, Dhingra S, Farinas C, McElhany A,
Fisher WE, Van Buren II G. Pancreatic endometrial cyst mimics
mucinous cystic neoplasm of the pancreas. World J Gastroenterol
2017; 23(6): 1113-1118 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i6/1113.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.i6.1113

INTRODUCTION

Pancreatic cysts encompass a variety of benign, prema-
lignant, and malignant lesions. Accurate pre-operative
diagnosis of these cysts can pose a challenge!**.
Imaging, laboratory findings, and patient history
often assist in classification of the lesion'*™, however,
definitive diagnosis is often made with surgical resec-
tion. Intra-pancreatic endometrial cysts are a rare
entity. The most common sites of endometriosis are
the pelvic organs™; however, endometriosis of the
upper abdominal organs has been described™**,
A literature review identified 12 previous cases of
pancreatic endometriosis!®**!, Each of these patients
underwent surgical resection because a malignant or
pre-malignant lesion could not be ruled out. Due to
the rarity of these lesions, there are no established
radiographic or laboratory studies to help differentiate
endometrial cysts from the more common and precari-
ous premalignant pancreatic lesions, especially in the
pre-menopausal age range.

CASE REPORT

A 43-year-old obese Caucasian female presented to
clinic for surgical evaluation of a pancreatic cyst. Three
months prior to this visit, the patient was admitted to
an outside hospital with one day of severe epigastric
pain. She was found to have an elevated serum amy-
lase and diagnosed with acute pancreatitis. Her imag-
ing with a computed tomography (CT) scan during
her initial hospitalization for pancreatitis revealed an
8 cm x 10 cm pancreas cyst with wall thickening and
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loculation in the pancreatic tail abutting the posterior
stomach, spleen, and left renal hilum. Further evalua-
tion with endoscopic ultrasound (EUS) demonstrated
a 10 cm x 6 cm mass, and fine needle aspiration of
brown fluid revealed a high amylase (> 1000 U/L)
and elevated carcinoembryonic antigen (CEA) (951
ng/mL). Serum CEA and cancer antigen 19-9 were
within normal limits.

At this clinic visit, the patient reported worsening
abdominal pain, fatigue, diarrhea, anorexia, and a
15-pound weight loss since her initial episode of pan-
creatitis. She denied having fever, blood in the stool,
or hematemesis. Her medical history was significant
for type 2 diabetes, hyperlipidemia, non-alcoholic fatty
liver disease, and endometriosis. She had a past surgi-
cal history of an uncomplicated caesarian section. She
denied abdominal trauma, cyclical/intermittent pain,
chronic alcoholism, or episodes of pancreatitis prior
to the recent episode; she had no history of previous
medical or surgical therapy for her endometriosis. The
patient had regular monthly menustral periods with no
exacerbation of pain. There was no family history of
pancreatic cancer, but her mother did have gallstone
pancreatitis.

Repeat imaging at this visit revealed interval
enlargement of the lesion. Axial, coronal and sagittal
CT images (Figures 1 and 2) demonstrated a 10.0 cm
x 11.1 cm x 16.5 cm macrocystic, thin walled, well
circumscribed fluid density mass with a few internal
septations and locules, which arises from and replaces
the pancreatic body and tail. This mass abuts the
stomach in its superior aspect and the spleen in its
lateral aspect. Post-contrast images did not show
evidence of internal enhancement. Mural nodules or
other solid components were not identified.

The initial presentation of a cystic lesion in the
setting of pancreatitis can be concerning for pancreatic
pseudocyst; however, the presence of the cystic lesion
at the time of the initial presentation of pancreatitis,
the interval enlargement, multilocular appearance,
and elevated cystic CEA were concerning for a
premalignant pancreatic cystic lesion. Thus, a decision
was made to proceed with resection as opposed to a
drainage procedure.

Diagnostic laparoscopy revealed a large, 16 cm
cyst in the pancreatic tail adherent to the spleen, left
kidney, and diaphragm. Significant fatty liver disease
and omental inflammation were noted. The ovaries,
Fallopian tubes, and uterus appeared normal without
evidence of endometriosis. A laparoscopic distal pan-
createctomy and splenectomy was then performed.

Gross evaluation of the specimen revealed a 16 cm
x 12 cm X 4 cm unilocular cyst containing gray-green
cloudy fluid. The cyst wall was smooth, trabeculated,
gray-brown with focal areas of hemorrhage. No papil-
lary projections were seen. Histological examination
showed cyst wall lined by benign cubo-columnar
epithelial lining resting on a cellular stroma composed
of bland spindle cells associated with thin walled blood
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Figure 1 Axial computed tomography images. Axial computed tomography (CT) images in unenhanced (A), pancreatic (B) and portal venous phase (C) show a
well circumscribed, thin walled, large fluid density cystic lesion arising from and replacing the pancreatic body and tail, which abuts the spleen. The lesion does not
exhibit post-contrast enhancement. Axial CT image at a lower level in portal venous phase (D) shows several thin septations and small loculations (arrows).

Figure 2 Coronal (A) and sagittal (B) images in portal venous phase show the same lesion abutting the stomach in its superior aspect. Thin septations and

small loculations are again noted (arrows).

vessels (Figure 3). This cyst was considered intra-
pancreatic because pancreatic tissue was present in
the wall of the cyst without a fat plane. The spindloid
stroma enclosed few scattered benign glands and
groups of hemosiderin laden macrophages (Figure 4).
Immunohistochemical evaluation revealed the spindle
cell stroma to be positive for CD10 (Figure 5), estrogen
receptor and negative for inhibin (Figure 6). These
features were consistent with cystic endometriosis.
After surgery, the patient had an uncomplicated
hospital course, and she received post-splenectomy
vaccinations. Her post-operative recovery was
uncomplicated. On further questioning, the patient
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relayed a distant history of endometriosis. She claimed
endometrial pain in the past however at the time of
the operation she was having regular menstrual peri-
ods with her last menstrual period three weeks prior to
the operation. At 16 mo from surgery the patient was
doing well without any abdominal pain recurrence.

DISCUSSION

Pancreatic cysts include a variety of benign, premalig-
nant, and malignant lesions. The expanded differential
diagnosis for this case includes Mucinous cystic neo-
plasm (MCN) of the pancreas, pancreatic pseudocyst,
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Figure 3 Cyst wall lined by bland cubo-columnar epithelium resting on
a layer of cellular spindle cell stroma with thin walled blood vessels.
Hematoxylin and eosin staining, magnification x 100.

Figure 4 Cellular stroma shows bland spindle cells enclosing few benign
glands and hemosiderin laden macrophages. Hematoxylin and eosin
staining, magnification x 200.

serous cystadenoma, serous cystadenocarcinoma,
solid pseudopapillary tumor, cystic pancreatic adeno-
carcinoma, cystic pancreatic neuroendocrine tumor,
and ectopic tissue. Endometrial cysts in the pancreas
are exceedingly rare lesions that are difficult to diag-
nose pre-operatively!***, This report describes the
findings of a giant endometrial cyst of the pancreas in
a patient with a recent episode of acute pancreatitis.

Endometriosis is the presence of endometrial
glands and stroma outside the uterus. This disease
is characterized by recurrent pain that is commonly
associated with the menstrual cycle. There are multiple
theories for the pathogenesis of endometriosis, which
include direct extension, menstrual regurgitation,
lymphatic/vascular spread, and coelomic metaplasia™.
The most common sites of endometriosis are the pelvic
organs®™; however, endometriosis of the upper abdom-
inal organs has been described™***!, Endometrial cysts
of the pancreas remain an exceedingly rare entity.
There have been a total of only 12 cases described in
the literature™***), The most common presumptive
diagnosis was a neoplastic cyst based on imaging and
laboratory assessments. Pre-operative suspicion for an
endometrial cyst was low in all but one case!*. In that
case report, the patient did have a gynecologic his-
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Figure 5 Positive staining for CD10 in the cellular spindloid stroma.
Immunohistochemical stain for CD10, magnification x 100.

Figure 6 Negative staining for inhibin in the cellular spindloid stroma.
Immunohistochemical stain for inhibin, magnification x 100.

tory of endometriosis as well as a previous caesarian
section for her one child birth. She had never required
any medical or surgical therapy for her disease. She
did not relate any of her abdominal symptoms to her
menstrual cycle or hormones.

The initial impression of the lesion was that it was
likely a MCN of the pancreas due to its location in the
pancreatic tail. A pancreatic pseudocyst was less likely
since the temporal relationship with the episode of
acute pancreatitis was not standard. Classically, pseu-
docysts develop after episodes of acute pancreatitis
in a progressive fashion from peri-pancreatic fluid
collections, to walled off fluid collections, to pancreatic
pseudocysts!*®*, Pancreatic pseudocyst formation
occurs over a six to eight-week period after the initial
episode of pancreatitis. These lesions are round fluid
collections with a relatively thick and well-enhancing
wall of fibrous tissue®’). Radiologically, they pres-
ent as extra-pancreatic lesions without septation,
loculations, solid components, or wall calcification™®.
They may communicate with the pancreatic duct on
magnetic resonance pancreatography or EUS™, Cyst
fluid analysis often reveals elevations in amylase and
lipase, but normal CEA levels®**%*8], In this case, the
pancreatic cystic lesion was present at the time of
the initial diagnosis of the episode of pancreatitis, and
the patient had no previous episodes of pancreatitis.
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The incorrect temporal relationship of the cyst to the
pancreatitis and abnormally elevated cyst CEA were
concerning for an alternative diagnosis.

MCN are lesions with malignant potential that
are predominantly seen in middle-aged females™®'®,
About 90% of these lesions present in the tail of
the pancreas and can exceed 20 cm in the greatest
dimension!*®’. On imaging, MCNs have a smooth
contour and wall enhancement®. They may present
with multiloculations, thick internal septae, papillary
or nodular excrescences, and wall calcifications®*®,
Multiple loculations and size > 5 cm have been
shown to correlate with an invasive component and
malignant transformation™®. Histologically, the MCN
is lined by mucinous epithelium with varying degree
of dysplasia, resting on a layer of cellular ovarian-like
stroma'’*?!, The ovarian-like stroma on microscopy
can resemble endometrial stroma!®; however, by
immunohistochemistry the ovarian-like stroma with
MCN is often positive for inhibin, estrogen receptor
and progesterone receptor*®), The stroma is negative
for CD10, which is an immunohistochemical marker of
endometrial stroma™®. An elevated cyst fluid CEA often
helps to differentiate mucinous from non-mucinous
lesions®**®), In one study, a cyst fluid CEA cutoff of
109.9 ng/mL was both sensitive (81%) and specific
(98%) for mucinous lesions™™. According to another
systematic review, a CEA > 800 ng/mL is strongly
associated with a mucinous lesion with a specificity
of 98%?"., In this patient, the cyst was 16 cm in the
largest dimension with loculations. Cyst aspiration
demonstrated an elevated CEA of 951 ng/mL. These
findings, in addition to the patient’s age and gender,
supported a presumptive diagnosis of a premalignant
mucinous cyst. Classically, MCNs do not have elevated
cyst amylase levels due to the fact that the lesions are
not directly connected to the pancreatic duct®®**®*,
In this setting, the EUS did reveal an elevated amylase
which confounded the diagnosis of a possible MCN.
Furthermore, MCNs can be confused with pseudocysts
intraoperatively and histopathologically™®. MCNs may
contain purulent material and demonstrate ovarian
stroma that resembles the granulation tissue of pseu-
docysts'**®l, However, given the elevated CEA, we felt
the most likely preoperative diagnosis MCN.

In all but one case reported in the literature, the
presenting symptom with pancreatic endometrial cysts
was abdominal paint****, Less than half of these cases
correlated pain with the patients’ menstrual cycles, and
only one case had a presumptive diagnosis of endo-
metriosis™™. In that report, the authors suggest pan-
creatic endometriosis can be recognized with magnetic
resonance imaging (MRI) based on a hyperintense
T1 signal with fat suppression, which is suggestive of
blood components. Although the MRI was suggestive
of endometriosis, the authors noted that the findings
were not conclusive. EUS with fine needle aspiration
is a reasonable test when imaging is equivocal. In this
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present case report, the elevated cyst fluid CEA war-
ranted surgical resection. An elevated cyst fluid CEA
was reported in only one other report of a pancreatic
endometrial cyst (940 ng/mL)™.

In conclusion, a wide variety of benign, premalig-
nant, and malignant pancreatic cysts exist. Pancreatic
endometrial cysts remain a very rare entity. Currently,
there is no reliable method of detecting endometrial
disease of the pancreas pre-operatively. Pancreatic
endometrial cysts can present with elevated cyst CEA.
Due to the diagnostic similarities between these rare
endometrial cysts and mucinous cystic lesions, the
optimal diagnostic and therapeutic option is resection.

COMMENTS

Case characteristics

A 43-year-old obese Caucasian female with a history of type 2 diabetes,
hyperlipidemia, non-alcoholic fatty liver disease, and endometriosis presented
for surgical evaluation of a large pancreatic cyst discovered during an
admission for acute pancreatitis.

Clinical diagnosis
Mild left-sided tenderness to palpation without rebound or palpable masses.

Differential diagnosis

Mucinous cystic neoplasm of the pancreas, pancreatic pseudocyst, serous
cystadenoma, serous cystadenocarcinoma, solid pseudopapillary tumor, cystic
pancreatic adenocarcinoma, cystic pancreatic neuroendocrine tumor, or ectopic
tissue

Laboratory diagnosis

Cyst fluid analysis from endoscopic ultrasound with fine needle aspiration
demonstrated an elevated elevated carcinoembryonic antigen and amylase of
951 ng/mL and > 1000 U/L, respectively.

Imaging diagnosis

Computed tomography demonstrated a 10.0 cm x 11.1 cm x 16.5 cm
macrocystic, well-circumscribed fluid density mass containing a few internal
septations and locules within the pancreatic body and tail.

Pathological diagnosis
Intrapancreatic cystic endometriosis.

Treatment
Laparoscopic distal pancreatectomy.

Related reports

Endometrial cysts in the pancreas are exceedingly rare lesions that are difficult
to diagnose pre-operatively. This entity is easily confused for a mucinous cystic
neoplasm or some other pre-malignant lesion due to similar radiographic and
laboratory features.

Term explanation
Endometriosis is the presence of endometrial glands and stroma outside the
uterus.

Experiences and lessons

Pancreatic endometriosis is easily confused for a malignant or pre-malignant
lesion based on imaging and laboratory studies. This diagnosis should be
considered in the differential in pre-menopausal women experiencing recurrent
or worsening abdominal pain in the setting of a pancreatic cyst on imaging.
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Without a reliable method to diagnose pancreatic endometriosis pre-operatively,
surgical resection is recommended.

Peer-review

A wide variety of benign, premalignant, and malignant pancreatic cysts exist.
Pancreatic endometrial cysts remain a very rare entity. Due to the diagnostic
similarities between these rare endometrial cysts and mucinous cystic lesions,
the optimal diagnostic and therapeutic option is resection.
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