
World Journal of
Gastrointestinal Oncology

World J Gastrointest Oncol  2019 September 15; 11(9): 652-767

ISSN 1948-5204 (online)

Published by Baishideng Publishing Group Inc



W J G O
World Journal of
Gastrointestinal
Oncology

Contents Monthly  Volume 11  Number 9  September 15, 2019

REVIEW
652 Advancements and challenges in treating advanced gastric cancer in the West

Leiting JL, Grotz TE

665 Premalignant lesions and gastric cancer: Current understanding
Koulis A, Buckle A, Boussioutas A

679 Current status of adjuvant chemotherapy for gastric cancer
Kim IH

686 Tumor progression-dependent angiogenesis in gastric cancer and its potential application
Hsieh HL, Tsai MM

ORIGINAL ARTICLE

Basic Study

705 MicroRNA-331 inhibits development of gastric cancer through targeting musashi1
Yang LY, Song GL, Zhai XQ, Wang L, Liu QL, Zhou MS

Retrospective Study

717 Correlation between invasive  microbiota  in  margin-surrounding mucosa and anastomotic  healing in

patients with colorectal cancer
Li YD, He KX, Zhu WF

Observational Study

729 Colorectal cancer fecal screening test completion after age 74, sources and outcomes in French program
Koïvogui  A,  Balamou  C,  Rymzhanova  R,  Letrung  T,  Hadad  HA,  Brixi  Z,  Cornelis  S,  Delattre-Massy  H,  Aparicio  T,

Benamouzig R

SYSTEMATIC REVIEWS
741 Detection and management of oligometastatic disease in oesophageal cancer and identification of prognostic

factors: A systematic review
Jamel S, Tukanova K, Markar S

750 Clinical characteristics and surgical treatment of schwannomas of the esophagus and stomach: A case series

and systematic review
Morales-Maza  J,  Pastor-Sifuentes  FU,  Sánchez-Morales  GE,  Ramos  ESG,  Santes  O,  Clemente-Gutiérrez  U,

Pimienta-Ibarra AS, Medina-Franco H

WJGO https://www.wjgnet.com September 15, 2019 Volume 11 Issue 9I

https://www.wjgnet.com


Contents
World Journal of Gastrointestinal Oncology

Volume 11  Number 9  September 15, 2019

CASE REPORT
761 Gallbladder cancer harboring ERBB2 mutation on the primary and metastatic site: A case report

Inagaki C, Maeda D, Kimura A, Otsuru T, Iwagami Y, Nishida N, Sakai D, Shitotsuki R, Yachida S, Doki Y, Satoh T

WJGO https://www.wjgnet.com September 15, 2019 Volume 11 Issue 9II



Contents
World Journal of Gastrointestinal Oncology

Volume 11  Number 9  September 15, 2019

ABOUT COVER Editorial Board Member of World Journal of Gastrointestinal Oncology,
Gabriele Capurso, MD, PhD, Adjunct Professor, PancreatoBiliary
Endoscopy and EUS Division, Pancreas Translational and Clinical Research
Center, San Raffaele Scientific Institute, Vita Salute San Raffaele, Milan
20132, Italy

AIMS AND SCOPE The primary aim of the World Journal of Gastrointestinal Oncology (WJGO) is
to provide scholars and readers from various fields of gastrointestinal
oncology with a platform to publish high-quality basic and clinical research
articles and communicate their research findings online.
   The WJGO mainly publishes research results and findings obtained in the
field of gastrointestinal oncology covering a wide range of topics including
islet cell adenoma, liver cell adenoma, adenomatous polyposis coli,
appendiceal neoplasms, bile duct neoplasms, biliary tract neoplasms,
hepatocellular carcinoma, islet cell carcinoma, pancreatic ductal carcinoma,
cecal neoplasms, colonic neoplasms, colorectal neoplasms, etc.

INDEXING/ABSTRACTING The WJGO is now indexed in Science Citation Index Expanded (also known as

SciSearch®), PubMed, and PubMed Central. The 2019 edition of Journal Citation

Reports® cites the 2018 impact factor for WJGO as 2.758 (5-year impact factor: 3.220),

ranking WJGO as 52 among 84 journals in gastroenterology and hepatology (quartile in

category Q3), and 131 among 229 journals in oncology (quartile in category Q3).

RESPONSIBLE EDITORS FOR
THIS ISSUE

Responsible Electronic Editor: Lu-Lu Qi

Proofing Production Department Director: Yun-Xiaojian Wu

NAME OF JOURNAL
World Journal of Gastrointestinal Oncology

ISSN
ISSN 1948-5204 (online)

LAUNCH DATE
February 15, 2009

FREQUENCY
Monthly

EDITORS-IN-CHIEF
Monjur Ahmed, Rosa M Jimenez Rodriguez, Pashtoon Murtaza Kasi

EDITORIAL BOARD MEMBERS
https://www.wjgnet.com/1948-5204/editorialboard.htm

EDITORIAL OFFICE
Jin-Lei Wang, Director

PUBLICATION DATE
September 15, 2019

COPYRIGHT
© 2019 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS
https://www.wjgnet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS
https://www.wjgnet.com/bpg/GerInfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
https://www.wjgnet.com/bpg/gerinfo/240

PUBLICATION MISCONDUCT
https://www.wjgnet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE
https://www.wjgnet.com/bpg/gerinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS
https://www.wjgnet.com/bpg/GerInfo/239

ONLINE SUBMISSION
https://www.f6publishing.com

© 2019 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

WJGO https://www.wjgnet.com September 15, 2019 Volume 11 Issue 9III

mailto:bpgoffice@wjgnet.com


W J G O
World Journal of
Gastrointestinal
Oncology

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol  2019 September 15; 11(9): 652-664

DOI: 10.4251/wjgo.v11.i9.652 ISSN 1948-5204 (online)

REVIEW

Advancements and challenges in treating advanced gastric cancer
in the West

Jennifer L Leiting, Travis E Grotz

ORCID number: Jennifer L Leiting
(0000-0002-5784-7937); Travis E
Grotz (0000-0002-7753-097X).

Author contributions: Leiting JL
and Grotz TE conceived and
drafted the manuscript; both
authors approved the final version
of the article.

Conflict-of-interest statement: The
authors have no conflict of interest
to declare.

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/licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: February 6, 2019
Peer-review started:  February 12,
2019
First decision: June 4, 2019
Revised: July 2, 2019
Accepted: July 29, 2019
Article in press: July 29, 2019
Published  online:  September  15,
2019

P-Reviewer: Cigdem Arslan N,

Jennifer L Leiting, Travis E Grotz, Division of Hepatobiliary and Pancreas Surgery, Mayo
Clinic, Rochester, MN 55905, United States

Corresponding author: Travis E Grotz, MD, Assistant Professor, Division of Hepatobiliary and
Pancreas Surgery, Mayo Clinic, 200 First St. Southwest, Rochester, MN 55905, United States.
grotz.travis@mayo.edu
Telephone: +1-507-2841529
Fax: +1-507-2845196

Abstract
Gastric cancer is a leading cause of cancer incidence and death worldwide.
Patients with advanced gastric cancer benefit from a multi-modality treatment
regimen. Sound oncologic resection with negative margins and complete
lymphadenectomy plays a crucial role in long-term survival for patients with
resectable disease. The utilization of minimally invasive techniques for gastric
cancer has been slowly increasing and is proving to be both technically and
oncologically safe. Perioperative chemotherapy is the current standard of care for
advanced gastric cancer. A variety of chemotherapy regimens have been used
with the combination of docetaxel, oxaliplatin, 5-fluorouracil, and leucovorin
being the current recommendation given its superior ability to induce a complete
pathologic response and prolong survival. The use of radiation has been more
controversial with its optimal place in the treatment sequence being unclear.
There are current ongoing studies assessing the impact of radiation as an adjunct
or in place of chemotherapy. Targeted treatments (e.g., trastuzumab for human
epidermal growth factor receptor 2 positive tumors and pembrolizumab for
programmed death-ligand 1 positive tumors) are showing promise and are part
of a continued emphasis on individualized care. Intraperitoneal chemotherapy
may also play a role in preventing peritoneal recurrences for patients with high
risk lesions. The treatment of patients with advanced gastric cancer in the West
continues to advance and improve with a better understanding of optimal
treatment sequences and the utilization of personalized treatment regimens.

Key words: Gastric cancer; D2 lymphadenectomy; Minimally invasive surgery;
Neoadjuvant chemotherapy; Chemoradiation; Targeted treatments
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advance. Surgery-related outcomes continue to improve and have included the addition
of minimally invasive surgery techniques. The use of chemotherapy to improve long-
term survival outcomes has been demonstrated in randomized-controlled trials, though
the best regimen to use continues to be investigated. Chemoradiation has also been
shown to improve outcomes, though the timing, sequence, and patient-population for
optimal benefit has yet to be determined. Targeted-therapies and intraperitoneal
chemotherapy may also play a role in the treatment of patients with advanced gastric
cancer.

Citation: Leiting JL, Grotz TE. Advancements and challenges in treating advanced gastric
cancer in the West. World J Gastrointest Oncol 2019; 11(9): 652-664
URL: https://www.wjgnet.com/1948-5204/full/v11/i9/652.htm
DOI: https://dx.doi.org/10.4251/wjgo.v11.i9.652

INTRODUCTION
Gastric cancer is the fifth most frequently diagnosed cancer and is the third leading
cause of cancer death worldwide[1]. However, nearly 50% of these cases are diagnosed
in Eastern Asia  with over  70% of  gastric  cancer  occurring outside of  the United
States[2]. Overall, the incidence of gastric cancer in the United States has been declining
while overall survival (OS) rates have been steadily increasing[3]. Non-cardia gastric
cancers have seen a decrease in incidence which has been attributed to changes in diet
and treatment of chronic Helicobactor pylori infections which account for nearly 90% of
new non-cardia gastric cancer cases[2,4].  Gastric cancers of the cardia, on the other
hand, have seen an increase in incidence, and are associated with factors like obesity,
Epstein-Barr  virus  and gastroesophageal  reflux disease[1,3,5].  Additionally,  recent
studies suggest  that  while  the incidence of  gastric  cancer in the United States  is
declining  for  those  aged  40-84,  the  incidence  of  gastric  cancer  in  the  young  is
increasing, particularly in young Hispanic males[4]. Young gastric cancer patients are
more likely to present with aggressive histologic factors such as poor differentiation,
signet ring cells, diffuse histology, and linitis plastica, as well as more advanced nodal
metastasis at presentation[6,7].

Outcomes for patients with advanced gastric cancer greatly depend on whether
they have resectable disease. Patients with unresectable advanced disease have very
poor outcomes with median survivals of just 10-18 mo[8,9].  Long-term survival for
patients with resected advanced gastric cancer has improved as medical and surgical
therapies have advanced. OS at 5 years after a curative resection was once just 19% in
the 1980’s  but  has  now improved to  40%-70%[10-12].  Unfortunately,  nearly  half  of
patients  with  an  R0  resection  have  a  recurrence  and  median  survival  after  a
recurrence  is  just  6  mo[13].  These  outcomes  show  that  there  remains  room  for
improvement  in  the  treatment  of  advanced gastric  cancer.  Here,  we  review the
advancements and challenges of treating advanced gastric cancer in the West.

SURGERY
Surgery for gastric cancer is associated with significant morbidity and mortality. A
study  of  more  than  700  American  College  of  Surgeons  (ACS)  approved  cancer
programs in the United States during the 1980s reported a 30-d mortality of 7%[12].
With improvements in surgical technique, instruments, anesthesia, and peri-operative
care, the morbidity and mortality associated with gastrectomy has improved in the
United  States.  A  2005-2010  ACS  NSQIP  study  looking  at  outcomes  in  patients
undergoing  total  or  partial  gastrectomies  for  gastric  cancer  found  that  24%
experienced  a  major  morbidity  and  the  30-d  mortality  was  4%[14].  If  additional
procedures were required (e.g., splenectomy or pancreatectomy), major morbidity
increased to nearly 30%[14]. A second NSQIP study in the same time period looking at
total gastrectomies alone found similar results with 36% of patients experiencing a
complication and a 30-day mortality of 5%[15].  Additionally,  the 30-day mortality
increased to 13% in patients who underwent a pancreatectomy in addition to a total
gastrectomy[15].

The benefit of multivisceral resection has been debated given the higher morbidity
and mortality associated with these procedures, which is generally reported around
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30%-40% and 3% respectively[16-18]. The number of patients undergoing curative-intent
resection who require a multivisceral resection is anywhere from 19%-66%[16,17].  A
Canadian study found that combining systemic therapy with multivisceral resections
can result in a high rate of margin negative resection[19]. The 5-year survival was 34%
and there  were  few locoregional  recurrences  with  an  acceptable  morbidity  and
mortality[19]. A systematic review reported similar conclusions in that multivisceral
resections may be helpful in achieving an R0 resection margin[20]. The United States
Gastric Cancer Collaborative found that patients who underwent a multivisceral
resection without a pancreatectomy had higher post-operative morbidity than those
who underwent a gastrectomy alone but there was no change in mortality, while a
multivisceral resection with a pancreatectomy was an independent predictor of worse
OS[17]. This data would suggest that in appropriately selected patients with locally
advanced gastric cancer, a multivisceral resection can be performed at high volume
centers  with  a  high  rate  of  negative  margins  and  an  acceptable  morbidity  and
mortality.  The inclusion of  pancreatectomy is  an independent  predictor  of  poor
outcome and must be used selectively.

The stomach has a multidirectional and complex network of regional lymphatic
vessels  and nodes[21].  Gastric  cancer  has  a  high tendency to  metastasize  to  these
regional lymph nodes and their involvement is an important prognostic factor[22]. As
such, lymph node retrieval is an important aspect of staging for gastric cancer and has
implications  in  adjuvant  treatment  recommendations  (Table  1)[22-24].  The  final
publication of the Dutch trial reported lower locoregional recurrence and gastric
cancer-related death in patients undergoing a D2 lymphadenectomy compared to a
D1 lymphadenectomy[25]. Similarly, an Italian trial demonstrated a survival benefit for
patients with positive nodes treated with D2 gastrectomy without splenectomy and
pancreatectomy[26].  As  such,  a  pancreas  and  spleen  preserving,  or  modified  D2
lymphadenectomy,  is  now  the  standard  of  care  at  most  academic  institutions
throughout the United States.

Similarly, the total number of lymph nodes removed during gastrectomy is an
independent predictor of survival, with an increasing number of excised lymph nodes
being associated with a decreased risk of death[27]. As such, the recently, published
American Joint  Committee  on Cancer  8th  edition tumor-node-metastasis-staging
guidelines recommend a minimum of 16 lymph nodes be assessed in gastric cancer
with 30 or more lymph nodes being desirable[28]. Despite this, most patients in the
west do not receive an adequate lymphadenectomy. A recent NCDB study found that
only 23% of patients had evaluation of the recommended 15 lymph nodes[29]. That
same study showed that patients who were treated in National Cancer Institute-
designated  centers  or  high-volume  centers  were  more  likely  to  have  the
recommended lymph node retrieval[29]. A Surveillance, Epidemiology and End Results
(SEER) analysis found that from 2004-2010, only 42% of patients had at least 15 lymph
nodes evaluated after surgery, and while being treated at a cancer program increased
the  odds  of  having  15  nodes  removed,  improved  survival  was  significant  with
removal of 15 or more lymph nodes regardless of treatment location[30]. The ability to
obtain 15 lymph nodes can be difficult if a D1 resection, rather than a D2, is utilized[31].
Recently, the National Comprehensive Cancer Network (NCCN) has recommended
performing a D2 lymphadenectomy with the goal of  obtaining at  least  15 lymph
nodes while avoiding a splenectomy[32].

There has been a slow increase in minimally invasive surgery for gastric cancer
over time. The first description of a laparoscopic gastrectomy was in 1994 from a
group in Japan[33]. In the United States, a SEER analysis from 2008-2013 showed that
only  8%  of  gastrectomies  were  performed  laparoscopically  and  only  2%  were
performed robotically[34]. There was also no significant increase in the last three years
of this analysis indicating that the use of laparoscopic surgery for gastric cancer has
not continued to increase[34]. This is in contrast to a nearly 26% utilization by Eastern
countries[35].  Data  from  the  NCDB  showed  that  only  13%  of  cases  were  done
laparoscopically between 1998-2011 with a conversion from laparoscopic to open in
nearly 24% of cases[36]. Another study from the NCDB showed that between 2010 and
2012, there was an increase in the use of minimally invasive techniques with 4% being
performed robotically and 23% undergoing laparoscopic gastrectomies[37]. This study
also  found  that  open  gastrectomies  are  decreasing  overall,  with  a  rise  in  both
laparoscopic and robotic gastrectomies[37].

Two prospective trials, KLASS-01 and JCOG 0703, as well as several retrospective
studies support the safety and oncologic feasibility of laparoscopic surgery for early
gastric cancer (Table 1)[38,39]. Fewer studies have addressed laparoscopy in advanced
gastric cancer. The KLASS-02 trial randomized patients with locally advanced gastric
cancer to either laparoscopic or open distal gastrectomy[40]. Short term outcomes from
this  trial  were  recently  published  and  demonstrated  benefits  in  terms  of  lower
complication rates, lower pain score, earlier return of bowel function, and shorter
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Table 1  Surgery trials

Trial name Country Status Years Factors Outcome

DGCT Trial Netherlands Complete 1989-1993 Randomization to D1 or
D2 lymphadenectomy

Increased morbidity and
mortality in D2 group

Decreased gastric
cancer-related deaths
and locoregional
recurrences after D2
resection

IGCSG-R01 Italy Complete 1998-2006 Randomization to D1 or
D2 lymphadenectomy

No difference in
morbidity and mortality

Improved 5-yr survival
in subgroup analysis of
patients with positive
LN after D2 resection

KLASS-011 Korea Complete 2006-2010 Randomization to open
distal gastrectomy or
laparoscopic distal
gastrectomy

Decreased wound
complication rate in
laparoscopic group with
no difference in
morbidity or mortality

KLASS-022 Korea Complete 2011-2015 Randomization to open
or laparoscopic
gastrectomy and D2
lymph node resection

Decreased complication
rates and pain scores
with shorter hospital
stays in laparoscopic
resections

JCOG 07031 Japan Complete 2007-2008 Prospective study with
patients undergoing
laparoscopic distal
gastrectomy with D1
lymph node resection

Laparoscopic surgery
was safe with lower
than expected rates of
anastomotic leaks and
pancreatic fistulas

1Clinical stage I gastric cancers only;
2Locally advanced gastric cancers only. DGCT: Dutch Gastric Cancer Group Trial; IGCSG: Italian Gastric Cancer Study Group; LN: Lymph node; KLASS:
Korean Laparoscopic Surgical Society; JCOG: Japan Clinical Oncology Group.

hospital length of stays compared to open surgery[41]. A primary concern regarding
minimally invasive surgery for advanced gastric cancer is whether adequate lymph
node retrieval could be achieved. A study from the United States Gastric Cancer
Collaborative showed similar rates of lymph nodes retrieved between a minimally
invasive cohort and an open cohort, both overall and after propensity matching[42].
From an outcomes standpoint, a NSQIP analysis of patients undergoing laparoscopic
vs.  open  gastrectomies  showed  fewer  complications  for  patients  undergoing
laparoscopic gastrectomies with no difference in mortality[43]. As western surgeons
become more experienced and minimally invasive technology improves (e.g.,  3D
visualization and robotic surgery), minimally invasive surgery will likely become
safer  and more  oncologically  sound for  western  patients  with  advanced gastric
cancer.

CHEMOTHERAPY
The role of systemic chemotherapy for the treatment of advanced gastric cancer has
evolved over time as we continue to search for  optimal  therapies and treatment
sequencing that will positively influence outcomes (Table 2). The MAGIC trial was the
first  large  prospective  trial  that  observed  improved  outcomes  in  patients  who
received  perioperative  chemotherapy[44].  The  agents  used  in  this  study  were
epirubicin, cisplatin, and 5-fluorouracil (ECF). This study showed improved outcomes
even with only 42% of patients receiving the full six cycles of chemotherapy, with
many patients being unable to complete their post-operative cycles. Patients who
received pre-operative chemotherapy demonstrated significant  down-staging as
evidenced  by  smaller  tumors  and  less  lymph  node  involvement,  but  most
importantly,  had  significantly  better  overall  and  progression-free  survival[44].
Perioperative chemotherapy has since become standard of care for patients with non-
metastatic stage II or higher gastric cancers. The use of perioperative chemotherapy in
the United States has increased overtime since the MAGIC trial. In the year 2003, just
25% of patients were receiving neoadjuvant chemotherapy while in 2012 the rate
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increased to over 45%[45]. A later trial, the ACCORD 07, was a phase III randomized
trial that again showed a significant improvement in overall and progression free
survival  in  patients  that  underwent  perioperative  chemotherapy  and  surgery
compared to those that underwent surgery alone[46]. This trial used cisplatin and 5-
fluorouracil without epirubicin and OS were similar between the MAGIC and the
ACCORD 07 trial with 5-year survivals around 30%[44,46].

Neoadjuvant  chemotherapy  has  several  potential  benefits  to  adjuvant
chemotherapy. First, pre-operative chemotherapy is consistently better tolerated than
post-operative chemotherapy in multiple trials[44,46]. Second, blood supply to the tumor
is  not  disrupted by surgical  resection and micrometastasis  can be  treated at  the
earliest possible time[47]. Down-staging or shrinkage of the tumor may lead to higher
R0  resection  rates,  particularly  in  advanced  gastric  cancer,  and  it  allows  the
assessment of response to therapy allowing postoperative therapy to be tailored to the
individual response to pre-operative therapy[48].  Unfortunately, very few patients
receiving pre-operative  ECF are  able  to  achieve a  complete  pathologic  response
following neoadjuvant chemotherapy[49]. Tumor regression on final surgical pathology
has been reported to be an independent factor associated with improved survival in
patients receiving neoadjuvant chemotherapy for a number of cancers, including
gastric[50,51].  In a phase II  study where patients received epirubicin, cisplatin,  and
capecitabine (ECX), a complete pathologic response was found in just 6%[49].  This
compares to a complete response rates as high as 17%-20% in phase II studies where
docetaxel is part of the treatment regimen[52,53].

The AIO-FLOT4 trial looked to compare the rates of pathological regression in
patients who received neoadjuvant ECF/ECX vs the docetaxel-based regimen FLOT
(5-fluorouracil,  leuocovorin,  oxaliplatin,  and docetaxel)[54].  Results  of  this  study
showed a significant increase in complete regression with FLOT treatment when
compared to ECF (16% vs 6%). Recent phase III results of the FLOT4 randomized trial
showed improved median OS of  50  mo for  patient  receiving the  FLOT regimen
compared to 35 mo for those on ECF/ECX with similar toxicities between the two
groups[55].  The current  NCCN guidelines  recommend perioperative FLOT as  the
preferred regimen for medically fit patients with oxaliplatin and a fluoropyrimidine
without docetaxel to be used in patients with a poor performance status or significant
medical comorbidities[32].

RADIATION
The benefit of chemoradiation in patients with locally advanced gastric cancer has
been controversial (Table 3). In the early 2000s, the Intergroup 0116 Trial showed that
patients who underwent post-operative chemoradiation radiation therapy with 5-
fluorouracil  and leucovorin  after  a  complete  resection  had improved long-term
outcomes compared to patients who underwent surgery alone[56]. These patients did
not undergo perioperative chemotherapy and the median survival in the surgery plus
chemoradiation group was 36 mo compared to 27 mo in the surgery alone group[56].
This  trial  was  criticized  for  its  low  (10%)  utilization  of  D2  lymphadenectomy
suggesting that chemoradiation may compensate for inadequate surgery. In contrast,
a large retrospective United States multi-institutional study in which patients had a
median 18 lymph nodes removed showed that post-operative chemoradiation with 5-
fluorouracil improved both overall and recurrence-free survival when compared to
patients who received perioperative chemotherapy alone[57]. On subgroup analysis,
patients with nodal disease (N1) and lymphovascular invasion derived the most
benefit[57].

Neoadjuvant chemoradiation may improve R0 resection rate and achievement of
pathological complete response (pCR) in advanced gastric cancer. A phase I multi-
institutional single-arm trial in the US reported a 70% R0 resection rate and a 30%
pCR rate with preoperative chemoradiation consisting of two 28-d cycles of induction
fluorouracil, leucovorin, and cisplatin followed by fluorouracil-based chemoradiation
therapy (CRT) to 45 Gy[58]. Pathological partial or complete response were associated
with improved OS[59]. Similarly, another multi-institutional phase II trial in the United
States reported a 77% R0 resection rate and 26% pCR rate following preoperative
induction chemotherapy with two cycles of fluorouracil, leucovorin, and cisplatin
followed by paclitaxel, fluorouracil, and concurrent 45 Gy radiotherapy[60]. A small
retrospective series from Spain comparing neoadjuvant chemotherapy to neoadjuvant
chemoradiation in resectable advanced gastric cancer demonstrated a significantly
higher likelihood of achieving a Becker Ia-b response (58% vs 32%), a grade D nodal
regression (30% vs 6%) and a favorable pathological response (23% vs 3%). Nodal, but
not primary, response was associated with a longer 5-year progression-free and OS[61].
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Table 2  Chemotherapy trials

Trial name Country Status Years Groups Chemotherapy
regimens Outcome

MAGIC UK Complete 1994-2002 Surgery alone - Smaller tumors in
chemo group (3 cm
vs 5 cm)

Surgery with
perioperative chemo

Epirubicin, cisplatin,
5-FU (ECF)

Better PFS and OS in
chemo group (5-yr
OS 36% vs 23%)

ACCORD 07 France Complete 1995-2003 Surgery alone - Improved curative
resection rates with
chemo (84% vs 73%)

Surgery with
perioperative chemo

Cisplatin and 5-FU Better DFS and OS
in chemo group (5-
yr OS 38% vs 24%)

AIO-FLOT4 (Phase
II)

Germany Complete 2010-2012 Neoadjuvant
ECF/ECX

Epirubicin and
cisplatin with either
5-FU (ECF) or
capecitabine (ECX)

Improved
pathological
complete regression
in FLOT vs
ECF/ECX

Neoadjuvant FLOT Docetaxel,
oxaliplatin, 5-FU
with leucovorin

AIO-FLOT4 (Phase
III)

Germany Complete 2010-2015 Neoadjuvant
ECF/ECX

Epirubicin and
cisplatin with either
5-FU (ECF) or
capecitabine (ECX)

Improved OS in
FLOT group with no
increase in toxicities

Neoadjuvant FLOT Docetaxel,
oxaliplatin, 5-FU
with leucovorin

MAGIC: Medical Research Council Adjuvant Gastric Infusional Chemotherapy; UK: United Kingdom; 5-FU: 5-fluorouracil; PFS: Progression-free survival;
OS: Overall survival; DFS: Disease-free survival; ECF: Epirubicin, cisplatin, and 5-fluorouracil; ECX: Epirubicin, cisplatin, and capecitabine; FLOT: 5-
fluorouracil, leuocovorin, oxaliplatin, and docetaxel.

Whether chemoradiation offers a benefit in addition to or in place of chemotherapy
is being actively prospectively investigated. The CRITICS trial randomized patients to
perioperative chemotherapy vs pre-operative chemotherapy and post-operative CRT
and was not able to show a survival difference between the two groups[11], however
only 50% of patients received their intended post-operative treatment regimens in the
CRITICS trial. The follow up CRITICS-II trial aims to optimize neoadjuvant therapy
by comparing neoadjuvant chemotherapy alone, neoadjuvant chemotherapy followed
by chemoradiation, and neoadjuvant chemoradiation alone[62]. Similarly, the ARTIST
trial,  which was designed to compare adjuvant chemotherapy to chemoradiation,
failed to demonstrate a difference in disease-free and OS; however, subgroup analysis
suggested that patients with intestinal type histology and lymph node metastasis, in
particular,  may benefit  from chemoradiation[63].  A follow-up trial,  ARTIST II,  is
currently under way addressing this question (NCT01761461). The TOPGEAR trial is
another  randomized  prospective  trial  aimed  at  determining  if  pre-operative
chemoradiation, in addition to perioperative chemotherapy, improves outcomes over
perioperative chemotherapy alone[64].

The  mode  of  radiation  administration  has  traditionally  been  through  three-
dimensional conformal radiotherapy (3D-CRT). The potential advantage of using
intensity-modulated radiotherapy (IMRT) over 3D-CRT is the ability to limit exposure
to critical surrounding structures while delivering therapeutic doses to the organs of
interest[65,66]. One study found that overall and disease-free survival were significantly
improved in  patients  treated  with  adjuvant  IMRT compared to  similar  patients
treated with adjuvant 3D-CRT[67]. There has been little investigation into the use of
proton beam radiation for the treatment of locally advanced gastric cancer. Reasons
for this include the limited availability of proton beam radiation in the United States
and that a moderate dose of radiation over a large area may be ideal for treating the
resection margins and wide nodal basin[68]. A benefit of proton beam radiation is its
ability to provide a very high dose of radiation to a single lesion with relative sparing
of  adjacent  structures,  limiting  damage  to  surrounding  tissue[69].  Given  these
properties,  there  has  been  more  interest  in  using  proton  beam  radiation  for
unresectable primary liver tumors like hepatocellular carcinoma, or even gastric
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Table 3  Radiation trials

Trial name Country Status Years Trial group(s) Regimens Outcome

INT-0116 US Complete 1991-1998 Surgery alone - Improved DSF and
OS in radiation
group (median
survival 36 mo vs 27
mo)

Surgery + adjuvant
CRT

45 Gy with 5-FU and
leucovorin

Ajani et al[60] US Complete 1999-2004 CRT 45 Gy with 5-FU,
leucovorin, and
cisplatin

77% R0 resection
rate

26% complete
pathologic response
rate

Martin-Romano et
al[61]

Spain Complete 2004-2014 Neoadjuvant
chemotherapy

Variable Improved
pathologic response
and nodal regression
in CRT group

Neoadjuvant CRT Radiation: 45 Gy

Chemo: Variable

CRITICS Netherlands,
Sweden, Denmark

Complete 2007-2015 Perioperative chemo Epirubicin, cisplatin
or oxaliplatin,
capecitabine

No difference in OS
or DFS

Neoadjuvant chemo
and adjuvant CRT

Chemo: Epirubicin,
cisplatin or
oxaliplatin,
capecitabine

CRT: 45 Gy with
capecitabine

CRITICS-II
(NCT02931890)

Netherlands,
Sweden, Denmark

Ongoing - Neoadjuvant chemo Docetaxel,
oxaliplatin,
capecitabine

-

Neoadjuvant chemo
and CRT

Chemo: Docetaxel,
oxaliplatin,
capecitabine

CRT: 45 Gy with
paclitaxel and
carboplatin

Neoadjuvant CRT 45 Gy with
paclitaxel and
carboplatin

ARTIST Korea Complete 2004-2008 Adjuvant chemo Capecitabine and
cisplatin

No difference in DFS
overall

Adjuvant chemo and
CRT

Chemo:
Capecitabine and
cisplatin

Superior DFS in
radiation group on
subgroup analysis of
patients with
positive LNs

CRT: 45 Gy with
capecitabine

ARTIST-II
(NCT01761461)

Korea Ongoing - Adjuvant chemo S-1 -

Adjuvant chemo S-1 and oxaliplatin

Adjuvant chemo and
CRT

Chemo: S-1 and
oxaliplatin

CRT: 45Gy with S-1

TOPGEAR
(ACTRN126090000
35224)

Australia Ongoing - Perioperative chemo Epirubicin, cisplatin,
5-FU (ECF)

-

Perioperative chemo
with Neoadjuvant
CRT

Chemo: Epirubicin,
cisplatin, 5-FU (ECF)

CRT: 45 Gy with 5-
FU

INT: Intergroup; US: United States; CRT: Chemoradiation therapy; Gy: Gray; DFS: Disease-free survival; OS: Overall survival; 5-FU: 5-fluorouracil;
CRITICS: Chemoradiotherapy after Induction chemotherapy In Cancer of the Stomach; chemo: Chemotherapy; LN: Lymph node; TOPGEAR: Trial Of
Preoperative therapy for Gastric and Esophago-gastric junction Adenocarcinoma; ECF: Epirubicin, cisplatin, and 5-fluorouracil.

cancer hepatic metastases[69,70].  For similar reason, stereotactic body radiotherapy
(SBRT) has been under investigation for the treatment of liver tumors, though there
has been a description of using SBRT for the treatment of lymph node recurrences
after gastric resection[71,72].
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FUTURE DIRECTIONS
While  outcomes  for  patients  with  advanced gastric  cancer  have  improved with
medical  and  surgical  advancement,  there  are  still  areas  for  improvement  and
exploration.  The  use  of  targeted  treatments  as  adjuncts  to  traditional
chemotherapeutic  agents  is  under  continued investigation  (Table  4).  Epidermal
growth factor receptor (EGFR) is overexpressed in most gastric cancers, however the
trials  that  used  anti-EGFR  antibodies  such  as  cetuximab  (EXPAND  Trial),  and
panitumumab  (REAL3  Trial)  failed  to  improve  survival[8,73].  In  contrast,  in  the
randomized phase III AVAGAST trial,  bevacizumab, a monoclonal antibody that
targets vascular endothelial growth factor (VEGF), when given with cisplatin and a
fluoropyrimidine was found to significantly improve progression-free survival in
patients with unresectable or metastatic advanced gastric cancer though it did not
improve OS (50% vs 42%)[74]. However, the use of ramucirumab, a VEGFR-2 inhibitor,
in the REGARD trial was able to show a significant improvement in OS as a second-
line option for patients with metastatic disease unresponsive to first-line therapy so
there may be a role for its use in the perioperative setting in the future[75].

Another advance and future direction is using molecular analysis to better predict
prognosis as well as treatment options for individual patients. One of these molecular
characteristics  is  identification of  patients  with human epidermal  growth factor
receptor 2 (HER2) overexpression. Around 12%-24% of patients with gastric cancer
have been found to have HER2 overexpression with most showing associated poorer
outcomes when compared to patients with normal HER2 expression[76-78]. Intestinal
type gastric cancers are much more likely to have overexpression than diffuse type
(32% vs 6%)[79]. The randomized controlled ToGA trial found that in patients with
HER2  overexpression,  treatment  with  chemotherapy  with  trastuzumab  was
associated with improved OS when compared to patients treated with chemotherapy
alone[79]. These results have led to NCCN guidelines recommending the assessment of
HER2  expression  and  the  addition  of  trastuzumab  to  all  HER2  overexpressing
metastatic gastric adenocarcinomas[32].

The use of pembrolizumab, a monoclonal antibody against programmed death 1
(PD-1),  in  patients  with  PD-L1-positive  cancers  is  another  example  of  how
individualized  treatment  may  impact  specific  patients  based  on  their  tumor’s
molecular characteristics.  In a phase I  study,  pembrolizumab showed promising
results as a single agent in patients with PD-L1-positive metastatic or recurrent gastric
cancer that had failed other treatment regimens[80]. In this cohort, 22% of patients had
a partial tumor response and the 1-year survival was 42%[80].

Additionally, there has been investigation into the adjuvant use of intraperitoneal
chemotherapy. Peritoneal recurrence develops in about 60% of the patients with T3
and T4 tumors following curative-intent resection, and up to 40% of resected gastric
cancer patients die as a direct result of peritoneal dissemination[13].  Few systemic
chemotherapeutic  agents  penetrate  the  peritoneum  well  and  intraperitoneal
chemotherapy has less adverse effects with higher doses in the intraperitoneal regions
than systemic chemotherapy[81]. A recent meta-analysis of 23 prospective randomized
trials including 2767 advanced gastric patients from Japan, China, Korea, and Austria
demonstrated  that  adjuvant  intraperitoneal  chemotherapy  was  associated  with
improved 1, 2 and 3-year survival rate, as well as a 30% reduction in the incidence of
peritoneal recurrence[82]. Currently, the GASTRICHIP Trial, a randomized multicenter
phase III  clinical  study,  is  evaluating the effects  of  hyperthermic intraperitoneal
chemotherapy with oxaliplatin on patients with locally advanced gastric cancer and
will  hopefully  provide  further  direction  on  the  effectiveness  of  intraperitoneal
chemotherapy for locally advanced gastric cancer[83].

CONCLUSION
Treatment for advanced gastric cancer continues to evolve with better understanding
of optimal treatment regimens, treatment sequences, and surgical optimization with
improved  technique.  Additionally,  future  efforts  in  providing  individualized
treatment recommendations based on molecular characteristics at the time of the
initial diagnosis have the opportunity to improve long-term outcomes.
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Table 4  Targeted treatment trials

Trial name Country Status Years Target Groups Chemotherapy
regimens Outcome

EXPAND Multiple Complete 2008-2010 EGFR Standard chemo Capecitabine,
cisplatin

No difference in
PFS

Standard chemo
with cetuximab

Capecitabine,
cisplatin,
cetuximab

REAL3 Multiple Complete 2008-2011 EGFR Standard chemo Epirubicin,
oxaliplatin,
capecitabine

No difference in
OS

Standard chemo
with
panitumumab

Epirubicin,
oxaliplatin,
capecitabine,
panitumumab

AVAGAST Multiple Complete 2007-2008 VEGFR Standard chemo Capecitabine,
cisplatin

Improved PFS in
the bevacizumab
group (median
survival 6.7 mo vs
5.3 mo)

Standard chemo
with

Capecitabine,
cisplatin,

bevacizumab bevacizumab

REGARD Multiple Complete 2009-2012 VEGFR Best supportive
care

- Improved OS in
ramucirumab
group (median
survival 5.2 mo vs
3.8 mo)

Best supportive
care

Ramucirumab

with
ramucirumab

ToGA Trial Multiple Complete 2005-2008 HER2 Standard chemo Cisplatin with
capecitabine or 5-
FU

Improved OS in
the trastuzumab
group (median
survival 13.8 mo
vs 11.1 mo)

Standard chemo
with trastuzumab

Cisplatin,
capecitabine or 5-
FU, trastuzumab

KEYNOTE-012 Multiple Complete 2013-2014 PD-L1 Pembrolizumab Pembrolizumab Median OS of
11.4 mo

GASTRICHIP
(NCT01882933)

Multiple Ongoing - HIPEC Curative
gastrectomy with
D1-D2 lymph
node dissection

- -

Curative
gastrectomy with
D1-D2 lymph
node dissection
with HIPEC

IP Oxaliplatin
with IV 5-FU and
leucovorin

EGFR: Endothelial growth factor receptor; chemo: Chemotherapy; PFS: Progression-free survival; OS: Overall survival; AVAGAST: Avastin in Gastric
Cancer; VEGFR: Vascular endothelial growth factor receptor; ToGA: Trastuzumab for Gastric Cancer; HER2: Human epidermal growth factor receptor 2; 5-
FU: 5-fluorouracil; PD-L1: Programmed death-ligand 1; HIPEC: Hyperthermic intraperitoneal chemotherapy; IP: Intraperitoneal; IV: Intravascular.
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Abstract
Over the last two decades there has been a broad paradigm shift in our
understanding of gastric cancer (GC) and its premalignant states from gross
histological models to increasingly precise molecular descriptions. In this review
we reflect upon the historic approaches to describing premalignant lesions and
GC, highlight the current molecular landscape and how this could inform future
risk assessment prevention strategies.
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Core tip: Despite recent advances in our understanding of the molecular and cellular
events involved in gastric cancer, little is known about how gastric premalignant lesions
actually lead to this usually lethal disease (5 years survival about 20% in most Western
countries). It is still not clear whether some or all of these lesions are directly involved in
the process of gastric carcinogenesis or whether they are simply bystanders. In this
review, we attempt to shed some light into how our current understanding of
premalignant lesions may be used to improve patient stratification and lead to better
overall patient survival rates.
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INTRODUCTION
Gastric cancer (GC) is the fifth most common cancer worldwide and third highest
cause of cancer-related death. In 2012, 950000 individuals were diagnosed with the
disease and 723000 died. High incidence areas are Eastern Asia, particularly China,
Japan and South Korea, Eastern Europe, Central and South America. Low incidence
areas are Australia and New Zealand, North America, Western Europe, South Central
Asia and most parts of Africa[1]. Risk factors for GC include male sex, age, high salt
intake, including salt preserved foods, smoked or dried meat and fish, pickled food,
low intake of fresh fruit and vegetables, smoking, radiation exposure, low levels of
physical activity, obesity and low socioeconomic status[2-15].

HISTOLOGICAL AND MOLECULAR CLASSIFICATIONS OF
GC
The majority of GC are adenocarcinomas and these can be subdivided by the Lauren
histopathology system into intestinal and diffuse subtypes[16]. The intestinal subtype
of GC (IGC) is characterised by tumour cells that form gland-like structures whereas
the  diffuse  subtype  (DGC)  has  single  or  groups  of  tumour  cells  that  are  poorly
differentiated or undifferentiated infiltrating the gastric wall. GC with components of
both  DGC  and  IGC  are  referred  to  as  mixed.  Given  all  three  subtypes  are
adenocarcinomas this raises questions regarding the pre-malignant pathways and
aetiologies of each. Given they arise from the same gastric inflammatory milieu are
they a spectrum of the same disease with overlapping molecular identities or do they
represent unique entities with disparate causes and premalignant pathways?

The Cancer Genome Atlas (TCGA) Research Network published a landmark study
into  molecular  classification  of  established  GC  in  2014.  The  study  performed
integrative genomic and epigenomic analysis of 295 gastric adenocarcinomas and
reported on four major subclasses based on somatic copy number, mutation analysis,
methylation  and gene  expression  status.  These  were  named:  Epstein  Barr  virus
positive, microsatellite unstable (MSI), genomically stable (GS) and chromosomal
unstable subtypes[17]. While there was significant overlap regarding the molecular
signatures between the IGC, DGC and mixed types consistent with common aspects
of oncogenesis,  75% of the DGCs were of the GS subclass suggesting a divergent
pathway. The TCGA analysis also demonstrates the potential limitation of histological
systems such as the Lauren classification, with cellular phenotypes often not reflecting
the heterogeneous nature of complex underlying molecular changes.

There are a number of inherited genetic conditions that predispose to GC such as
somatic mismatch repair  mutations in Lynch Syndrome and CDH1 mutations in
Hereditary Diffuse GC. Although these are of interest in elucidating the molecular
pathways of oncogenesis, discussion of these conditions is largely outside the scope of
this review.

THE CORREA CASCADE

Chronic gastric inflammation
In 1975 Correa et  al[18]  described a stepwise progression of  conditions within the
stomach that were thought to result in GC. This was one of the first considerations of
premalignant conditions in this  disease and it  was later found to be initiated by
Helicobacter pylori (H. pylori). The initial step in the Correa cascade is the development
of Chronic gastritis (ChG). H. pylori  represents the archetypal cause of ChG, with
infected patients  in some studies having a greater  than 10-fold higher chance of
developing  GC[19].  The  effects  of  H.  pylori  on  the  gastric  epithelium  have  been
extensively  studied,  with  one  of  the  most  important  pathogenic  factors  being
cytotoxin-associated gene A protein (CagA) positive strains. Virtually all of East Asian
strains and 60% of Western strains of H. pylori strains are cagA+, with infected patients
developing more distinct inflammation, gastric ulceration and higher risk of GC[20-22].
Bacterial CagA protein interacts with a series of host epithelial proteins including
ASPP2,  RUNX3,  PI3K,  SHP2  and  E-cadherin,  resulting  in  the  degradation  and
inactivation of p53 and RUNX3, deregulation of the PI3K-AKT, Ras-ERK and Wnt
pathways and disruption of adherens junctions[23]. CagA has also been shown to alter
DNA methylation patterns further deregulating normal epithelial gene expression
patterns[24]. Intestinal metaplasia (IM) samples show higher levels of methylation than
Atrophic gastritis (AG) samples, suggesting that DNA methylation pattern changes
may play a vital role in the Correa model of IGC[24,25].
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Autoimmune gastritis and atrophic gastritis
Autoimmune gastritis is a common aetiology of ChG, which results in activation of
the adaptive immune system against parietal cells and intrinsic factor, leading to the
destruction  of  the  oxyntic  gastric  mucosa.  As  with  other  forms  of  chronic
inflammation, autoimmune gastritis is a risk factor for GC through progression to
intestinal metaplasia[26]. In a meta-analysis the overall relative risk of GC in patients
with autoimmune gastritis was 6.8 (95%CI: 2.6–18.1)[27].

ChG leads to AG which refers to the atrophy and loss of gastric mucosal glands.
Loss  of  specialised  cells  has  significant  implications  on  gastric  function,  with
hypochlorhyria being one of the most recognised. In this state the loss of peptic acid
production and raised gastric pH has implications on nutrient absorption (such as
iron) and has significant implications on the gastric microbiome[28]. There has been
considerable interest in the relationship between the gastric microbiome and GC, with
a recent study uncovering dysbiosis of bacterial taxa along the Correa cascade[29]. At
this  stage  it  is  uncertain  if  this  dysbiosis  represents  a  pre-malignant  factor
contributing to carcinogenesis in its own right, or simply a reflection of the change in
the gastric microenvironment.

A key risk factor of chronic inflammation is the release of large amounts of reactive
oxygen and nitrogen free species (ROS and NOS respectively), which are associated
with DNA damage and increased mutation rates. Previous studies have shown that
ROS and NOS released by inflammatory and epithelial cells can cause oxidative and
nitrative  DNA  damage  including  the  production  of  8-oxo-7,8-dihydro-2’-
deoxyguanosine (8-oxodG), a known mutagen and 8-nitroguanine[30,31]. The latter is
formed by inducible nitric oxide synthase iNOS. Gene expression of iNOS is regulated
by the NF-κB and STAT pathways among others[32]. These changes can result in DNA
mutations thus promoting cellular changes and carcinogenesis.

GASTRIC STEM CELLS AND IM
In normal gastric epithelium stem cell populations give rise to nascent epithelial cells
that mature and differentiate as they migrate to the apex of the gland[33]. Gastric and
intestinal stem cells share an endodermal lineage, and through the process of chronic
inflammation gastric stem cells may reprogram, producing metaplastic intestinal-type
epithelium  that  replaces  the  normal  gastric  mucosa[34].  The  continuing  chronic
inflammatory process results in further accumulation of genetic lesions in stem cells,
ultimately resulting in dysplasia  and cancer.  As such IM can be thought  of  as  a
marker  of  stem cell  stress  and damage,  with  multiple  inflammatory  aetiologies
converging to histologically identical metaplastic change. There have been multiple
gastric stem cell populations characterised including Lgr5+  stem cells in the adult
antrum and the neonatal corpus and antrum, Mist1+ stem cells found in the isthmus
region of the corpus glands and Troy+ stem cells that are thought to reside in the base
of the corpus glands[33,35,36]. The role each of these plays in oncogenesis is an area of
ongoing research. However, it is notable that different regions of the stomach have
different  stems  cells  and  based  on  epidemiological  evidence  histological  and
molecular  subgroups are  found in different  anatomic distributions suggesting a
possible  predetermined  pathway  for  conversion  to  specific  GC  subgroups.  For
instance, TCGA found different anatomic distribution of molecular subgroups of GC
with MSI being more likely to occur in the gastric corpus and antrum but rarely in the
cardia[17].

IM
IM is usually found incidentally in patients undergoing upper endoscopy and is
usually  asymptomatic.  While  IM  is  defined  by  intestinal  differentiation  it  is
molecularly  heterogeneous  but  can be  histologically  categorised as  complete  or
incomplete subtypes (Figure 1). Complete IM (type I) resembles the small intestine
epithelium with  goblet  cells,  Paneth  cells,  eosinophilic  enterocytes  and a  brush
border[37]. It is associated with loss of markers of gastric mucin (MUC1, MUC5AC,
MUC6) and expression of the intestinal sialic mucin, MUC2[38]. Incomplete IM more
closely resembles the large intestine epithelium, lacking absorptive cells, but with
columnar cells resembling gastric foveolar cells. It does not have a brush border and
maintains expression of gastric mucin markers (MUC1, MUC5AC, MUC6) usually
together with gain of MUC2[38]. Incomplete IM is further subdivided into Type II IM,
with cells expressing a mixture of neutral mucins and intestinal sialomucins and Type
III IM, with cells expressing sulfomucins[37]. In practice histopathological classification
between complete and incomplete IM is often not mutually exclusive, with segments
of tissue containing elements of both subtypes. The distinction between complete and
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incomplete IM is clinically important as it appears incomplete harbours a higher risk
of progression to cancer[39-42].

In the context of long-term H. pylori infection, IM possibly develops as an adaptive
and protective lesion[43]. There has been extensive work into determining how H. pylori
infection leads to IM with a number of genes implicated including SOX2 and CDX2.
SOX2 is a transcription factor involved in gastric differentiation which negatively
regulates intestinal differentiation, whereas CDX2 is a key intestinal transcription
factor involved in establishing and maintaining IM[44]. SOX2 and CDX2 seem to be
inversely regulated by H. pylori[45]. Complete IM has been shown to be predominantly
SOX2 negative (93%) and incomplete IM mainly SOX2 positive (85%)[46]. Moreover
CDX2 expression has  been shown to  be  also  induced in  part  through an NF-κB
dependent mechanism following H. pylori infection[47].

Duodeno-gastric reflux is another proposed gastric insult contributing to ChG and
IM formation, analogous to gastroesophageal acid reflux in Barrett’s oesophagus[48].
There has been an association of increased incidence of IM after exposure to bile acids
reported in a large-scale study involving a total of 2283 patients[49]. In this context the
development of IM may represent a protective mechanism, with a metaplasia to an
intestinal phenotype more capable of resisting the effects of bile than the normal
gastric mucosa.

Risk factors in IM
H. pylori is a significant risk factor in the establishment of IM, however there are other
clinical and environmental exposures that have been shown to be important risk
factors for IM progression to GC. In a large-scale US study (n = 810821 patients) IM
was more common in men, was more prevalent with increasing age and East Asian
ancestry. This suggests IM may occur due to environmental exposures but in the
context of hereditary risk[50]. Hereditary risk is relevant in GC even excluding major
genetic syndromes with several studies showing intestinal-type GC is associated with
a strong family history of GC[51-53]. With respect to premalignant lesions, it was shown
that among siblings with a family history of any precancerous change there is an
increase in risk of subsequent non-cardia GC with a hazard ratio of 2.5 compared with
siblings of index persons with “normal or minor mucosal changes”[54]. The availability
of siblings' precancerous data to the clinician could be useful in assessing a patient’s
risk of progressing to GC.

Once established, the degree of IM has been shown to be related to the risk of
progression to cancer. Extensive IM with IM in the corpus, incomplete IM and IM
located along the Maggenstrasse (along the lesser curve of the stomach) have been
shown to increase the risk of progression towards cancer[40,42,55,56].  In one study of
microsatellite  instability  (MSI),  this  molecular  finding  was  enriched  in  GC and
adjacent IM suggesting this may be an early event in MSI subtype GCs. It is notable
that microsatellite unstable IM was of incomplete type in this study[57] which provides
further  evidence  for  the  potential  unique  molecular  pathways  that  begin  in  the
premalignant context.

OLGA AND OLGIM
Both the Operative Link on Gastritis Assessment (OLGA) and on Gastric Intestinal
Metaplasia (OLGIM) are based on histological assessment of random biopsies taken
from designated areas of the stomach according to the Sydney protocol[58-60]. At least
four sites are sampled from the stomach during upper gastroscopy (two antral and
two corpus). Both OLGA and OLGIM are scoring standards used to grade and stage
chronic gastric inflammation, gastric atrophy and intestinal metaplasia. They provide
information with regards to topography and extent of atrophic gastritis and intestinal
metaplasia, the latter being easier to assess and more consistent. Initially reported by
Rugge et al[61,62] 2010 and 2011 for both OLGA and OLGIM and more recently by the
meta-analysis carried out by Yue et al[63] 2018 OLGA and OLGIM stages Type III/IV
are consistently associated with increased risk of progression to GC. These findings
suggest that high risk patients with OLGA/OLGIM stages type III/IV would benefit
from close and frequent monitoring to detect neoplastic lesions at the earliest possible
stage.

POINT OF NO RETURN
The  Correa  cascade  is  often  referred  to  as  a  linear  progression,  however  in  the
majority of patients there may be little to no change along the Cascade cascade over
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Figure 1

Figure 1  Complete or incomplete subtypes. A: Chronic gastritis with mucosal atrophy and lymphocytic infiltrate (asterix); B: Incomplete intestinal metaplasia
resembling the colonic-type epithelium with irregular mucin droplets (arrowheads) and absence of a brush border; C: Complete intestinal metaplasia resembling the
small intestinal epithelium with goblet cells alternating with eosinophilic enterocytes, brush border and Paneth cells; D: Low-grade dysplasia characterized by crowded
glands with columnar cells and preserved polarity and pseudostratified nuclei; E: High-grade dysplasia with cuboidal cells, mitotic activity, prominent nucleoi, and high
nuclear-cytoplasmia ratio.

many years. In other patients it can be a dynamic process with regression and/or
progression  of  lesions,  perhaps  even  rapid  progression  bypassing  some  of  the
putative stages. It is clearly evident that H. pylori infection and chronic inflammation
in selected individuals causes progression of the cascade and it has been observed
that successful eradication of H. pylori can lead to regression of histological features.
There has been speculation that there is a point at which eradication is less effective at
causing regression and indeed does not change the risk of progression in certain
individuals. This has been referred as the “point of no return”. H. pylori eradication
results in complete resolution of histological inflammation and regression of atrophy
in AG patients, with greater improvement seen in corpus AG compared to antral AG
patients[64]. Unfortunately, the same effect is not seen in IM patients[64-67]. Once IM is
established, eradication is only partially successful at reducing the risk of progression
to GC. This suggests that IM may be the “point of no return” where genetic damage to
gastric stem cells becomes irreversible. Although there is much evidence to support a
point of no return, there has been evidence of regression from IM to AG or ChG in
some cohorts[40,68]. A graphical summary of some of the larger IM progression studies
is shown in Figure 2[40,68-73].

WJGO https://www.wjgnet.com September 15, 2019 Volume 11 Issue 9

Koulis A et al. Premalignant lesions and gastric cancer

669



Figure 2

Figure 2  Graphical representation of selected large studies investigating progression/regression of premalignant gastric lesions across the stages of the
Correa cascade. Arrows represent the direction of effect findings, with the size of the arrow the strength of effect (not to scale between cohorts and only major
findings of trials represented). H. pylori Rx: Helicobacter pylori antibiotic therapy; CIM: Complete IM; IIM: Incomplete IM; LGD: Low-grade dysplasia; HGD: High-grade
dysplasia; IM: Intestinal metaplasia.

SPASMOLYTIC PEPTIDE EXPRESSING METAPLASIA
Work from animal models of GC has introduced the concept of Spasmolytic peptide
expressing metaplasia (SPEM). This is a cell lineage shown to be strongly associated
with chronic gastritis in the fundus and gastric adenocarcinoma in animals[74]. It is
often thought as an alternative metaplastic lineage to IM. SPEM is morphologically
similar to Brunner's glands of the duodenum and expresses the trefoil spasmolytic
polypeptide (SP or TFF2)[75].  It has been hypothesised that SPEM is an alternative
precursor to GC and is associated with increased risk compared to IM[76]. Although
SPEM is not a defined stage in the Correa cascade, it has been useful for studying the
process of metaplasia formation in mice. To avoid confusion, SPEM is identified in the
corpus and the fundus but not in the antrum as its characteristics are very similar to
those of the deep antral and pyloric glands which also express TFF2. In mice infected
with Helicobacter felis, SPEM develops after 6 to 12 mo of infection in the presence of
active inflammation. First parietal cells are lost (oxyntic atrophy) and then the normal
gastric lineages are replaced with metaplastic cells[77].  In two acute drug-induced
SPEM models,  with DMP-777 protonophore (abrogated inflammation)  and L635
(prominent  inflammation)  as  well  as  with  H.  felis  infection  in  mice  (chronic
inflammation),  it  is  suggested SPEM arises from the transdifferentiation of  chief
cells[77,78]. However more recently a study by Kinoshita et al[79] suggested that SPEM is
the result of a regenerative process initiated by neck progenitor cells after chief cell
loss. In another mouse model, SPEM in INS-GAS mice progressed to dysplasia after 1
year[80]. Following H. pylori-infection, Mongolian gerbils progressively develop ChG,
followed by loss of parietal cells and metaplasia[81]. After 1 year of infection, SPEM is
observed and mixed glands expressing both SPEM and IM are also seen. In humans
there  is  growing  evidence  that  suggests  SPEM  can  either  progress  directly  to
dysplasia or become IM in the presence of continuous chronic inflammation[82]. These
animal systems have been useful in studying the natural history of these lesions but it
remains to be seen whether they are reliable models of the human condition.

THE ROLE OF THE IMMUNE MICROENVIRONMENT
We have continually reiterated the role of chronic inflammation in the development of
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GC.  In  the  context  of  a  chronically  inflamed  microenvironment,  there  is  some
evidence that IM may arise due to the actions of specific immune cells. Using the
murine model of L635-induced SPEM and following administration of clodronate, it
was shown that macrophages are involved in the development of acute SPEM[83].
These macrophages were predominantly of the M2 subset (alternatively activated)
and in the same study M2 macrophages were also shown to be increased in human
SPEM and IM. Another prevalent immune cell in IM is neutrophils which were shown
to be approximately 9-fold enriched compared to normal gastric tissue[84]. GC tissues
were roughly 24 times enriched in neutrophils compared to normal gastric tissue.
Thus macrophages and neutrophils may be vital immune cells required in the gastric
microenvironment for SPEM and IM to develop and then to progress to GC. The role
of the immune system in the process of gastric carcinogenesis has not yet been fully
investigated.

CELLULAR AND MOLECULAR PATHWAYS OF
PROGRESSION
IM progression to dysplasia and subsequently cancer occurs infrequently and the
molecular mechanisms responsible for this progression are still not well understood.
There are a number of challenges with studying this paradigm in view of the long
duration over which these conditions progress, thus limiting prospective studies. This
is compounded by the low rates of progression from each of the Correa stages and the
potential confounder of tissue sampling when undertaking endoscopic follow up.
Although the exact genomic or epigenomic pathways for IM progression to dysplasia
are still being investigated, it is possible to postulate how certain events are necessary
for progression by combining available data from a small number of key studies. It is
known that: (1) IM is clonally derived from within the gastric mucosa[34,85]; (2) Gastric
and IM glands divide by fission to form clonal patches[34,85,86]; (3) Over time, different
gastric  stem  cells  with  accumulated  genomic  events  (somatic  mutations/
chromosomal copy number gains and/or losses) can give rise to unique IM glands; (4)
Further genomic changes may drive IM glands to proliferate or persist over a long
period of time; (5) Dysplastic glands are formed that are genetically related to IM
glands;  entire  dysplastic  fields  can  share  a  foundation  mutation[86]  from  which
multiple  subclones  can result;  and (6)  This  event  can happen simultaneously  in
multiple regions of the stomach leading to an increased risk of GC developing across
several locations and therefore providing a field cancerization effect.

To better understand how this process may unfold, studies on gastric adenoma
(GA)  and  Barrett’s  oesophagus  (BO)  progression  to  GC  and  oesophageal
adenocarcinoma (OAC), respectively, can be used as examples. In a recent study of
gastric adenoma and paired GC from the same patients were used to determine clonal
evolution. Clonal structure analyses showed that most GA/GC pairs exhibit parallel
evolution  with  early  divergence  instead  of  a  linear  sequence  of  GA  to  GC
progression[87].  Additionally, a small number of GC cases were clonally unrelated
from paired GA suggesting the synchronous evolution of multiple clones that may
progress  to  GC.  BO  is  a  premalignant  intestinal  metaplastic  lesion  that’s  often
associated with gastro-oesophageal  disease and predisposes patients  to  develop
OAC[88].  Although exact values differ between studies,  two population-based BO
follow-up  studies  showed  that  the  annual  risk  of  progression  of  BO  is  0.12%-
0.14%[89,90]. BO has a higher mutation load (6.76 SNVs/Mb) than gastric IM but still
lower than OAC (10.02 SNVs/Mb) and was shown to be polyclonal[91]. In one patient
with BO, high grade dysplasia was shown to arise from multiple clones suggesting
that the severity of intestinal metaplasia (a result of clonal expansion and cumulative
molecular aberrations) may also play a key role in synchronous progression to GC[91].

Overall a holistic molecular approach is needed to elucidate the crucial events of
how premalignant lesions actually cross the bridge to malignancy, a so-called "Pre-
Cancer Genome Atlas"[92]. Using whole genome MBD-seq and RRBS analyses Kim et al
showed that hypermethylation of gastrointestinal hormone receptors may play a key
role in early gastric  carcinogenesis[93].  Both gastrin and gastric  acid secretion are
thought to play important roles in cell differentiation and may play a part in creating
a permissive environment or even directly involved in the process of carcinogenesis.
A good summary review on the potential cellular and molecular pathways of gastric
carcinogenesis was written by Rivas-Ortiz which added useful insight to this area[94]. It
is very likely that GC is the result of multiple events co-occurring over time and space
leading to various subtypes of GC (see TCGA molecular subtypes). If this is true, then
it  is  also  likely  that  differing  sets  of  pre-cancerous  events  contribute  to  gastric
carcinogenesis.  Although some events  may overlap  across  all  GC subtypes  e.g.,
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chronic  gastritis,  others  may  be  specific  for  a  particular  GC  subtype  e.g.,  the
breakdown  of  cellular  mechanisms  that  keep  diploidy  intact  leading  to  the
chromosomal instability subtype.

HIGH RISK GENOMIC AND EPIGENOMIC ALTERATIONS IN
IM
The  median  time  for  gastric  intestinal  metaplasia  to  progress  to  GC  has  been
estimated to be 6.1 years, in contrast to low grade dysplasia which is only 2.6 years[95].
A recent study of genomic and epigenomic profiling of IM showed that IM has a low
mutational burden compared to non-hypermutated GC (2.6 vs 6.9 mutations/Mb) and
harbour recurrent mutations in certain tumour suppressor genes like FBXW7 (6/108
IM cases) but less in others,  specifically TP53 and ARID1A (2/108 and 3/108 IM
cases)[96]. However the presence of low frequency TP53 mutations in IM patients is in
contrast  to  previous  work  within  our  group  that  showed  an  absence  of  TP53
mutations in IM samples paired with GC samples from the same patients[97]. A second
finding  of  our  study  was  that  overexpression  of  p53  protein  using
immunohistochemistry has limited correlation to TP53 mutations. In the Huang et al[96]

2018 study, patients that progressed to dysplasia and GC had previously chromosome
8q amplifications  and shortened  telomeres.  Interestingly,  patients  with  IM that
regressed had normal epigenomic patterns. DNA methylation profiling showed that
the  majority  of  IM  patients  in  the  high  methylation  group  had  relatively  high
mutational  load,  frequent  chromosomal  copy  number  variations  and  FBXW7
mutations and occurred mainly in the antrum.

LOW AND HIGH-GRADE DYSPLASIA DIFFER IN
MUTATIONAL PATTERNS
The Padova classification was developed in 2000 to standardise histopathological
reporting, which identifies five main categories for dysplastic lesions: (1) Negative for
dysplasia; (2) Indefinite for dysplasia; (3) Non-invasive neoplasia; (4) Suspicious for
invasive carcinoma; and (5) Invasive adenocarcinoma[98]. In practice, pathologists use
categories 1 and 2 and subdivide category 3 as low (LGD) and high grade (HGD), the
latter being associated with a higher risk of progression. A recent study using targeted
deep DNA sequencing of 67 GC-related genes detected APC mutations in all LGD
and also in some HGD cases[99]. However, APC and TP53 appeared to be mutually
exclusive, the latter being present only in HGD and diminutive intramucosal GC
(diameter  < 10 mm).  Analysis  of  tumor variant  allele  frequency suggested TP53
mutation is the initial event in TP53-mutated intramucosal GC. Importantly, this
study  suggested  that  linear  evolution  of  LGD  to  HGD  is  rare  and  that  early
mutational events determine the evolution of dysplastic lesions. Early APC mutations
lead to LGD whereas TP53 mutations lead to HGD which, following other genomic
aberrations, subsequently evolve into early GC.

THE CORREA CASCADE AND DIFFUSE GC
Although there is considerable evidence of IM progressing to dysplasia and then to
IGC, it is still debated whether any of the premalignant lesions that are part of the
Correa cascade actually play a role in diffuse gastric carcinogenesis. In a prospective
Japanese study, a proportion of patients that developed DGC had pangastritis (9/13),
moderate  to  severe  atrophy (9/13 and 1/13 respectively)  and IM (8/13)  at  base
line[100], suggesting a significant association between IM and DGC development[100]. A
more recent study in South Korea showed that OLGA and OLGIM may have clinical
utility  in  patients  at  risk of  developing DGC[101].  Multivariate  logistic  regression
analysis showed family history of GC, H. pylori infection, and OLGA/OLGIM stages
III/IV were independent risk factors for both IGC and DGC[101]. Thus, atrophy and
particularly IM likely play a dual role in gastric carcinogenesis dependent on context.
If the right conditions are met, cellular and molecular changes within the stem cell
compartment of these lesions lead to GC; if not, their presence creates a permissive
environment for progression to GC to occur, possibly through hypochlorhydria and
dysbiosis, and is also an indicator of increased patient progression risk. DGC may be
the result of an "alternative" route to carcinogenesis, where a CDH1 mutation within
the glandular stem cell compartment of a gastric gland or atrophic gland or even a
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metaplastic gland/crypt produces a parent tumour cell.

Neuroendocrine cell dedifferentiation: An alternative route to GC?
An alternative paradigm to the stem cell theory as the tumour cell of origin has been
gaining ground in recent years. In certain circumstances mature neuroendocrine cells
may dedifferentiate, accumulate mutations and other genomic events and become
tumour cells themselves[102]. Neuroendocrine tumours are the most likely results of
such an event but also gastric adenocarcinomas. The enterochromafin like cell (ECL)
is the main neuroendocrine cell  in the oxyntic stomach, it  produces and releases
histamine  and has  gastrin  receptors.  Although the  exact  molecular  and cellular
mechanisms of this pathway to GC are not known, it is thought that loss of parietal
cells and atrophy precedes cellular dedifferentiation of ECL cells. Thus, this pathway
to GC may not fully follow the Correa cascade, going directly from an atrophic state
to a hyperplastic, then dysplastic and then to either a neuroendocrine tumour or a
gastric adenocarcinoma.

CONCLUSION
Our understanding of  the molecular  basis  of  GC and its  premalignant lesions is
accumulating rapidly, providing useful insights into the natural history of the disease
(Figure 3).  Knowledge remains lacking in many domains however, including the
relationship between premalignant lesions and TCGA subtypes of GC. It could be the
molecular changes characterising the TCGA GC subtypes represent disparate insults
predisposing to initiation of the Correa cascade. Alternatively, the subtypes could
represent accumulated “hits” following initiation with H. pylori infection. Insights into
this pathway would stratify those at risk as well as inform prognosis and surveillance
guidelines.

The observation that IM appears a relative point of no return along the Correa
cascade, with only a small fraction of patients progressing to dysplasia and GC raises
questions of the molecular determinants of progression. In the first study of its type,
Huang et  al  laid the foundation for understanding this  process,  following an IM
cohort for a minimum of 5 years and describing the molecular changes associated
with progression in a large Chinese cohort. Validation of these findings in alternative
cohorts is required for its use clinically.

In high-risk populations screening and surveillance has been successful in the early
detection of GCs and improvements in 5-year survivals. However further work is
required in low-risk populations to make strong evidence-based decisions regarding
clinical screening or surveillance. In those known to have IM the risk factors discussed
above  should  prompt  the  clinician  to  carefully  consider  surveillance  including
incomplete IM, dysplasia, extensive IM involving the corpus, male gender and those
from high-risk ethnicities. The addition of molecular data such as TP53 mutation data,
methylation  patterns  and  chromosome  8  status  would  further  improve  risk-
assessment algorithms, however larger population-based data is required for this to
be accurate and practical.
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Figure 3

Figure 3  Summary of the cellular and molecular events associated with progression to cancer.H. pylori: Helicobacter pylori; EBV: Epstein Barr virus positive;
MSI: Microsatellite unstable; CagA: Cytotoxin-associated gene A protein; IM: Intestinal metaplasia; GS: Genomically stable.
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Abstract
Although radical gastrectomy is a standard treatment for advanced gastric
cancer, recurrence remains high. After several large-scale controlled studies have
shown the beneficial effects of adjuvant chemotherapy, that treatment emerged
as a standard option for advanced gastric cancer after gastrectomy. However,
various guidelines from different countries have suggested different adjuvant
chemotherapies. Understanding the differences between guidelines is very
important for investigating further therapeutic strategies. Fortunately, because
there are many ongoing studies about new regimens for adjuvant treatment, it is
expected that patients with gastric cancer after surgery will have better outcome.
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Chemoradiotherapy; Guidelines
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Core tip: There are differences in preferred adjuvant therapy for gastric cancer according
to the guidelines from different countries. These include the National Comprehensive
Cancer Network recommending chemoradiotherapy, the European Society for Medical
Oncology recommending perioperative chemotherapy, and the Japanese recommending
postoperative chemotherapy. Understanding the differences between guidelines can help
in the future investigations of further regimens for adjuvant treatment of gastric cancer.
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INTRODUCTION
Although radical gastrectomy is a standard treatment for advanced gastric cancer,
recurrence is a critical issue for long-term survival of patients. Gastric cancer is still
one of  the most  common causes of  death due to malignancy[1].  In the past,  most
researchers mentioned in their reviews that adjuvant treatment was not beneficial for
improving survival after gastric cancer surgery. Some studies had found that adjuvant
therapies did not improve the prognosis of patients with gastric cancer[2,3].

After the 2000s, several large-scale controlled studies showed beneficial effects of
adjuvant  chemotherapy on the survival  of  patients  with gastric  cancer[4,5].  These
studies demonstrated better survival rates for patients who had received adjuvant
therapies  after  gastrectomy  for  gastric  cancer,  as  compared  with  patients  who
received surgery alone. Many subsequent studies also found the beneficial effects of
adjuvant  chemotherapy  for  patients  with  gastric  cancer[6,7].  Therefore,  adjuvant
chemotherapy for gastric cancer has gained both research and clinical attention in the
last 20 years, and it has become one of the standard treatment options for advanced
gastric cancer after gastrectomy.

However,  adjuvant  therapies  for  gastric  cancers  are  developed  and  studied
separately among the various countries,  without international  guidelines.  These
various guidelines have suggested different adjuvant chemotherapies (Table 1). The
differences among each might be the result  of  differences in race,  epidemiology,
etiologic factor, diagnostic tool, and clinical situation[8].

The purpose of this review is to summarize the previous studies about adjuvant
chemotherapy for  gastric  cancer,  describe the present  treatment guidelines with
regional differences, and discuss the ongoing studies and new regimens for adjuvant
treatment of gastric cancer.

PREVIOUS STUDIES ON ADJUVENT CHEMOTHERAPY FOR
GASTRIC CANCER
The SWOG INT-0116 trial  by  Macdonald et  al[4]  in  2001  was  the  first  large-scale
controlled study that provided positive results of adjuvant chemotherapy for gastric
cancer. The investigators had made a comparison between surgery plus postoperative
chemoradiotherapy and surgery alone for 556 patients with adenocarcinoma at the
stomach or gastroesophageal junction. The results showed better overall and relapse-
free  survivals  in  the  chemoradiotherapy  group.  However,  that  study  had  been
criticized by many Asian researchers, in the aspect of low rates of D2 lymph node
dissection. Most Asian surgeons believed that D2 lymph node dissection should be
performed for locally advanced gastric cancer. Those authors have mentioned that
results  of  the  SWOG  INT-0116  trial  should  be  validated  in  patients  who  have
undergone D2 lymph node dissection[9,10]. Despite its limitation, however, the SWOG
INT-0116 trial has played a key role in furthering efforts to investigate postoperative
therapy for gastric cancer. Its results are supported by several studies showing that
postoperative chemotherapy plays a significant role in compensating undertreated
surgery[11,12].

In 2006, the MAGIC trial showed that perioperative adjuvant chemotherapy using a
triplet combination regimen produced a successful result in improving survival rates
of patients with gastric cancer[5]. Ultimately, that trial supported a new concept in
terms of using both preoperative and postoperative chemotherapy for gastric cancer.
Neoadjuvant chemotherapy also has some advantages, such as relatively high dose
with better compliance and down-staging before surgery[13,14]. After the MAGIC trial,
perioperative chemotherapy became a standard treatment for locally advanced gastric
cancer in the European society[15].

In Asian countries, radical gastrectomy with D2 lymph node dissection has been
considered as a standard treatment for advanced gastric cancer applied earlier than
that  in  Western  countries.  Therefore,  many  Asian  studies  have  investigated
postoperative adjuvant  chemotherapy regimens after  D2 lymph node dissection
without radiotherapy or neoadjuvant therapy. The ACTS-GC trial has reported better
survival rates with S-1 monotherapy in Japan[16,17].  The CLASSIC trial  has shown
beneficial effect of the capecitabine plus oxaliplatin chemotherapy regimen (XELOX)
in Korea[18,19]. Both of these two regimens have been widely used in Asian countries for
advanced gastric cancer after curative resection[20]. They have also been adopted in
Western guidelines as a treatment option[15,21]. Kim et al[22] have reported that there are
no differences  in  survival  rates  for  patients  with  gastric  cancer  at  earlier  stages
between these two chemotherapeutic regimens, although XELOX chemotherapy is
more effective than S-1 for patients with higher stages of gastric cancer, including 3B
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Table 1  Comparison of guidelines of adjuvant chemotherapy for gastric cancer

Guideline Methods of adjuvant therapy Regimen

NCCN Postoperative chemoradiation (preferred) 5-FU plus irradiation

Perioperative chemotherapy ECF

Modification of ECF

Postoperative chemotherapy (only after D2
lymph node dissection)

XELOX

Capecitabine plus cisplatin

ESMO Perioperative chemotherapy (preferred) ECF

Modification of ECF

Postoperative chemotherapy (patients
without preoperative therapy)

S-1 monotherapy

XELOX

Postoperative chemoradiation (for
undertreatment surgery)

5-FU plus irradiation

Japanese Postoperative chemotherapy S-1 monotherapy (preferred)

S-1 plus oxaliplatin

XELOX

5-FU: 5-Fluorouracil; ECF: Epirubicin, cisplatin, and 5-fluorouracil; ESMO: European Society for Medical Oncology; NCCN: National Comprehensive
Cancer Network; XELOX: Capecitabine plus oxaliplatin.

and 3C.

GUIDELINES OF ADJUVENT TREATMENT FOR GASTRIC
CANCER
There  are  several  strategies  for  adjuvant  treatments  available,  including
chemoradiation,  perioperative  chemotherapy,  and postoperative  chemotherapy.
Chemoradiation consists of intravenous 5-fluorouracil (5-FU) and irradiation being
administered postoperatively. Oral administration of capecitabine is also accepted in
combination with irradiation as an alternative to infused 5-FU[21].  Recommended
regimens for perioperative chemotherapies are combination of epirubicin, cisplatin,
and  5-FU (known as  ECF)  and  its  modification  that  includes  the  so-called  ECX
regimen  of  epirubicin,  cisplatin,  capecitabine,  and  EOX,  which  is  epirubicin,
oxaliplatin,  capecitabine[15].  Postoperative  adjuvant  chemotherapies  with  S-1
monotherapy,  or  XELOX  chemotherapy  are  accepted  as  treatment  options  for
advanced gastric cancer after curative resection[20].

Because adjuvant treatments for advanced gastric cancer after gastrectomy were
developed  separately  among  countries,  there  are  many  differences  in
recommendations from the guidelines according to the various countries they were
developed in.

National Comprehensive Cancer Network clinical practice guidelines
The National Comprehensive Cancer Network (NCCN) clinical practice guidelines
provide  standard  treatment  strategies  for  many  cancers,  including  breast  and
colorectal cancers, for use not only in United States but also around the world[21].
Although the incidence of gastric cancer is low in the United States, its mortality is
still high. Therefore, the NCCN guidelines for treatment of gastric cancer have some
differences compared to others[23].  Although the NCCN guidelines agree that D2
lymph node dissection is  associated with low mortality and reasonable survival
benefit, they recommend gastrectomy with D1 or modified D2 lymph node dissection
and  emphasize  that  D2  lymph  node  dissection  should  be  performed  only  by
experienced  surgeons  because  of  its  technical  difficulty[24,25].  They  recommend
postoperative  chemoradiation  for  cases  that  have  not  received  preoperative
chemotherapy, although the evidence of efficacy of using chemotherapy after R1 or
R2  resection  is  unclear[26].  They  also  recommend  perioperative  chemotherapy,
according to results from the MAGIC trial. For the postoperative chemotherapy, the
NCCN guidelines  state  that  it  is  difficult  to  apply  results  of  the  ACTS-GC and
CLASSIC trials because D2 lymph node dissection is rarely performed in many of the
United States cancer centers. They only include postoperative chemotherapy with
XELOX as an option for cases that have undergone D2 or modified D2 dissection,
with emphasis on chemoradiation[9]. S-1 is still regarded as an investigational agent in
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north America.

European Society for Medical Oncology clinical practice guidelines
The European Society for  Medical  Oncology (ESMO) clinical  practice guidelines
suggest that D2 lymph node dissection should be performed for patients with stage
IB-III gastric cancer. They recommend perioperative chemotherapy preferentially.
Although fluoropyrimidine plus platinum-based doublet  or  triplet  regimens are
reasonable,  combination  of  fluorouracil,  epirubicin,  and  cisplatin  is  mostly
recommended  with  strong  evidence [27 ].  The  ESMO  guidelines  recommend
postoperative chemoradiotherapy or chemotherapy for patients who have undergone
gastrectomy without preoperative therapy. Postoperative chemotherapy has been
adopted according to  results  from the  ACTS-GC and CLASSIC trials.  Although
postoperative chemoradiotherapy is a standard treatment in the United States, they
state that this therapeutic option has not gained acceptance in Europe because of
toxicity  and  difference  in  surgical  quality.  However,  they  recommend
chemoradiotherapy in the case of suboptimal surgery with less lymphadenectomy or
suspicious micrometastasis[26,28].

Japanese gastric cancer treatment guidelines
The Japanese gastric cancer treatment guidelines suggest that standard gastrectomy is
curative gastric resection with D2 lymph node dissection for stage 1B or higher gastric
cancer[20].  They  recommend postoperative  chemotherapy with  S-1  monotherapy
preferentially because the efficacy of S-1 has been proven in Japan. Although the
CLASSIC trial showed good result from XELOX, oxaliplatin has not been approved
for gastric cancer in Japan. After Japanese studies with oxaliplatin were published,
combination therapy of capecitabine or S-1 plus oxaliplatin was adopted as an option
for postoperative chemotherapy[29,30]. Because curative radical gastrectomy with D2
lymph node dissection has been the standard treatment in Asian countries for a long
time, the Japanese guidelines did not mention radiotherapy as an adjuvant treatment
at all, even for cases of noncurative resection.

ONGOING STUDIES AND NEW REGIMENS FOR ADJUVENT
CHEMOTHERAPY
During the last 20 years, a variety of adjuvant therapies for gastric cancers have been
investigated. Although the development of adjuvant treatment has been different
among countries, there are several efforts to adopt different therapeutic strategies
from the others. Most importantly, surgical treatment has become more standardized;
for example, the European society has already accepted D2 lymph node dissection as
a standard treatment.  The NCCN clinical  practice guidelines have also provided
recommendation of D2 dissection in certain situations[15,20,21].

Today,  several  ongoing  Asian  studies,  in  Korea  and  China  in  particular,  are
investigating  the  efficacy  of  perioperative  chemotherapy  and/or  postoperative
chemoradiotherapy[31]. Studies investigating new regimens of combination with S-1
are ongoing. In Japan, the safety and feasibility of S-1 plus cisplatin as an adjuvant
chemotherapy has been proven[32],  and a phase II study of S-1 plus oxaliplatin as
combination therapy has also been approved[30]. In China, a large-scale randomized
controlled trial (referred to as the RESCUE-GC) is ongoing, to investigate the efficacy
of S-1 plus oxaliplatin as adjuvant therapy for gastric cancer[33]. There is also a phase
III  study evaluating the significance of  preoperative chemoradiation therapy for
locally advanced gastric cancer. This study is designed to investigate addition of
radiotherapy to the MAGIC trial[34].

After  the  ToGA  trial  found  survival  gain  for  advanced  gastric  cancer  with
trastuzumab combination[35], the significance of combination therapies with molecular
target  agents  gained much interest  in  the  field of  adjuvant  treatment.  However,
targeted agents have failed to show their efficacies as adjuvant treatment for gastric
cancer.  The ST03 trial  showed no significant  difference  between the  group who
received  chemotherapy  alone  and  the  group  who  received  combination  of
chemotherapy  plus  bevacizumab but  did  find  an  increased  rate  of  anastomotic
leakage  in  the  combination  group[36].  To  date,  several  studies  are  ongoing  to
investigate efficacies of target therapeutic agents as adjuvant treatment for gastric
cancer[31].

Although  adjuvant  treatments  have  been  developed  and  are  widely  used,
recurrence and metastasis are still  critical  problems for survival of patients after
gastrectomy. Drug resistance is  one of  the most  important  causes of  therapeutic
failure  in  gastric  cancer  patients.  Although  many  researchers  have  studied  the
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mechanisms of drug resistance in gastric cancer, the regulation of these mechanisms
has not  been completely elucidated.  Recently,  several  researchers have reported
precise mechanisms of chemoresistance in gastric cancer and showed the possibility
of advances in prediction of failure of chemotherapeutic agents[37,38]. These efforts can
lead to the future development of  individual therapeutic plans for patients with
gastric cancer and novel strategies to overcome chemoresistance.

CONCLUSION
After the development of adjuvant chemotherapy for gastric cancer, there has been a
years-long steady improvement in survival after gastric cancer surgery. In accordance
with the many ongoing studies investigating new regimens as adjuvant therapy for
gastric cancer, better prognosis of patients after surgery is expected in the future.

Because  there  are  several  differences  in  the  various  national  and  regional
guidelines, it is very important to know and understand their differences and to make
an effort to provide better treatment strategies by communication among each other.
Unfortunately,  this review cannot suggest the best strategy for the patients with
gastric  cancer;  this  is  due  to  the  results  of  studies  between  Western  and  Asian
countries being difficult  to compare directly in the present situation. For further
advances and worldwide consensus in adjuvant treatment of gastric cancer,  new
studies are warranted, including studies about racial or genetic differences in patients
with  gastric  cancer,  worldwide  studies  to  determine  surgical  and  therapeutic
standards,  and studies  to  investigate  the mechanisms of  the  oncology of  gastric
cancer.
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Abstract
Despite improvements in the early diagnosis, prognosis and therapeutic
strategies for gastric cancer (GC), human GC remains one of the most frequently
diagnosed malignant tumors in the world, and the survival rate of GC patients
remains very poor. Thus, a suitable therapeutic strategy for GC is important for
prolonging survival. Both tumor cells themselves and the tumor
microenvironment play an important role in tumorigenesis, including
angiogenesis, inflammation, immunosuppression and metastasis. Importantly,
these cells contribute to gastric carcinogenesis by altering the angiogenic
phenotype switch. The development, relapse and spreading of tumors depend on
new vessels that provide the nutrition, growth factors and oxygen required for
continuous tumor growth. Therefore, a state of tumor dormancy could be
induced by blocking tumor-associated angiogenesis. Recently, several
antiangiogenic agents have been identified, and their potential for the clinical
management of GC has been tested. Here, we provide an up-to-date summary of
angiogenesis and the angiogenic factors associated with tumor progression in
GC. We also review antiangiogenic agents with a focus on the anti-vascular
endothelial growth factor receptor (VEGFR)-mediated pathway for endothelial
cell growth and their angiogenesis ability in GC. However, most antiangiogenic
agents have reported no benefit to overall survival (OS) compared to
chemotherapy alone in local or advanced GC. In phase III clinical trials, only
ramucirumab (anti-VEGFR blocker) and apatinib (VEGFR-TKI blocker) have
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reported an improved median overall response rate and prolonged OS and
progression-free survival outcomes as a 2nd-line agent combined with
chemotherapy treatment in advanced GC. By providing insights into the
molecular mechanisms of angiogenesis associated with tumor progression in GC,
this review will hopefully aid the optimization of antiangiogenesis strategies for
GC therapy in combination with chemotherapy and adjuvant treatment.

Key words: Gastric cancer; Angiogenesis; Vascular endothelial cell; Angiogenic
phenotype switch; Anti-angiogenesis; Tumor dormancy
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Core tip: Tumor angiogenesis in gastric cancer (GC) and antiangiogenic therapies for
GC, including information from their preclinical and/or application to clinical trials, are
discussed. The antiangiogenic strategies for advanced GC include decreasing the
expression of proangiogenic ligands and their receptors, increasing the level of
angiogenic inhibitors, and directly targeting the inner walls of endothelial cells. Here, the
antiangiogenic strategies mainly focus on decreasing the expression of vascular
endothelial growth factor-mediated pathway constituents for advanced GC in phase III
clinical trials. Thus, this review provides a brief description of various tumor angiogenic
factors for the purposes of diagnosis, prognosis and therapeutics and describes the
antiangiogenic agents that are currently being investigated in preclinical and phase III
clinical trials. Hopefully, according to the molecular mechanism of tumor angiogenesis,
we highlight the accuracy of the diagnosis and prognosis and the selection of the most
appropriate therapy for GC patients.
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INTRODUCTION
Gastric cancer (GC) has a high incidence throughout the world and a high mortality
rate associated with malignant tumors[1-3]. GC might not cause any clinical symptoms
at the early stage, resulting in the fact that GC is rarely detected at the early stage[2,3].
However,  the  five-year  survival  outcome  for  late-stage  GC  patients  is  only
approximately  20%-30%  after  initial  diagnosis[4],  and  gastrectomy  is  the  major
common treatment for GC. Thus, to improve the low survival outcome, it is necessary
to develop novel therapeutic strategies for GC[5].

In recent decades, studies on the molecular mechanism of tumor development have
focused on the genetic or epigenetic changes in tumor cells, such as the emergence of
cancer stem cells (CSCs), epithelial-mesenchymal transition (EMT) and the expression
of microRNAs (miRNAs)[6]. However, several studies conducted in recent years found
that  the  tumor  microenvironment  (TME)  strongly  influences  tumor  growth and
progression  and  revealed  that  the  tumor-host  interactions  determine  tumor
progression[7,8]. The TME contains extracellular matrix and stromal cells, including
ECs, tumor-associated fibroblasts and tumor-associated immune/inflammatory cells,
which can regulate tumor progression through autocrine/paracrine cytokines or
factors. Furthermore, cancer cells can support the angiogenesis of ECs, and ECs can
also help cancer cell  proliferation by releasing growth factors.  Tumor-associated
immune/inflammatory cells can control cancer cell proliferation and metastasis under
different conditions, and cancer cells might induce immune cell dysfunction as well as
proinflammatory cytokine release. Exosomal miRNAs can alter normal fibroblasts
into  TAFs  for  tumor  survival,  and  TAFs  can  promote  tumor  proliferation  and
metastasis. Thus, the TME is also involved in multiple processes, including tumor
angiogenesis, inflammation, immunosuppression and metastasis, as shown in Figure
1[9,10].

In 1971, Dr. Folkman and Klagsbrun[11]  provided a novel theory stating that all
phases of rapid tumor growth are dependent on tumor angiogenesis. At present, it is
known that  tumor  angiogenesis  plays  a  key  role  in  tumor  progression,  and the

WJGO https://www.wjgnet.com September 15, 2019 Volume 11 Issue 9

Hsieh HL et al. Angiogenesis in GC progression

687



Figure 1

Figure 1  The tumor microenvironment regulates tumor growth, relapse and metastasis. Tumor dormancy can
be induced in malignant cancer through several mechanisms, such as epigenetic or genetic changes (cancer stem
cells, epithelial-mesenchymal transition, and miRNAs) in the tumor, tumor hypoxia, the angiogenic switch, immune
evasion and inflammatory switchover. A change in the tumor microenvironment can facilitate tumor
growth/relapse/metastasis and thereby permit the tumor to exit from dormancy through interaction with endothelial
cells, tumor-associated fibroblasts, tumor-associated immune/inflammatory cells and the extracellular matrix.

angiogenic switch is necessary for tumor growth, relapse and metastasis. Herein, we
provide a review of tumor-associated angiogenesis, explore the molecular regulation
of  angiogenesis,  and  discuss  various  antiangiogenic  drugs  and  their  potential
applications based on preclinical and phase III clinical trials for GC.

MOLECULAR REGULATION OF TUMOR ANGIOGENESIS IN
GC
An  increasing  number  of  studies  has  revealed  that  tumor  growth  is  strongly
associated with tumor angiogenesis[12]. Tumor growth, relapse and metastasis should
turn on the “angiogenic switch” to induce tumor growth to a size greater than 1-2
mm. Numerous signals (e.g., epigenetic changes, the TME, CSCs, EMT, and miRNAs)
can disturb tumor dormancy, resulting in local tumor proliferation/recurrence or
metastasis at a secondary site[13]. The “angiogenic switch” is regulated by angiogenic
activators and inhibitors[14,15], and the timing of the “angiogenic switch” can occur
before,  during or after  tumor progression.  As will  be discussed in the following
sections (Table 1), recent studies have shown that the available knowledge on the
induction and molecular regulation of tumor angiogenesis has grown rapidly, and
several growth factors, growth factor receptors, cytokines and signaling pathways
have been identified in GC.

TRANSCRIPTION FACTORS

Hypoxia and hypoxia-inducible factor
Preclinical trial:  First,  the basement membrane in growing tumor cells is injured
locally, and tumor cells immediately experience destruction and hypoxia. Tumor
hypoxia is a major force that triggers tumor angiogenesis and activates the expression
of hypoxia-inducible factor-1 (HIF-1), which then induces the expression of various
proangiogenic  factors,  including vascular  endothelial  growth factor  (VEGF) and
vascular endothelial growth factor receptor (VEGFR), in cancer cells[16-19]. Moreover,
HIF-2  isoforms  have  similar  functions  as  HIF-1,  but  HIF-2  mainly  activates  the
expression of  erythropoietin (EPO) in kidney and liver cells[20].  Overall,  HIF-1 is
known as a potential target of anticancer therapy in many cancers[21].  In addition,
treatment with HIF-1-specific inhibitors has been studied in animal models, and it has
been  shown  that  this  treatment  results  in  slowed  growth  of  tumors,  decreased
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Table 1  Regulators of tumor angiogenesis in gastric cancer and their use in antiangiogenic therapy

Biological
category Gene name

Regulator of
pro-/anti
angiogenic
types

Antiangiogenic
drug

Drug direct
target

Preclinical
trials; cell line
(in vitro)/animal
(in vivo)

Clinical application

Expression
levels in GC
patients

Prognostic
factors
(proangiogenic
biomarker)

Transcription
factor

Hypoxia Activator NSAID[82] COX-1, COX-2
inhibitor

● ND ND

HIF[16-19,22-25]

Growth factor VEGF family[26-38] Activator Aflibercept[22] Anti-VEGF-A ● VEGF-A, C Lymph node
metastasis

overexpres-
sion[21,41-47]

(VEGF-A, C)

Distant metastasis

Anti-PIGF (VEGF-A)

Poor survival

(VEGF-A)

Bevacizumab[83-89] Anti-VEGF-A ● ND ND

IFN[90] Anti-IFNR ● ND ND

Rapamycin[91] Anti-rapamycin
kinase

● ND ND

Neovastat[92] Anti-VEGF ● ND ND

PIGF[29,30,35,48] Activator Aflibercept[22] Anti-VEGF-A ● PIGF ND

Anti-PIGF overexpres-
sion[49-51]

FGF, EGF, HGF,
IGF[31,52-55]

Activator IFN[93] Anti-IFNR ● ND ND

PDGF[56,57] Activator SU6668 Multiple receptor ● ND ND

Orantinib[94] TKI

Growth factor
receptor

VEGFR[32,33] Activator Ramuci-
rumab[95-97]

Anti-VEGFR2 ● ND ND

Regorafenib[98,99] VEGFR TKI ● ND ND

Apatinib[98,99] VEGFR TKI ● ND ND

Foretinib[98,99] VEGFR TKI ● ND ND

SU5416 Multiple receptor
(KDR/FGFR/PD
GFR)

● ND ND

SU6668

Orantinib[94]

Pazopanib[100] Multiple receptor
TKI

● ND ND

Sorafenib
(Nexavar)[101,102]

Multikinase
inhibitor (the
serine/threonine
kinase Raf and
receptor tyrosine
kinases)

● ND ND

Sunitinib Multitargeting
TKI

● ND ND

(Sutent)[103,104]

Telatinib Multitargeting
TKI

● ND ND

Erbitux
(Cetuximab)[105]

GP130 Activator ND ND ● ND ND

IL-6R[58]

Her2/ Activator Trastuzumab[59,62] Anti-Her2/Neu ● ND ND

Neu[59-62]

Cytokine Ang-
1,3,4[63,64,66-73]

Activator ND ND ● Ang-1,2 Lymph node
metastasis

overexpres-
sion[74-77]

Liver metastasis

Ang-2[65,66] Activator Poor survival

Inhibitor

IL-6 [58] Activator ND ND ● ND ND
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IL-8[37,106] Activator ND ND ● ND ND

IL-17[78] Activator ND ND ● ND ND

Tryptase[79,80] Activator ND ND ● Tryptase
overexpres-
sion[81]

ND

ECM MMP[92],[107,108] Activator Marimastat[107,108] MMP inhibitor ● ND ND

Bay 12-9566

AG3340

Neovastat[92]

GC: Gastric cancer; ND: Not determined; ●: Determined; VEGF: Vascular endothelial growth factor; VEGFR: Vascular endothelial growth factor receptor;
TKI: Tyrosine kinase inhibitor.

angiogenesis and minor vessel maturation[22]. Stoeltzing et al[23] obtained similar results
using the dominant negative form of HIF-1 in GC. Chronic infection with Helicobacter
pylori  induces DNA damage by generating reactive oxygen species  (ROS) in GC
cells[24]. Overaccumulation of ROS might stimulate HIF-1 accumulation and aid tumor
angiogenesis in GC[25].

PROANGIOGENIC LIGANDS AND RECEPTORS

VEGF family
Preclinical trial: Growing cancer cells encourage the growth of new blood vessels by
secreting VEGF and VEGFR into the surrounding TME, and secreted VEGF binds to
VEGFR  on  the  outer  surface  of  ECs.  ECs  are  activated  by  the  VEGF  signaling
pathway, and this activation induces the growth, survival, vascular permeability and
migration of ECs to encourage tumor angiogenesis[26]. To date, various cytokines and a
major proangiogenic factor of ECs have been found to be members of the VEGF-A
family. The VEGF (homodimers) family of growth factors contains VEGF-A, B, C, D
and E and placental growth factor (PIGF), and during angiogenesis[27,28], these growth
factors bind to and activate the tyrosine kinase receptors (TKRs) VEGFR-1, VEGFR-2,
and VEGFR-3,  which  are  specifically  expressed on  the  surface  of  ECs  and have
different affinities for the ligands. Consequently,  the downstream TKR signaling
proteins  activate  proliferation-mediating  signaling  pathways,  such  as  the
phosphatidylinositol 3 kinase (PI3K)/AKT, protein kinase C (PKC), and mitogen-
activated protein kinase (MAPK; p38 and p42/44) pathways[29-31]. In general, VEGF-A
binds to VEGFR-1 and VEGFR-2, PlGF and VEGF-B bind to VEGFR-1, and VEGF-C
and VEGF-D bind to VEGFR-2 and VEGFR-3[32-34].  Carmeliet  et  al[35]  reported that
among the VEGFs,  the vegfa  gene can lead to embryonic lethality due to serious
vascular defects after the loss of only a single allele in mice[34-36].  An in vitro  tube
formation assay using GC cells cocultured with human umbilical vein endothelial
cells (HUVECs) demonstrated proangiogenesis function due to the upregulation of
VEGF in GC cells[37]. In a rat model, the blockage of VEGF by a specific siRNA led to
reduced proliferation and cell cycle arrest[38]. Moreover, the coreceptor of neuropilins
in signaling pathways is activated by other growth factors or VEGFs, and neuropilins
bind several  growth factors  and enhance their  function;  however,  the molecular
mechanisms affected by neuropilins remain unclear[39,40]. The above data indicate that
GC cells possess proangiogenic abilities by secreting angiogenic cytokines to both
stimulate ECs and to support their own growth in an autocrine manner. Furthermore,
the growth and invasion of GC cells are mainly controlled by the VEGF-mediated
pathway.

Clinical  application:  These  discoveries  from  in  vitro  and  animal  models  were
confirmed in GC patients, and their diagnostic or prognostic abilities were tested in
GC patients.  Through ELISA, significantly higher preoperative plasma or serum
VEGF levels were detected in GC patients compared with healthy control subjects.
Importantly, a clinicopathological analysis revealed that higher VEGF expression in
the plasma or serum of GC patients was significantly associated with advanced stage,
distant metastasis and worse survival outcomes[21,41-47].

PIGF
Preclinical  trial:  PIGF  is  another  member  of  the  VEGF  family  and  plays  a
proangiogenic  role  in  the  progression  of  some  tumors[29,30,35,48].  Akrami  et  al[49,50]

reported  that  the  knockdown  of  PlGF  in  AGS  and  MKN-45  cells  inhibited  the
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proliferation,  self-renewal  capacity,  MMP  activity,  transcription  activity  and
migration of these cells.

Clinical application: Higher PIGF and VEGF levels were detected by ELISA in GC
tissues compared with paired noncancerous mucosa tissues. A clinicopathological
analysis showed that higher expression of only PIGF in GC patients was significantly
associated with tumor stage, distant metastasis and worse survival outcomes [51].

Fibroblast growth factors, epidermal growth factor, hepatocyte growth factor, and
insulin-like growth factor
Preclinical trial: The fibroblast growth factor (FGF) family is a large cytokine family,
and some of these cytokines, e.g., FGF-1/-2, bind to different fibroblast growth factor
receptors, e.g.,  FGFR 1-4, to activate the PI3K/AKT/mTOR (mammalian target of
rapamycin) pathway. Furthermore, these cytokines can regulate tumor angiogenesis,
proliferation, migration and antiapoptosis/survival activities both in vitro  and in
vivo[31,52-54].  epidermal  growth factor  (EGF),  hepatocyte  growth factor  (HGF)  and
insulin-like growth factor (IGF) reportedly stimulate proangiogenic, proliferation and
survival activities similarly to those induced by VEGF[55].

Platelet-derived growth factor
Preclinical trial: Pericytes and smooth muscle cells secrete platelet-derived growth
factor  (PDGF)-BB,  which  then binds  to  PDGFR-β and thereby modulates  tumor
angiogenesis in ECs[56,57].

GP130, interleukin-6, and interleukin-6R
Preclinical  trial:  In  a  mouse  model,  the  blockage  of  GP130  inhibits  tumor
development in the epithelium of the glandular stomach via the STAT 1/3-mediated
angiogenesis pathway. These results suggest that the TME and cancer cells secrete
interleukin-6 (IL-6) via autocrine or paracrine binding to GP130 or IL-6R[58].

Human epidermal growth factor receptor 2/Neu (HER-2/neu) and EGFR
Preclinical trial: In tumor cells, EGF binds to EGFR and HER-2/neu to activate the
PI3K/AKT  and  RAS-MAPK-mediated  pathways,  which  are  involved  in  the
overexpression  of  VEGF-A.  The  secretion  of  VEGF-A  from  cancer  cells  can  be
mediated through the activation of various signaling pathways. Furthermore, these
factors act as central regulators of tumor growth and tumor angiogenesis in GC[59-62].

Angiopoietin-1, 2, 3, and 4 (Ang-1, -2, -3, and -4)
Preclinical trial: Ang-1, -2, -3, and -4 biologically serve as growth factors for ECs and
can strongly regulate competitive interaction with TIE-2 (TKR), which is expressed on
the surface of ECs[63,64]. The binding of Ang-1 to TIR-2 activates TIE-2 phosphorylation
via the Ang-1/Tie2-cascade pathway and is involved in the proliferation, migration,
inflammation and survival of ECs. Ang-2 is then released from activated ECs and
serves as a significant antagonist[65,66]. Additionally, TIE-1 (an orphan receptor) can
form a complex with TIE-2 to form heterodimers and compete with Ang-1/TIE-2
interactions and thereby promote inflammation in ECs[66-69]. Inhibition of Ang-1 or
Ang-2 shows similar inhibition of cell proliferation in GC cell lines[70-73].

Clinical application: Blank et al[74] found that high expression levels of Ang in serum
and tissue  from GC patients  are  associated with  poor  survival.  In  addition,  the
Ang/VEGF ratio in GC and esophageal cancer patients serves as an independent
proangiogenic biomarker for the clinical response to chemotherapy[75]. Another group
of researchers found that Ang-2 can serve as an independent predictor of OS and liver
metastasis in GC patients[76].  Moreover, Aktaş et al[77]  found that VEGF, PIGF, and
Ang-1 are strongly correlated with OS; thus, these angiogenesis prognostic indices
(APIs) could predict survival outcomes in GC patients.

IL-8
Preclinical trial: Tumor-infiltrating macrophages secrete IL-8 and upregulate VEGF to
activate EC angiogenesis in GC, as demonstrated in an in vitro assay[37].

IL-17
Preclinical  trial:  IL-17 stimulates  the STAT3-mediated angiogenesis  pathway to
upregulate VEGF in GC[78].

Tryptase
Preclinical trial: Tumor-infiltrating mast cells (TIMs) secrete tryptase by binding to
proteinase-activated receptor-2 (PAR-2) and then produce VEGF to stimulate tumor
angiogenesis  and EC proliferation,  as  demonstrated through in  vitro  and in  vivo
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assays[79,80].

Clinical application: TIMs can release tryptase via PAR-2 activation and are involved
in tumor angiogenesis.  Ammendola et  al[81]  suggested that an increased mast cell
density positive for tryptase (MCDPT) and a higher general vascularized area are
related to poor survival  outcome and can thus serve as potential  targets  in both
primary tumor and lymph node metastases in GC patients.

RESULTS FROM PRECLINICAL AND CLINICAL STUDIES OF
ANTIANGIOGENIC THERAPIES FOR GC
According  to  the  results  of  studies  on  the  molecular  mechanism  of  tumor
angiogenesis, we can develop a novel antiangiogenic strategy that could reduce tumor
angiogenesis and limit tumor growth instead of eradicate the tumors and thereby
delay the progression of precancer/primary lesion to metastases/aggressive cancers.
The purpose of antiangiogenesis therapy is not to directly target cytotoxic tumor cells
but  rather  block the supply of  oxygen,  growth factors  and nutrition from blood
vessels[109]. Thus, this section will focus on several tumor angiogenic factors that could
serve  as  potential  targets  for  antiangiogenic  drugs  that  are  currently  being
investigated  in  preclinical  (the  section  only  highlights  the  most  common
antiangiogenic  drugs;  Table  1)  and  clinical  studies  on  GC  patients.  Due  to  the
metabolic changes and stemness of malignant cells lacking oxygen supply in various
tumors, tumors appear to escape antiangiogenic therapy within a short time owing to
the  manipulation  of  alternative  pathways[110],  vasculogenic  imitation[111]  and
recruitment of bone marrow-derived cells[112,113]. Various clinical trials have not shown
a  statistically  significant  extension  of  survival  outcomes.  Thus,  most  of  the
antiangiogenesis  strategy  can  be  ineffective.  In  phase  III  clinical  trials,  only
ramucirumab (anti-VEGFR) and apatinib (VEGFR-TKI) have reported to improve
ORR and prolong OS and PFS outcomes when used as a 2nd-line regimen combined
with chemotherapy treatment in advanced GC (Table 2).

INHIBITORS OF PROANGIOGENIC LIGANDS AND
RECEPTORS

Bevacizumab (avastin, genentech, rhumad)
Preclinical  trial:  As  demonstrated  in  a  preclinical  model,  this  drug,  which  is  a
recombinant monoclonal antibody against VEGF-A, serves as a powerful and effective
antiangiogenesis  agent  in  several  cancers[83-85].  An  in  vitro  study  revealed  that
treatment  with  bevacizumab reduced  cell  growth  and pro-apoptosis  in  GC cell
lines[86].  Yamashita-Kashima  et  al[87]  performed  an  in  vivo  study  and  found  that
bevacizumab could be effective against GC and select biomarkers in the MKN-45
human gastric xenograft model. A study with mouse models revealed that treatment
with bevacizumab significantly reduced the tumor size[88,89].  In the future, we will
explore  the effects  of  the antibody-mediated blockage of  VEGF-mediated tumor
angiogenesis in GC to obtain a more in-depth understanding.

Clinical trial:  Ohtsu et al[114]  explored the effect of bevacizumab, which is a VEGF
blocker. The AVAGAST clinical trial indicated that the 1st line treatment of advanced
GC  patients  (multiethnic  population)  with  bevacizumab  in  combination  with
chemotherapy (Cisplatin; Cis/Capecitabine; Cap) resulted in significantly improved
ORR (P =  0.0315) and extended PFS (P =  0.0037) outcomes compared with those
achieved with chemotherapy alone (Table 2). However, the AVATAR clinical trial
showed  that  the  1st  line  treatment  of  advanced  GC  patients  (China)  with
bevacizumab in combination with chemotherapy (Cis/Cap) did not significantly
prolong the survival outcomes compared with those achieved with chemotherapy
alone[115]. In contrast, Ma et al[116] assessed the effects of bevacizumab in combination
with chemotherapy (Docetaxel; Doc/Oxaliplatin; Oxa/5-FU) compared with those of
the 1st line treatment of chemotherapy alone in advanced GC patients (China) and
observed significantly improved ORR (P =  0.0436) and extended PFS (P =  0.013)
outcomes compared with those achieved with chemotherapy alone. The other group,
the ST03 clinical  trial,  showed that  the  perioperative  treatment  of  advanced GC
patients (United Kingdom) with bevacizumab in combination with chemotherapy
(Cis/Cap/Epirubicin; Epi) had no positive results compared with those achieved with
chemotherapy alone[117].  However, the differences in the outcomes achieved after
bevacizumab treatment among the different populations remain unknown.
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Table 2  Overview of phase-III clinical trials in gastric cancer including vascular endothelial growth factor, vascular endothelial growth
factor receptor and vascular endothelial growth factor receptor tyrosine kinase inhibitor blockers

Tar-get
C Cate-
gory

Blockers Country Cancer
type Setting Treat-

ment N

ORR (%) DCR (%) PFS (mo) OS (mo)
Top 5
adverse
events

Ref.HR (95%
CI)P
value

P value
HR (95%
CI)P
value

HR (95%
CI)P
value

Anti-
VEGF

Bevaci-
zumab
(Mono-
clonal Ab)

Multieth-
nic

●Metasta-
tic GC

1st-line Bevaci-
zumab

387 46% 76.90% 6.7 12.1 Neutro-
penia

AVA-
GAST[114]

Asia-
Pacific

Unresec-
table
locally
advanced
GC

+Cis/Cap Febrile
neutrope-
nia

Europe Recurrent
GC

Anemia

Pan-
America

Gastro-
esophagea
l junction
GC

Placebo 387 37.40% 67.70% 5.3 10.1 Decreased
appetite

+Cis/Cap P = 0.0315 ND P = 0.0037 P = 0.1002 Diarrhea

China Metastatic
GC

1st-line Bevacizu
mab

100 40.70% 75.30% 6.3 10.5 Vomiting AVA-
TAR[115]

Unresecta
ble locally
advanced
GC

+Cis/Cap Neutrope-
nia

Recurrent
GC

Nausea

Gastro-
esophagea
l junction
GC

Anemia

Placebo 102 33.70% 72.10% 6 11.4 Intestinal
obstruc-
tion

+Cis/Cap P = 0.348 ND P = 0.4709 P = 0.5567

China Unresecta
ble locally
advanced
GC

1st-line Bevacizu
mab

40 65% 30% 15.2 17.6 Nausea
[116]

+Doc/Ox
a/5-FU

Vomiting

Sensory
neuropa-
thy

Placebo 40 42.50% 42.50% 12.3 16.4 Leukope-
nia

+Doc/Ox
a/5-FU

P = 0.0436 ND P = 0.013 P = 0.776 Decreased
hemoglo-
bin

United
Kingdom

Resectable
GC

Peri-
operative

Bevacizu
mab

530 ND ND ND 48.10% Lethargy (United
Kingdoms
Medical
Research
Council
ST03) [117]

Esophago
gastric
junction
GC

+Cis/Cap
/Epi

Nausea

Lower
esophagea
l GC

Neutrope
nia

Diarrhea

Placebo 533 ND ND ND 50.30% Alopecia

+Cis/Cap
/Epi

ND ND P = 0.56 P = 0.36

Anti-
VEGFR

Ramuciru
mab

Multieth-
nic

Advanced
gastric GC

2nd-line Ramuciru
mab

238 3% 49% 2.1 5.2 Fatigue REG-
ARD[118]

(Monoclo
nal Ab)

North
America,
Europe,
Australia,

Gastro-
esophagea
l junction
GC

+ Pla/5-
Fu

Abdomi-
nal pain

New
Zealand

Decreased
appetite

Asia Vomiting
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South and
Central
America,
India,
South
Africa,
Middle
East

Placebo 117 3% 23% 1.3 3.8 Constipa-
tion

+ Pla/5-
Fu

ND P = 0.76 P < 0.0001 P = 0.047

Multieth-
nic

Advanced
gastric GC

2nd-line Ramuciru
mab

330 28% 80% 4.4 9.63 Fatigue RAIN-
BOW[119]

North and
South
America

Gastro-
esophagea
l junction
GC

+ Pac Neuropa-
thy

Europe Decreased
appetite

Australia, Placebo 335 16% 64% 2.86 7.4 Abdomi-
nal pain

Asia + Pac Nausea

P < 0.0001 P = 0.0001 P < 0.0001 P = 0.0169

Multieth-
nic

Metastatic
GC

1st-line Ramuciru
mab

326 41.10% 81.90% 10.2 11.2 Neutrope
nia

RAIN-
FALL[120]

North
America

Gastro-
esophagea
l junction
GC

+ Cis/5-
Fu

Anaemia

Europe Hypertens
ion

Japan Placebo 319 36.40% 76.50% 9.2 10.7 Palmar-
plantar
erythrody
sesthesia
syndrome

+ Cis/5-
Fu

Fatigue

P = 0.17 P = 0.095 P = 0.4 P = 0.68

VEGF apatinib China Metastatic
GC

3rd-line Apatinib 176 2.84 42.05 2.6 6.5 Hand-foot
syndrome

[121]

TKI Advanced
GC

Proteinu-
ria

Gastro-
esophagea
l junction
GC

Hyperten-
sion

Placebo 91 0 8.79 1.8 4.7 Myelosup
pression

P < 0.001 P = 0.1695 P < 0.001 P = 0.0149 Nausea
and
vomiting

A P value less than 0.05 indicates statistical significance according to the Mann-Whitney U test. VEGF: Vascular endothelial growth factor; VEGFR:
Vascular endothelial growth factor receptor; TKI: Tyrosine kinase inhibitor; ORR: Median overall response rate; DCR: Median disease control rate; PFS:
Median  progression-free  survival;  OS:  Median  overall  survival;  Cis:  Cisplatin;  Cap:  Capecitabine;  Doc:  Docetaxel;  Oxa:  Oxaliplatin;  5-FU:  5-
Fluoropyrimidin; Epi: Epirubicine; Pla: Polylactic acid; Pac: Paclitaxel; HR: Hazard ratio; CI: Confidence interval.

Interferon, rapamycin, and neovastat
Preclinical trial: The interferon family contains multifunctional cytokines that exhibit
antiviral and antitumor properties, induce regulatory cell apoptosis and immune
responses  and  inhibit  proangiogenic  factors.  Abdel-Rahman  et  al[90]  evaluated
bevacizumab in combination with other anticancer agents, such as mTOR inhibitors
and interferon (IFN),  as  a  more effective treatment for  gastrointestinal  tract  and
pancreatic tissues. Preclinical and clinical trials showed that other mTOR inhibitors,
such as rapamycin, also display antiangiogenic activity in GC[91]. Moreover, Neovastat
is a multifunctional drug that blocks VEGF, MMPs and proapoptotic activity in ECs.
One MMP inhibitor (Marimastat) has been shown to induce positive outcomes in
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phase III clinical trials with advanced GC patients. The other MMP inhibitors are
continuing to be investigated in clinical trials[92].

Clinical trial:  A clinical phase II trial showed that the treatment of advanced GC
patients with interferon-alpha 2B (IFN) and folinic acid (FA) in combination with 5-
fluorouracil  (5-FU)  chemotherapy  also  resulted  in  significantly  prolonged  PFS
outcomes compared with those achieved with chemotherapy alone[122]. Al-Batran et
al[123]  demonstrated that mTOR-mediated inhibitors (e.g.,  rapamycin) blocked the
growth of GC cells and delayed tumor progression in cell lines and mouse models.
Additionally,  the  mTOR  inhibitor  rapamycin  has  also  yielded  better  survival
outcomes in phase I/II studies of metastatic GC patients than do treatment without
rapamycin.

Ramucirumab
Preclinical trial:  Ramucirumab is a VEGFR-2-targeted monoclonal antibody that
inhibit  VEGFR-2  signaling.  An  in  vitro  study  showed  that  treatment  with
ramucirumab also inhibited cell growth and promoted apoptosis in GC cell lines and
animal  models[95,96].  Thus,  both  bevacizumab  and  ramucirumab  inhibit  VEGF-
mediated pathways in GC. Additionally, an in vivo study showed that the effects of
combination therapy involving anti-VEGFR and anti-EGFR agents  resulted in  a
significantly decreased tumor size in a GC mouse model[97].

Clinical trial: Fuchs et al[118] attempted to explore the effect of ramucirumab, which
blocks VEGFR signaling. The REGARD clinical trial indicated that the treatment of
advanced  GC  patients  (multiethnic)  with  ramucirumab  in  combination  with
chemotherapy (Pla/5-Fu) resulted in significantly extended PFS (P < 0.0001) and OS
(P =  0.047) outcomes compared with those achieved with placebo. Moreover, the
RAINBOW  clinical  trial  showed  that  the  treatment  of  advanced  GC  patients
(multiethnic) with ramucirumab in combination with chemotherapy (Paclitaxel; Pac)
also  resulted in  significantly  improved ORR (P  <  0.0001)  and DCR (P  <  0.0001),
extended  PFS  (P  <  0.0001)  and  OS  (P  =  0.0169)  outcomes  compared  with  those
achieved with chemotherapy alone[119].  In  contrast,  the  RAUNFALL clinical  trial
showed that the treatment of advanced GC patients (multiethnic) with bevacizumab
in combination with chemotherapy (Cis/5-Fu) had no positive results compared with
those achieved with chemotherapy alone[120].  Ramucirumab was approved by the
United States Food and Drug Administration (FDA) in 2014 as a 2nd-line treatment of
advanced GC due to the REGARD and RAINBOW clinical trials and has beneficial
effects on PFS and OS for advanced GC.

DIRECT ACTION ON ECs

Regorafenib, apatinib, and foretinib
Preclinical  trial:  Regorafenib,  apatinib  and  foretinib  belong  to  the  family  of
multitargeting TKIs. Blockage of the effects of VEGF by silencing RNA in GC cell lines
led to reduced tumor volume after implantation of these GC cells into nude mice[98].
The same effect was observed in mice treated with apatinib after tumor grafting[99].

Clinical trial:  First,  Li  et  al[121]  explored the effect  of  apatinib,  which VEGFR TKI
blockade. A 116 clinical trial (3rd line) indicated that the treatment of advanced GC
patients (China) with apatinib resulted in significantly improved ORR (P < 0.001),
extended PFS (P < 0.001) and OS (P = 0.0149) outcomes compared with those achieved
with placebo. In a phase II study, the tumor-angiogenesis inhibitor regorafenib, which
targets VEGFR, TIE and multiple kinases, was evaluated in advanced GC patients,
and the results showed that treatment with this inhibitor resulted in significantly
prolonged PFS  outcomes  compared with  those  achieved with  placebo[124].  Thus,
regorafenib will be investigated in a phase III study. However, another antiangiogenic
drug, foretinib, which inhibits VEGFR2 and TIE-2, did not yield any benefits in the
survival outcomes of GC patients[125]. In addition, Shan et al[126] reviewed information
from clinical trials evaluating antiangiogenic agents (with a focus on multitargeting
TKIs) in advanced GC and found that only apatinib yielded a positive effect on PFS.

Orantinib (SU5416, SU6668), Pazopanib, Sorafenib (Nexavar), Sunitinib (Sutent),
Telatinib (Erbitux, Cetuximab)
Preclinical  trial:  Orantinib  (SU5416  SU6668) [ 9 4 ] ,  pazopanib [ 1 0 0 ] ,  sorafenib
(Nexavar)[101,102], sunitinib (Sutent)[103,104] and telatinib (Erbitux, Cetuximab)[105] block
tyrosine kinases and belong to the family of multitargeting TKIs. Suppressing the
effects  of  VEGF  by  silencing  RNA  in  GC  cell  lines  led  to  decreased  tumor
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angiogenesis and growth after these cells were implanted into nude mice.

Clinical trial: Chen et al[71] summarized the results from clinical trial phase II studies
of antiangiogenic drugs, including VEGF ligands, VEGFRs and multitarget TKIs, in
advanced  GC.  The  treatment  of  advanced  GC  patients  with  orantinib [127 ],
pazopanib[128,129], sorafenib[130-133], sunitinib[134-136], telatinib[137-141] and vandetanib resulted
in significantly extended OS and PSF.

Aflibercept
Preclinical trial:  Aflibercept traps VEGF and PlGF in vivo  and is currently being
investigated  in  a  clinical  trial  (NCT01747551)  as  a  supplement  to  standard
chemotherapy for GC patients[22]. In addition to VEGF-specific inhibition, the effect of
HIF-1  blockage  has  been  investigated  in  animal  models  in  several  studies.  The
treatment of subcutaneous xenografts with an inhibitory HIF-1 compound results in
smaller and less vascularized tumors after implantation into nude mice.

Trastuzumab
Seidman et al[62] reported that the antibody trastuzumab blocks the Her2/neu receptor
through the RAS-MAPK proliferation signaling pathway. A log-rank test showed
improved  survival  outcomes  in  breast  cancer  patients.  The  comparison  of  two
different  Her2  and  VEGF  inhibitors  revealed  that  the  effect  of  tumor  growth
inhibition on Her2-overexpressing GC xenografts through the combination of Her2
and VEGF inhibitors was better than that achieved with either inhibitor alone[59].

Nonsteroid anti-inflammatory drugs
In  an  animal  model,  nonsteroid  anti-inflammatory  drug  (NSAID)-mediated
cyclooxygenase  (COX)  inhibition  resulted  in  reduced  tumor  angiogenesis,  and
decreased HIF-1 expression was detected in GC cells after treatment with NSAIDs[25].

OTHER ASSOCIATED CHEMOTHERAPIES
In clinical phase trials, cancer patients are typically administered combination therapy
consisting  of  antiangiogenic  agents  with  chemotherapeutic  agents.  However,
antiangiogenic  therapy  sometimes  elicits  several  adverse  effects,  such  as
hypertension[142,143]  or proteinuria[144],  but the factors responsible for these adverse
effects  remain  unknown.  In  general,  the  results  from  several  studies  on  some
antiangiogenic therapies, such as the inhibition of VEGF, Ang-1 and PlGF, indicate
that antiangiogenic therapy not only inhibits EC migration and proliferation but also
enhances chemotherapy ability. Hwang et al[145] indicated that the inhibition of VEGFR
enhances paclitaxel sensitivity in GC cells. Another group of researchers showed that
the upregulation of HIF-1 promotes chemotherapy and the antiapoptosis ability in GC
cells by inducing miR-27a- or p53- and NF-kB-mediated pathways[146-148]. Additionally,
compared with normal blood vessels, tumor vessels exhibit heterogeneity, versatility,
high  permeability  and  vascular  properties  that  benefit  chemotherapy[149].  Thus,
antiangiogenic therapy could exert an adjuvant effect in chemotherapy.

CONCLUSION
Tumor angiogenesis involves a complex multistep process. In general, the available
knowledge indicates that proangiogenic and pro-oncogenic (such as proliferation,
anti-apoptosis,  migration and invasion) pathways are linked to each other. Thus,
tumor angiogenesis occurs at different stages of tumor progression, including tumor
growth, metastasis and recurrence. This connection can be clearly observed by the
administration of combination therapy against angiogenic and proliferative pathways,
such  as  the  VEGF-,  EGFR-  and  STAT3-mediated  pathways[16-19,31,52-54,58].  These
transcription factors regulate cell growth, migration and angiogenesis in multiple
ways.

First,  we  investigated  the  expression  of  angiogenic  factors  in  GC  through
preclinical trials [cell  line (in vitro)/animal model (in vivo)]  and thus determined
whether these factors could serve as predictive factors/biomarkers for proliferation,
invasion or metastasis and/or have diagnostic or prognostic value[7,8]. An increasing
number of studies has revealed that antiangiogenic agents attack tumor ECs as their
target instead of tumor cells themselves, which is the final goal of tumor dormancy
therapy. Moreover,  the therapeutic target of antiangiogenic agents is tumor ECs,
which are more genetically stable, show increased homogeneity and have a lower
alteration level;  antiangiogenic drugs can interact with ECs directly,  resulting in
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higher potency, decreased drug resistance and fewer side effects[150]. We explored the
combination of antiangiogenic drugs and cytotoxic anticancer (chemical) drugs to
develop a highly effective strategy for the management of advanced GC[13-15]. Thus,
antiangiogenic drugs might be valuable for the long-term management of tumor
dormancy  because  they  do  not  induce  the  development  of  antiangiogenic  drug
resistance, and these drugs present fewer side effects. A few recent clinical trials have
revealed that antiangiogenic therapy could potentially extend the survival outcomes
of advanced GC patients[109].

DISCUSSION
In assessing the effectiveness of antiangiogenesis therapy, a clinical phase III trial
showed that only ramucirumab (an anti-VEGFR antibody) and apatinib (VEGFR TKI
blocker)  achieved  positive  results  (Table  2).  Although  both  ramucirumab  and
bevacizumab are anti-VEGF drugs, bevacizumab (AVAGAST, AVATAR, ST03, Ma et
al[116]) had no positive results on OS, while ramucirumab (REGARD, RAINBOW) was
more effective targeted drug and exerted more positive results for OS in advanced
GC. We suggested that this is because bevacizumab only binds to VEGF-A, whereas
ramucirumab binds to VEGFR-2, which blocks more VEGFs. Therefore, ramucirumab
could exert more effective antiangiogenic function due to the inhibition of more VEGF
molecules. One possible reason is the differences in the targets of the antiangiogenic
action. However, the differences in the ability of these two anti-VEGF drugs remain
partially unknown. Furthermore, the different populations of GC patients might be
another  factor  that  affects  the  benefits  of  these  drugs.  In  the  AVAGAST  and
RAINBOW studies, the non-Asian subgroup (66.5%; RAINBOW) achieved a greater
benefit  in  OS  from  antiangiogenic  therapy  than  did  the  Asian  subgroup  (51%;
AVAGAST). However, the effect of ramucirumab still lacks 1st-line chemotherapy
evidence. The extent of the usefulness of ramucirumab still requires exploration in
further  trials  in  different  ethnicities  and upon delivery  as  a  1st-,  2nd-  or  3th-line
chemotherapy. Additionally, in evaluating the safety of antiangiogenic therapy, most
adverse events related to antiangiogenesis are tolerable and controllable, including
hypertension, neutropenia and wound healing (Table 2). Conversely, the Cougar-02
trial,  a  Doc+best  supportive  care  (BSC)  study,  has  a  similar  result  for  OS as  the
REGARD trial  and was more cost  effective[151].  Finally,  of  the VEGFR TKIs,  only
apatinib in the phase III clinical trial showed extended PFS and OS in advanced GC
patients. We recommend that chemotherapy in combination with ramucirumab (anti-
VEGFR) and apatinib  (VEGFR TKI)  significantly  improves  the outcome in  ORR,
expended PFS, and OS in the management of advanced GC.

Here,  this  review only  included phase  III  clinical  trials  published in  English.
Previous studies have found that the combination of  antiangiogenic agents with
chemotherapy may be beneficial for advanced GC in OS, but potential publication
bias  should  be  considered  when  construing  these  results.  To  reduce  possible
publication  bias,  we  tried  to  search  in  multiple  databases.  Nevertheless,  some
restrictions were present in this systemic review and statistical analysis (e.g., meta-
analysis)[152,153] such as the small size of included studies, multiple drugs implemented
and the high heterogeneity between different studies. Therefore, a larger cohort size,
more standardized research and high statistical quality should be implemented in
future studies to identify patients who would most likely benefit from antiangiogenic
treatment. Thus, this review will  provide basic (tumor angiogenesis) and clinical
(antiangiogenic drugs) research for the survey of the management of GC treatments.

FURTHER CHALLENGES OF ANTIANGIOGENIC THERAPY
Although several phase III clinical trials have reported positive results, new vessels in
tumors have pleomorphic features, including heterogeneity, flexibility, penetrability,
various vascular biomarkers, and turbulent blood flow with no lymphatic vessels, and
these unusual features make the delivery of therapeutic drugs difficult. Hence, there
remain several obstacles regarding the translation of antiangiogenic strategies from
animal models to clinical trials[92,108,154].

The  current  problems  regarding  preclinical  to  clinical  trials  and  the  future
directions for antiangiogenic therapy are discussed below.

In preclinical trials, we usually perform experiments in animals with xenografts of
various tumor cells, but these models cannot represent spontaneous and orthotopic
human cancers, particularly highly metastatic tumors[155]. Therefore, antiangiogenic
drugs are not effective for every organ in the body. Antiangiogenic drugs often yield
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different results or side effects in preclinical and clinical trials.
In  advanced GC,  the tumor develops several  ways of  escaping treatment  and

rapidly  activating  angiogenic  pathways.  Ebos  et  al[156]  reported  that  enhanced
metastasis was treated with sunitinib in a mouse model.  Another group found a
similar  result [157].  This  may  partly  fail  to  translate  to  a  survival  benefit  of
antiangiogenic drugs in localized or nonmetastatic GC. Therefore,  it  is  crucial  to
develop novel biomarkers that are able to predict the prognosis of antiangiogenic
treatments for advanced GC. In clinical  trials,  to assess antiangiogenic therapies,
newer imaging systems and/or substitute  biomarkers  should be  established for
monitoring tumor vessel functions. Antiangiogenic drugs induce tumor dormancy,
which is different from the results of chemotherapy[155].

The aims of managing GC are to reduce drug toxicity and adverse events and
prolong survival. Therefore, the optimal biological dose and therapeutic schedule of
antiangiogenic drugs should be established. Moreover, antiangiogenic drugs can be
combined with chemotherapy and/or radiotherapy[149].

According to previous studies, the clinical effect is quite different in individuals
due to heterogeneity of the tumor. It is unclear which patients benefit most from
angiogenesis inhibitors. The race/ethnicity of patients seems to influence the efficacy
of antiangiogenic treatments on OS. The patients should be selected, and angiogenic
factors  should  be  detected  before  the  administration  of  antiangiogenic  drugs.
Individual angiogenic profiling according to an individual’s genetic background
remain a problem that need to be addressed.
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Abstract
BACKGROUND
The molecular mechanisms involved in microRNAs (miRNAs) have been
extensively investigated in gastric cancer (GC). However, how miR-331 regulates
GC pathogenesis remains unknown.

AIM
To illuminate the effect of miR-331 on cell metastasis and tumor growth in GC.

METHODS
The qRT-PCR, CCK8, Transwell, cell adhesion, Western blot, luciferase reporter
and xenograft tumor formation assays were applied to explore the regulatory
mechanism of miR-331 in GC.

RESULTS
Downregulation of miR-331 associated with poor prognosis was detected in GC.
Functionally, miR-331 suppressed cell proliferation, metastasis and tumor growth
in GC. Further, miR-331 was verified to directly target musashi1 (MSI1). In
addition, miR-331 inversely regulated MSI1 expression in GC tissues.
Furthermore, upregulation of MSI1 weakened the inhibitory effect of miR-331 in
GC.

CONCLUSION
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Core tip: Gastric cancer (GC) has become one of the main threats to human life and
health. MicroRNAs (miRNAs) have been reported to act as promoters and inhibitors in
GC. In this study, the effect of miR-331 on cell metastasis and tumor growth was
illuminated in GC. The results showed that miR-331 was downregulated in GC, which
predicted poor prognosis in GC patients. Moreover, overexpression of miR-331 inhibited
cell metastasis and tumor growth in GC cells. Further, musashi1 (MSI1) is a direct target
gene of miR-331. MiR-331 inhibited GC progression through the suppression of MSI1.
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INTRODUCTION
In recent years, gastric cancer (GC) has become one of the main threats to human life
and health,  of  which more than 50% of  cases  occur  in  East  Asia[1].  In  China,  the
incidence rate of GC ranks first among all kinds of tumors. About 170000 people die
of GC every year, almost one-fourth of the total number of malignant tumor deaths.
Furthermore, more than 20000 new patients with GC are found every year[2].  The
pathogenesis of GC is complex and still unclear, involving many etiological factors
and genetic changes. Although great progress has been made in understanding the
pathogenesis  of  malignant  tumors,  the  treatment  of  GC  still  has  limitations[3].
Moreover, low survival rate is found in GC patients, and cell metastasis is the main
causes of poor prognosis in GC patients[4]. Despite the treatment strategy for GC has
been improved, it is necessary to explore high-sensitivity and low-cost treatments.

It has been demonstrated that microRNAs (miRNAs) can act as promoters and
inhibitors  in  various  cancers  including  GC by  inhibiting  gene  expression[5].  For
example, miR-133a was downregulated in GC and inhibited tumor growth, migration,
and EMT process by targeting PSEN1[6]. Conversely, upregulation of miR-592 was
identified in GC and promoted cell proliferation, invasion and migration through the
PI3K/AKT and MAPK/ERK signaling pathways[7].  Recently, the dysregulation of
miR-331 in different cancers has aroused our concern. It has been demonstrated that
miR-331 can function as  a  marker  for  diagnosis  and prognosis  of  hepatocellular
carcinoma  patients[8].  It  had  been  reported  that  miR-331  was  overexpressed  in
malignant breast tumors[9]. Moreover, miR-331 promoted hepatocellular carcinoma
cell metastasis and proliferation through regulating ING5[10]. In addition, miR-331 was
found to enhance Epithelial-to-Mesenchymal Transition (EMT) in prostate cancer[11].
However,  downregulation  of  miR-331  had  been  identified  in  esophageal
adenocarcinoma and predicted tumor recurrence[12]. In addition, miR-331-3p regulated
expression of NRP-2 to inhibit development and progression of glioblastoma[13]. In
particularly, Guo et al[14] had shown that miR-331 directly targeted E2F1 and induced
the inhibition of GC tumor growth. However, how miR-331 regulates GC cell viability
and metastasis remains blurry and need to be investigated.

Musashi1 (MSI1) is a neural RNA-binding protein required for Drosophila adult
external sensory organ development[15].  Moreover, the function of MSI1 has been
identified  in  normal  and cancer  stem cells[16].  Recently,  MSI1  has  been found to
regulate tumor growth and proliferation in several human cancers. MSI1 had been
identified as carcinogenesis, progression, and poor prognosis related biomarker for
gallbladder  adenocarcinoma[17].  Furthermore,  MSI1  can  regulate  breast  cancer
proliferation and is an indicator for poor survival[18]. More importantly, upregulation
of MSI1 has been identified in human colorectal adenomas and GC[19,20]. Moreover,
knockdown of MSI1 resulted in tumor regression in colon cancer[21]. However, the role
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of MSI1 and its relationship with miR-331 have not been reported in previous studies.
Therefore, the regulatory mechanism of miR-331 with MSI1 was investigated in

GC. We mainly focused on how miR-331 regulates GC tumor growth and metastasis.
The findings will contribute to better understanding the pathogenesis of GC.

MATERIALS AND METHODS

GC clinical tissues and cell line
The GC tissues used in this experiment and their clinical and follow-up information
were provided by Affiliated Hospital Taishan Medical University. All 78 patients
involved in the experiment did not receive radiotherapy or chemotherapy prior to
surgery.  Participants  provided  written  informed  consent  before  designing  the
research,  and  Human Ethics  Committee  of  Affiliated  Hospital  Taishan  Medical
University approved the experiment.

A normal gastric cell GES1 and SGC-7901, BGC-803, MKN-45 GC cell lines were
purchased from Beijing Zhongke Quality Inspection Biotechnology Co., Ltd. (Beijing,
China).  The cells then were seeded in RPMI-1640 medium with 10% fetal bovine
serum (FBS) and incubated in an atmosphere with 5% CO2 at 37 °C.

Cell transfection
MiR-331 mimics, miR-331 inhibitors, and MSI1 plasmid (RiboBio Co, Ltd, Guangzhou,
China) were transferred into MKN-45 cells respectively with Lipofectamine 2000
(Invitrogen, CA, United States) based on experimental needs. Untreated MKN-45 cells
were set as the control. The nucleotide sequences were: miR-331 mimics, 5’-GCC CCU
GGG CCU AUC CUA GAA-3’, antisense: 5’-CUA GGA UAG GCC CAG GGG CUU-
3’; miR-331 inhibitor, 5’-UUC UAG GAU AGG CCC AGG GGC-3’.

Quantitative real-time polymerase chain reaction
We extracted total RNA from MKN-45 cell by using TRIZOL reagent (TaKaRa Bio,
United States). The First-Strand cDNA Synthesis Kit (Promega, United States) was
added to obtain cDNA. The mixture of the qRT-PCR standard reaction system was
then added to SYBR Green PCR Master Mix (Applied Biosystems, CA, United States).
The prepared PCR reaction solution was placed on ABI7300 real-time PCR machine
(Applied  Bio-systems)  for  PCR  amplification  reaction.  U6  and  GAPDH  were
respectively used as the controls for miR-331 and MSI1, which were quantified with
the 2−ct method. The forward and reverse primers of qRT-PCR are given in Table 1.

Cell viability assay
MKN-45 cells were pre-incubated in a 96-well plate for 24 h (at 37 °C, 5% CO 2). MKN-
45 (2 × 104) cells were incubated for 24, 48, 72 and 96 h. 10 mL of CCK-8 (Dojindo,
Kumamoto, Japan) solution was used to incubate the cells for 4 h. The absorbance at
450 nm was observed with a microplate reader (Molecular Devices).

Xenograft tumor formation assay
The  xenograft  study  was  approved  by  the  Animal  Care  and  Use  Committee  of
Affiliated Hospital Taishan Medical University. We purchased nude mice (4 weeks
old) from the Shanghai Lab Animal Research Center (Shanghai, China). Then 3 × 106

MKN-45 cells with stably overexpressing miR-331 or miR-NC were injected into mice
subcutaneous. The tumor volume was observed every one week. After 4 wk, the mice
were sacrificed and tumors were used for further study.

Ki67 immunohistochemistry
Ki67 Cell Proliferation Kit was purchased from Sangon Biotech Co., Ltd. (Shanghai,
China). The experiment was performed based on their protocol. The section of gastric
cancer tissues were dewaxed, hydrated, and washed twice with PBS for 5 min. After
blocking with Blocking Buffer for 30-60 min at room temperature, Anti-ki67 Rabbit
antibody (1:50) was added to incubate overnight at 4 °C in a humidified atmosphere.
Then, secondary antibody HRP-conjugated Donkey anti-Rabbit IgG (1:500) was added
and incubated for 60 min at room temperature. After washing 3 times with PBS, DAB
mixture was added to each slide, and incubated for 5-10 min at room temperature
protected  from  light.  The  section  was  washed,  counterstained,  dehydrated,
transparentized and mounted. Images were captured using microscope.

Cell migration and invasion assay
The upper chamber surface of the bottom membrane of the Transwell chamber (8-μm
pore  size  membranes)  was  coated  with  Matrigel  (BD),  and  the  Matrigel  was
polymerized into a gel at 37 °C for 30 min. Moreover, the transfected MKN-45 cells
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Table 1  The forward and reverse primers of qRT-PCR

Gene Primers sequence (5-3’)

MiR-331 F: GCCCCTGGGCCTATCCTAGAA

R: ACGCGTCGACTTTTAGGGCTAAGTTGCTTC

MSI1 F: CTCCAAAACAATTGACCCTA

R: GCTCAAAATATTGCTTCACG

U6 F: AGAGCCTGTGGTGTCCG

R: CATCTTCAAAGCACTTCCC

GAPDH F: ATGGGGAAGGTGAAG GTCG

R: GGGGTCATTGATGGCAACAAT A

were starved prior to invasion assay. 5 × 104 mL MKN-45 cell suspension (100 μL) was
added to the Transwell chamber, and then a medium containing 20% FBS (600 μL)
was added to the lower chamber with the 24-well plate. After routine incubation for
24 h, the Transwell chamber was fixed and stained. The number of invading cells
observed  under  a  microscope  of  400  times.  The  Transwell  cell  migration  assay
performed without Matrigel, other process is basically same as the invasion assay.

The luciferase reporter assay
A pGL3 luciferase vector (Invitrogen) containing the wild or mutant type of 3’-UTR of
MSI1  gene  was  prepared.  The  luciferase  vector  and  miR-331  mimics  were  co-
transfected into MKN-45 cells. After 48 h, Dual-Luciferase Reporter Assay System
(Promega) was used to examine the luciferase activity. MSI1 gene information was
wild  type  (Ensembl  number  ENSG00000135097)  and  mutated  sequence  (5’-
UGGCGAGGGCAGACCGGUCCCCA-3’).

Western blot analysis
Protein samples were lysed using RIPA buffer (Beyotime, Shanghai,  China).  10%
concentrated SDS-PAGE protein loading buffer was added to the collected protein
samples. After denaturing the protein, the protein sample was directly loaded into the
SDS-PAGE gel and then transferred into PVDF membrane. PVDF membrane was
incubated with the corresponding primary antibodies overnight at 4 °C, including
rabbit polyclonal antibody to MSI1 (1:1000, ab21628, Abcam, Shanghai, China) and
rabbit monoclonal antibody to GAPDH (1:1000, ab181602, Abcam, Shanghai, China).
The washing solution was added for 5-10 min, and the diluted Goat anti-Rabbit. Goat
anti-Rabbit IgG(H+L) HRP secondary antibody (1:500, ab205718, Abcam, Shanghai,
China) was added and incubated at room temperature for 1 h. Finally, ECL reagent
(Millipore, MA, United States) was used to detect proteins. In addition, E-cadherin, N-
cadherin and Vimentin antibodies were all obtained from Abcam (1:1000, Shanghai,
China).

Statistical analysis
Data were analyzed using SPSS 13.0 and Graphpad Prism 6. The difference between
the groups was calculated through Chi-squared Test or Tukey’s one-way ANOVA.
The log-rank test Kaplan-Meier analysis was used to compare the survival differences.
The data was shown as mean ± SD. When P < 0.05, the data is considered statistically
significant.

RESULTS

Downregulation of miR-331 associated with prognosis was detected in GC
In GC tissues and cell lines, miR-331 expression was observed by qRT-PCR assay.
First, low miR-331 expression was identified in GC tissues contrast to normal tissues
(Figure 1A). Meanwhile, the reduction of miR-331 expression was found in SGC-7901,
MGC-803, MKN-45 cells contrasted to GES1 cells (Figure 1B). MKN-45 cell line was
selected  for  subsequent  experiments  because  of  the  significant  differences  in
expression of miR-331. Based on the expression of miR-331, these cases were divided
into  a  high miR-331  expression group and a  low expression group based on its
median value in GC patients as a cutoff point (cutoff point = 0.75).  Furthermore,
abnormal miR-331 expression was correlated with lymph nodes metastasis and TNM
stage in GC patients (P < 0.05, Table 2). In addition, shorter disease free survival (DFS)
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and overall survival (OS) was correlated with low miR-331 expression in GC patients
(Figure 1C and 1D). Therefore, miR-331 expression was reduced, which predicted
poor prognosis of GC patients.

MiR-331 inhibited GC cell viability in vitro and vivo
MiR-331 mimic or inhibitor was transfected into MKN-45 cells to perform gain-loss
experiment. MiR-331 expression was obviously increased by its mimics, but decreased
by  its  inhibitor  (Figure  2A).  Next,  we  found that  miR-331  mimics  inhibited  the
proliferation of MKN-45 cells. And miR-331 inhibitor showed the opposite results
(Figure 2B). Moreover, the effect of miR-331 on tumor growth was analyzed in GC.
MiR-331 mimics  was found to  decline the tumor volume and suppressed tumor
growth  compared  to  control  group  (Figure  2C  and  2D).  Additionally,  miR-331
overexpression led to a significant decrease in the number of hyperproliferative Ki-67+

tumor cells (Figure 2E). Collectively, miR-331 inhibited cell proliferation and tumor
growth in GC.

MiR-331 inhibited cell metastasis in GC
Then,  how miR-331  regulates  cell  metastasis  was  investigated  in  MKN-45  cells.
Transwell assay suggested that miR-331 overexpression suppressed cell migration,
while miR-331 knockdown promoted MKN-45 cell migration (Figure 3A and 3C). For
cell invasion in GC, the same effect of miR-331 overexpression and knockdown was
also identified (Figure 3B and 3C). Next, the effect of miR-331 on EMT was explored
in  GC  cells.  Overexpression  of  miR-331  facilitated  E-cadherin  expression  and
hindered expressions of N-cadherin and Vimentin. In contrast, knockdown of miR-
331 blocked E-cadherin expression and promoted expression levels of N-cadherin and
Vimentin (Figure 3D), indicating that miR-331 blocked EMT in GC. Briefly, miR-331
inhibited cell metastasis in GC.

MSI1 is a direct target of miR-331
The target genes of miR-331 were searched in TargetScan databases to disclose how
miR-331 suppresses GC progression. The binding sites between miR-331 and MSI1
were showed in Figure 4A. Next, luciferase reporter assay was designed to confirm
that prediction. As predicted, miR-331 mimics inhibited the luciferase activity of Wt-
MSI1,  but had no effect  on Mut-MSI1 luciferase activity (Figure 4B).  Then,  MSI1
expression regulated by miR-331 mimics or inhibitor was assessed in MKN-45 cells.
The mRNA and protein  MSI1  expression was inhibited by miR-331 mimics,  but
promoted by miR-331 inhibitor (Figure 4C and 4D). Thus, we believe that miR-331
directly targets MSI1 and regulates MSI1 expression.

Upregulation of MSI1 weakened the inhibitory effect of miR-331 in GC
In GC tissues, the abnormal MSI1 expression was then observed. MSI1 expression was
dramatically increased in GC tissues in comparison with normal tissues (Figure 5A).
Moreover, miR-331 expression was identified to negatively regulate MSI1 expression
in GC tissues (Figure 5B). It indicates that the interaction between miR-331 and MSI1
may exist in GC. MiR-331 mimics and MSI1 vector were co-transfected into MKN-45
cells  to  verify  the  above  conjecture.  As  we  suspected,  the  reduction  of  MSI1
expression induced by miR-331 mimics was recovered by MSI1 vector in MKN-45
cells (Figure 5C and 5D). Functionally, MSI1 vector impaired the inhibitory effect of
miR-331 on cell  proliferation (Figure 5E). Upregulation of MSI1 also restored the
inhibitory effect of miR-331 on EMT in MKN-45 cells (Figure 5F). For cell migration
and invasion, the suppressive effect of miR-331 was impaired by upregulation of
MSI1 (Figure 5G). Taken together, upregulation of MSI1 weakened the inhibitory
effect of miR-331 on GC progression.

DISCUSSION
As a new research hotspot, the regulatory mechanism of miRNAs in GC has been
widely reported, indicating the strong potential of miRNA in the future treatment of
GC.  In  our  research,  miR-331  was  downregulated  in  GC,  which  predicted  poor
prognosis of GC patients. Functionally, miR-331 acted as an inhibitor in GC through
suppressing cell proliferation, metastasis and tumor growth. Further, miR-331 directly
targets MSI1 and inversely regulates its expression. Furthermore, upregulation of
MSI1 impaired the inhibitory effect of miR-331 in GC. Briefly, miR-331 inhibited GC
progression through targeting MSI1.

In  many  human  cancers,  the  deregulation  of  miR-331  is  involved  in  their
tumorigenesis. Decreased miR-331 expression has been identified in colorectal cancer,
prostate cancer and glioblastoma[13,22,23]. The biological function of miR-331 was also
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Figure 1

Figure 1  Downregulation of miR-331 associated with prognosis was detected in gastric cancer. A: The mRNA expression of miR-331 was examined in gafstric
cancer (GC) tissues. B: MiR-331 expression was determined in MKN-45, MGC-803, SGC-7901, and GES1 cells. C and D: Low miR-331expression was correlated
with shorter DFS and OS time in GC patients. aP < 0.05, bP < 0.01.

investigated in previous studies.  For example,  the inhibition of cell  proliferation
induced by  miR-331  had been observed in  urothelial  carcinoma[24].  Chen et  al[25]

proposed that miR-331 inhibited melanoma cell proliferation and invasion through
regulating AEG-1. Moreover, miR-331 overexpression reduced PCa cell migration and
invasion, as well as xenograft tumor initiation[23].  Consistent with above previous
studies, the inhibitory effect of miR-331 was also confirmed in GC. In addition, we
also found that overexpression of miR-331 blocked EMT in GC cells, which has not
been reported in other studies. These findings indicate that miR-331 can be used as a
suppressor in GC progression.

Further, many target genes of miR-331 were confirmed in different cancers, such as
ST7L and ERBB-2[26,27]. However, as far as we know, there is no research about the
relationship between miR-331 and MSI1. Here, MSI1 was verified as a direct target of
miR-331. And MSI1 expression was increased in GC tissues. The upregulation of MSI1
had also been found in GC tissues in previous report,  which further confirm our
results[28]. Moreover, overexpression of MSI1 was related to GC progression and poor
prognosis in GC patients[29], indicating that MSI1 was involved in the development of
GC. Additionally, upregulation of MSI1 has also been detected in cervical cancer,
which promoted cell proliferation and tumor growth[30]. It is reasonable to know that
miR-331 inhibits cell viability and metastasis via targeting MSI1 in GC. In line with
previous studies, we testified above results in current research. Upregulation of MSI1
was found to weaken the inhibitory effect of miR-331 in GC.

In summary, it is firstly proposed the downregulation of miR-331 that associated
with poor prognosis in GC patients in current research. Further, miR-331 directly
targets MSI1 and inversely regulates its expression. Moreover, miR-331 inhibited cell
viability and metastasis through targeting MSI1 in GC. Therefore, miR-331 may be a
potential therapeutic target for GC.
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Table 2  Relationship between miR-331 expression and clinic-pathological characteristics of gastric cancer patients

Characteristics Cases
miR-331

P value
High Low

Age (yr) 0.34

≥ 55 41 16 25

< 55 37 8 29

Gender 0.16

Male 43 13 30

Female 35 11 24

Tumor size (mm) 0.07

≤ 3 25 10 15

> 3 53 14 39

Lymph nodes metastasis 0.03a

Yes 21 8 13

No 57 16 41

TNM stage 0.02a

I-II 55 15 40

III-IV 23 9 14

aP < 0.05 was considered significant. Statistical analyses were performed by the χ2 test.

Figure 2

Figure 2  MiR-331 inhibited gastric cancer cell viability in vitro and vivo. A: MiR-331 mRNA expressions was determined in MKN-45 cells with miR-331 mimic or
inhibitor. B: Cell proliferation was regulated by miR-331 mimic or inhibitor in MKN-45 cells. C: Photographs of gastric cancer (GC) tumors in miR-NC (n = 5) or miR-
331 mimics (n = 5) group. Ten mice were used for xenograft tumor formation assay. Here are five of the results. D: In nude mice with miR-NC or miR-331 mimics, GC
tumor volume was measured every week. E: Ki-67-stained sections of transplanted tumors in miR-NC or miR-331 mimics group. aP < 0.05, bP < 0.01.
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Figure 3

Figure 3  MiR-331 inhibited cell metastasis in gastric cancer. A-C: MKN-45 cell migration and invasion were regulated by miR-331 mimic or inhibitor. D: MiR-331
regulated expressions of E-cadherin, N-cadherin and Vimentin in MKN-45 cells. aP < 0.05, bP < 0.01.
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Figure 4

Figure 4  MiR-331 directly targets musashi1. A: There are binding sites between musashi1 (MSI1) with miR-331. B: Luciferase reporter assay (C, D) MSI1
expression regulated by miR-331 mimics or inhibitor was observed in MKN-45 cells. aP < 0.05, bP < 0.01.
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Figure 5

Figure 5  Musashi1 upregulation weakened miR-331 inhibitory effect in gastric cancer. A: Musashi1 (MSI1) expression was detected in gastric cancer (GC)
tissues. B: MiR-331 negatively regulated MSI1 expression in GC tissues. C and D: The mRNA and protein MSI1 expressions were detected in MKN-45 cells
containing MSI1 vector and miR-331 mimic. E: Cell proliferation was identified in MKN-45 cells containing MSI1 vector and miR-331 mimic. F: Protein expressions of
E-cadherin, N-cadherin and Vimentin in MKN-45 cells with MSI1 vector and miR-331 mimic (G) Cell migration and invasion were identified in MKN-45 cells containing
MSI1 vector and miR-331 mimic. bP < 0.01.

ARTICLE HIGHLIGHTS
Research background
As one of the most frequent cancers, gastric cancer (GC) caused more than 700000 deaths in just
2012 worldwide. Although the molecular mechanisms involved in microRNAs (miRNAs) have
been extensively investigated in GC, how miR-331 regulates GC pathogenesis remains unknown.
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Research motivation
To find more molecular mechanism or biomarker for diagnosis and treatment of GC

Research objectives
This study aims to explore the anti-cancer effect of miR-331 in GC and investigate its molecular
mechanism against GC cells.

Research methods
MiR-331 expression was observed by qRT-PCR assay in GC tissues and cell lines. MiR-331 mimic
or inhibitor was transfected into MKN-45 cells to perform gain-loss experiment to observe effect
of miR-331 on GC cell viability and migration. Bioinformatics analysis is used to predict the
target gene of miR-331. The antagonistic effect between and MSI1 was confirmed by gain-loss
experiment and detection of proliferation and migration. The expression of crucial proteins was
measured by western blotting.

Research results
We found that  downregulation  of  miR-331  was  associated  with  poor  prognosis  in  GC.  In
addition, miR-331 significantly inhibited GC cell growth, migration and invasion. Further, MSI1
was  verified  to  directly  target  miR-331  and  can  effectively  be  regulated  in  GC  tissues.
Furthermore, upregulation of MSI1 weakened the inhibitory effect of miR-331 in GC. Western
blotting  analysis  showed that  E-cadherin,  N-cadherin  and Vimentin  expression markedly
affected by miR-331 and MSI1 in GC cell line, suggesting that EMT is a very direct regulated
target of miR-331 and MSI1 in GC.

Research conclusions
Our study demonstrated that miR-331 can significantly inhibit GC cell growth, migration and
invasion. Furthermore, it can work through MSI1. Therefore, our study provides some molecular
mechanism and two new biomarkers for GC.

Research perspectives
In the future, research may reveal the important role of miR-331 that enhances the sensitivity of
GC detection and further develop for its application in anti-cancer treatments. The identification
of the miR-331/MSI1 molecular axis may further explain the underlying mechanism.
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Abstract
BACKGROUND
Impaired anastomotic healing is one of the major complications resulting from
radical resection in colorectal cancer (CRC). Accumulating evidence suggests that
intestinal microbiota is correlated with anastomotic healing.

AIM
To explore the microbiota structural shift in margin-surrounding mucosa and
evaluate the predictive ability of selected bacterial taxa for impaired anastomotic
healing.

METHODS
Margin-surrounding mucosa samples derived from 37 patients were collected to
characterize the microbial community structure by 16s rRNA gene sequencing.
The patients were divided into two groups according to the healing status of
anastomoses: well-healing group (n = 30) and impaired-healing group (n = 7).
Statistic differences in bacteria taxa were compared by Wilcoxon test and chi-
squared test. The predictive ability of the selected bacterial taxa for the healing
status of anastomoses was evaluated by the area under the receiver operator
characteristic curve.

RESULTS
Community structure shifts were observed in the impaired-healing group and
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well-healing group. Six bacterial species were found to be significantly correlated
with anastomotic healing, and among these species, Alistipes shahii, Dialister
pneumosintes, and Corynebacterium suicordis were considered as the predictive
factors. Taking the known risk factor age into consideration, Alistipes shahii,
Dialister pneumosintes, and Corynebacterium suicordis improved predictive ability
for the healing status of anastomoses.

CONCLUSION
These data show that Alistipes shahii, Dialister pneumosintes, and Corynebacterium
suicordis could be considered as supplementary factors in the prediction of
anastomosis healing status in patients after CRC radical resection.

Key words: Intestinal microbiota; 16s rRNA gene sequencing; Anastomotic healing;
Predictive ability; Colorectal cancer; Radical resection

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This study investigated the correlation between microbiota in mucosa tissues
adjacent to surgical margin and anastomotic healing status. Bacterial community
structure significantly varied in the impaired-healing group compared with the well-
healing group. The current study was the first to demonstrate that six bacterial species
were associated with the anastomotic healing in colorectal cancer (CRC) patients.
Notably, Alistipes shahii, Dialister pneumosintes, and Corynebacterium suicordis in
combination with age improved the accuracy for predicting the healing status of
anastomoses. Thus, the three species could be used as the supplementary factors in
predicting the healing status of anastomoses in CRC patients after radical resection of
CRC.

Citation: Li YD, He KX, Zhu WF. Correlation between invasive microbiota in margin-
surrounding mucosa and anastomotic healing in patients with colorectal cancer. World J
Gastrointest Oncol 2019; 11(9): 717-728
URL: https://www.wjgnet.com/1948-5204/full/v11/i9/717.htm
DOI: https://dx.doi.org/10.4251/wjgo.v11.i9.717

INTRODUCTION
Colorectal  cancer  (CRC)  is  one  of  the  most  frequently  diagnosed  cancers
worldwide[1-3]. Impaired anastomotic healing is defined as a breach in a surgical join
between two hollow viscera, with a leak of luminal contents that may emerge either
through the wound or at the drain site, or near the anastomoses[4]. As one of the major
complications after radical resection for CRC, impaired anastomotic healing may
significantly increase hospital costs and prolong the length of hospital stay, and is also
linked to cancer recurrence,  metastasis,  or even tumor-related death[5-11].  Clinical
symptoms of impaired anastomotic healing often include abdominal pain/distension
with  fever,  pus  or  fecal  excretion,  pelvic  abscess,  peritonitis,  and  even  septic
shock[12,13]. The International Study Group of Rectal Cancer[13] proposes the following
system grading the  severity  of  impaired anastomotic  healing:  A,  no therapeutic
intervention;  B,  active intervention is  required but  no re-laparotomy;  and C,  re-
laparotomy is required. Impaired anastomotic healing rate has been found to vary
from 1% to 19% depending on the anatomic location of the anastomosis[9,14-17]. Many
risk  factors  have  been  identified  to  be  associated  with  impaired  anastomotic
healing[10,18-20],  for  instance,  a  systematic  review study[18]  suggests  that  the  main
preoperative risk factors, which predict impaired anastomotic healing, are sex, age,
tumor distal site, tumor size, advanced stage, renal disease, co-morbidity, and history
of radiotherapy. Besides, blood loss/transfusion, duration of surgery, rectal contrast
by computed tomography (CT), and C-reactive protein (CRP) level are considered as
intraoperative  risk  factors  or  postoperative  factors.  The  treatment  strategies  for
impaired anastomotic healing after rectal cancer surgery can be divided into three
stages according to the disease course as follows: Treatment strategies for the early
stage (peritonitis stage, localized intra-abdominal abscess stage, and early stage fistula
formation)  mainly include identifying the necessity and opportunity of  surgery,

WJGO https://www.wjgnet.com September 15, 2019 Volume 11 Issue 9

Li YD et al. Microbiota affects the healing status of anastomoses

718

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


establishing patency drainage, controlling infection, correcting electrolyte and acid-
base imbalance, and providing nutritional support; in addition to the above measures,
treatment strategies for the middle stage (fistula formation stage) include fistula
management and closure treatment; in the later stage, deterministic remedial surgery
is performed for unrecovered patients[13]. In terms of severity of specific symptoms,
patients were treated either by systemic nutrition support, antibiotics, percutaneous
drainage, and transanal revision or by re-laparotomy. Notably, antibiotic treatment
should be implemented against Gram-negative bacteria and Gram-positive bacteria,
and special attention is required for the anaerobic bacteria[21].

In  most  cases,  the  clinical  symptoms of  impaired anastomotic  healing remain
insidious,  vague,  and uncharacteristic,  which are  typically  not  recognized until
postoperative  days  5-8,  sometimes  even  until  postoperative  day  12[15,22].  If  not
appropriately treated in time, impaired anastomotic healing in patients could easily
evolve  into  severe  postoperative  complications  and therefore  affects  morbidity,
mortality, and functional and oncological outcomes[5-8].  Thus, early diagnosis and
prediction of impaired anastomotic healing are of great significance. A pilot study
suggests that combined changes of interleukin (IL)-4, IL-6, and IL-10 could accurately
predict  impaired  healing  of  anastomoses [23 ].  Another  study  conducted  on
postoperative CRP in elective abdominal surgery shows that impaired anastomotic
healing is unlikely to occur in patients with CRP < 135 mg/L on postoperative day
3[24]. Daams et al[25] carried out a study, in which peritoneal lactate concentration was
continuously monitored by peritoneal microdialysis to characterize the ischemia and
inflammation  around  the  anastomosis,  and  they  found  a  significant  change  of
peritoneal lactate concentration in patients with impaired anastomotic healing. The
results suggest that peritoneal microdialysis is predictive of impaired anastomotic
healing  after  colorectal  surgery[25-27].  However,  these  results  need  to  be  further
confirmed by clinical trials. Intestinal microbes were first reported to be associated
with impaired anastomotic healing over 60 years ago[28]. It is shown that directly using
antibiotics on anastomotic tissues could promote the healing process and prevent leak
in dogs undergoing colon resection and anastomosis. Recently, the mechanism has
been  confirmed  to  be  linked  to  the  direct  effect  of  bacterial  collagenases[12,29].
Pseudomonas aeruginosa, Serratia marcescens, and Enterococcus faecalis, which can express
a  collagenolytic  phenotype,  are  reported  to  be  associated  with  the  impaired
anastomotic healing[30-34]. Besides, Shogan et al[12] proved that Enterococcus faecalis is
involved in the pathogenesis of impaired anastomotic healing by enhancing collagen-
degrading activity and activating intestinal tissue matrix metalloproteinase 9 (MMP9).
Preliminary evidence suggests that intestinal microbiota contributes to the occurrence
and development  of  impaired  anastomotic  healing.  Thus,  it  could  be  used  as  a
potential  predictor[12,20,29-34].  Recently,  researchers  reported  the  role  of  intestinal
microbiota in the development of impaired anastomotic healing in the “donuts’’, in
which a stapled colorectal anastomosis was made. Their results showed that a high
abundance of Lachnospiraceae and Bacteroidaceae is strongly related to the impaired
anastomotic healing, and the bacterial composition that consisted of 60% or more of
these two families might be predictive of impaired anastomotic healing[35,36]. It can be
seen  that  intestinal  microbiota  is  emerging  as  a  potential  predictive  factor  for
anastomotic healing.  Nonetheless,  it  still  lacks extensive clinical  data and strong
statistical evidence on the effect of intestinal microbiota on postoperative anastomotic
healing. In this study, margin-surrounding mucosa samples derived from seven CRC
patients with impaired anastomotic healing and 30 well-healed CRC patients were
collected and the bacterial community was characterized by using 16s rRNA gene
sequencing,  with an aim to identify the specific  bacteria  related to the impaired
anastomotic healing and to evaluate the ability of the selected taxa in predicting the
healing status of anastomoses.

MATERIALS AND METHODS

Participant recruitment and sample collection
Thirty-seven  patients  with  primary  CRC who received  surgical  treatment  from
January 2017 to December 2018 at the First Affiliated Hospital, Zhejiang University
School of Medicine were recruited to the study, and informed consent was obtained
from all participants. The exclusion criteria for all participants were as follows: (1)
Aged above 90 years old; (2) History of using antibiotics (excluding prophylactic
antibiotic usage through intravenous infusion during the preoperative period) within
two months; and (3) History of receiving chemotherapy or radiation treatments prior
to the study, or personal history of chronic bowel disorders or metabolic diseases such
as cirrhosis and diabetes. Specimens of mucosa tissues adjacent to surgical margin
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derived from the participants were collected, immediately frozen in liquid nitrogen,
and then stored at -80 °C for future DNA extraction and 16s rRNA gene sequencing.
The study protocol  was  approved by the  Medical  Ethics  Committee  of  the  First
Affiliated Hospital, Zhejiang University School of Medicine.

Anastomotic leak evaluation and confounders
Clinical manifestations of impaired anastomotic healing after rectal cancer surgery are
diverse but could be roughly divided into two categories according to whether the
clinical  manifestations are typical[13,22]:  (1)  Typical manifestations:  fever,  which is
defined  as  decline  or  rise  of  body  temperature  or  persistent  high  fever  during
postoperative  day  3-5;  signs  of  rectal  stimulation  and  acute  diffuse  peritonitis;
increased  pelvic  drainage  and  changes  in  characteristics  (i.e.,  drainage  of  gas,
mucilage,  or  feces);  leak detected by digital  rectal  examination;  severe  paralytic
intestinal  obstruction  and infectious  shock;  elevated levels  of  white  blood cells,
neutrophils,  and CRP detected by laboratory examination; impaired anastomotic
healing  and  surrounding  fluid  found  by  CT  and  magnetic  resonance  imaging
examination  through  the  anus  or  abdominal  drainage  tube  angiography;  and
impaired anastomotic healing found on colonoscopy; and (2) Atypical manifestations:
irregularly  low  or  medium  fever,  frequent  bowel  movements,  tenesmus,  and
gradually appearing local peritonitis and (or) paralytic intestinal obstruction in the
hypogastria, showing flocculent matter by pelvic drainage. In this study, the impaired
healing of anastomoses was defined according to the following clinical manifestations
in patients who received radical resection for CRC: Abdominal or pelvic pain, fever (>
37.5 °C), discharge of feces, pus, or gas from pelvic drain, and discharge of pus from
the  rectum[13].  It  should  be  noted  that  fever  was  not  considered  as  impaired
anastomotic healing in this study, as it is difficult to distinguish the clinical symptoms
between postoperative infections from impaired anastomotic healing[15]. However,
fever with abnormal drainage fluid (purulent, fecal, and long-term non-reduction) or
with intestinal and abdominal abnormalities (such as abdominal pain without farting
for a long time) was considered as impaired anastomotic healing.

According to the above indexes, the 37 patients were divided into two groups,
namely, well-healing group (n = 30) and impaired-healing group (n = 7). The clinical
characteristics (including age, sex, body mass index, tumor location, tumor size, TNM
stage, tumor morphology, differentiation degree, intestinal obstruction, transfusion,
blood loss,  operation time,  CRP, hemoglobin,  and albumin) of  the patients were
recorded.

DNA extraction and characterization of bacterial community structure
Total DNA from the mucosa tissue samples was extracted using SDS/CTAB method.
The purity and concentration of  DNA were monitored on 1% agar gels  (Thermo
Fisher Scientific, Waltham, United States). The DNA sample was diluted into 1 ng/μL
with sterile water and amplified using primers targeting the V4 region of the 16s
rRNA  gene  (515F:  5 ’ -GTGCCAGCMGCCGCGGTAA-3’  and  806R:  5 ’ -
GGACTACHVGGGTWTCTAAT-3’)[37]. Cycling conditions included preheating at 98
°C for 1 min, followed by 30 cycles of denaturation at 98 °C for 10 s, annealing at 50 °C
for 30 s, elongation at 72 °C for 30 s, and final heating at 72 °C for 5 min.

PCR products were cleaned up using a GeneJETTM Gel Extraction Kit (Thermo
Fisher Scientific,  Waltham, United States).  Sequencing libraries were constructed
using an Ion Plus Fragment Library Kit (Thermo Fisher Scientific, Waltham, United
States) following the manufacturer's instructions. The library quality was assessed on
the  Qubit@ 2.0  Fluorometer  (Thermo Fisher  Scientific,  Waltham,  United States).
Finally,  the library was sequenced on an Ion S5TM XL platform (Thermo Fisher
Scientific, Waltham, United States).

Single-end reads were assigned to samples according to their unique barcodes and
truncated by cutting off the barcodes from primer sequences. Qualities filtering on the
raw reads were performed under specific filtering conditions to obtain the high-
quality clean reads according to the Cut adapt quality controlled process (v1.9.1). The
reads were compared with the Silva database (version 123) to detect the chimera
sequences  using  UCHIME  algorithm[38],  and  the  chimera  sequences  were  then
removed to obtain the final clean reads[39].

Sequences analysis was performed with Uparse software (v7.0.1001). Sequences
with a similarity ≥ 97% were assigned to the same OTUs. Representative sequence for
each OTU was screened. The Silva database (version 123)[40] was used based on the
MOTHUR  algorithm  to  annotate  taxonomic  information.  In  order  to  study  the
differences of the dominant species in different samples (groups), multiple sequence
alignment  was  conducted  using  the  MUSCLE  software  (version  3.8.31).  OTUs
abundance  information  was  normalized  using  a  standard  of  sequence  number
corresponding to the sample with the least sequences. Subsequent analyses of alpha
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diversity and beta diversity were all  performed based on this output normalized
sequencing data.  Alpha and beta diversity analyses were calculated with QIIME
software (version 1.7.0) and demonstrated with R software (version 2.15.3).

Statistical analysis
Statistical calculations were performed using SPSS (version 19.0). Wilcoxon test and
chi-squared test were employed to analyze the correlation between the intestinal
microbiota and anastomotic healing. The ability to discriminate impaired-healing and
well healing was evaluated using the area under the receiver operator characteristic
(ROC) curve (AUC). A P-value < 0.05 was considered statistically significant.

RESULTS

Characteristics of patients in well-healing and impaired-healing groups
A  total  of  37  CRC  patients  (age  67.97  ±  12.27  years  old,  51.35%  of  males)  were
included in this study, and seven (18.9%) patients developed impaired anastomotic
healing. Although it seemed to be a high rate of patients with impaired anastomotic
healing, this is mainly because the method we adopted was more sensitive in order to
ensure the minimum loss of impaired healing cases. The clinical characteristics of the
patients  are  presented  in  Table  1.  The  patients  were  significantly  older  in  the
impaired-healing group (P < 0.05), and most of the tumors were found in the right
colon (57.1%), while tumors located in the left colon and rectum were more commonly
found in the well-healing group (36.7% and 46.7%, respectively).  Patients  in the
impaired-healing  group  largely  had  stages  I  and  III  CRC  (42.9%  and  42.9%,
respectively), while those in the well-healing group mainly had stage II CRC (50%).
The differentiation degree concentrated in the moderate degree and mainly polyp
adenocarcinoma and ulcerative adenocarcinoma were diagnosed in both groups.
Intestinal obstruction occurred in two (28.6%) patients in the impaired-healing group
and three (10%) patients in the well-healing group. Besides, no significant differences
in operative time, blood loss, transfusion, CRP level, hemoglobin level, or albumin
level were identified in the two groups.

Community  structure  shifts  and  correlation  of  intestinal  microbiota  with
anastomotic healing
The structure shifts of microbiota in mucosa tissue were analyzed by 16s rRNA gene
sequencing. A total of 4527 OTUs in all samples were identified, of which 1874 were
common in the two groups. Besides, the results found 2293 unique OTUs in the well-
healing group and 360 unique OTUs in the impaired healing group (Figure 1A).
Rarefaction curve and species accumulation boxplot are shown in Figure 1B and C.
The value of Good’s coverage for each group was higher than 99.6%. Alpha diversity
analysis was conducted to examine the estimators of community richness, diversity,
and evenness by observed species  index,  Shannon index,  Simpson index,  Chao1
index,  Goods coverage index,  and PD whole tree index between the two groups
(Figure  1D),  however,  no significant  difference  was detected.  For  beta  diversity
analysis, microbial community and composition were analyzed by using weighted
UniFrac  distance  matrix  for  each group,  and a  significant  difference  was  found
between  the  two  groups  (Figure  1E,  P  <  0.01),  suggesting  that  the  community
compositions  of  the  two  groups  were  different.  LEfSe  analysis  showed  that
Porphyromonas  genus and Porphyromonadaceae  family were highly abundant in the
impaired healing group (Figure 1E). Ten highest dominant phyla of the two groups
are shown in Figure 1F. The dominant phyla of the impaired-healing group were
Proteobacteria (33%), Bacteroidetes (25%), and Firmicutes (17%), which were same as
those in the well-healing group (31%, 24%, and 21%, respectively). Figure 1G displays
the ten highest  dominant genera of  the two groups.  The dominant genera of  the
impaired-healing group were Ignatzschineria (11%), Acinetobacter (11%), and Bacteroides
(11%), while Bacteroides (14%), Stenotrophomonas (9%), and Ignatzschineria (8%) were
the dominant genera in the well-healing group.

To determine the association between the intestinal microbiota and anastomotic
healing, Wilcoxon test was performed to analyze the abundance of bacteria species
and  genera  in  the  two  groups.  Species  and  genera  with  significantly  different
abundances between the two groups are shown in Table S1 (P < 0.05). Thirty-three
species  and  forty-five  genera  were  found  to  be  associated  with  the  healing  of
anastomoses.  Besides,  six  species  (Alistipes  shahii,  Dialister  pneumosintes,
Corynebacterium suicordis,  Porphyromonas asaccharolytica,  Vibrio diazotrophicus,  and
Clostridium leptum)  had a difference of  carrier  rate > 40%. As shown in Figure 2,
Alistipes shahii  and Dialister  pneumosintes  were significantly enriched in the well-

WJGO https://www.wjgnet.com September 15, 2019 Volume 11 Issue 9

Li YD et al. Microbiota affects the healing status of anastomoses

721



Table 1  Clinicopathological characteristics

Characteristic
Overall Anastomotic healing

P-value1

(n = 37) Well (n = 30) Impaired (n = 7)

Age (mean ± SD), yr 67.97 ± 12.27 65.10 ± 11.36 80.29 ± 7.86 0.02

Body mass index (mean ± SD), kg/m2 21.50 ± 2.73 21.70 ± 2.70 20.64 ± 2.71 N.S.

Sex: Male/female 19/18 16/14 3/4 N.S.

Tumor location: Right colon/left colon/rectum 9/12/16 5/11/14 4/1/2 N.S.

Tumor size (mean ± SD), mm 47.97 ± 22.87 47.17 ± 20.75 51.43 ± 30.08 N.S.

T stage: t1/t2/t3/t4 2/9/2/24 1/7/2/20 1/2/0/4 N.S.

N stage: n0/n1/n2 25/10/2 21/7/2 4/3/0 N.S.

M stage: m0/m1 37/0 30/0 7/0 N.S.

TNM stage: I/II/III 9/16/12 6/15/9 3/1/3 N.S.

Differentiation: Poor/moderate-poor/moderate /well 0/15/21/1 0/12/18/0 0/3/3/1 N.S.

Morphology: Elevated/ulcerative/invasive 17/19/1 14/15/1 3/4/0 N.S.

Intestinal obstruction: Present/absent 5/32 3/27 2/5 N.S.

Transfusion, n 1 0 1 N.S.

Blood loss (mean ± SD), mL 66.81 ± 31.60 67.76 ± 30.78 62.86 ± 34.52 N.S.

Operative time (mean ± SD), h 2.82 ± 0.68 2.71 ± 0.70 2.84 ± 0.67 N.S.

C-reactive protein (mean ± SD), mg/L 93.23 ± 48.75 101.88 ± 45.54 64.81 ± 48.18 N.S.

Hemoglobin (mean ± SD), g/L 105.36 ± 25.46 108.41 ± 25.05 92.29 ± 22.93 N.S.

Albumin (mean ± SD), g/L 34.30 ± 12.72 35.11 ± 13.88 30.80 ± 3.72 N.S.

1Wilcoxon test, chi-squared test, and paired t-test, as appropriate. N.S.: Not significant.

healing group (P < 0.05). However, the high abundance of Corynebacterium suicordis,
Porphyromonas  asaccharolytica,  Vibrio  diazotrophicus,  and  Clostridium  leptum  was
significantly correlated with the impaired anastomotic healing (P < 0.05).

Predictive  ability  of  selected  bacterial  taxa  assessment  for  healing  status  of
anastomoses
Univariate  analysis  and  multivariate  analysis  showed  that  age  was  the  only
significant clinical variable for anastomotic healing (OR [odds ratio] = 1.223; 95%
confidence  interval  [CI]:  1.032-1.449;  P  =  0.020),  and  age  could  be  used  as  an
independent factor predictive of the healing status of anastomoses (Figure 3, AUC =
0.838; 95%CI: 0.697-0.979; P = 0.006; the optimum cut-off value was 69.5). Six species
(Alistipes  shahii,  Dialister  pneumosintes,  Corynebacterium  suicordis,  Porphyromonas
asaccharolytica,  Vibrio  diazotrophicus,  and Clostridium leptum)  were selected as the
potential predictive factors. Chi-squared analysis showed no correlation between
these six bacteria and age. The 95%CIs of three bacteria (Porphyromonas asaccharolytica,
Vibrio diazotrophicus, and Clostridium leptum) ranged from 0 to 1 in the ROC curve and
were therefore excluded. In predicting the healing status of anastomoses in the two
groups,  we  found  that  using  Alistipes  shahii ,  Dialister  pneumosintes ,  and
Corynebacterium suicordis were less useful than age (Figure 3, AUC = 0.824; 95%CI:
0.691-0.957; P = 0.008). However, the predictive ability was significantly improved if
age was in combination with the three bacteria species, compared with the predictive
model containing age only (age and Alistipes shahii, AUC = 0.886; 95%CI: 0.774-0.998;
age  and  Dialister  pneumosintes,  AUC  =  0.912;  95%CI:  0.807-1.000;  age  and
Corynebacterium suicordis, AUC 0.874; 95%CI: 0.735-1.000) (Figure 3, P < 0.01). The
predictive  model  combining  age  with  Dialister  pneumosintes  proved to  have  the
highest  discriminatory  ability  (AUC  =  0.912;  95%CI:  0.807-1.000;  P  =  0.001,  the
optimum cut-off value was 0.143), which was even higher than the model combining
two bacterial species with age (age, Alistipes shahii, and Corynebacterium suicordis, AUC
= 0.886; 95%CI: 0.774-0.998) (Figure 3, P < 0.01). Besides, age in combination with
three bacterial species had a relatively equal predictive ability to the model in which
age was combined with Dialister pneumosintes (Figure 3).

DISCUSSION
This study showed that the community structure was different between the impaired-
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Figure 1

Figure 1  Structural change of the intestinal microbiota between impaired-healing group (n = 7) and well-healing group (n = 30). A: Venn diagram illustrating
the total, unique, and shared numbers of OTUs predicted for impaired-healing group and well-healing group datasets; B: Rarefaction curve of OUT; C: Species
accumulation boxplot; D: Alpha diversity analysis using observed species index, Shannon index, Simpson index, Chao1 index, Goods coverage index, and PD whole
tree index; E: Beta diversity was significantly different between two groups by Wilcoxon test, bP < 0.01; non-metric multi-dimensional scaling scores plot of weighted
UniFrac distance matrix based on the relative abundance of OTU. Each symbol represents a sample. Colors represent different groups, stress = 0.045 < 0.2; LDA
effect size (LEfSe) showed significant differences in Porphyromonas genus and Porphyromonadaceae family between two groups; F: Top-ten dominant phyla of two
groups; G: Top-ten dominant genera of two groups.

healing group and the well-healing group. Six bacterial species were significantly
correlated with anastomotic healing. Alistipes shahii and Dialister pneumosintes were
significantly enriched in the well-healing group, which were not identified in the
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Figure 2

Figure 2  Correlation of intestinal microbiota with anastomotic healing. Relative abundance of six species
(Alistipes shahii, Dialister pneumosintes, Corynebacterium suicordis, Porphyromonas asaccharolytica, Vibrio
diazotrophicus, and Clostridium leptum) was significantly changed between the impaired-healing group and well-
healing group. The significance was assessed by Wilcoxon test, aP < 0.05.

impaired-healing group, indicating that Alistipes shahii  and Dialister pneumosintes
possibly  contribute  to  anastomotic  healing.  However,  the  high  abundances  of
Corynebacterium suicordis,  Porphyromonas asaccharolytica,  Vibrio diazotrophicus,  and
Clostridium leptum  were  strongly  correlated  with  impaired  anastomotic  healing.
Corynebacterium suicordis was only detected in the impaired-healing group, suggesting
that it might be positively associated with impaired anastomotic healing. Alistipes
shahii is a Gram-negative, strictly anaerobic, and rod-shaped bacterium[41]. Dialister
pneumosintes is an obligate anaerobic Gram-negative rod associated with periodontal
diseases  and  other  oral  infections[42].  Recently,  it  was  reported  that  Dialister
pneumosintes  was related to  hepatic  abscess  and bacteremia[42,43].  Corynebacterium
suicordis is a Gram-positive, non-motile, non-spore-forming, catalase-positive, and
rod-shaped bacterium[44]. Porphyromonas asaccharolytica has been previously reported
to be associated with CRC and was correlated with lipopolysaccharide and energy
biosynthetic  pathways[45].  Vibrio  diazotrophicus  is  a  Gram-negative,  facultatively
anaerobic, halophilic, motile, and slightly curved rod-shaped bacterium[46]. Clostridium
leptum is closely related to ulcerative colitis and significantly different in the ulcerated
and the nonulcerated regions[47]. However, only a few studies investigated the role of
these bacteria in anastomotic healing. To the best of our knowledge, this is the first
report that these bacteria species were studied with the anastomotic healing in CRC
patients. Based on our research and literature data, we speculated that these bacteria
affect anastomotic healing through invasive ability and inflammatory mechanisms. It
was revealed that Enterococcus faecalis contributed to the pathogenesis of impaired
anastomotic  healing  by  enhancing  collagen-degrading  activity  and  activating
intestinal  tissue  MMP9[12,34].  Pseudomonas  aeruginosa,  Serratia  marcescens,  and
Enterococcus faecalis, which express the collagenolytic phenotype, were reported to be
associated with the impaired anastomotic healing[30-34].  Although there is a lack of
direct evidence of the effects of intestinal microbes on anastomotic healing, several
previous studies suggested that a correlation might exist between microbes and MMP
activation.  Fusobacteria  (especially  Fusobacterium  varium  and  Fusobacterium
necrophorum) were found to stimulate the secretions of MMP-9, MMP-13, and IL-8
from  epithelial  cells [ 4 8 ] ,  while  Porphyromonas  endodontalis  could  produce
lipopolysaccharides to induce the expression of MMP-9 through NF-κB signaling[49].
The mechanism by which these microbes affect anastomotic healing is worth further
studying.

van Praagh et  al[36]  found that impaired anastomotic healing was linked to the
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Figure 3

Figure 3  Microbial factors combined with clinical factor improve accuracy of predictive models for
anastomotic healing. Receiver operator characteristic (ROC) curves for clinical factor (age) alone, microbial factors
(Alistipes shahii, Dialister pneumosintes, and Corynebacterium suicordis) alone, and clinical factor with microbial
factors. The value means the AUC (the area under the ROC curve) and 95%CI; A: Alistipes shahii; D: Dialister
pneumosintes; C: Corynebacterium suicordis.

intestinal  microbiota,  particularly  to  a  higher  abundance  of  mucin-degrading
members of the Bacteroidaceae and Lachnospiraceae families. Besides, a lower microbial
diversity was found to be related to the impaired healing of anastomoses. Researchers
speculated that a disturbed microbial composition could affect the metabolic balance
and weaken colonization resistance to pathogenic bacteria involved in the occurrence
and development of impaired anastomotic healing. The result was obtained from 123
“donuts” in which a stapled colorectal anastomosis was made. It was different from
our  sampling  site  (mucosa  tissue  adjacent  to  the  surgical  margin).  Intestinal
microbiota near the anastomotic site has been proved to interact with intestinal tissue
and is likely to affect the healing[50]. Our study found that fewer OTUs were identified
in the impaired-healing group, and the microbial diversity was lower, although the
result was not statistically significant (which could be explained by the small sample
size  in  this  study).  Patients  might  have  a  higher  risk  of  developing  impaired
anastomotic healing when their microbial diversity was low[36], thus a full awareness
of the role of intestinal microbiota in anastomotic healing is helpful in identifying
high-risk patients and contributes to mitigating the potential severe clinical outcome
caused by impaired anastomotic healing.

Sciuto et al[20] identified that older age (hazard ratio, 2.42), male sex (hazard ratio,
3.03),  and  lower  anastomosis  level  (hazard  ratio,  2.68)  were  the  risk  factors  for
impaired anastomotic healing. Consistent with the findings from previous reports, we
also found that  age (OR = 1.223)  was significantly  associated with the impaired
healing of anastomoses and could be used as an independent risk factor to predict the
healing status of anastomoses. We found that patients older than 69.5 years were
more prone to develop impaired anastomotic healing. Notably, our results suggested
that three associated bacteria species, especially Dialister pneumosintes, in combination
with age significantly improved the predictive ability,  compared with the model
containing only age. van Praagh et al[36] suggested that samples were more likely to
have  impaired  anastomotic  healing  if  the  total  sum  of  Lachnospiraceae  and
Bacteroidaceae in them was higher than 60% and the Simpson diversity score was <
0.75.  Thus,  the  effect  of  the  intestinal  microbiota  on  the  predictive  value  of
anastomotic  healing  is  positively  useful  in  clinical  nursing  and  postoperative
surveillance.

Technical factors such as the tension on the suture line, accurate suture placement,
and  blood  supply  were  vitally  important  in  ensuring  the  optimal  healing  of
anastomoses[51]. Unfortunately, it was difficult to be controlled precisely, and this is
true  to  the  most  experienced  and  technically  proficient  surgeons.  Besides  the
preventive measures implemented during the bowel resection, the early detection and
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diagnosis  were  equally  important  to  prevent  the  patients  from  developing
complications  and  severe  clinical  outcome  caused  by  impaired  healing  of
anastomoses.  Our  findings  provided  new  clinical  evidence  for  the  theory  that
intestinal microbes are involved in the anastomotic healing and might contribute to
the screening of the potential targets for the early diagnosis and treatment of impaired
anastomotic healing.

In conclusion, the mucosa-invasive microbiota is associated with the impaired
anastomotic healing in the patients enrolled in this study. Alistipes shahii, Dialister
pneumosintes, and Corynebacterium suicordis, which are not related to age, could be
used  as  the  supplementary  factors  in  the  prediction  of  the  healing  status  of
anastomoses in CRC patients after radical resection of CRC.

ARTICLE HIGHLIGHTS
Research background
The clinical symptoms of impaired anastomotic healing are typically not recognized. However, if
not appropriately treated in time, impaired healing could easily evolve into severe postoperative
complications. Thus, early diagnosis and prediction of impaired anastomotic healing are highly
necessary.

Research motivation
A large number of studies reported that intestinal microbiota contributes to the development of
impaired anastomotic  healing.  A full  understanding of  the role  of  intestinal  microbiota in
anastomotic healing can help identify high-risk patients and alleviate the potentially serious
clinical outcomes caused by impaired anastomotic healing.

Research objectives
To identify the specific bacteria related to impaired anastomotic healing and to evaluate the
predictive ability of the microbiota taxa for the healing status of anastomoses.

Research methods
Margin-surrounding mucosa samples derived from seven colorectal cancer (CRC) patients with
impaired anastomotic healing and thirty well-healed CRC patients were respectively collected
and the bacterial community was characterized by 16s rRNA gene sequencing. Wilcoxon test and
chi-squared test were performed to analyze the statistic differences of bacterial taxa in the two
groups. The predictive ability of the bacterial taxa for the healing status of anastomoses was
evaluated by the area under the receiver operator characteristic curve.

Research results
The community structure was different between the impaired-healing and the well-healing
groups. Six bacteria species (Alistipes shahii, Dialister pneumosintes, Corynebacterium suicordis,
Porphyromonas asaccharolytica, Vibrio diazotrophicus, and Clostridium leptum) were significantly
correlated with anastomotic healing. Age was highly associated with the impaired healing of
anastomoses. Three bacteria species (Alistipes shahii, Dialister pneumosintes, and Corynebacterium
suicordis) in combination with age noticeably improved the accuracy for predicting the healing
status of anastomoses.

Research conclusions
The mucosa-invasive microbiota was associated with the anastomotic healing in the research
subjects. Alistipes shahii, Dialister pneumosintes, and Corynebacterium suicordis could be used as the
supplementary factors in the prediction of the healing status of anastomoses in CRC patients
after radical resection of CRC.

Research perspectives
Our findings provided new clinical evidence for the theory that intestinal microbiota is involved
in the anastomotic healing, and it contributes to the screening of potential targets for the early
diagnosis and treatment of impaired anastomotic healing.
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Abstract
BACKGROUND
Elderly patients aged at least 75 years old (Elderly_75), represent 45% of
colorectal cancer (CRC) incidence. As others, the French Colorectal Cancer
Screening Program (CRCSP) does not include Elderly_75. To date, there is little
evidence to justify stopping screening at 74 years of age.
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AIM
To describe CRC fecal screening test completion after age 74, source
(CRCSP/Provider ordered) and outcomes of these tests.

METHODS
The study concerned 18704 Elderly_75 residing in eleven French districts (Ain,
Doubs, Essonne, Haute-Saone, Hauts-de-Seine, Jura, Seine-Saint-Denis,
Territoire-de-Belfort, Val-de-Marne, Val-d’Oise, Yonne), having performed a CRC
screening test between January 2008 and December 2017. The tests performed in a
circumstance of delayed response to a solicitation (DRS) from the local cancer
screening managing center (Managing-Center) were distinguished from the tests
non-solicited by the Managing-Center, performed after a recommendation by a
General Practitioner (GP) or other provider ordered (RGP). DRS was any test
realized by an Elderly_75 following an initial invitation from the Managing-
Center with a maximum 24 mo after this invitation. Any Non-DRS test was
considered RGP. The outcomes of these tests were described according to the
circumstances of test completion.

RESULTS
Of 18995 screening-tests were performed at ages: 75 (83.5%), 76-80 (13.4%) and >
80 (3.1%) years old. Elderly_75 performed the screening test in a circumstance of
DRS (71.9%) or RGP (28.1%). The proportion of the tests that could not be
analyzed and not restarted was 13.2%. For these unanalyzed tests, the reason was
age-related in 78.0% of cases, related to the laboratory’s refusal to analyze the test
of people aged ≥ 77. Reported colonoscopy completion rate was 81.3%. For those
575 people with reported colonoscopy, no complication was listed. 18.0% of the
366 Elderly_75 with lesions had no anteriority in the CRCSP. The neoplasia (124
Low-risk-polyps, 159 High-risk-polyps, 13 Unspecified-polyps and 70 CRCs)
detection rate was 19.3/1000 Elderly_75 screened and the CRC detection rate was
3.7/1000 Elderly_75 screened.

CONCLUSION
The high rate of colonoscopy completion after a positive test and the high
proportion of screened lesions observed suggest that the lengthening of the
screening period could allow significant detection of CRC and polyps that occur
in Elderly_75 excluded from CRCSP.

Key words: Colorectal cancer; Fecal screening test; Participation rate; Colonoscopy
completion rate; Elderly

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Reported colonoscopy completion rate was 81.3% and the neoplasia detection
rate was 19.3 per 1000 Elderly screened and the colorectal cancer detection rate was
estimated at 3.7 per 1000 Elderly screened. These results remain significantly higher
than that usually found in the French Colorectal Cancer Screening Program (CRCSP).
The motivation to participate including for colonoscopy and the high proportion of
screened lesions sufficiently demonstrate that the lengthening of the follow-up period in
a screening program, up to about 80 years of age, could make it possible to detect many
cases that occur after the exclusion of Elderly_75 from CRCSP.
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In addition to its high incidence and high mortality (around 42000 new cases and
18000 deaths per year), colorectal cancer (CRC) meets all the conditions to be screened
in France[1-3]. Screening every two years, allows to obtain a reduction in CRC mortality
in tested population[2,3]. In Burgundy, this decrease in mortality was of the order of
16%  after  11  years  of  follow-up  of  a  cohort  of  45000  individuals[2].  European
Commission recommended the implementation of the Colorectal Cancer Screening
Program (CRCSP) by the search for occult bleeding in stool to face the high morbidity
and mortality associated with CRC[4]. Following the recommendations, the screening
of the CRC started in Germany in 1977[5], was progressively implemented between
2000 and 2010 in other European countries, through CRC screening pilot programs,
notably in England[6], in Italy[7] in Holland[8,9] and in France[10].

To date,  most of  the CRCSP policies target  a medium risk population of  CRC,
defined  on  the  age  criterion  with  considerable  variability  from one  program to
another[11].  Since  the  effectiveness  of  screening depends  on its  application in  an
appropriate setting and at an appropriate frequency[12],  most European programs,
observe an interval of 2 years between two screenings campaign. The test was offered
to people (all  gender) aged between 40 and 60 in Bulgaria,  between 50 and 74 in
France,  England and Belgium; between 50 and 70 in Italy,  between 55 and 75 in
Holland[13]. The justification of these age groups remains controversial in the current
state of knowledge. Indeed, there is little objective data to justify discontinuation of
screening at 75 years. Recent Modeling was proposed to estimate from what age it
was desirable to no longer invite to do the screening. They estimate screening up to
age 82 as relevant[14,15].

In France, as in other countries, the CRCSP does not include people aged ≥ 75 years,
despite the high incidence of CRC after 74 years[16] and the constant increase in life
expectancy since 2000[17]. It seems necessary to guide the debate on the problem of
screening  among  the  elderly.  Indeed,  in  each  French  district,  the  sporadic
participation of elderly patients aged at least 75 years old (Elderly_75), out of the
national CRCSP’s recommendation, is recorded every year. We describe here, these
CRC fecal screening test completion after age 74, the source (screening program or
provider ordered) and outcomes.

MATERIALS AND METHODS

Ethical considerations
Before analysis, all data were anonymized. The screening database had a favorable
opinion from the institution that oversees the ethics of data collection (“Commission
nationale de l'informatique et des libertés”: CNIL). According to the current French
legislation,  a  study that  does not change the care of  patients did not require the
opinion of  the Clinical  Research Centers Ethics Committee.  This article does not
contain any studies with human participants performed by any of the authors. This
study does not involve human participants and informed consent was therefore not
required. This article does not contain any studies with animals performed by any of
the authors.

Study design
A descriptive study of 18704 Elderly_75s, residing in eleven French districts (Ain,
Doubs, Essonne, Haute-Saone, Hauts-de-Seine, Jura, Seine-Saint-Denis, Territoire-de-
Belfort, Val-de-Marne, Val-d’Oise, Yonne), having performed a CRC screening test
between January 1, 2008 and December 31, 2017. The circumstances of performing this
test (source of the test, previous behavior in the CRCSP) and the outcome (test result,
colonoscopy completion and detected lesions) were described.

Distribution of screening tests in the districts
On  a  voluntary  basis,  the  eleven  districts  were  chosen  in  three  French  regions
(Bourgogne-Franche-Comté, Ile-de-France, Rhône-Alpes-Auvergne), among those
using the same screening database management's materials. With a population (50-74
years) of 2355240 persons targeted by the 2015-2016 screening campaign, these eleven
districts totaled 554294 participants in this campaign, with an average participation
rate estimated at 23.5%[18].

In France, a nationwide population based CRCSP was rolled out from January 2008
to December 2009. The program was based on a biennial guaiac faecal occult blood
test distributed to men and women aged 50-74 at average risk of developing CRC. If
positive, the test was followed by a total colonoscopy[19,20]. CRCSP was organized at a
district level by the local cancer screening managing center (Managing-Center), in
accordance with CRCSP's national specifications[19,20]. Each year, people targeted by
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the campaign receive a letter inviting them to take a free screening test from their
General  Practitioner  (GP).  The  pattern  of  distribution  of  the  screening  test
recommends that the GP gives the screening test to any person aged 50 to 74 years,
provided with an invitation letter. In the absence of this letter, the GP may give the
test after establishing the eligibility of the person, using a connection made available
to doctors or by calling to the Managing-Center. Until July-November, 2014, people
who did not tested after the first recall letter, received the test kit at home, six months
after the initial solicitation. The only organizational change (related to the objective of
the study) imposed by the introduction of a new screening test i.e., OC-sensor© fecal
immunochemical test (FIT) replacing guaiac test in May 2015, was the supplying
mode of GPs in screening tests kit, the classic pattern of kit distribution remaining
unchanged.

Operational definition of variables and descriptive analysis
For  each  Elderly_75  having  performed  a  test  out  of  recommendation,
solicitation/participation data from previous campaigns were extracted from the
Managing-Centers databases.  These databases were regularly enriched by socio-
demographic data (gender, age), colonoscopy, histopathology and follow-up data
provided  by  partners  (Health  Insurance  Plan,  Medical  Information  Services,
Gastroenterologists, Surgeons, GP, etc.).  The tests performed in a circumstance of
delayed response after a solicitation (DRS, initial or recall letter existing) from the
Managing-Center,  done  before  75  years  were  distinguished  from the  tests  non-
solicited by the Managing-Center, performed after a recommendation by a GP or
other provider ordered (RGP). DRS was any test realized by an Elderly_75 following
an initial invitation from the Managing-Center with a maximum 24 months after this
invitation. Any Non-DRS test was considered RGP.

Previous behavior in the CRCSP:  Anteriority in the CRCSP was defined by the
existence of at least one solicitation to participate in a CRCSP campaign between 50
and 74 years of age. The previous behavior in terms of the outcome of these earlier
solicitations was described.

For each solicitation, the participation was defined as carrying out a fecal occult
blood test according to the specifications of the French CRCSP[19,20]. For each person,
the adherence to testing was evaluated as frequency of participation in previous
campaigns. This frequency was expressed by the ratio between the observed number
of participations in previous campaign and the expected number of participations in
these  previous  campaigns.  Considering the  bi-annual  organization  of  screening
campaigns and a person age (X)  at  the date of  first  invitation in the district,  the
expected number of participation for a person aged Y year old, was (Y-X)/2. It was
coded as a discrete variable: Without anteriority (The person was never solicited in
the district program); Never participated (The person has not participated in any of
the previous campaigns to which it was solicited); Participated with frequency < 30%
of campaigns; frequency between 30 and 50%; frequency > 50% to 75% and frequency
> 75%.

For Elderly_75 with a history of solicitation, the presence of a history of NLAI
(Does Not Live at the Address Indicated) or refusal to participate in a campaign was
collected and coded as a binary variable (No/Yes). Similarly, the presence of a history
of colonoscopy, reported by a mailing response after solicitation, was described as a
binary variable (No/Yes). If the person participated in at least one campaign, history
of positive test and colonoscopy performed after this positive test was collected and
coded  as  a  discrete  variable:  No  history  of  positive  test,  positive  test  without
colonoscopy,  positive  test  with  normal  colonoscopy,  positive  test  with  positive
colonoscopy.

CRC fecal screening test completion after age 74:  The outcome of screening test
performed after 74 years was analyzed in terms of test quality (non-analyzable test
proportion) and test result (Negative, Positive). In the event of a positive result, the
diagnostic course has been analyzed in terms of frequency of colonoscopy completion
and in terms of frequency and types of diagnosed lesions including: Low-risk-polyps,
High-risk-polyps,  Unspecified-polyp  and  CRC.  High-risk-polyps  included,
Adenomas ≥ 10 mm (except hyperplastic polyps), Serrated adenomas, Adenomas
with  high  grade  dysplasia,  Villous  or  Tubulo-villous  adenomas.  The  diagnoses
associated with CRC and polyps were those related to the C18-C20 and D12 codes of
the 10th version of the WHO International Classification of Diseases[21]. The positive
predictive value (PPV) of the test was estimated as the proportion of lesions among
the Elderly_75 who completed a colonoscopy after a positive test.

Statistical analysis
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Qualitative variables were described in frequency and quantitative variables were
described in mean ± SD. Frequencies were compared between groups by a Pearson χ2

test or Fisher’s exact test. Means were compared between two groups by Student's T
test. All the analyzes were carried out with version 13 of STATA software (College
Station, Texas, United States) and P < 0.05 was considered for statistical significance.

RESULTS

Modality of participation
Of 18704 Elderly_75 (56.3% female), performed 18995 tests between January 1, 2008
and December 31,  2017.  These 18995 screening-tests  were performed at  ages:  75
(83.5%), 76-80 (13.4%) and > 80 (3.1%) years old. Over this period, 250 Elderly_75 out
of 18704 completed at least 2 tests after the age of 74. On average, over one year of
campaign, 7 out of 1000 tests were realized by people aged ≥ 75 years. This proportion
reached 15 per 1000 in 2015 (Table 1). 13442 people (71.9% of the sample), performed
the first test after the age of 74, in a circumstance of DRS of the Managing-center. This
response delayed by 7.8 ± 5.3 mo after the initial solicitation. For those who have
performed a test under recommendation and have an anteriority in CRCSP, the delay
between the last test in the CRCSP and this test was 37.6 ± 18.9 mo.

Mean age at the time of the test was 75.7 ± 1.4 years with extremes between 75 and
91 years (75.3 ± 0.3 years in the DRS group vs 76.9 ± 2.3 years in the RGP group, P =
0.00001). In the DRS group, 98.2% were 75 years old at the time of the test and 1.8%
were 76-80 years. In the RGP group, 49.8% were 75 years old at the time of the test,
40.0% were 76-80 years and 10.2% were > 80 years (P = 0.00001). The proportion of
females was not significantly different between DRS (56.5%) and RGP (56.0%, P =
0.52).

Previous behavior in the CRCSP
Seventy-nine point five percent of this population (76.9% of the 13442 DRSs vs 86.3%
of the 5262 RGPs, P = 0.60) had an anteriority, i.e. at least one previous invitation in
the CRCSP. Among these 14875 Elderly_75 with an anteriority (10336 in DRS and 4539
in RGP), 12678 had at least one previous screening test between 50 and 74 years old
(9119 in DRS and 3559 in RGP) and they participated in 73.6% (77.2% in DRS vs 65.4%
in RGP, P = 0.00001) of the campaigns to which they were solicited. Average number
of this previous solicitations was 2.5 ± 1.3 (2.4 ± 1.2 in DRS vs 2.7 ± 1.3 in RGP, P =
0.00001). 11.8% of the Elderly_75 with an anteriority never participated in a previous
CRCSP campaign (9.1% in DRS vs 18.6% in RGP, P = 0.00001) and 9.3% had a reported
history of colonoscopy (8.0% DRS vs 12.1% RGP, P < 0.001). Only 1.9% (1.7% in DRS vs
2.1% in RGP, P  =  0.1)  had a reported history of  NLAI or  sent  previously a  form
indicating their refusal to participate in the CRCSP. The frequency of participation in
previous  campaign  and  the  results  of  previous  tests  by  campaign  year  are
summarized in Table 2. The proportion of Elderly_75 with a previous positive test in
CRCSP among these  with  an  anteriority  was  1.1% (200  Elderly_75/18704).  This
proportion was higher in RGP (1.1% in DRS vs 2.8% in RGP, P = 0.00001). Whatever
the source of the test and the year of screening, the frequency of participation in
previous  campaign  was  at  least  60.0%.  Peoples  who  performed  the  test  under
recommendation in 2012 were less regular in the CRCSP than those who performed
the test the same year, in a context of DRS (Figure 1). Before 2010, the screening test
was performed mostly by people without any anteriority (1339 out of 1721 Elderly_75
in 2009) in the CRCSP or having never participated in a campaign (157/1721 tests in
2009). From 2011 to 2017, the test was mostly performed by people who participated
in at least 70% of campaigns.

CRC fecal screening test completion after age 74
Overall, 3.7% (3.7% in DRS vs 3.7% in RPD, P = 0.79) of the 18995 tests performed
were positive (Table 3). The proportion of the tests that could not be analyzed and not
restarted was 13.2%. For these unanalyzed tests, the reason was age-related in 78.0%
of cases, related to the laboratory's refusal to analyze the test of people aged ≥ 77.
18.0% of the 366 Elderly_75 with lesions had no anteriority in the CRCSP and 10.4%
had never participated. Reported colonoscopy completion rate was 81.3%. For those
575 people with reported colonoscopy, no complication was listed. 124 Low-risk-
polyps, 159 High-risk-polyps, 13 Unspecified-polyps and 70 CRCs were detected,
with an average neoplasia’s PPV estimated at 0.64. This PPV varied from 0.46 (16
neoplasia  out  of  35  colonoscopy)  in  2008  to  0.67  in  2017  (40  neoplasia  out  of  60
colonoscopy) (Table 4). The neoplasia detection rate was 19.3 per 1000 Elderly_75
screened  and  the  CRC  detection  rate  was  estimated  at  3.7  per  1000  Elderly_75
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Table 1  Total tests performed in the ten districts and part of tests performed by elderly aged ≥ 75 years (elderly ≥ 75), by year of
campaign

Campaign year Total tests performed in the districts
Tests performed by elderly ≥ 75

75 yr 76-80 yr > 80 yr Total (Part in %)

2008 230467 1172 113 13 1298 (5.6)

2009 343468 1588 141 3 1732 (5.0)

2010 289120 1119 147 14 1280 (4.4)

2011 313982 1659 166 18 1843 (5.9)

2012 287818 1478 158 17 1653 (5.7)

2013 302392 1815 166 16 1997 (6.6)

2014 267342 1557 122 25 1704 (6.4)

2015 163976 2039 435 100 2574 (15.7)

2016 399039 1992 728 225 2945 (7.4)

2017 286039 1436 369 164 1969 (6.9)

Total 2883643 15855 2545 595 18995 (6.6)

screened.  An  increased  detection  rate  (all  neoplasia)  was  observed  after  the
immunochemical  test  introduction in  2015 (Table  5).  The mean age at  neoplasia
diagnosis was 75.7 ± 1.2 years (75.2 ± 0.2 years in DRS vs 77.1 ± 1.8 years in RGP, P <
0.001). This mean age was 75.4 ± 0.7 years when the lesion was a low risk polyp, 75.4 ±
0.5 years when it was a high-risk polyp and 77.0 ± 2.1 years when it was a CRC.

DISCUSSION
Few results of CRC fecal screening in elderly are available. This study present results
of out of recommendation screening in 18704 elderly over 74 years of age. The results
observed appear to be beyond expectations. Indeed, the proportion (3.7%) of positive
tests remains significantly higher than that found (2.9) in these districts in the same
period or that usually found (2.6%) in the CRCSP program[20]. In the national program,
reported  colonoscopy  completion  rate  after  a  positive  test  was  76.9%  with
approximately major incidents, including perforation in 3 in 1000 colonoscopies[20]. In
addition to a similar even higher rate of colonoscopy completion observed in this
study (81.3%), no major incident was recorded in this elderly population. In France,
the detection rate of CRC was estimated at 1.6/1000 in CRCSP[20], which is only half of
the rate observed in this study. Certainly, the high detection rate observed could be
explained, at least in part, by age. Indeed, the increase in the incidence of CRC with
age has been well documented[1,22,23]. Between 40 and 80 years of age, the incidence
doubles almost every ten years[24] and 45% of CRCs are diagnosed in people aged at
least 75 years in Burgundy[16]. In this population, CRC were diagnosed on average age
at 77 years. Considering these findings, it could be argued that extending the duration
of CRCSP in healthy people up to 80 years, could allow the screening of the many
cases that occur after the exclusion of the Elderly_75 from CRCSP.

The sample described in this analysis consisted mainly of people regularly invited
by the local cancer screening managing center with delayed answer. Although the age
group  concerned  by  the  CRCSP  is  50  to  74  years  old,  the  logistic  approach
implemented for the last invitation challenges this approach. Indeed, people receive
their last invitation until the eve of the 75th birthday. This timing inevitably has the
consequence of carrying out a screening test beyond the extreme ages recommended
in CRCSP.

The  motivation  of  people  previously  devoted  in  the  CRCSP,  to  continue  the
screening after 74 years has been previously discussed and ending screening at 75
years  is  a  real  ethical  issue[25].  Previous  modeling  studies  have  recommended
screening up to 82 years, however, heterogeneity of the Elderly_75 population limit
this implementation[14,15]. Indeed, in addition to the fact that the gain in years of life
remains very modest, heterogeneity of the population with both healthy subjects and
subjects in precariousness or with comorbidities makes it difficult to choose the type
of  appropriate  screening[25].  The  United  States  Preventive  Services  Task  Force
advocated screening for CRC in healthy people up to age 84.  Beyond this age,  it
suggested that the disadvantages of screening outweigh profits[22,26].

In  order  to  sustain the CRCSP extension after  74  years,  the  availability  of  the
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Figure 1

Figure 1  Frequency of participation in previous campaigns, by circumstances and by screening year. DRS:
Delayed response after solicitation; RGP: Recommendation of a General Practitioner/Provider ordered; CI:
Confidence interval.

medical  profession  must  be  acquired  for  medical  monitoring  and  a  continuous
evaluation of the disadvantages and benefits of screening. It has been documented
that  the  adherence  of  the  GP  is  a  determining  factor  in  the  acceptability  and
effectiveness of a screening campaign[27]. Although the inequalities in access to cancer
care  are  still  visible  in  France[28,29],  the  results  of  this  study  show  the  possible
availability of GPs to do a shared decision making process with patients regarding the
pros and cons, and individualized risk assessments. Indeed, more than a quarter of
the test were performed under medical recommendation which would testify not only
an adherence of GPs but especially their concern for the follow-up of patient excluded
from CRCSP. However, two major hypotheses could explain the test delivery to the
Elderly_75 by the GPs. The hypothesis of a catch-up for the less regular persons in the
CRCSP between 50 to 74 years, is concordant with the low frequency of participation
in previous campaign of the people having performed a test after provider ordered
recommendation (compared to the DRS). It  is not excluded that GPs also use the
screening  test  as  an  additional  means  of  diagnosis.  The  bond  in  Elderly_75
participation after FIT introduction (in 2015), which is more sensitive and more user-
friendly (only one sample) is also an essential point to be mentioned.

The proportion of non-analyzable tests remains abnormally high, especially among
those  who  have  taken  the  test  under  provider  recommendation  and  after  the
introduction of FIT. Indeed, the proportion of non-analyzable tests was 1.6% in the
CRCSP[19,20].  When we subtract these numerous cases related to the refusal of the
laboratory,  the elderly could have a rate of  non-analyzable tests  lower than that
observed in the CRCSP. The fundamental question with this main reason could be:
"How many cancers have not been detected because of this age-based refusal of the
person who made the tests”? The answer to this question is predicted by the high
incidence  of  CRC  (0.6/1000  Person-years)  among  people  performing  their  last
screening tests (between 70 and 74 years) in the CRCSP[23].

The study sample consisted mainly of 83.4% of tests performed at the age of 75,
which could lend interpretation almost exclusively to this age. In addition, outside of
the hypotheses evoked, the study could not bring more precise details on the real
circumstances  of  realization  of  the  test  after  74  years.  Indeed,  a  major  concern
regarding the RGP group is the possible self-selection bias: The considered population
could have been motivated to participate in the screening by high risk factors or
symptoms. In this group, screening test could have been used as a diagnostic tool.
However, performing a colonoscopy after a positive screening test is a classic pattern
in the French organized screening program. Certainly, the obtained results do not
provide enough evidence on the benefits of screening in this age group, i.e. decrease
in mortality from CRC if  screening would be recommended above the currently
accepted age limit. The results could, however, constitute a starting point (or even a
reference) for a possible experimentation of the screening program for CRC in the
elderly, in France.

In  conclusion,  despite  a  regulatory  framework  that  is  not  favorable  to  their
participation in CRCSP campaigns, a motivation to continue CRCSP after 74 years of
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Table 2  Distribution of 18704 elderly aged ≥ 75 years, according to the test performing contexts and history in Colorectal Cancer
Screening Program, by year of campaign

Test achieving contexts
Campaign year

Total 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Total 18704 1298 1721 1264 1815 1627 1966 1687 2525 2882 1919

Circumstances

Delayed response to solicitation 13442 1108 1509 982 1548 1363 1689 1496 814 1645 1288

Recommendation of a GP 5262 190 212 282 267 264 277 191 1711 1237 631

Average number of previous
solicitation1

2.5 ± 1.3 1.2 ± 0.4 1.2 ± 0.5 1.3 ± 0.6 1.4 ± 0.8 1.8 ± 0.9 2.3 ± 0.9 2.5 ± 1.0 3.1 ± 1.1 3.2 ± 1.2 3.5 ± 1.3

Fidelity in CRCSP

Without anteriority 3829 1174 1339 417 164 114 80 76 99 212 154

Never participated 2197 57 157 278 384 212 200 143 183 330 253

< 30% 248 0 0 1 3 5 17 24 34 74 90

30%-50% 1824 4 28 50 130 205 312 268 236 324 267

50%-75% 1573 0 1 27 53 64 145 180 357 431 315

75%-100% 9033 63 196 491 1081 1027 1212 996 1616 1511 840

NLAI/refusal history1 277 3 5 8 25 25 28 32 40 59 52

Colonoscopy history in mailing
response2

1378 10 22 44 106 97 138 155 271 300 235

History of positive test [T(+)]2

T(+) without colonoscopy 22 1 0 0 0 2 4 0 8 5 2

T(+) with normal colonoscopy 3 0 0 0 0 1 0 2 0 0 0

T(+) with colonoscopy (+) 175 0 0 0 4 3 16 19 39 51 43

This was about the first test for people who performed at least 2 tests after 74 years.
1Persons without anteriority are excluded;
2Persons without anteriority or who have never participated in the previous Colorectal Cancer Screening Program are excluded. NLAI: Does Not Live at
the Address Indicated; CRCSP: Colorectal Cancer Screening Program; GP: General Practitioner.

age was observed. To optimize CRC fecal screening for these Elderly_75, in addition
to existing communication tools, the implementation of other means to better select
patients and minimize the proportion of non-analyzable tests could be beneficial. The
motivation to participate including the high colonoscopy participation rates and the
high proportion of screened lesions demonstrate eloquently that the lengthening of
the follow-up period in a screening program, up to about 80 years of age, could make
it possible to detect many cases that occur after the exclusion of Elderly_75 from
CRCSP. In a period of implementation of proposals for improving national program
of CRCSP, it seems necessary to feed the debate on screening of the elderly to alert
decision-making  bodies.  More  in-depth  studies  on  the  feasibility  of  organized
screening in Elderly_75 seem necessary to confirm or not, the current screening age
limit.
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Table 3  Distribution of the 18995 tests performed by elderly aged ≥ 75 years, according to the circumstances of realization (It was about
the circumstances of the first test for people who performed at least 2 tests after 74 years) and the results of the test

Results

Circumstances of realization

Total
Delayed response after solicitation

Reco-
mmen-
dation
of a
pre-
scriber
doctor

Total tests performed after 74 yr 13596 5399 18995

Negative test 12529 3262 15791

Non-analyzable and non-restated test 559 1938 2497

Positive without colonoscopy 107 25 132

Positive with normal colonoscopy 147 62 209

Positive with colonoscopy (+) 254 112 366

Total lesions screened 254 112 366

Unspecified polyps 8 5 13

Low risk polyps 94 30 124

High risk polyps 109 50 159

Colorectal cancer 43 27 70

Table 4  Distribution of 18995 tests performed by elderly aged ≥ 75 years (elderly ≥ 75), according to the results of the test and year of
screening

Results
Screening year

Total 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Total test performed by elderly ≥ 75 18995 1298 1732 1280 1843 1653 1997 1704 2574 2945 1969

Test results

Negative test 15791 1227 1600 1204 1720 1549 1855 1590 1878 1837 1331

Non-analyzable and non-restated 2497 23 70 23 69 70 89 82 544 972 555

Positive without colonoscopy 132 13 13 11 5 7 10 9 16 25 23

Positive with normal colonoscopy 209 19 20 15 15 7 22 5 49 37 20

Positive with colonoscopy (+) 366 16 29 27 34 20 21 18 87 74 40

Type of lesions screened

Unspecified polyps 13 0 2 0 1 0 0 0 6 1 3

Low risk polyps 124 6 7 11 12 7 10 6 24 29 12

High risk polyps 159 5 13 10 16 7 5 7 44 33 19

Colorectal cancer 70 5 7 6 5 6 6 5 13 11 6
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Table 5  Colorectal cancer detection rate in the 11 districts and part of tests performed by elderly aged ≥ 75 years (elderly ≥ 75), by year
of campaign

Campaign
year

Tests performed in the 11 districts Tests performed by elderly ≥ 75 in the 11 districts

No. of tests
(% of T+)

No. of
colonoscopy
(Completion
rate in %)

No. of
neoplasia
(Detection
rate in %)

No. of CRC
(Detection
rate in %)

No. of tests
(% of T+)

No. of
colonoscopy
(Completion
rate in %)

No. of
neoplasia
(Detection
rate in %)

No. of CRC
(Detection
rate in %)

2008 230467 (2.7) 5392 (85.0) 3020 (13.1) 420 (1.8) 1298 (3.7) 35 (72.9) 16 (12.3) 5 (3.9)

2009 343468 (2.5) 7324 (83.7) 4025 (11.7) 609 (1.8) 1732 (3.6) 49 (79.0) 29 (16.7) 7 (4.0)

2010 289120 (2.5) 6117 (85.4) 3250 (11.2) 473 (1.6) 1280 (4.1) 42 (79.3) 27 (21.1) 6 (4.7)

2011 313982 (2.3) 6283 (86.9) 3327 (10.6) 458 (1.5) 1843 (2.9) 49 (90.7) 34 (18.4) 5 (2.7)

2012 287818 (2.1) 5010 (84.5) 2618 (9.1) 355 (1.2) 1653 (2.1) 27 (79.4) 20 (12.1) 6 (3.6)

2013 302392 (1.8) 4646 (84.7) 2420 (8.0) 325 (1.1) 1997 (2.7) 43 (81.1) 21 (10.5) 6 (3.0)

2014 267342 (1.9) 4146 (81.0) 2153 (8.1) 238 (0.9) 1704 (1.9) 23 (71.9) 18 (10.6) 5 (2.9)

2015 163976 (4.4) 6222 (85.8) 4107 (25.0) 474 (2.9) 2574 (5.9) 136 (89.5) 87 (33.8) 13 (5.1)

2016 399039 (4.7) 155109 (80.9) 9993 (25.0) 1126 (2.8) 2945 (4.6) 111 (81.6) 74 (25.1) 11 (3.7)

2017 286039 (4.4) 8928 (71.5) 5764 (20.2) 632 (2.2) 1969 (4.2) 60 (72.3) 40 (20.3) 6 (3.0)

Total 2883643 (2.9) 69177 (81.9) 40677 (14.1) 5110 (1.8) 18995 (3.7) 575 (81.3) 366 (19.3) 70 (3.7)

T+: Positive test; CRC: Colorectal cancer.

ARTICLE HIGHLIGHTS
Research background
In France, as in other countries, the Colorectal Cancer (CRC) Screening Program (CRCSP) does
not include people aged ≥ 75 years, despite the high incidence of CRC after 74 years and the
constant increase in life expectancy since 2000. Indeed, elderly patients aged at least 75 years old
(Elderly_75), represent 45% of CRC incidence. To date, there is little evidence to justify stopping
CRC screening at 74 years of age.

Research motivation
In  this  period of  implementation  of  the  proposals  for  reform of  the  National  CRCSP,  our
motivation was to feed the debate on the problem of screening in the elderly, in order to alert the
decision-making bodies. By noting that in each French district, the sporadic participation of
Elderly_75, out of the national CRCSP’s recommendation, is recorded every year.

Research objectives
Our objective was to describe the sources and outcomes of these screening test performed out of
recommendation. Indeed, in the absence of a CRC screening program involving this age group,
the elderly and/or their attending physicians decide sporadic participation in the campaigns
organized by the local cancer screening managing center. The analysis of these sources and
outcomes could argue the need for the implementation of an experimental program on the
benefits and risk of CRC screening after the age of 75 years.

Research methods
The study concerned 18704 Elderly_75 residing in eleven French districts (Ain, Doubs, Essonne,
Haute-Saone, Hauts-de-Seine, Jura, Seine-Saint-Denis, Territoire-de-Belfort, Val-de-Marne, Val-
d'Oise, Yonne), having performed a CRC screening test between January 2008 and December
2017.

Research results
Of 18995 screening-tests were performed by these 18704 Elderly_75 at ages: 75 (83.5%), 76-80
(13.4%) and > 80 (3.1%) years old. Elderly_75 performed the screening test in a circumstance of
delayed response to a solicitation from the local cancer screening managing center (71.9%) or
following a recommendation by a General Practitioner or other provider ordered (28.1%). The
proportion (3.7%) of positive tests remains significantly higher than that found (2.9) in these
districts in the same period or that usually found (2.6%) in the CRCSP program. It’s obvious that
the high risk of colonoscopy complication after 75 years is a barrier to screening CRC in the
elderly. With a reported colonoscopy completion rate estimated at 81.3%, this study recorded no
complications. On reminder, in the national program, reported colonoscopy completion rate
after a positive test was 76.9% with approximately major incidents, including perforation in 3 in
1000 colonoscopies. The neoplasia (124 Low-risk-polyps, 159 High-risk-polyps, 13 Unspecified-
polyps and 70 CRCs) detection rate was 19.3/1000 Elderly_75 screened and the CRC detection
rate was 3.6/1000 Elderly_75 screened. In this population, CRC were diagnosed on average age
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at 77 years.

Research conclusions
Despite a regulatory framework that is not favorable to their participation in CRCSP campaigns,
a motivation to continue CRCSP after 74 years of age was observed. Considering these findings,
it could be argued that extending the duration of CRCSP in healthy people up to 80 years, could
allow the screening of the many cases that occur after the exclusion of the Elderly_75 from
CRCSP.

Research perspectives
We are confident that more in-depth studies on the feasibility of CRC screening in Elderly are
needed to  confirm or  not,  the  current  age limit  of  screening at  74  years.  Our perspectives
converge in this direction because a pilot project for the implementation of CRC-screening after
the age of 75, is currently in the process of identifying strategic and financial partners. One of the
main objectives of this study will be to assess the risk associated with performing colonoscopy.
Awaiting the implementation of this project, we intend to open the debate in France with the
results of this study.

ACKNOWLEDGEMENTS
The authors are grateful to all staff (Comité Départemental Des Cancers -CDC93-,
Office De Lutte contre Les Cancers -ODLC01-, Association pour le Dépistage des
Cancers -ADECA-FC-, Prévention and Santé en Val-d’Oise -PSVO-, Association pour
le Dépistage des Maladies Cancéreuses -ADMC91-, Association de dépistage organisé
des  cancers  -ADOC94-,  Association  Icaunaise  de  Dépistage  du  Cancer-AIDEC-,
Association  pour  le  Dépistage  Organisé  des  Cancers-ADK92-)  for  the  good
collaboration and the quality of the data analyzed; the authors are grateful to Aïcha
Kallo (West Hertfordshire Hospitals NHS Trust, Watford, United Kindom) for the
thorough editing of the manuscript and to all collaborators who took part in the final
revisions.

REFERENCES
1 Binder-Foucard F, Belot A, Delafosse P, Remontet L, Woronoff A-S, Bossard N. Estimation nationale de

l’incidence et de la mortalité par cancer en France entre 1980 et 2012. Partie 1-Tumeurs solides [cited 04
December 2018]. Saint-Maurice (Fra), Institut de veille sanitaire.  2013; 122 Available from:
http://big.assets.huffingtonpost.com/estimationnational.pdf

2 Faivre J, Dancourt V, Lejeune C, Tazi MA, Lamour J, Gerard D, Dassonville F, Bonithon-Kopp C.
Reduction in colorectal cancer mortality by fecal occult blood screening in a French controlled study.
Gastroenterology 2004; 126: 1674-1680 [PMID: 15188160 DOI: 10.1053/j.gastro.2004.02.018]

3 Hardcastle JD, Chamberlain JO, Robinson MH, Moss SM, Amar SS, Balfour TW, James PD, Mangham
CM. Randomised controlled trial of faecal-occult-blood screening for colorectal cancer. Lancet 1996; 348:
1472-1477 [PMID: 8942775 DOI: 10.1016/S0140-6736(96)03386-7]

4 Castiglione G, Zappa M, Ciatto S. Comments on: Recommendations on colorectal cancer (CRC)screening
in the European Union. Advisory Committee on Cancer Prevention. Eur J Cancer 2000, 36, 1473-1478.
Eur J Cancer 2001; 37: 438-439 [PMID: 11263436 DOI: 10.1016/S0959-8049(00)00420-2]

5 Pox C, Schmiegel W. Colorectal screening in Germany. Z Gastroenterol 2008; 46 Suppl 1: S31-S32
[PMID: 18368638 DOI: 10.1055/s-2007-963563]

6 Weller D, Coleman D, Robertson R, Butler P, Melia J, Campbell C, Parker R, Patnick J, Moss S. The UK
colorectal cancer screening pilot: Results of the second round of screening in England. Br J Cancer 2007;
97: 1601-1605 [PMID: 18026197 DOI: 10.1038/sj.bjc.6604089]

7 Zorzi M, Falcini F, Fedato C, Grazzini G, de' Bianchi PS, Senore C, Vettorazzi M, Visioli C, Zappa M.
Screening for colorectal cancer in Italy: 2006 survey. Epidemiol Prev 2008; 32: 55-68 [PMID: 18770995]

8 Hol L, van Leerdam ME, van Ballegooijen M, van Vuuren AJ, van Dekken H, Reijerink JC, van der Togt
AC, Habbema JD, Kuipers EJ. Screening for colorectal cancer: Randomised trial comparing guaiac-based
and immunochemical faecal occult blood testing and flexible sigmoidoscopy. Gut 2010; 59: 62-68 [PMID:
19671542 DOI: 10.1136/gut.2009.177089]

9 van Rossum LG, van Rijn AF, Laheij RJ, van Oijen MG, Fockens P, van Krieken HH, Verbeek AL,
Jansen JB, Dekker E. Random comparison of guaiac and immunochemical fecal occult blood tests for
colorectal cancer in a screening population. Gastroenterology 2008; 135: 82-90 [PMID: 18482589 DOI:
10.1053/j.gastro.2008.03.040]

10 Faivre J. Colorectal cancer screening in Europe: An overview. Cancero Dig 2010; 2: 101-103 [DOI:
10.4267/2042/32415]

11 Center MM, Jemal A, Smith RA, Ward E. Worldwide variations in colorectal cancer. CA Cancer J Clin
2009; 59: 366-378 [PMID: 19897840 DOI: 10.3322/caac.20038]

12 Lieberman D. Screening/early detection model for colorectal cancer. Why screen? Cancer 1994; 74:
2023-2027 [PMID: 8087765 DOI:
10.1002/1097-0142(19941001)74:7+<2023::aid-cncr2820741706>3.0.co;2-o]

13 Altobelli E, Lattanzi A, Paduano R, Varassi G, di Orio F. Colorectal cancer prevention in Europe: Burden
of disease and status of screening programs. Prev Med 2014; 62: 132-141 [PMID: 24530610 DOI:
10.1016/j.ypmed.2014.02.010]

14 Maheshwari S, Patel T, Patel P. Screening for colorectal cancer in elderly persons: Who should we screen
and when can we stop? J Aging Health 2008; 20: 126-139 [PMID: 18089764 DOI:

WJGO https://www.wjgnet.com September 15, 2019 Volume 11 Issue 9

Koïvogui A et al. CRC-screening after age 74 in France

739

http://big.assets.huffingtonpost.com/estimationnational.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15188160
https://dx.doi.org/10.1053/j.gastro.2004.02.018
http://www.ncbi.nlm.nih.gov/pubmed/8942775
https://dx.doi.org/10.1016/S0140-6736(96)03386-7
http://www.ncbi.nlm.nih.gov/pubmed/11263436
https://dx.doi.org/10.1016/S0959-8049(00)00420-2
http://www.ncbi.nlm.nih.gov/pubmed/18368638
https://dx.doi.org/10.1055/s-2007-963563
http://www.ncbi.nlm.nih.gov/pubmed/18026197
https://dx.doi.org/10.1038/sj.bjc.6604089
http://www.ncbi.nlm.nih.gov/pubmed/18770995
http://www.ncbi.nlm.nih.gov/pubmed/19671542
https://dx.doi.org/10.1136/gut.2009.177089
http://www.ncbi.nlm.nih.gov/pubmed/18482589
https://dx.doi.org/10.1053/j.gastro.2008.03.040
https://dx.doi.org/10.4267/2042/32415
http://www.ncbi.nlm.nih.gov/pubmed/19897840
https://dx.doi.org/10.3322/caac.20038
http://www.ncbi.nlm.nih.gov/pubmed/8087765
https://dx.doi.org/10.1002/1097-0142(19941001)74:7+<2023::aid-cncr2820741706>3.0.co;2-o
http://www.ncbi.nlm.nih.gov/pubmed/24530610
https://dx.doi.org/10.1016/j.ypmed.2014.02.010
http://www.ncbi.nlm.nih.gov/pubmed/18089764


10.1177/0898264307309939]
15 Zauber AG, Lansdorp-Vogelaar I, Knudsen AB, Wilschut J, van Ballegooijen M, Kuntz KM. Evaluating

test strategies for colorectal cancer screening: A decision analysis for the U.S. Preventive Services Task
Force. Ann Intern Med 2008; 149: 659-669 [PMID: 18838717 DOI:
10.7326/0003-4819-149-9-200811040-00244]

16 Lejeune C, Arveux P, Dancourt V, Béjean S, Bonithon-Kopp C, Faivre J. Cost-effectiveness analysis of
fecal occult blood screening for colorectal cancer. Int J Technol Assess Health Care 2004; 20: 434-439
[PMID: 15609792 DOI: 10.1017/S0266462304001321]

17 Bellamy V, Beaumel C. 2015: Le nombre de dÃ©cÃ¨s au plus haut depuis lâaprÃ¨s-guerre. Institut
National de la Statistique et des Etudes Economiques [cited 04 December 2018]. Insee PremiÃ¨re, Paris,
2016: 1-4.  Available from: https://www.insee.fr/fr/statistiques/1908103

18 SPF. Evaluation du programme de dépistage du cancer colorectal, Taux de participation au programme de
dépistage organisé du cancer colorectal 2015-2016 [cited 04 December 2018]. INVS.  2017; Available
from: http://invs.santepubliquefrance.fr

19 Goulard H, Boussac-Zarebska M, Bloch J. Epidemiological assessment of the pilot programme for
organized colorectal cancer screening, France, 2007. BEH 2009; 2-3: 22-25

20 Leuraud K, Jezewski-Serra D, Viguier J, Salines E. Colorectal cancer screening by guaiac faecal occult
blood test in France: Evaluation of the programme two years after launching. Cancer Epidemiol 2013; 37:
959-967 [PMID: 24035240 DOI: 10.1016/j.canep.2013.07.008]

21 WHO. International Classification of Diseases. Geneve, World Health Organization.  1990; [cited 14
December 2018] Available from: http://www.who.int/classifications/icd/en/index.html

22 Klabunde CN, Shapiro JA, Kobrin S, Nadel MR, Zapka JM. Colorectal Cancer Screening in US Seniors
Ages 76-84 Years. J Community Health 2015; 40: 769-779 [PMID: 25716518 DOI:
10.1007/s10900-015-9998-z]

23 Koïvogui A, Mab GL, Benamouzig R. Detection of Colorectal Neoplasia in a Cohort Before and After the
Change of Fecal Occult Blood Test in a French Colorectal Cancer Screening Program. Am J Gastroenterol
2018; 113: 1891-1899 [PMID: 30337703 DOI: 10.1038/s41395-018-0367-2]

24 Rabeneck L, El-Serag HB, Davila JA, Sandler RS. Outcomes of colorectal cancer in the United States: No
change in survival (1986-1997). Am J Gastroenterol 2003; 98: 471-477 [PMID: 12591071 DOI:
10.1111/j.1572-0241.2003.07260.x]

25 Day LW, Walter LC, Velayos F. Colorectal cancer screening and surveillance in the elderly patient. Am J
Gastroenterol 2011; 106: 1197-206;quiz 1207 [PMID: 21519362 DOI: 10.1038/ajg.2011.128]

26 U.S. Preventive Services Task Force. Screening for colorectal cancer: U.S. Preventive Services Task
Force recommendation statement.  Ann Intern Med 2008; 627-637 [PMID: 18838716 DOI:
10.7326/0003-4819-149-9-200811040-00243]

27 Barton MK. Physician-patient communication regarding colorectal cancer screening is lacking. CA
Cancer J Clin 2012; 62: 1-2 [PMID: 22095204 DOI: 10.3322/caac.21130]

28 INCA. Plan cancer 2014-2019. Guérir et prévenir les cancers: donnons les mêmes chances à tous, partout
en France [cited 24 December 2018]. Paris, Institut National du Cancer.  Available from:
http://social-sante.gouv.fr/IMG/pdf/2014-02-03_Plan_cancer.pdf

29 Dejardin O, Berchi C, Mignon A, Pornet C, Guillaume E, Guittet L, Bouvier V, Sailly M, Salinas A,
Christophe V, Launoy G. [Social inequalities in health from observational studies to intervention: Can the
patient navigator reduce social inequalities in cancer patients?]. Rev Epidemiol Sante Publique 2011; 59:
45-51 [PMID: 21256688 DOI: 10.1016/j.respe.2010.10.008]

WJGO https://www.wjgnet.com September 15, 2019 Volume 11 Issue 9

Koïvogui A et al. CRC-screening after age 74 in France

740

https://dx.doi.org/10.1177/0898264307309939
http://www.ncbi.nlm.nih.gov/pubmed/18838717
https://dx.doi.org/10.7326/0003-4819-149-9-200811040-00244
http://www.ncbi.nlm.nih.gov/pubmed/15609792
https://dx.doi.org/10.1017/S0266462304001321
https://www.insee.fr/fr/statistiques/1908103
http://invs.santepubliquefrance.fr
http://www.ncbi.nlm.nih.gov/pubmed/24035240
https://dx.doi.org/10.1016/j.canep.2013.07.008
http://www.who.int/classifications/icd/en/index.html
http://www.ncbi.nlm.nih.gov/pubmed/25716518
https://dx.doi.org/10.1007/s10900-015-9998-z
http://www.ncbi.nlm.nih.gov/pubmed/30337703
https://dx.doi.org/10.1038/s41395-018-0367-2
http://www.ncbi.nlm.nih.gov/pubmed/12591071
https://dx.doi.org/10.1111/j.1572-0241.2003.07260.x
http://www.ncbi.nlm.nih.gov/pubmed/21519362
https://dx.doi.org/10.1038/ajg.2011.128
http://www.ncbi.nlm.nih.gov/pubmed/18838716
https://dx.doi.org/10.7326/0003-4819-149-9-200811040-00243
http://www.ncbi.nlm.nih.gov/pubmed/22095204
https://dx.doi.org/10.3322/caac.21130
http://social-sante.gouv.fr/IMG/pdf/2014-02-03_Plan_cancer.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21256688
https://dx.doi.org/10.1016/j.respe.2010.10.008


W J G O
World Journal of
Gastrointestinal
Oncology

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol  2019 September 15; 11(9): 741-749

DOI: 10.4251/wjgo.v11.i9.741 ISSN 1948-5204 (online)

SYSTEMATIC REVIEWS

Detection and management of oligometastatic disease in
oesophageal cancer and identification of prognostic factors: A
systematic review

Sara Jamel, Karina Tukanova, Sheraz Markar

ORCID number: Sara Jamel
(0000-0001-7245-9492); Karina
Tukanova (0000-0003-4507-6415);
Sheraz Markar
(0000-0001-8650-2017).

Author contributions: Jamel S,
Tukanova K and Markar M
contributed equally to this work;
Jamel S, Tukanova K and Markar
M designed the study; Jamel S and
Tukanova K performed the search
and checked articles for inclusion;
All authors contributed to the
analytical tools used and analysed
the data, wrote the manuscript and
have read and approved the final
manuscript.

Conflict-of-interest statement: The
authors declared no conflict of
interest.

PRISMA 2009 Checklist statement:
The authors have read the PRISMA
2009 Checklist, and the manuscript
was prepared and revised
according to the PRISMA 2009
Checklist.

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:

Sara Jamel, Karina Tukanova, Sheraz Markar, Department Surgery and Cancer, Imperial College
London, London W2 1NY, United Kingdom

Corresponding author: Sheraz R Markar, PhD, Surgeon, Division of Surgery, Department of
Surgery and Cancer, Imperial College London, 10th Floor QEQM Building, St Mary’s
Hospital, South Wharf Road, London W2 1NY, United Kingdom. s.markar@imperial.ac.uk
Telephone: +44-207-8862125
Fax: +44-207-8862125

Abstract
BACKGROUND
Oesophageal cancer is the eighth most common cancer worldwide. The prognosis
of oesophageal cancer patients still remains poor. The 5-year survival rate rarely
exceeds 5% in case of metastatic disease. Some patients may however present
with oligometastasis which can be treated with loco-regional therapy.

AIM
To assess the current practice regarding the management of patients with
oligometastatic oesophageal cancer and identify prognostic factors affecting
survival following treatment for oligometastasis.

METHODS
A systematic search of the literature was performed in Cochrance Library,
MEDLINE and EMBASE databases from September 1950 to January 2019.
Relevant electronic databases were searched for studies assessing the clinical
outcome of oligometastasis.

RESULTS
A total of 14 publications were included, of which 12 studies assessing
metachronous oligometastasis and 2 on synchronous oligometastasis. All
included articles evaluated the specific outcomes of metastasis, management
modality and survival outcomes. The majority of the patients presented with
oesophageal squamous cell carcinoma. The median disease free interval (time to
recurrence) in patients was 19.6 mo and the overall survival reached 30.8 months.
Unfavourable prognostic factors were assessed in eight studies and included time
to recurrence < 12 mo, large diameter pulmonary lesions (> 20 mm), disease free
interval (DFI) < 12 mo, extra-pulmonary metastasis, primary tumour pathological
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stage III/IV.

CONCLUSION
Oligometastatic oesophageal cancer in selected patients is amenable to loco-
regional treatment, and the overall survival of this patient cohort may be
improved with patient and tumour-specific treatments.
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Core tip: Oesophageal cancer often presents with early metastatic spread, which carries a
poor prognosis. Some patients may have limited metastatic disease that can be treated
with loco-regional therapy. The guidelines for the management of oligometastasis in
oesophageal cancer are however not clearly established and survival outcomes remain
unclear. The aims of this review were to assess the current practice for the treatment of
oligometastatic oesophageal cancer and factors affecting survival following treatment of
oligometastasis. A total of 14 publications were included assessing the management and
survival outcomes and the majority of these studies opted for aggressive treatment in
appropriate patient selection.

Citation: Jamel S, Tukanova K, Markar S. Detection and management of oligometastatic
disease in oesophageal cancer and identification of prognostic factors: A systematic review.
World J Gastrointest Oncol 2019; 11(9): 741-749
URL: https://www.wjgnet.com/1948-5204/full/v11/i9/741.htm
DOI: https://dx.doi.org/10.4251/wjgo.v11.i9.741

INTRODUCTION
Oesophageal cancer is the eight most common cancer and the sixth leading cause of
death from cancer with 400200 deaths[1-3].  Metastatic spread can occur early,  and
symptoms often only become apparent in the later stage of the disease. Hence, the
prognosis of oesophageal cancer still remains poor with an overall 5-year survival rate
of 18%[4]. Surgical resection is the standard treatment for patients presenting with
early stage cancer. However, the survival is still low due to high incidence of either
loco-regional  or  distant  recurrence,  ranging  from  29%  to  59%[5-11].  Moreover,
approximately half of the patients present primarily with distant metastasis at the
time of  diagnosis  with  a  5-year  survival  of  less  than 5%[6].  Combined treatment
modalities are used for the management of locally advanced disease, consisting of
neoadjuvant chemotherapy with or without radiotherapy followed by surgery[12].
Meanwhile, patients with recurrent or metastatic disease most commonly undergo
systemic palliative therapy[13-15].

Several  factors  are  believed  to  influence  the  long-term  survival  in  patients
undergoing curative treatment. One study found that presence of regional lymph
node metastasis and chemoradiation, compared to surgery, were associated with poor
5-year survival, whilst female gender and patients receiving neoadjuvant therapy had
better outcomes[16]. Nevertheless, the specific prognostic factors in patients treated
loco-regionally for oligometastatic disease in oesophageal cancer remain unclear.
Type and extent of recurrence may also affect survival as distant recurrence and more
than three recurrent locations were associated with worse post-recurrence survival
compared to loco-regional and solitary recurrence respectively[17]. Most recurrences
occur in the first postoperative year, and approximately 90% develop by the end of
the third year[9]. Metastatic oesophageal cancer has been regarded as end-stage disease
with the most commonly affected sites for metastasis being the distant lymph nodes,
liver, brain, lung and bone[18].  However, some of these patients may present with
oligometastatic cancer. Oligometastasis is defined as a state of limited metastatic
disease  characterised  by  fewer  than  5  metastasis[19].  Oligometastasis  can  be
synchronous  oligometastasis,  which  are  detected  at  the  time  of  primary  cancer
diagnosis or metachronous, which occur following treated primary cancer site [20]. The
clinical implication of oligometastasis lies largely in the possible improvement in
disease control and survival when patients with oligometastatic disease are treated
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with definitive loco-regional therapy. Early detection of oligometastasis enables early
intervention and may thus potentially  improve survival.  Careful  surveillance  is
therefore  one of  the key components  in  the management  of  oesophageal  cancer.
However, to date there is a lack in specific guidelines regarding optimal management
of patients presenting with oligometastatic oesophageal cancer.

For the purposes of our study, we defined oligometastasis as a single solid organ
recurrence. This systematic review focuses on the current practice regarding treatment
of  oligometastatic  oesophageal  cancer  and  factors  affecting  survival  following
treatment of oligometastasis.

MATERIALS AND METHODS

Search strategy and study selection
A  systematic  literature  search  of  MEDLINE  (January  1950  to  September  2018),
EMBASE  (January  1974  to  September  2018),  Web  of  Science  (January  1990  to
September 2018), and the Cochrane Library databases was performed. The following
search  terms  were  used  “(o)esophageal  cancer”,  “oligometastasis”  and  “oligo-
recurrence” and the Medical Subject Headings (MeSH) term “esophageal neoplasms”.
The search was expanded by identifying synonyms or closely related terms and a
manual search of the references of included studies was performed to identify any
missing articles. The full search strategy is shown in Supplementary Table 1. Two
reviewers (SJ and KT) independently assessed titles and abstracts for inclusion of
relevant references, followed by screening of the full text. Articles were included if the
following elements were evaluated: (1) Assessment of survival outcomes and/or
prognostic  factors  in  patients  presenting  with  solid  organ  metastasis  following
treatment  for  oesophageal  cancer;  and  (2)  Synchronous  or  metachronous
oligometastasis. Only articles published in English were included. Review articles
were excluded. Articles focusing on solely lymph node recurrence without solid
organ metastasis were excluded. The following data was extracted: study design,
sample  size,  mean age,  diagnostic  tool,  type of  treatment  modality,  histological
subtype,  site  of  metastatic  lesion,  disease  free  survival  and overall  survival  for
synchronous oligometastasis and metachronous oligometastasis.

Quality assessment
The  methodological  quality  of  included  studies  was  assessed  by  means  of  the
Newcastle-Ottawa scales for cohort and case-control studies. The quality is rated by
awarding stars in each domain with three domains in total (selection, comparability
and exposure)[21]. Articles are graded as “good quality” if 3 or 4 stars in the selection
domain  and  1  or  2  stars  in  the  comparability  domain  and  2  or  3  stars  in  the
outcome/exposure domain, “fair quality” if 2 stars in the selection domain and 1 or 2
stars in the comparability domain and 2 or 3 stars in the outcome/exposure domain
or “poor quality” if 0 or 1 star in the selection domain OR 0 stars in comparability
domain OR 0 or 1 stars in the outcome/exposure domain. The methodological quality
assessment of the case series was reported using a novel tool based on modifications
of  the  Newcastle-Ottawa,  Pierson  and  Bradford  Hills  scales[22].  Eight  items  are
categorised into four domains (selection, ascertainment, causality and reporting). A
total score on these 8 items can be created by adding up the binary response to a sum
score.

RESULTS

Literature search
The systematic search yielded 399 initial results. After removal of duplicates, 235
references were screened on title and abstract. Subsequent assessment of full text
resulted in inclusion of 14 articles. A graphical representation of the review process is
demonstrated in a PRISMA flow chart (Figure 1)[23].

Methodological quality assessment
The results of the quality assessment of the studies included are summarised in the
Supplementary Tables 1, 2 and 3 respectively. The majority of included studies were
cohort studies.  For all  studies,  both the case and control population consisted of
patients treated for oesophageal cancer and data was retrospectively obtained from
existing hospital  databases.  Furthermore,  patients in the control  group were not
obtained as a random sample in the population and were selected from the same
source as the cases. However, no information was given in the methodology of the
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Figure 1

Figure 1  PRISMA flow chart of the selection process.

studies regarding matching of both groups. The remaining articles had a retrospective
cohort design or were case series. Again, the study population consisted of a selected
group of patients. The comparability of the cohorts was well established, but the
outcome  of  interest  was  already  present  at  the  start  across  all  studies  due  to
retrospective design.

Management of metachronous oligometastasis
Twelve studies included[24-35], eight of those assessed the survival outcomes of patients
treated  with  resection  of  pulmonary  metastases,  three  included  multiple
oligometastasis sites and one study only on liver oligometastasis (Supplementary
Tables  4  and  5).  The  histological  subtype  of  primary  oesophageal  cancer  was
squamous cell carcinoma (75.2%), adenocarcinoma (23.0%) and sarcoma/basaloid
tumour  (1.8%).  The  mean age  was  63.3  years  across  all  studies.  The  majority  of
patients has undergone resection for the primary oesophageal cancer with either
chemotherapy or radiotherapy or a combination. In only one study patients were
managed  with  definitive  chemotherapy[27].  The  Disease-Free  Interval  (DFI)  was
reported in 8 of the studies and the mean DFI was 19.6 months. The DFI duration was
established as a prognostic factor is four studies. A disease-free survival (DFI) of less
than 12 mo resulted in a 5-year survival rate of 15.7%, which was much lower than for
patients with a DFI exceeding 12 months (39.2%, P = 0.048)[25].

Patients were investigated with various imaging modalities including Chest X-ray
(CXR), computed tomography (CT) and positron emission tomography (PET) scan.
However, the follow-up regimes were not specified in the studies included to assess
variation  in  clinical  practice  and  impact  on  detection.  The  management  of
oligometastasis  involved  surgery  and  mostly  either  chemotherapy  or  chemo-
radiotherapy. The main reported outcomes were overall survival (OS) and the mean
was 30.8 mo across all studies. Oligometastasis recurrence occurred in 32.1% of cases.
Time to recurrence was identified as a predictor of survival and patients presenting
with recurrence within 12 mo of definitive therapy for the primary tumour, had worse
survival (P = 0.034)[35].

Chen et al[24] showed that patients with multiple pulmonary metastasis developed
recurrence in comparison to those with solitary lesions, however, this was a small
study of 5 patients. Regarding pulmonary metastasis, a larger diameter of the lesion
(> 20 mm) was marginally associated with worse outcomes (P = 0.087)[27]. Presence of
extra pulmonary metastases was established as unfavourable prognostic factor in five
of  the  studies  and  Ichikawa  et  al [28]  showed  that  none  of  the  patients  with
extrapulmonary metastasis survived beyond 3 years, compared to 54.7% for patients
presenting with a solitary pulmonary lesion (P = 0.0411).

A 2013 retrospective cohort study assessed survival following resection of liver and
lung metastases. Patients with pulmonary recurrences had better outcomes (median
survival of 13 mo) than metastases in the liver (medial survival of 5 mo) or other sites
(median survival of 3 mo) and a surgical approach of these pulmonary lesions also
seemed to beneficial  with a median survival  of  48 mo compared to 10 mo if  not
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treated  with  resection  (P =  0.009).  Hepatic  metastasectomy failed  to  establish  a
significant survival benefit (P = 0.06) [32]. The latter results were similar to the findings
of Huddy et al[33] who assessed the outcomes of 4 patients treated with liver resection
and  to  Hiyoshi  et  al[34].  In  addition,  the  latter  author  could  not  demonstrate  an
improvement  in  survival  following  resection  of  lesions  in  the  brain  and  bone.
However,  patients treated with pulmonary metastasectomy (solitary,  bilateral or
multiple lesions) showed a trend towards better outcomes. A recent study conducted
by Ghaly et al[35] evaluated prognostic factors for survival of 56 patients following
multimodal therapy of oligometastasis in the liver, bone, brain or adrenal glands. The
median survival was not significantly different between both groups (P = 0.661). Time
to recurrence was identified as a predictor of survival and patients presenting with
recurrence within 12 mo of definitive therapy for the primary tumour, had worse
survival (P = 0.034)[35].

Management of synchronous oligometastasis
Two  studies  assessed  survival  in  oesophageal  cancer  patients  presenting  with
synchronous  oligometastasis[36,37]  (Supplementary  Tables  4  and  5).  Onal  et  al[36]

assessed the impact of an aggressive treatment approach of both primary tumour and
solitary brain metastasis. Patients underwent definitive CRT of the primary tumour
locally ablative treatment of the brain metastasis, consisting of radiotherapy, surgery
or radiosurgery. The median time to progression was 8 mo and median survival was
18.9 mo, suggesting that this approach might improve survival in selected patients. A
more recent study investigated the impact of suspicious lesions on pre-treatment
imaging on the survival of patients undergoing oesophagectomy. The presence of
suspected liver metastases had a 5-year survival rate of only 9.9% compared to 26.1%
in patients with suspicious lesions at other sites or with no evidence of metastases on
pre-treatment imaging (P = 0.014)[37].

DISCUSSION
Despite advances in diagnostic tools and treatment modalities, loco-regional and
distant recurrences still occur frequently in oesophageal cancer. Survival rate is worse
in the presence of haematogenous metastases (16 mo) compared to loco-regional
recurrence (25.5 mo)[38]. Standard treatment modality for recurrences in oesophageal
cancer often consists of systemic therapy. Patients presenting with oligometastatic
disease may however benefit from aggressive local therapy with improvement in
survival  rates.  To  date,  there  is  no  guideline  on  the  management  of  distant
oligometastasis in oesophageal cancer and currently resection of distant metastases is
mostly a personalised treatment.

The  lungs  are  amongst  the  most  common  affected  sites  for  metastasis  in
oesophageal cancer.  Patients often present with multiple lesions and might have
metastases at  other sites as well.  Furthermore,  primary lung tumours commonly
coexist  with  oesophageal  cancer  as  smoking  is  a  known  risk  factor  in  both
malignancies[39,40].  Distinguishing  metastases  from  second  primary  lung  cancer
requires genetic analysis, which was not performed in the included studies. Kanamori
et  al[31]  excluded  lesions  suggestive  of  second  primary  lung  cancer  based  on
histological findings and Kozu et al[27] applied several clinical criteria. The latter author
found poor long-term survival in these patients, confirming the aggressive nature of
metastatic  disease  in  oesophageal  cancer.  Consequently,  survival  rates  could be
affected in the other included studies as the number of patients with pulmonary
metastases might be fewer than reported[41]. Pulmonary metastasectomy has proven
its efficacy in other types of cancer, including colorectal, renal and head and neck
malignancies. Both initial as repeated resections were encouraged in colorectal cancer
as it could significantly improve survival rates [42]. This is consistent with the findings
in the studies included in our review as the vast majority of the papers believed that
pulmonary metastasectomy was a promising treatment option for improvement in
survival  following resection of  a  solitary pulmonary lesion.  Ichikawa et  al[28]  has
shown  that  it  was  a  safe  and  feasible  approach  as  the  incidence  of  pulmonary
complications remained low and no in-hospital mortality occurred. Hiyoshi et al[34]

suggested  that  not  only  patients  with  a  solitary  lesion  are  good  candidates  for
metastasectomy, but resection of bilateral and metachronous pulmonary multiple
lesions might improve the prognosis as well. However, the study population only
consisted  of  9  patients  with  a  solid  organ metastasis.  Furthermore,  resection  of
pulmonary metastasis may have an improved prognostic value in metastatic gastric
cancer[43].

Resection of liver metastases is common practice in colorectal cancer with a 5-year
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survival  rates  of  more  than  50%  compared  to  patients  receiving  palliative
treatment[44,45].  None  of  our  included  studies  demonstrate  a  survival  benefit  of
resection of liver metastasis, however, it is important to note that patient numbers
were small.  In addition, there is contrary evidence to survival benefit in patients
undergoing resection for brain metastasis. Hiyoshi et al[34] did not show any benefit in
the  resection  of  lesions  in  the  brain  or  bone.  In  contrast  with  this,  Onal  et  al[36]

suggested an improvement in survival outcome in patients with oligometastatic brain
metastasis when treated with an aggressive approach of both the primary tumour and
the metastatic lesion.

Recently, Kanamori et al[31] showed that the risk of re-recurrence of metastasis was
70% in those undergoing pulmonary metastectomy. However, smaller studies had
lower recurrence rates of 22% Kobayashi et al[30], 50% Huddy et al[33] and 60% in Chen
et al[24]. The rate of recurrence following treatment of oligometastasis was not reported
in other studies. In all the included reports patients had surgical resection of their
oligometastasis and either chemotherapy or chemoradiotherapy. It is thus unclear
whether these patients significantly benefit from resection of metastases.

Hsu et al[9] showed that patients with more risk factors such as liver recurrence,
early recurrence, and no treatment for recurrence would suffer from poorer post-
recurrence survival. Therefore, patients with isolated, oligometastasis of EC after
multimodality therapy may represent a subset  of  patients who will  benefit  from
aggressive treatment of their metastatic disease and survival might be extended in
this patient population. The majority of patients included had oesophageal squamous
cell carcinoma (OSCC). The pattern of metastasis is different as OSCC has a higher
incidence rate of  lung metastasis  in comparison to oesophageal  adenocarcinoma
which had a higher incidence rate of liver metastasis. The median disease free interval
in patients was 18.6 months. The overall survival was 31.1 months. Furthermore, to
our knowledge,  there are currently no commonly accepted prognostic  factors  of
metastatic oesophageal cancer indicating an improved prognosis. Several reports have
reported  favourable  prognostic  factors  depending  on  their  patient  cohort,  this
included solitary metastasis, absence of extrapulmonary metastases and lack of nodal
involvement and greater disease free interval > 12 months. In addition, the concept of
the “test of time” is a convincing indicator of a more favourable biological cancer
behaviour.  However,  there  is  an  increasing  shift  toward  individualized,
multidisciplinary management of oligometastasis because it is difficult to conduct
randomized controlled trials due to the variety of presentations[7]. The multicenter
FLOT3 study with metastatic tumours of the oesophagogastric junction and gastric
cancer  suggests  that  well-selected  patients  may  benefit  from surgery  following
chemotherapy at the stage of limited metastases[46]. The results of the FLOT5 study is
still  awaiting to be published, assessing the effect  of  chemotherapy alone versus
chemotherapy followed by surgical resection on survival and quality of life in patients
with limited metastatic adenocarcinoma of the stomach or oesophagogastric junction.
Only two papers assessed the presence of synchronous oligometastasis in patients
with oesophageal cancer[36,37]. Hence, no comparison in the difference of between the
presence of synchronous or metachronous oligometastatic disease could be made
regarding survival outcomes.

The main limitation to this review is that all the studies included were retrospective
observational  studies.  The  majority  of  patients  were  OSCC  and  therefore  not
representing  the  other  major  oesophageal  cancer  subtype  of  adenocarcinoma.
Therefore, there was clinical heterogeneity was present due to majority of patients
being of Asian-predominant studies. Most of the studies included the proportion of
patients receiving metastasectomy in their assessment. Hence, the sample size in the
majority  of  the  studies  was  small,  which may introduce  selection bias.  Another
limitation is that only papers published in English were included.

Aggressive treatment of oligometastatic disease in oesophageal cancer is performed
on an individual basis. The lung and liver are amongst the most common sites of
metastasis in oesophageal cancer. Several factors have been identified which might
influence survival and should be taken into consideration in the management of
oligometastasis.  Most  studies  advocate  a  personalised  approach  to  patient
management until there are more studies to guide future decision making.

ARTICLE HIGHLIGHTS
Research background
Oesophageal cancer is the eighth most common cancer worldwide with an associated poor
prognosis. The 5-year survival rate rarely exceeds 5% in case of metastatic disease. Combined
treatment modalities are used for the management of locally advanced disease, consisting of
neoadjuvant chemotherapy with or without radiotherapy followed by surgery. Meanwhile,
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patients  with  recurrent  or  metastatic  disease  most  commonly undergo systemic  palliative
therapy. However, to date there is a lack in specific guidelines regarding optimal management of
patients presenting with oligometastatic oesophageal cancer. The European Society for Medical
Oncology, suggests that patients with metastasis can be considered for different options of
treatment depending on the clinical case. It is unclear for current studies whether resection
improves the overall survival and what is the optimal management.

Research motivation
This systematic review focuses on the current practice regarding treatment of oligometastatic
oesophageal cancer and factors affecting survival following treatment of oligometastasis.

Research objectives
This review aims to assess the current practice regarding the management of patients with
oligometastatic oesophageal cancer and identify prognostic factors affecting survival following
treatment for oligometastasis.

Research methods
An extensive systematic search of the literature was performed in Cochrance Library, MEDLINE
and EMBASE databases on January 4th, 2019. Relevant electronic databases were searched for
studies assessing the clinical outcome of oligometastasis.

Research results
The main finding of this systematic review is that Oligometastatic oesophageal cancer in selected
patients is amenable to loco-regional treatment, and the overall survival of this patient cohort
may be improved with patient and tumour-specific treatments. However, there is an increasing
shift toward individualized, multidisciplinary management of oligometastasis because it  is
difficult to conduct randomized controlled trials due to the variety of presentations.

Research conclusions
The lung and liver are amongst the most common sites of metastasis in oesophageal cancer. Most
studies advocate a personalised approach to patient management until there are more studies to
guide future decision making. Aggressive treatment of oligometastatic disease in oesophageal
cancer is performed on an individual basis. Several factors have been identified which might
influence survival and should be taken into consideration in the management of oligometastasis.
Most  studies  advocate  a  personalised  approach  in  the  management  of  oligometastatic
oesophageal cancer.

Research perspectives
The current management advocated by most studies is based on a personalised approach to
patient management until there are more studies to guide future decision making. Larger scale
future  studies  or  randomised  controlled  trials  to  assess  optimal  management  plan  for
oligometastatic disease is required to guide management of this patient cohort.
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Abstract
BACKGROUND
Gastrointestinal schwannomas are slow-growing benign mesenchymal
neoplasms that originate from Schwann cells of the nerve sheath of Auerbach´s
plexus or less frequently from Meissner´s plexus. The main differential diagnosis
of gastric schwannomas are the gastrointestinal stromal tumors (GISTs), which
are classified by their immunohistochemistry. The treatment of choice for gastric
schwannomas is surgery where laparoscopy plays an important role. Wedge
resection, subtotal or total gastrectomy can be done. In its counterpart,
esophageal schwannomas are benign tumors of the esophagus that are very
uncommon since they comprise less than 2% of all esophageal tumors. The main
differential diagnosis is the leiomyoma which corresponds to the most common
benign esophageal tumor, followed by GIST. The treatment consists on tumoral
enucleation or esophagectomy.

AIM
To review the available literature about gastrointestinal schwannomas; especially
lesions from de stomach and esophagus, including diagnosis, treatment, and
follow up, as well as, reporting our institutional experience.

METHODS
A systematic review was conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyzes guidelines. The following databases
were used for reviewing process: PubMed, Ovid, MEDLINE, and Scopus. Only
English language manuscripts were included. All gastrointestinal schwannomas
specifically located in the esophagus and stomach were included. Cases that did
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not report long-term follow-up were excluded.

RESULTS
Gastric localization showed a higher prevalence in both, the literature review and
our institution: 94.95% (n = 317) and 83% (n = 5) respectively. With a follow-up
with disease-free survival greater than 36 mo in most cases: 62.01% (n = 80) vs
66.66% (n = 4). In both groups, the median size was > 4.1 cm. Surgical treatment
is curative in most cases

CONCLUSION
Schwannoma must be taken into account in the differential diagnosis of
gastrointestinal mesenchymal tumors. It has a good prognosis, and most are
benign. A disease-free survival of more than 36 mo can be achieved by surgery.

Key words: Schwannoma; Esophagus; Stomach; Surgery; Systematic review

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tips: We performed a systematic review of the literature searching two types of rare
tumors; esophageal and gastric schwannomas. We review its form of presentation,
diagnosis, differential diagnosis and treatment. We also performed a systematic review
trying to gather all case reports and case series in a single paper. We have found 16 cases
of esophageal schwannomas and 301 cases of gastric schwannomas in all literature. We
also reviewed our institutional experience with the report of 6 cases of gastrointestinal
schwannomas, 1 is esophageal and 5 are gastric.
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INTRODUCTION
Gastrointestinal schwannomas are slow-growing benign mesenchymal neoplasms
that originate from Schwann cells. The most frequent locations are the stomach and
colon, with the esophagus being the least frequent site.

Despite being tumors widely known by clinicians, gastrointestinal schwannomas
are rare. It is accepted that the treatment of choice is laparoscopic or open resection,
where in wedge, subtotal or total gastrectomy can be performed.

We present an institutional case series, and a systematic review of esophagic and
gastric schwannomas. The aim of this study is to review the available literature about
gastrointestinal schwannomas; especially lesions from de stomach and esophagus,
including diagnosis, treatment, and follow up, as well as, reporting our institutional
experience.

Literature review
Gastric  schwannomas:  Gastrointestinal  schwannomas are  slow-growing benign
mesenchymal neoplasms that originate from Schwann cells of the nerve sheath of
Auerbach´s  plexus  or  less  frequently  from Meissner´s  plexus[1].  They  were  first
described by Daimaru et al[2] since 1988 to date, only 300 cases approximately have
been reported in the literature[3]. It has been suggested that gastric schwannomas play
a  different  genetic  mechanism  compared  to  soft  tissue  schwannomas  by  not
expressing  monosomy  on  chromosome  22  and  very  rarely  mutations  in  NF2[4].
Mesenchymal tumors include leiomyomas, gastrointestinal stromal tumors (GIST),
and schwannomas, with the latter being very rare since it represents 0.2% of all gastric
tumors, 6.3% of gastric mesenchymal tumors, and 4% of all benign gastric tumors[5-7].
Gastric  schwannomas  tend  to  appear  as  single  lesions  in  the  stomach  with  the
following subdivisions: the body (59.3%), antrum (26.7%) fundus (12%) and cardia
(2%), followed by colon as submucosal tumors[1,3].  They have an average reported
diameter of 4.69 cm ranging from 0.8 to 15.5 cm. Female predominance has been
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observed with a male to female ratio of 1: 2.64 and can occur at any age, although
predominantly between the fifth and eighth decades of life, with 86.43% diagnosed in
people over 40 years of age, with an average age of 56.82 years[1-4,6].

The main differential diagnosis of gastric schwannomas are GISTs which careful
differentiation of these two entities should be done, since clinical, histological and
demographic presentation are very similar, but the treatment and prognosis of each
one is very different[1,4]. It is estimated that for every 45 cases of gastric GISTs there is
gastric  schwannoma[4].  Gastric  schwannomas  have  an  excellent  prognosis  after
surgical resection, while GIST can recur, have malignant potential ranging from 10%
to 30% and in certain cases can be treated with imatinib achieving great response[1].

Gastric schwannomas can rarely progress into malignant tumors of the peripheral
nerve sheath (MTPNS), known as malignant schwannomas, mainly when they have a
mitotic  index  greater  than  10/50  HPF[1,4].  Only  10  cases  (4.5%)  of  all  gastric
schwannomas reported in the literature have been described as MTPNS wich are
characterized by a greater number of mitotic index, presence of necrosis and nuclear
atypia[1,3].  However, this idea of malignant transformation has been questioned in
recent research, since most of the malignant transformation were reported prior to
modern immunohistochemistry, which they probably corresponded to GISTs instead
of schwannomas[4].

Patients  with  gastric  schwannomas are  usually  asymptomatic  with  incidental
findings in 43.3% during endoscopies for unrelated conditions[1,3,6].  Symptomatic
patients typically present with abdominal pain or discomfort followed by upper
gastrointestinal bleeding and less frequently with a palpable abdominal mass (3.05%),
poor appetite (3.05%), dyspepsia (1.82%), weight loss (1.21%), nausea or vomiting
(0.6%)[1,3,6]. There’s only one case of gastroduodenal intussusception due to gastric
schwannoma reported in the literature[8].

Preoperative diagnosis is a challenge for the surgeon because of the difficulty to
differentiate gastric schwannomas from GISTs. In upper gastrointestinal endoscopy,
gastric schwannomas are frequently seen as firm, protruding submucosal masses and
in patients with active bleeding the ulcerated mucosa is observed[1,6].  Endoscopic
biopsies have limited usefulness since false negatives can occur when the mucosa of
the lesion is  intact[1].  Fine needle aspiration biopsy (FNA) guided by endoscopic
ultrasound (EUS) is a reliable diagnostic method although with a reported diagnostic
accuracy of 50 to 85.2% for mesenchymal gastric tumors, which have a hypoechoic
appearance in the EUS[6,9].

In computed tomography (CT), gastric schwannomas are distinguished by having
homogeneous density, leiomyomas often show calcifications and leiomyosarcomas
are usually more heterogeneous[10]. However, the radiological findings in both CT and
magnetic resonance imaging (MRI) of gastric schwannomas are not specific and can
be  confused  with  GISTs  even  with  positron  emission  tomography  with  18-
fluorodeoxyglucose  (PET-FDG),  since  they  present  as  hypermetabolic[6,11].  The
diagnosis is based on histology and confirmed with the immunohistochemical report
which  is  the  gold  standard.  Histopathology  of  these  tumors  shows  a  fascicular
arrangement with spindle-shaped nuclei. Immunohistochemistry is positive for S-100
protein(Figure 1), vimentin and glial fibrillary acidic protein (Figure 2), CD34 positive
or negative, and negative for smooth muscle actin, desmin, DOG-1 and c-Kit (CD117);
the latter positive in GIST[12,13]. It is important to distinguish gastric schwannomas
from malignant tumors with positivity for S-100 such as clear cell gastrointestinal
sarcoma and metastatic melanoma[4].

The treatment of choice for gastric schwannomas is surgery where laparoscopy
plays an important role. Wedge resection, subtotal or total gastrectomy can be done
since  they  have  low  malignant  potential[1,3,4].  Lymphadenectomy  is  not  usually
performed unless enlarged lymph nodes are seen, since gastric schwannoma rarely
metastasizes to lymph nodes. Only minimally invasive endoscopic approaches should
be performed with or without laparoscopic approach, when the diagnosis of gastric
schwannoma is definitively confirmed[3]. Given its benignity, the recurrence of gastric
schwannoma is only associated with positive surgical margins. Frequent CT follow-
up is not recommended[1,14].

Schwannomas of the esophagus: These benign esophageal tumors are very rare since
they  comprise  less  than  2%  of  all  esophageal  tumors[15-17].  The  most  common
submucosal esophageal tumor is leiomyoma, diagnosed in 50% of every benign case,
followed by GISTs, which have malignant potential[18-20]. Other less frequent benign
submucosal  esophageal  tumors  are  lipomas,  granular  cell  tumors  and
schwannomas[21]. Gastrointestinal schwannomas comprise between 0.4 and 1% of all
submucosal tumors of the gastrointestinal tract, and most of them are found in the
stomach, making them extremely rare in the esophagus[15,21,22].

Schwannomas are the most common neurogenic tumor, which are derived from
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Figure 1

Figure 1  Immunohistochemistry and macroscopic images. A: The immunohistochemistry was diffusely positive for S100 (in the nucleus and cytoplasm) in the
proliferative cells; which confirms its histomorphogenesis of the cells of schwann. This image corresponds to the esophagic schwannoma resected at our institute; B:
Macroscopic image of the esophageal schwannoma.

Schwann cells hence its name[15]. Schwannomas typically originate in the posterior
mediastinum, followed by the chest wall and lung parenchyma, and extremely rare
from the esophagus[15,20]. Esophageal schwannomas are usually found in the upper
thoracic segment[17,23]. An average size of 5.6cm has been reported, with a range of 0.5
to 10 cm[24]. They are predominant in the female gender with a female to male ratio of
19: 8 and a mean age at diagnosis of 50 years[25,26].

Most  patients  are  asymptomatic  and  are  diagnosed  incidentally[17].  The  most
common symptom is  moderate  to  severe  dysphagia  followed by  dyspnea[15,17,20].
Symptoms usually correlate with tumor size due to the effect of mass on neighboring
structures which can also result in chest pain, pneumonia or hemoptysis[17]. There are
two reported cases of benign schwannoma in the upper esophagus with compression
to the trachea[23,25].

The  preoperative  diagnosis  of  esophageal  schwannoma is  a  challenge  for  the
surgeon  since  there  are  no  special  characteristics  on  imaging  studies  and  even
endoscopic  biopsies  can  be  useless  because  schwannomas  are  found  in  the
submucosal tissue[15,21]. A successful preoperative diagnosis can lead to a less invasive
surgical treatment[26]. CT and MRI have limited diagnostic utility; however, its use in
conjunction  with  PET-FDG  has  been  reported  to  be  useful  in  the  diagnosis  of
esophageal tumors [27].

On CT, esophageal  schwannoma tends to show a homogeneous density while
leiomyomas often show calcifications; on the other hand, leiomyosarcomas tend to be
more  heterogeneous[10].  Currently,  fine  FNA  biopsy  guided  by  EUS  is  used  to
diagnose submucosal tumors because it has a diagnostic accuracy of 85.2%, allowing
more  adequate  samples  to  be  obtained  than  upper  gastrointestinal  endoscopy
biopsy[10]. Some unlikely risks of EUS-guided FNAB are bleeding, infection, trachea
perforation;  however,  it  is  considered a  safe,  reliable  and accurate  method[9,17,21].
Through PET,  schwannomas  prove  to  be  hypermetabolic;  however,  this  has  no
clinical correlation with malignancy since these tumors are derived from nerve cells
that express the type 3 glucose transporter which increases FDG uptake[28]. When the
preoperative diagnosis is not reliable, a transoperative pathological diagnosis may be
useful[17].  Schwannomas are usually benign and can show one or two histological
patterns: Antoni A and B. The Antoni A pattern shows compact areas with palisaded
spindle cells, while the Antoni B pattern consists of poorly organized tissue with
variable  cystic  changes  and hemorrhage.  MTPNS are  the  counterpart  of  benign
schwannomas.  These  tumors  are  very  rare  and their  histopathological  report  is
characterized  by  greater  mitotic  cells,  necrosis  and  atypia [ 1 5 ] .  Positive
immunohistochemistry for S-100 protein and negative for smooth muscle markers
such as actin and desmin support the diagnosis of MTPNS[11]. Immunohistochemistry
is essential to differentiate a GIST from a schwannoma[20,25].

The  treatment  of  esophageal  schwannoma  is  tumoral  enucleation  or
esophagectomy[17,25].  Local resection versus esophagectomy is preferred since the
former has lower morbidity and is curative for benign schwannomas while the latter
has a higher rate of postoperative complications such as recurrent laryngeal nerve
palsy,  pulmonary involvement or chylothorax[29-31].  Tumor enucleation is  usually
viable  because  esophageal  schwannoma  is  usually  limited  to  the  submucosa;
however,  this  technique  is  not  recommended  for  very  large  tumors  due  to  an
increased risk of esophageal stenosis[31,32].

Surgery is indicated for symptomatic lesions, lesions with a diameter greater than 4
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Figure 2

Figure 2  Nulcear palisading around fibrillary process (verocay bodies) is often seen in cellular areas. This
image corresponds to the esophagic schwannoma resected at our institute.

to 5 cm, suspicion of malignancy and lesions that have increased in size during follow
up[15].  The surgical  approach should be considered based on the tumor size,  the
location of the lesion and the patient's condition[17].

When there is suspicion of malignancy, such as tumor larger than 10 cm, biopsy
with mitotic figures, esophageal muscle invasion or cellular atypia; the indication is
esophagectomy  with  negative  margins  and  lymph  node  dissection  to  prevent
recurrences or lymph node metastases[33,34]. For sporadic tumors in the upper thoracic
segment, a right thoracotomy is preferred, and less often a cervical approach[15,23,33].
There are case reports of successful resections of schwannomas by minimally invasive
thoracic surgery (VATS) with less pain, fewer postoperative complications such as
pneumonia  and shorter  recovery time compared to  standard thoracotomy[15,18,35].
However,  VATS  is  not  recommended  for  large  submucosal  tumors  due  to  an
increased risk of mucosal damage when performing extensive dissections[36].

In general, esophageal schwannomas have a good prognosis after surgical resection
and a long term with CT and esophagoscopy is recommended[35].

MATERIALS AND METHODS
A comprehensive literature search was conducted using controlled vocabulary and
key words in the following databases: PubMed, MEDLINE, Cochrane and Ovid. The
following MeSH terms were used "schwannoma" and "gastrointestinal schwannoma".
The detailed search strategy is  shown in the study flow diagram (Figure 3).  The
references of identified studies were also searched to identify additional studies for
inclusion. Only English language manuscripts were included. All Gastrointestinal
schwannomas specifically located in the esophagus and stomach were included.
Cases that did not report long-term follow-up were excluded. Only one researcher
carried out the review of the cases reported in the literature. The following variables
were extracted for each case report: age, sex, race of the patient, tumor site, tumor
size, surgical procedure, long-term follow-up, and disease-free time.

RESULTS
Initially, 90 case reports and series of cases were found in the literature, of which 39
publications  were  excluded  due  to  lack  of  complete  data  according  to  the
methodology  previously  described,  and  finally  51  articles  were  included.  We
extracted a total of 317 cases of esophageal and gastric schwannomas, with a total of
16 and 301 cases respectively[2-4,8,12,34,37-75]. The clinical characteristics of these 317 cases
[including the documented cases of our center (INCMNSZ)] are summarized in Table
1.

Institutional experience
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Figure 3

Figure 3  Flowchart.

We  included  a  total  of  6  upper  gastrointestinal  schwannomas  (esophagus  and
stomach) (Figure 4). Only one case was at the esophageal level and the remaining 5 at
gastric level. The clinical and pathological characteristics of these patients are shown
in Table 2. In all 6 cases, complete surgical resection was attempted, with only one
case reporting positive surgical margins in the histopathologic report.

DISCUSSION
Schwannomas or neurinomas are benign mesenchymal neoplasms that originate from
Schwann cells located at the sheath nerve of the Auerbach’s plexus or less frequently
at the Meissner plexus. Its presentation as gastrointestinal tumors are uncommon;
being the most  frequent location at  the level  of  the stomach,  representing 4% of
benign tumors at this level, and 2% of all esophageal tumors; a female predominance
has been reported, and tend to appear in the 6th decade of life. Most of them are
asymptomatic[3,6].

Among the most important differential diagnoses to be ruled out is GIST, which
often has a malignant behavior (10%-30%) with different prognosis and treatment.
The definitive  diagnosis  is  made through immunohistochemistry  which plays  a
fundamental role, since it allows distinguishing them from other tumors such as GIST
and leiomyoma[8,9,10].

Our research tend to review the existing literature in a systematic way and report
the clinical experience of INCMNSZ. A total of 317 cases were reported in the main
databases while we present a total of 6 cases. Gastric localization showed a higher
prevalence in both, the literature review and our institution: 94.95% (n = 317) and 83%
(n  = 5)  respectively.  With a follow-up with disease-free survival  greater  than 36
months in most cases: 62.01% (n = 80) vs 66.66% (n = 4). In both groups, the median
size was > 4.1 cm. However,  there was a slight discrepancy regarding the age of
presentation,  which  was  manifested  earlier  in  the  patients  of  our  center  with  a
predominance of 51-60 years of age.

Surgical treatment is curative in most cases and usually a wedge resection, subtotal
or  total  gastrectomy  without  lymphadenectomy  is  enough  to  achieve  negative
margins with a low recurrence rate.

In conclusion, schwannoma is a clinical entity that must be taken into account in
the differential  diagnosis  of  gastrointestinal  mesenchymal tumors.  It  has a good
prognosis, and most are benign.

The clinical characteristics reported in the literature are very similar to our series of
cases, gastric localization is more prevalent than esophageal location. A disease-free
survival of more than 36 mo can be achieved by surgery.
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Table 1  Clinical characteristics of esophageal and gastric schwannomas, n (%)

Characteristics Institutional experience (n = 6) Literature review1 (n = 317)

Location

Stomach 5 (83.3) 301 (94.9)

Esophagus 1 (16.6) 16 (5)

Size

1-2 cm Stomach: 2 (33) Stomach: 20

2.1 – 4 cm Stomach: 1 (16.6) Stomach: 66; Esophagus: 1

> 4.1 cm Stomach: 2 (33); Esophagus: 1 (16.6) Stomach: 88; Esophagus: 3

Follow-up with disease- free survival in months

< 12 Stomach: 1 (16.6); Esophagus: 1 (16.6) Stomach: 18

43823 0 Stomach: 21; Esophagus: 2

25 – 36 0 Stomach: 8

>36 Stomach: 4 (66.6) Stomach: 78; Esophagus: 2

Age

< 30 yr Stomach: 1 (16.6) Stomach: 6 (2.47); Esophagus: 3 (18.75)

30-40 yr Stomach: 1 (16.6) Stomach: 18 (7.43); Esophagus: 1 (6.25)

41-50 yr Esophagus: 1 (16.6) Stomach: 49 (20.24); Esophagus: 3 (18.75)

51-60 yr Stomach: 2 (33.3) Stomach: 72 (29.75); Esophagus: 4 (25)

>60 yr Stomach: 1 (16.6) Stomach: 97 (40.08); Esophagus 5 (31.25)

1Only the cases in which the data is reported explicitly are shown.

Table 2  Clinical and pathological characteristics

Case Sex Age, yr Tumor Size Location Margins IHQ

1 F 41 Schwannoma 7.5 cm x4.5 cm x1.9 cm Esophagus Positive S100+, GFAP-, CD117-, COD1-, KI67 <1%

2 F 37 Schwannoma 4.2 cm x3.1 cm Stomach Negative S100+, CD117-, DOG1-, CD34-, Actina-, Desmina-, CD56-.

3 F 29 Schwannoma 2.3 cm x2.3 cm Stomach Negative S100+, CD56+, DOG1-, CD117 ,CD34-, Desmina-, Actina-.

4 F 67 Schwannoma 1.9 cm x1.5 cm Stomach Negative DOG1-, CD117-, CD34-, Actina-, Calponina-, S-100+, CD56-.

5 F 54 Schwannoma 4.5 cm x4.3 cm x4 cm Stomach Negative S100+, CD34+, CD117-, Actina-.

6 F 55 Schwannoma 8 cm x5 cm Stomach Negative DOG1-, CD117-, S100+, KI671%.

Figure 4

Figure 4  Resection of a gastric schwannoma. A: Tumor of approximately 10 cm; B: Wedge resection by linear cutting stapler of the greater gastric curvature.

ARTICLE HIGHLIGHTS
Research background
Schwannomas are benign neoplasms originated from Schwann cells. Schwannomas are more
commonly locate in the stomach. Schwannomas are usually asymptomatic lesions.
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Research objectives
We have reviewed the available  literature about gastrointestinal  schwannomas,  especially
lesions from de stomach and esophagus (diagnosis, treatment, and follow up).

Research methods
Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyzes guidelines,
a systematic review was conducted. The PubMed, Ovid, MEDLINE, and Scopus databases were
used  for  reviewing  process.  Only  English  language  manuscripts  were  included.  All
gastrointestinal schwannomas specifically located in the esophagus and stomach were included,
and cases that did not report long-term follow-up were excluded.

Research results
Gastric localization showed a higher prevalence in both, the literature review and our institution.
With a follow-up with disease-free survival greater than 36 mo in most cases. In both groups, the
median size was > 4.1 cm. Surgical treatment is curative in most cases.

Research conclusions
Schwannoma  must  be  taken  into  account  in  the  differential  diagnosis  of  gastrointestinal
mesenchymal tumors. Schwannoma has a good prognosis, and most are benign.A disease-free
survival of more than 36 mo can be achieved by surgery.

REFERENCES
1 Singh A, Mittal A, Garg B, Sood N. Schwannoma of the stomach: a case report. J Med Case Rep 2016;

10: 4 [PMID: 26768276 DOI: 10.1186/s13256-015-0788-0]
2 Daimaru Y, Kido H, Hashimoto H, Enjoji M. Benign schwannoma of the gastrointestinal tract: a

clinicopathologic and immunohistochemical study. Hum Pathol 1988; 19: 257-264 [PMID: 3126126 DOI:
10.1016/S0046-8177(88)80518-5]

3 Hu BG, Wu FJ, Zhu J, Li XM, Li YM, Feng Y, Li HS. Gastric Schwannoma: A Tumor Must Be Included
in Differential Diagnoses of Gastric Submucosal Tumors. Case Rep Gastrointest Med 2017; 2017:
9615359 [PMID: 28573055 DOI: 10.1155/2017/9615359]

4 Voltaggio L, Murray R, Lasota J, Miettinen M. Gastric schwannoma: a clinicopathologic study of 51 cases
and critical review of the literature. Hum Pathol 2012; 43: 650-659 [PMID: 22137423 DOI:
10.1016/j.humpath.2011.07.006]

5 Sreevathsa MR, Pipara G. Gastric Schwannoma: A Case Report and Review of Literature. Indian J
SurgOncol 2015; 6: 123-126 [PMID: 26405419 DOI: 10.1007/s13193-014-0367-7]

6 Park SH, Kim GH, Park DY, Shin NR, Cheong JH, Moon JY, Lee BE, Song GA, Seo HI, Jeon TY.
Endosonographic findings of gastric ectopic pancreas: a single center experience. J GastroenterolHepatol
2011; 26: 1441-1446 [PMID: 21557771 DOI: 10.5946/ce.2015.115]

7 Miettinen M, Majidi M, Lasota J. Pathology and diagnostic criteria of gastrointestinal stromal tumors
(GISTs): a review. Eur J Cancer 2002; 38 Suppl 5: S39-S51 [PMID: 12528772 DOI:
10.1016/S0959-8049(02)80602-5]

8 Yang JH, Zhang M, Zhao ZH, Shu Y, Hong J, Cao YJ. Gastroduodenal intussusception due to gastric
schwannoma treated by Billroth II distal gastrectomy: one case report. World J Gastroenterol 2015; 21:
2225-2228 [PMID: 25717262 DOI: 10.3748/wjg.v21.i7.2225]

9 Rong L, Kida M, Yamauchi H, Okuwaki K, Miyazawa S, Iwai T, Kikuchi H, Watanabe M, Imaizumi H,
Koizumi W. Factors affecting the diagnostic accuracy of endoscopic ultrasonography-guided fine-needle
aspiration (EUS-FNA) for upper gastrointestinal submucosal or extraluminal solid mass lesions. Dig
Endosc 2012; 24: 358-363 [PMID: 22925290 DOI: 10.1111/j.1443-1661.2012.01243.x]

10 Vinhais SN, Cabrera RA, Nobre-Leitão C, Cunha TM. Schwannoma of the esophagus: computed
tomography and endosonographic findings of a special type of schwannoma. ActaRadiol 2004; 45: 718-
720 [PMID: 15624513 DOI: 10.1080/02841850410008243]

11 Beaulieu S, Rubin B, Djang D, Conrad E, Turcotte E, Eary JF. Positron emission tomography of
schwannomas: emphasizing its potential in preoperative planning. AJR Am J Roentgenol 2004; 182: 971-
974 [PMID: 15039173 DOI: 10.2214/ajr.182.4.1820971]

12 Agaimy A, Märkl B, Kitz J, Wünsch PH, Arnholdt H, Füzesi L, Hartmann A, Chetty R. Peripheral nerve
sheath tumors of the gastrointestinal tract: a multicenter study of 58 patients including NF1-associated
gastric schwannoma and unusual morphologic variants. Virchows Arch 2010; 456: 411-422 [PMID:
20155280 DOI: 10.1007/s00428-010-0886-8]

13 Shah AS, Rathi PM, Somani VS, Mulani AM. Gastric Schwannoma: A Benign Tumor Often
Misdiagnosed as Gastrointestinal Stromal Tumor. ClinPract 2015; 5: 775 [PMID: 26664714 DOI:
10.4081/cp.2015.775]

14 Hong X, Wu W, Wang M, Liao Q, Zhao Y. Benign gastric schwannoma: how long should we follow up to
monitor the recurrence? A case report and comprehensive review of literature of 137 cases. IntSurg 2015;
100: 744-747 [PMID: 25875559 DOI: 10.9738/INTSURG-D-14-00106.1]

15 Jeon HW, Kim KS, Hyun KY, Park JK. Enucleation of giant esophageal schwannoma of the upper
thoracic esophagus: reports of two cases. World J SurgOncol 2014; 12: 39 [PMID: 24548347 DOI:
10.1186/1477-7819-12-39]

16 Choong CK, Meyers BF. Benign esophageal tumors: introduction, incidence, classification, and clinical
features. SeminThoracCardiovascSurg 2003; 15: 3-8 [PMID: 12813683 DOI:
10.1016/S1043-0679(03)70035-5]

17 Moro K, Nagahashi M, Hirashima K, Kosugi SI, Hanyu T, Ichikawa H, Ishikawa T, Watanabe G, Gabriel
E, Kawaguchi T, Takabe K, Wakai T. Benign esophageal schwannoma: a brief overview and our
experience with this rare tumor. Surg Case Rep 2017; 3: 97 [PMID: 28861777 DOI:
10.1186/s40792-017-0369-0]

18 Seremetis MG, Lyons WS, deGuzman VC, Peabody JW. Leiomyomata of the esophagus.An analysis of
838 cases. Cancer 1976; 38: 2166-2177 [PMID: 991129 DOI:

WJGO https://www.wjgnet.com September 15, 2019 Volume 11 Issue 9

Morales-Maza J et al. Schwannomas of the esophagus and stomach

757

http://www.ncbi.nlm.nih.gov/pubmed/26768276
https://dx.doi.org/10.1186/s13256-015-0788-0
http://www.ncbi.nlm.nih.gov/pubmed/3126126
https://dx.doi.org/10.1016/S0046-8177(88)80518-5
http://www.ncbi.nlm.nih.gov/pubmed/28573055
https://dx.doi.org/10.1155/2017/9615359
http://www.ncbi.nlm.nih.gov/pubmed/22137423
https://dx.doi.org/10.1016/j.humpath.2011.07.006
http://www.ncbi.nlm.nih.gov/pubmed/26405419
https://dx.doi.org/10.1007/s13193-014-0367-7
http://www.ncbi.nlm.nih.gov/pubmed/21557771
https://dx.doi.org/10.5946/ce.2015.115
http://www.ncbi.nlm.nih.gov/pubmed/12528772
https://dx.doi.org/10.1016/S0959-8049(02)80602-5
http://www.ncbi.nlm.nih.gov/pubmed/25717262
https://dx.doi.org/10.3748/wjg.v21.i7.2225
http://www.ncbi.nlm.nih.gov/pubmed/22925290
https://dx.doi.org/10.1111/j.1443-1661.2012.01243.x
http://www.ncbi.nlm.nih.gov/pubmed/15624513
https://dx.doi.org/10.1080/02841850410008243
http://www.ncbi.nlm.nih.gov/pubmed/15039173
https://dx.doi.org/10.2214/ajr.182.4.1820971
http://www.ncbi.nlm.nih.gov/pubmed/20155280
https://dx.doi.org/10.1007/s00428-010-0886-8
http://www.ncbi.nlm.nih.gov/pubmed/26664714
https://dx.doi.org/10.4081/cp.2015.775
http://www.ncbi.nlm.nih.gov/pubmed/25875559
https://dx.doi.org/10.9738/INTSURG-D-14-00106.1
http://www.ncbi.nlm.nih.gov/pubmed/24548347
https://dx.doi.org/10.1186/1477-7819-12-39
http://www.ncbi.nlm.nih.gov/pubmed/12813683
https://dx.doi.org/10.1016/S1043-0679(03)70035-5
http://www.ncbi.nlm.nih.gov/pubmed/28861777
https://dx.doi.org/10.1186/s40792-017-0369-0
http://www.ncbi.nlm.nih.gov/pubmed/991129


10.1002/1097-0142(197611)38:5<2166::AID-CNCR2820380547>3.0.CO;2-B]
19 Riku Y, Ito M, Atsuta N, Watanabe H, Momota H, Sobue G. [Intracranial germinoma masquerading as a

granulomatous inflammation, diagnostic failure after brain biopsy]. RinshoShinkeigaku 2013; 53: 835-838
[PMID: 24225569]

20 Tokunaga T, Takeda S, Sumimura J, Maeda H. Esophageal schwannoma: report of a case. Surg Today
2007; 37: 500-502 [PMID: 17522770 DOI: 10.1007/s00595-006-3436-x]

21 Watanabe T, Miyazaki T, Saito H, Yoshida T, Kumakura Y, Honjyo H, Yokobori T, Sakai M, Sohda M,
Kuwano H. Resection of an esophageal schwannoma with thoracoscopic surgery: a case report. Surg Case
Rep 2016; 2: 127 [PMID: 27822873 DOI: 10.1186/s40792-016-0256-0]

22 Kitada M, Matsuda Y, Hayashi S, Ishibashi K, Oikawa K, Miyokawa N. Esophageal schwannoma: a case
report. World J SurgOncol 2013; 11: 253 [PMID: 24088647 DOI: 10.1186/1477-7819-11-253]

23 Mizuguchi S, Inoue K, Imagawa A, Kitano Y, Kameyama M, Ueda H, Inoue Y. Benign esophageal
schwannoma compressing the trachea in pregnancy. Ann ThoracSurg 2008; 85: 660-662 [PMID:
18222295 DOI: 10.1016/j.athoracsur.2007.07.088]

24 Sato K, Maekawa T, Maekawa H, Ouchi K, Sakurada M, Kushida T, Sato S, Nasu M, Tsurumaru M. A
case of esophageal schwannoma and literature analysis of 18 cases. Esophagus 2005; 2: 145-149 [DOI:
10.1007/s10388-005-0045-5]

25 Chen HC, Huang HJ, Wu CY, Lin TS, Fang HY. Esophageal schwannoma with tracheal compression.
ThoracCardiovascSurg 2006; 54: 555-558 [PMID: 17151975 DOI: 10.1055/s-2006-924095]

26 Kassis ES, Bansal S, Perrino C, Walker JP, Hitchcock C, Ross P, Daniel VC. Giant asymptomatic primary
esophageal schwannoma. Ann ThoracSurg 2012; 93: e81-e83 [PMID: 22450109 DOI: 10.1016/j.athorac-
sur.2011.10.054]

27 Toyama E, Nagai Y, Baba Y, Yoshida N, Hayashi N, Miyanari N, Baba H. A case of thoracoscopically
resected benign esophageal schwannoma with high uptake on FDG-PET. Esophagus 2008; 5: 167-170
[DOI: 10.1007/s10388-008-0163-y]

28 Klapman J, Chang KJ, Wiersema M, Murata Y, Vilmann P. Endoscopic ultrasound-guided fine-needle
aspiration biopsy in esophageal cancer. Endoscopy 2005; 37: 381-385 [PMID: 15824951 DOI:
10.1055/s-2005-861050]

29 Akaogi E, Mitsui K, Sohara Y, Endo S, Ishikawa S, Hori M. Treatment of postoperative chylothorax with
intrapleural fibrin glue. Ann ThoracSurg 1989; 48: 116-118 [PMID: 2475070 DOI:
10.1016/0003-4975(89)90193-8]

30 Yibulayin W, Abulizi S, Lv H, Sun W. Minimally invasive oesophagectomy versus open esophagectomy
for resectable esophageal cancer: a meta-analysis. World J SurgOncol 2016; 14: 304 [PMID: 27927246
DOI: 10.1186/s12957-016-1062-7]

31 Asteriou C, Konstantinou D, Lalountas M, Kleontas A, Setzis K, Zafiriou G, Barbetakis N. Nine years
experience in surgical approach of leiomyomatosis of esophagus. World J SurgOncol 2009; 7: 102 [PMID:
20030817 DOI: 10.1186/1477-7819-7-102]

32 Shien K, Nozaki I, Kobatake T, Ohta K, Kubo Y, Tanada M, Kurita A. Two Case Reports of Esophageal
schwannoma and Literature Review of Case Reports. Japanese J GastroenterolSurg 2010; 43: 1106-1011
[DOI: 10.5833/jjgs.43.1106]

33 von Rahden BH, Stein HJ, Feussner H, Siewert JR. Enucleation of submucosal tumors of the esophagus:
minimally invasive versus open approach. SurgEndosc 2004; 18: 924-930 [PMID: 15108112 DOI:
10.1007/s00464-003-9130-9]

34 Murase K, Hino A, Ozeki Y, Karagiri Y, Onitsuka A, Sugie S. Malignant schwannoma of the esophagus
with lymph node metastasis: literature review of schwannoma of the esophagus. J Gastroenterol 2001; 36:
772-777 [PMID: 11757750 DOI: 10.1007/s005350170020]

35 Iwata H, Kataoka M, Yamakawa Y, Kuwabara Y, Kureyama Y, Masaoka A. Esophageal schwannoma.
Ann ThoracSurg 1993; 56: 376-377 [PMID: 8347029 DOI: 10.1016/0003-4975(93)91184-O]

36 Manger T, Pross M, Haeckel C, Lippert H. Malignant peripheral nerve sheath tumor of the esophagus.
Dig Surg 2000; 17: 627-631 [PMID: 11155010 DOI: 10.1159/000051973]

37 Shelat VG, Li K, Naik S, Ng CY, Rao N, Rao J, Koura A. Abdominal schwannomas: case report with
literature review. IntSurg 2013; 98: 214-218 [PMID: 23971773 DOI: 10.9738/INTSURG-D-13-00019.1]

38 Tomono A, Nakamura T, Otowa Y, Imanishi T, Tanaka Y, Maniwa Y, Kakeji Y. A Case of Benign
Esophageal Schwannoma Causing Life-threatening Tracheal Obstruction. Ann ThoracCardiovascSurg
2015; 21: 289-292 [PMID: 25740444 DOI: 10.5761/atcs.cr.14-00171]

39 Kanneganti K, Patel H, Niazi M, Kumbum K, Balar B. Cecal schwannoma: a rare cause of
gastrointestinal bleeding in a young woman with review of literature. Gastroenterol Res Pract 2011; 2011:
142781 [PMID: 21760773 DOI: 10.1155/2011/142781]

40 Wang G, Chen P, Zong L, Shi L, Zhao W. Cellular schwannoma arising from the gastric wall
misdiagnosed as a gastric stromal tumor: A case report. Oncol Lett 2014; 7: 415-418 [PMID: 24396458
DOI: 10.3892/ol.2013.1752]

41 Tao K, Chang W, Zhao E, Deng R, Gao J, Cai K, Wang G, Zhang P. Clinicopathologic Features of Gastric
Schwannoma: 8-Year Experience at a Single Institution in China. Medicine (Baltimore) 2015; 94: e1970
[PMID: 26559271 DOI: 10.1097/MD.0000000000001970]

42 Zheng L, Wu X, Kreis ME, Yu Z, Feng L, Chen C, Xu B, Bu Z, Li Z, Ji J. Clinicopathological and
immunohistochemicalcharacterisation of gastric schwannomas in 29 cases. Gastroenterol Res Pract 2014;
2014: 202960 [PMID: 24688535 DOI: 10.1155/2014/202960]

43 Rodriguez E, Tellschow S, Steinberg DM, Montgomery E. Cytologic findings of gastric schwannoma: a
case report. DiagnCytopathol 2014; 42: 177-180 [PMID: 24436245 DOI: 10.1002/dc.22913]

44 Takasumi M, Hikichi T, Takagi T, Suzuki R, Watanabe K, Nakamura J, Sugimoto M, Kikuchi H, Konno
N, Waragai Y, Asama H, Obara K, Ohira H. Efficacy of endoscopic ultrasound-guided fine-needle
aspiration for schwannoma: six cases of a retrospective study. Fukushima J Med Sci 2017; 63: 75-80
[PMID: 28680005 DOI: 10.5387/fms.2015-21]

45 Park HC, Son DJ, Oh HH, Oak CY, Kim MY, Chung CY, Myung DS, Kim JS, Cho SB, Lee WS, Joo YE.
Endoscopic ultrasonographic characteristics of gastric schwannoma distinguished from gastrointestinal
stromal tumor. Korean J Gastroenterol 2015; 65: 21-26 [PMID: 25603850 DOI:
10.4166/kjg.2015.65.1.21]

46 Mohanty SK, Jena K, Mahapatra T, Dash JR, Meher D, John A, Nayak M, Bano S. Gastric GIST or
gastric schwannoma-A diagnostic dilemma in a young female. Int J Surg Case Rep 2016; 28: 60-64
[PMID: 27689519 DOI: 10.1016/j.ijscr.2016.09.026]

47 Yoon HY, Kim CB, Lee YH, Kim HG. Gastric schwannoma. Yonsei Med J 2008; 49: 1052-1054 [PMID:

WJGO https://www.wjgnet.com September 15, 2019 Volume 11 Issue 9

Morales-Maza J et al. Schwannomas of the esophagus and stomach

758

https://dx.doi.org/10.1002/1097-0142(197611)38:5<2166::AID-CNCR2820380547>3.0.CO;2-B
http://www.ncbi.nlm.nih.gov/pubmed/24225569
http://www.ncbi.nlm.nih.gov/pubmed/17522770
https://dx.doi.org/10.1007/s00595-006-3436-x
http://www.ncbi.nlm.nih.gov/pubmed/27822873
https://dx.doi.org/10.1186/s40792-016-0256-0
http://www.ncbi.nlm.nih.gov/pubmed/24088647
https://dx.doi.org/10.1186/1477-7819-11-253
http://www.ncbi.nlm.nih.gov/pubmed/18222295
https://dx.doi.org/10.1016/j.athoracsur.2007.07.088
https://dx.doi.org/10.1007/s10388-005-0045-5
http://www.ncbi.nlm.nih.gov/pubmed/17151975
https://dx.doi.org/10.1055/s-2006-924095
http://www.ncbi.nlm.nih.gov/pubmed/22450109
https://dx.doi.org/10.1016/j.athoracsur.2011.10.054
https://dx.doi.org/10.1016/j.athoracsur.2011.10.054
https://dx.doi.org/10.1016/j.athoracsur.2011.10.054
https://dx.doi.org/10.1007/s10388-008-0163-y
http://www.ncbi.nlm.nih.gov/pubmed/15824951
https://dx.doi.org/10.1055/s-2005-861050
http://www.ncbi.nlm.nih.gov/pubmed/2475070
https://dx.doi.org/10.1016/0003-4975(89)90193-8
http://www.ncbi.nlm.nih.gov/pubmed/27927246
https://dx.doi.org/10.1186/s12957-016-1062-7
http://www.ncbi.nlm.nih.gov/pubmed/20030817
https://dx.doi.org/10.1186/1477-7819-7-102
https://dx.doi.org/10.5833/jjgs.43.1106
http://www.ncbi.nlm.nih.gov/pubmed/15108112
https://dx.doi.org/10.1007/s00464-003-9130-9
http://www.ncbi.nlm.nih.gov/pubmed/11757750
https://dx.doi.org/10.1007/s005350170020
http://www.ncbi.nlm.nih.gov/pubmed/8347029
https://dx.doi.org/10.1016/0003-4975(93)91184-O
http://www.ncbi.nlm.nih.gov/pubmed/11155010
https://dx.doi.org/10.1159/000051973
http://www.ncbi.nlm.nih.gov/pubmed/23971773
https://dx.doi.org/10.9738/INTSURG-D-13-00019.1
http://www.ncbi.nlm.nih.gov/pubmed/25740444
https://dx.doi.org/10.5761/atcs.cr.14-00171
http://www.ncbi.nlm.nih.gov/pubmed/21760773
https://dx.doi.org/10.1155/2011/142781
http://www.ncbi.nlm.nih.gov/pubmed/24396458
https://dx.doi.org/10.3892/ol.2013.1752
http://www.ncbi.nlm.nih.gov/pubmed/26559271
https://dx.doi.org/10.1097/MD.0000000000001970
http://www.ncbi.nlm.nih.gov/pubmed/24688535
https://dx.doi.org/10.1155/2014/202960
http://www.ncbi.nlm.nih.gov/pubmed/24436245
https://dx.doi.org/10.1002/dc.22913
http://www.ncbi.nlm.nih.gov/pubmed/28680005
https://dx.doi.org/10.5387/fms.2015-21
http://www.ncbi.nlm.nih.gov/pubmed/25603850
https://dx.doi.org/10.4166/kjg.2015.65.1.21
http://www.ncbi.nlm.nih.gov/pubmed/27689519
https://dx.doi.org/10.1016/j.ijscr.2016.09.026


19108033 DOI: 10.3349/ymj.2008.49.6.1052]
48 Williamson JM, Wadley MS, Shepherd NA, Dwerryhouse S. Gastric schwannoma: a benign tumour often

mistaken clinically, radiologically and histopathologically for a gastrointestinal stromal tumour--a case
series. Ann R CollSurgEngl 2012; 94: 245-249 [PMID: 22613302 DOI:
10.1308/003588412X13171221590935]

49 Romdhane H, Cheikh M, Mzoughi Z, Slama SB, Ennaifer R, Belhadj N. Gastric Schwannoma: A Case
Report. ClinPract 2016; 6: 849 [PMID: 28028429 DOI: 10.4081/cp.2016.849]

50 Sanei B, Kefayat A, Samadi M, Goli P, Sanei MH, Khodadustan M. Gastric Schwannoma: A Case Report
and Review of the Literature for Gastric Submucosal Masses Distinction. Case Rep Med 2018; 2018:
1230285 [PMID: 29849652 DOI: 10.1155/2018/1230285]

51 Sarlomo-Rikala M, Miettinen M. Gastric schwannoma--a clinicopathological analysis of six cases.
Histopathology 1995; 27: 355-360 [PMID: 8847066 DOI: 10.1111/j.1365-2559.1995.tb01526.x]

52 Sunkara T, Then EO, Reddy M, Gaduputi V. Gastric schwannoma-a rare benign mimic of gastrointestinal
stromal tumor. Oxf Med Case Reports 2018; 2018: omy002 [PMID: 29564143 DOI:
10.1093/omcr/omy002]

53 Yoon W, Paulson K, Mazzara P, Nagori S, Barawi M, Berri R. Gastric schwannoma: a rare but important
differential diagnosis of a gastric submucosal mass. Case Rep Surg 2012; 2012: 280982 [PMID: 22924149
DOI: 10.1155/2012/280982]

54 Manji M, Ismail A, Komba E. Gastric Schwannoma: Case report from Tanzania and brief review of
literature. Clin Case Rep 2015; 3: 562-565 [PMID: 26273443 DOI: 10.1002/ccr3.299]

55 Hong SW, Cho WY, Kim JO, Chun CG, Shim KY, Bok GH, Um WH, Lee JE. Gastric schwannoma
diagnosed by endoscopic ultrasonography-guided trucut biopsy. ClinEndosc 2013; 46: 284-287 [PMID:
23767041 DOI: 10.5946/ce.2013.46.3.284]

56 Komatsu D, Koide N, Hiraga R, Furuya N, Akamatsu T, Uehara T, Miyagawa S. Gastric schwannoma
exhibiting increased fluorodeoxyglucose uptake. Gastric Cancer 2009; 12: 225-228 [PMID: 20047128
DOI: 10.1007/s10120-009-0526-7]

57 Tahir TM, Anwar S, Naseem N, Mansoor-Ul-Haq H, Saqib M. Gastric schwannoma in a female patient
with pulmonary tuberculosis - a clinicopathological assessment and diagnosis. Malays J Med Sci 2010; 17:
45-50 [PMID: 22135537]

58 Oh SJ, Suh BJ, Park JK. Gastric Schwannoma Mimicking Malignant Gastrointestinal Stromal Tumor
Exhibiting Increased Fluorodeoxyglucose Uptake. Case Rep Oncol 2016; 9: 228-234 [PMID: 27194983
DOI: 10.1159/000445825]

59 Tatangelo F, Cantile M, Collina F, Belli A, DE Franciscis S, Bianco F, Botti G. Gastric schwannoma
misdiagnosed as GIST: A case report with immunohistochemical and molecular study. Oncol Lett 2016;
11: 2497-2501 [PMID: 27073505 DOI: 10.3892/ol.2016.4281]

60 Guthrie G, Mullen R, Moses A. Gastric Schwannoma or GIST: accuracy of preoperative diagnosis? Scott
Med J 2011; 56: 236 [PMID: 22089050 DOI: 10.1258/smj.2011.011175]

61 Raber MH, Ziedses des Plantes CM, Vink R, Klaase JM. Gastric Schwannoma Presenting as an
Incidentaloma on CT-Scan and MRI. Gastroenterology Res 2010; 3: 276-280 [PMID: 27942308 DOI:
10.4021/gr245w]

62 Lyros O, Schickel S, Schierle K, Hoffmeister A, Gockel I. Schwannom des Magens:
selteneDifferenzialdiagnoseeinerakutenoberengastrointestinalenBlutung. Z Gastroenterol 2017; 55: 761-
765 [DOI: 10.1055/s-0042-114576]

63 Shimizu S, Saito H, Kono Y, Murakami Y, Kuroda H, Matsunaga T, Fukumoto Y, Osaki T, Fujiwara Y.
Gastric Schwannoma with Enlargement of the Regional Lymph Nodes Resected Using Laparoscopic
Distal Gastrectomy: Report of a Patient. YonagoActa Med 2017; 60: 59-63 [PMID: 28331424]

64 Jung MK, Jeon SW, Cho CM, Tak WY, Kweon YO, Kim SK, Choi YH, Bae HI. Gastric schwannomas:
endosonographic characteristics. Abdom Imaging 2008; 33: 388-390 [PMID: 17647053 DOI:
10.1007/s00261-007-9291-4]

65 Fujiwara S, Nakajima K, Nishida T, Takahashi T, Kurokawa Y, Yamasaki M, Miyata H, Takiguchi S,
Mori M, Doki Y. Gastric schwannomas revisited: has precise preoperative diagnosis become feasible?
Gastric Cancer 2013; 16: 318-323 [PMID: 22907486 DOI: 10.1007/s10120-012-0186-x]

66 Ohno T, Ogata K, Kogure N, Ando H, Aihara R, Mochiki E, Zai H, Sano A, Kato T, Sakurai S, Oyama T,
Asao T, Kuwano H. Gastric schwannomas show an obviously increased fluorodeoxyglucose uptake in
positron emission tomography: report of two cases. Surg Today 2011; 41: 1133-1137 [PMID: 21773906
DOI: 10.1007/s00595-010-4401-2]

67 Mekras A, Krenn V, Perrakis A, Croner RS, Kalles V, Atamer C, Grützmann R, Vassos N.
Gastrointestinal schwannomas: a rare but important differential diagnosis of mesenchymal tumors of
gastrointestinal tract. BMC Surg 2018; 18: 47 [PMID: 30045739 DOI: 10.1186/s12893-018-0379-2]

68 Levy AD, Quiles AM, Miettinen M, Sobin LH. Gastrointestinal schwannomas: CT features with
clinicopathologic correlation. AJR Am J Roentgenol 2005; 184: 797-802 [PMID: 15728600 DOI:
10.1002/job.340]

69 Watanabe A, Ojima H, Suzuki S, Mochida Y, Hirayama I, Hosouchi Y, Nishida Y, Kashiwabara K, Ohno
T, Mochiki E, Kuwano H. An individual with gastric schwannoma with pathologically malignant potential
surviving two years after laparoscopy-assisted partial gastrectomy. Case Rep Gastroenterol 2011; 5: 502-
507 [PMID: 21960956 DOI: 10.1159/000331561]

70 Vargas Flores E, Bevia Pérez F, Ramirez Mendoza P, Velázquez García JA, Ortega Román OA.
Laparoscopic resection of a gastric schwannoma: A case report. Int J Surg Case Rep 2016; 28: 335-339
[PMID: 27788385 DOI: 10.1016/j.ijscr.2016.09.014]

71 Iwata Y, Tanaka C, Komori S, Nagao N, Kawai M, Yoshida K, Kunieda K. Lobulated esophageal
schwannoma resected with concurrent approach from the thorax and cervix. World J SurgOncol 2018; 16:
29 [PMID: 29439724 DOI: 10.1186/s12957-018-1334-5]

72 Mishra B, Madhusudhan KS, Kilambi R, Das P, Pal S, Srivastava DN. Malignant Schwannoma of the
Esophagus: A Rare Case Report. Korean J ThoracCardiovascSurg 2016; 49: 63-66 [PMID: 26889451
DOI: 10.5090/kjtcs.2016.49.1.63]

73 Enshaei A, Hajipour B, Abbasi F, Doost PR, Rezaei S. Schwannoma of stomach. J Pak Med Assoc 2015;
65: 672-674 [PMID: 26060170]

74 Matsuki A, Kosugi S, Kanda T, Komukai S, Ohashi M, Umezu H, Mashima Y, Suzuki T, Hatakeyama K.
Schwannoma of the esophagus: a case exhibiting high 18F-fluorodeoxyglucose uptake in positron
emission tomography imaging. Dis Esophagus 2009; 22: E6-E10 [PMID: 19473209 DOI:
10.1111/j.1442-2050.2007.00712.x]

WJGO https://www.wjgnet.com September 15, 2019 Volume 11 Issue 9

Morales-Maza J et al. Schwannomas of the esophagus and stomach

759

http://www.ncbi.nlm.nih.gov/pubmed/19108033
https://dx.doi.org/10.3349/ymj.2008.49.6.1052
http://www.ncbi.nlm.nih.gov/pubmed/22613302
https://dx.doi.org/10.1308/003588412X13171221590935
http://www.ncbi.nlm.nih.gov/pubmed/28028429
https://dx.doi.org/10.4081/cp.2016.849
http://www.ncbi.nlm.nih.gov/pubmed/29849652
https://dx.doi.org/10.1155/2018/1230285
http://www.ncbi.nlm.nih.gov/pubmed/8847066
https://dx.doi.org/10.1111/j.1365-2559.1995.tb01526.x
http://www.ncbi.nlm.nih.gov/pubmed/29564143
https://dx.doi.org/10.1093/omcr/omy002
http://www.ncbi.nlm.nih.gov/pubmed/22924149
https://dx.doi.org/10.1155/2012/280982
http://www.ncbi.nlm.nih.gov/pubmed/26273443
https://dx.doi.org/10.1002/ccr3.299
http://www.ncbi.nlm.nih.gov/pubmed/23767041
https://dx.doi.org/10.5946/ce.2013.46.3.284
http://www.ncbi.nlm.nih.gov/pubmed/20047128
https://dx.doi.org/10.1007/s10120-009-0526-7
http://www.ncbi.nlm.nih.gov/pubmed/22135537
http://www.ncbi.nlm.nih.gov/pubmed/27194983
https://dx.doi.org/10.1159/000445825
http://www.ncbi.nlm.nih.gov/pubmed/27073505
https://dx.doi.org/10.3892/ol.2016.4281
http://www.ncbi.nlm.nih.gov/pubmed/22089050
https://dx.doi.org/10.1258/smj.2011.011175
http://www.ncbi.nlm.nih.gov/pubmed/27942308
https://dx.doi.org/10.4021/gr245w
https://dx.doi.org/10.1055/s-0042-114576
http://www.ncbi.nlm.nih.gov/pubmed/28331424
http://www.ncbi.nlm.nih.gov/pubmed/17647053
https://dx.doi.org/10.1007/s00261-007-9291-4
http://www.ncbi.nlm.nih.gov/pubmed/22907486
https://dx.doi.org/10.1007/s10120-012-0186-x
http://www.ncbi.nlm.nih.gov/pubmed/21773906
https://dx.doi.org/10.1007/s00595-010-4401-2
http://www.ncbi.nlm.nih.gov/pubmed/30045739
https://dx.doi.org/10.1186/s12893-018-0379-2
http://www.ncbi.nlm.nih.gov/pubmed/15728600
https://dx.doi.org/10.1002/job.340
http://www.ncbi.nlm.nih.gov/pubmed/21960956
https://dx.doi.org/10.1159/000331561
http://www.ncbi.nlm.nih.gov/pubmed/27788385
https://dx.doi.org/10.1016/j.ijscr.2016.09.014
http://www.ncbi.nlm.nih.gov/pubmed/29439724
https://dx.doi.org/10.1186/s12957-018-1334-5
http://www.ncbi.nlm.nih.gov/pubmed/26889451
https://dx.doi.org/10.5090/kjtcs.2016.49.1.63
http://www.ncbi.nlm.nih.gov/pubmed/26060170
http://www.ncbi.nlm.nih.gov/pubmed/19473209
https://dx.doi.org/10.1111/j.1442-2050.2007.00712.x


75 Hou YY, Tan YS, Xu JF, Wang XN, Lu SH, Ji Y, Wang J, Zhu XZ. Schwannoma of the gastrointestinal
tract: a clinicopathological, immunohistochemical and ultrastructural study of 33 cases. Histopathology
2006; 48: 536-545 [PMID: 16623779 DOI: 10.1111/j.1365-2559.2006.02370.x]

WJGO https://www.wjgnet.com September 15, 2019 Volume 11 Issue 9

Morales-Maza J et al. Schwannomas of the esophagus and stomach

760

http://www.ncbi.nlm.nih.gov/pubmed/16623779
https://dx.doi.org/10.1111/j.1365-2559.2006.02370.x


W J G O
World Journal of
Gastrointestinal
Oncology

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol  2019 September 15; 11(9): 761-767

DOI: 10.4251/wjgo.v11.i9.761 ISSN 1948-5204 (online)

CASE REPORT

Gallbladder cancer harboring ERBB2 mutation on the primary and
metastatic site: A case report

Chiaki Inagaki, Daichi Maeda, Akie Kimura, Toru Otsuru, Yoshifumi Iwagami, Naohiro Nishida, Daisuke Sakai,
Ryo Shitotsuki, Shinichi Yachida, Yuichiro Doki, Taroh Satoh

ORCID number: Chiaki Inagaki
(0000-0003-1282-232X); Daichi
Maeda (0000-0002-9783-1534); Akie
Kimura (0000-0002-5364-0963); Toru
Otsuru (0000-0001-7615-3124);
Yoshifumi Iwagami
(0000-0001-8029-5686); Naohiro
Nishida (0000-0003-3216-8513);
Daisuke Sakai
(0000-0002-9436-7553); Ryo
Shirotsuki (0000-0002-0629-4025);
Shinichi Yachida
(0000-0001-5507-4566); Yuichiro
Doki (0000-0001-7346-0209); Taroh
Satoh (0000-0002-4615-2638).

Author contributions: Inagaki C
and Satoh T collected the patients’
clinical data, reviewed the
literature and drafted the
manuscript; Maeda D performed
pathological examination and
clinical annotation of NGS
sequence data and drafted the
manuscript, Kimura A and Otsuru
T collected the patients’ clinical
data and contributed to manuscript
drafting, Shirotsuki R and Yachida
S performed clinical annotation of
NGS sequence data and drafted the
manuscript; Iwagami Y, Nishida
N, Sakai D and Doki Y were
contributed for the revision of the
manuscript for important
intellectual content, all authors
issued final approval for the
version to be submitted.

Informed consent statement:
Informed written consent was
obtained from the patient for
publication of this report and any
accompanying images.

Conflict-of-interest statement: Dr.

Chiaki Inagaki, Akie Kimura, Toru Otsuru, Naohiro Nishida, Daisuke Sakai, Taroh Satoh,
Department of Frontier Science for Cancer and Chemotherapy, Osaka University Graduate
School of Medicine, Suita 5650871, Osaka, Japan

Daichi Maeda, Department of Clinical Genomics, Osaka University Graduate School of
Medicine, Suita 5650871, Osaka, Japan

Toru Otsuru, Yoshifumi Iwagami, Naohiro Nishida, Yuichiro Doki, Department of
Gastroenterological Surgery, Osaka University Graduate School of Medicine, Suita 5650871,
Osaka, Japan

Daisuke Sakai, Ryo Shitotsuki, Center for Cancer Genomics and Personalized Medicine, Osaka
University Graduate School of Medicine, Suita 5650871, Osaka, Japan

Shinichi Yachida, Department of Cancer Genome Informatics, Osaka University Graduate
School of Medicine, Suita 5650871, Osaka, Japan

Corresponding author: Taroh Satoh, MD, PhD, Professor, Department of Frontier Science for
Cancer and Chemotherapy, Osaka University Graduate School of Medicine, E21-19, 2-2,
Yamadaoka, Suita 5650871, Osaka, Japan. taroh@cfs.med.osaka-u.ac.jp
Telephone: +81-6-68792641
Fax: +81-6-68792639

Abstract
BACKGROUND
Bile duct cancer constitutes gallbladder cancer (GBC), intrahepatic
cholangiocarcinoma (ICA), and extrahepatic cholangiocarcinoma (ECA). These
three entities show morphological and immunohistochemical resemblance so that
it is difficult to differentiate between primary ICA and liver metastasis of GBC,
which sometimes becomes a point of discussion in clinical practice. Although
these cancers demonstrate significant differences in their mutational landscape,
several reports demonstrated shared genomic alteration in paired primary and
metastatic site aids in distinguishing metastatic recurrence from second primary
cancers.

CASE SUMMARY
We present a 73-year-old female patient who underwent curative resection for
GBC harboring epidermal growth factor receptor 2 (ERBB2) activating mutation
on next-generation sequencing (NGS)-based genomic testing. One year later, a
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hepatic lesion was observed on follow-up imaging and she underwent surgical
resection for a pathological diagnosis. The histological findings of the hepatic
lesion were similar to those of the primary lesion. Additionally, using NGS panel
testing, the hepatic lesion was found to have ERBB2 activating mutation, which is
the identical mutation detected in the sequencing result of the primary site.
ERBB2 activating mutation occurs more frequently in GBC than ICA and ECA.
Therefore, in the present case, we think this molecular finding potentiated the
diagnosis of the liver mass toward a metastatic recurrence. Additionally, this
patient underwent HER2-targeted treatment with lapatinib in combination with
capecitabin and obtained clinical benefit.

CONCLUSION
This case illustrated NGS panel usefulness in distinguishing GBC recurrence
from second primary cancer and HER2-targeted agent efficacy on ERBB2 mutated
GBC.

Key words: Gall bladder cancer; Bile duct cancer; ERBB2 mutation; Precision medicine;
Mutation-driven targeted treatment; Case report

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: We present a case report of a patient with gallbladder cancer (GBC) harboring
epidermal growth factor receptor 2 (ERBB2) hotspot extracellular domain mutation
(Ser310Phe) on both the primary site and metachronous liver metastasis. Given that
pathological differentiation between hepatic metastasis and primary cancer of the liver is
often difficult, next-generation sequencing panel could be a novel option for patients
who need to distinguish a metastatic lesion from a second malignancy, which would
affect staging and the treatment strategy. This case also illustrated the benefit of the
HER2-targeted agent in the treatment of GBC harboring ERBB2 activating mutation.

Citation: Inagaki C, Maeda D, Kimura A, Otsuru T, Iwagami Y, Nishida N, Sakai D,
Shitotsuki R, Yachida S, Doki Y, Satoh T. Gallbladder cancer harboring ERBB2 mutation on
the primary and metastatic site: A case report. World J Gastrointest Oncol 2019; 11(9): 761-
767
URL: https://www.wjgnet.com/1948-5204/full/v11/i9/761.htm
DOI: https://dx.doi.org/10.4251/wjgo.v11.i9.761

INTRODUCTION
Gallbladder cancer (GBC) is an uncommon malignancy with an aggressive clinical
course. Its prevalence varies among geographical areas and is higher in Asia and the
Andes  region [1 ].  GBC  constitutes  bile  duct  cancer  along  with  intrahepatic
cholangiocarcinoma (ICA) and extrahepatic cholangiocarcinoma (ECA). However,
these are distinct entities with significant differences in their mutational landscape[2].
For example, isocitrate dehydrogenase 1 or 2 mutations, breast cancer 1 associated
protein-1 mutations, and fibroblast growth factor receptors fusions are frequently
seen in ICA, whereas Kirsten rat  sarcoma viral  oncogene homolog and,  mothers
against  decapentaplegic  homolog  4  mutations  are  more  likely  to  occur  in  ECA.
However, GBC has a high frequency of avian erythroblastosis oncogene B2 (ERBB2),
transformation-related protein 53 (TP53), and cyclin-dependent kinase inhibitor 2A
mutations.

Generally, surgical resection is the only curative option for localized GBC, and
chemotherapy is the primary treatment for unresectable or recurrent disease. Despite
recent advances in the treatments, more than half of the patients have experienced a
recurrence after radical resection and prognosis of metastatic disease is very poor
with 5-year survival around 5%[3,4]. The liver is the most common site of recurrence in
GBC[4]. The histological differentiation between primary ICA and liver metastasis of
GBC  is  often  difficult  owing  to  morphological  and  immunohistochemical
resemblance,  whereas  the  distinction  between  the  metastasis  of  the  primary
malignancy and newly developed second primary malignancy is clinically important
for accurate staging and tailoring treatment strategies[5]. Reflecting recent technical
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advances in high-throughput next-generation sequencing, there are several reports
describing the utility of genomic profiling in the differential diagnosis of a metastatic
recurrence and distinguishing it from second primary malignancy[6].

Here, we present a case report of a patient with GBC harboring ERBB2 activating
mutation on both the primary site and metachronous liver metastasis, which aids in
the differentiation from secondary malignancy. Additionally, this patient was treated
with human epidermal growth factor receptor-2 (HER2)-targeted agent, lapatinib, and
achieved clinical benefits.

CASE PRESENTATION

Chief complaints
The patient was a previously healthy 73-year-old female who underwent curative
resection for GBC (pT2N0M0 according to the eighth International union against
cancer TNM classification). We performed next-generation sequencing (NGS)-based
genomic profiling of the resected specimen using the NGS gene panel, Oncomine®

Comprehensive Assay version 3 (OCA v.3, Thermo Fisher Scientific), which revealed
ERBB2 Ser310Phe (c.929C>T; VAF, 18%) and TP53 Ser241Tyr (c.722C>A; VAF, 19%)
mutations. One year later, a hepatic lesion was observed on follow-up imaging and
she underwent surgical total biopsy for a pathological diagnosis.

History of present illness
A patient had no symptoms and was in good health at the time of total biopsy.

History of past illness
The patient had no previous medical history.

Physical examination and laboratory testing
The patient’s physical examination was not remarkable and laboratory testing was
within normal limits, including tumor markers, such as CA19-9 and CEA.

Imaging Examination
Contrasted computed tomography (CT) showed an ill-defined low attenuation lesion
in the posterior lobe of the liver (Figure 1).

Further diagnostic work-up
The  hepatic  lesion  was  histologically  diagnosed  as  well-differentiated
adenocarcinoma and the histological findings of the hepatic lesion were similar to
those of GBC (Figure 2). Therefore, the lesion was considered a metastasis. Moreover,
we  performed  genomic  profiling  from  the  liver  tumor  using  the  NGS  panel,
Oncomine® Target Test system (OTT, Thermo Fisher Scientific). This revealed ERBB2
Ser310Phe (c.929C>T; VAF, 26%), which was identical to the mutation detected in the
sequencing result of the primary site; thus, the liver tumor was the most consistent
with a metastasis of GBC rather than localized ICC. To evaluate HER2 overexpression
in tumor cells, we performed immunohistochemistry of HER2, which was negative
(HER2 score 0). Since TP53 was not included in the gene list of OTTs, TP53 mutation
status at the metastatic site was not assessed.

FINAL DIAGNOSIS
The final diagnosis of the presented case is hepatic recurrence of GBC.

TREATMENT
After  the  total  biopsy  of  liver  metastasis,  she  was  treated  with  two  standard
chemotherapy regimens, namely gemcitabine and cisplatin, and TS-1; however, her
disease did not obtain clinical benefit from these treatments. After six months from
hepatic resection, she was confirmed to have a progressive disease during second-line
chemotherapy. At that time,  she had liver and pulmonary recurrence,  as well  as
pulmonary and inferior vena cava tumor embolism, which caused tachycardia and
peripheral edema.

Considering no standard treatment beyond second-line for GBC, we treated the
patient with lapatinib with a combination of capecitabine (lapatinib at a dose of 1250
mg per day continuously plus capecitabine at a dose of 2000 mg per square meter of
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Figure 1

Figure 1  Contrasted computed tomography images. A: Contrasted computed tomography scan before surgical biopsy. A hypoattenuating lesion with ill-defined
margins was observed in the posterior lobe of the liver; B and C: Comparative contrasted computed tomography scan before (B), and after (C) 2 cycles of lapatinib
and capecitabine treatment. Hepatic metastases were reduced in size and tumor emboli in inferior vena cava (arrow heads) was mostly disappeared with the therapy.

body-surface area on days 1 through 14 of a 21 d cycle) based on the accumulating
preclinical  and clinical  evidence that  tumors with ERBB2  mutation benefit  from
HER2-targeted treatment.

OUTCOME AND FOLLOW-UP
Within a week of treatment, she experienced major subjective clinical improvement,
which included resolution of peripheral edema. After 2 cycles of treatment, contrasted
CT imaging showed a decrease in the size of tumor emboli and hepatic lesions (Figure
1). However, after 4 cycles of treatment, the patient discontinued treatment due to
grade  3  mucositis.  Mucositis  was  gradually  subsided  over  two  weeks  after
discontinuation  of  the  treatment.  One  month  after  discontinuation,  her  disease
progressed, and she chose best supportive care.

DISCUSSION
We observed the same ERBB2 Ser310Phe mutation in the primary tumors, as well as
the metachronous hepatic lesion of this patient using NGS panels. We believe this
molecular finding potentiated the diagnosis of the liver mass toward a metastatic
recurrence. In addition, this patient exhibited a favorable effect of the HER2-targeted
agent on GBC with ERBB2 activating mutation.

Histologically,  metastatic  adenocarcinoma  of  the  biliary  tract  cannot  be
distinguished from ICA or pancreatic origin owing to similarities in appearance and
immunohistochemical staining patterns[5]. In addition, there is no particular method
established to assess genetic relationships and clonality in primary and metastatic
sites in malignancy. However, limited studies have shown the potential of genetic
profiling to distinguish between a metastatic recurrence of the primary cancer and
newly developed second primary cancer in several malignancies[6-8]. Previous reports
demonstrated shared genomic alteration in paired primary and metastatic sites was
useful in differentiating multifocal non-small cell lung cancer from intrapulmonary
metastasis[7,8].  Moreover,  Vignot  et  al[9]  showed that  genomic  profiles  of  the  first
metastatic  recurrent  sites  are highly concordant to the primary site  in colorectal
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Figure 2

Figure 2  Tumor histology. A: Low-power microscopic view of the gallbladder cancer. The tumor cells form tubules of variable sizes. The tumor infiltrates deeply into
the gallbladder wall; B: High-power microscopic view of the gallbladder cancer. Atypical columnar cells with enlarged nuclei grow in tubular structures. Stromal fibrosis
and inflammation are also observed; C: Low-power microscopic view of the hepatic lesion. Adenocarcinoma with vaguely nodular contour involves the liver
parenchyma; D: High-power microscopic view of the hepatic lesion. Glandular structure is predominant. The tumor cells have enlarged nuclei with coarse chromatin.
Multiple mitoses are observed.

cancer. In the present case, the primary site and hepatic lesion shared the identical
ERBB2  mutation.  ERBB2  mutations  are  relatively  frequent  (9%-10%)  in  GBC,  in
contrast to ICA, as shown in previous studies[10-12].  Currently, there are no reports
evaluating the concordance between primary and metastatic sites in CA; however, we
considered this molecular finding supported the diagnosis of metastatic recurrence
rather than the primary carcinoma of liver origin.

Additionally,  ERBB2  Ser310Phe is  a known activating hotspot mutation in the
extracellular domain[13]. The growing body of preclinical evidence and early phase
trials  supports  HER2-targeted  therapy  for  cancers  harboring  ERBB2  activating
mutations, whereas standardized molecular treatment has not been determined for
this population[14-16]. Furthermore, the efficacy of HER2-targeted treatment on ERBB2-
mutated tumors seems to vary between tumor types and mutation loci. Neratinib is
an irreversible pan-HER tyrosine kinase inhibitor and clinical efficacy of neratinib for
various  ERBB2-mutated  cancers  was  evaluated  in  the  basket  trial[17].  Neratinib
exhibited the greatest activity in patients with breast cancer [Overall response rate;
ORR 32% (8/25)], followed by biliary tract cancer [ORR 22.2% (2/9)). When stratified
by a mutant allele, response was greatest in patients with kinase domain hotspot
mutation [ORR 21.4% (9/42)], followed by Ser310 mutation [ORR 10% (3/30)] and
exon  20  insertion  mutation  [ORR  7.1%  (2/28)].  Among  two  biliary  tract  cancer
patients with ERBB2 Ser310 mutation included in this trial, one patient responded to
neratinib. Ado-trastuzumab emtansine, a HER2-targeted antibody-drug conjugate
linking trastuzumab with emtansine, demonstrated ORR of 44% (8/18) for patients
with lung cancer harboring ERBB2 mutation, including Ser310, in phase II basket trial;
however, to the best of our knowledge, there are no reports evaluating its benefit for
GBC with ERBB2 mutation[18]. Javle et al[19] reported a case series of biliary tract cancer
harboring ERBB2 mutations. In this report, one cholangial cancer patient with ERBB2
Ser310  mutation  treated  with  trastuzumab,  a  humanized  monoclonal  antibody
directed to  HER2,  in  combination  with  FOLFOX,  was  not  effective.  Our  patient
obtained clinical  benefit  from lapatinib  and capecitabin  combination  treatment.
Lapatinib is a dual tyrosine kinase inhibitor that targets epidermal growth factor
receptor and HER2 and the combination treatment of lapatinib and capecitabin was
evaluated initially in HER2 positive breast cancer patients and showed prolonged
survival with tolerable toxicity[20]. A previous case report indicated substantial efficacy
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of this combination treatment in a patient with metastatic extramammary Paget’s
disease harboring ERBB2 Ser310 mutation[21]. Given that TS-1 monotherapy, which is
oral fluoropyrimidine as with capecitabin, was prescribed as second line treatment
and was not effective to this patient, modest benefit from this combination treatment
would be attributed to lapatinib. As both lapatinib and capecitabin are off-label use in
Japan for patients with cholangiocarcinoma, we prescribed these agents following
patients’ written consent.

CONCLUSION
This  case  highlighted  the  usefulness  of  NGS  panels  in  distinguishing  hepatic
metastasis from primary cancer of the liver, which sometimes becomes a point of
discussion in daily practice. Although we need a large cohort for verification, NGS
panel may be a novel option for patients who need to distinguish a metastatic lesion
from a second malignancy, which would affect staging and treatment strategies.

This case also illustrated the value of lapatinib in combination with capecitabine in
the treatment of GBC harboring ERBB2 activating mutation. We recognized HER2-
targeted  agent  as  a  potential  treatment  for  ERBB2  mutated  tumors.  Further
investigation of HER2-targeted agent in this population is warranted.
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