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Abstract

Gastric cancer remains one of the most lethal cancers. The incidence and
mortality rates are quite similar. The main reason for the high mortality is
diagnosis at advanced stages of disease, when treatment options are poor. One of
the supposed strategies to overcome late-stage diagnosis is identifying people at
high risk with the aim of establishing rigorous clinical control, including routine
endoscopy and biopsies. Hereditary gastric cancer (HGC) syndromes, though
representing a sizeable group to monitor for prevention or, at least, for early
diagnosis, are apparently extremely rare. The low rate of HGC diagnosis might
be related to the low rates of suspicion, insufficient familiarity about clinical
diagnosis criteria, and the supposed conditional necessity of a molecular
diagnosis. In this review, we will discuss simple measures to increase HGC
diagnosis by applying three rules that might provide an opportunity for precision
care to benefit the families affected by this disease.

Key words: Hereditary gastric cancer; Rules; Diagnosis

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Although familial gastric cancer cases represent a potential source for the
discovery of early-stage gastric cancer (and others) among patients’ relatives, this
possibility has been little explored due to the low rate of suspicion of hereditary gastric
cancer syndromes, which could be improved by applying simple rules for hereditary
gastric cancer screening that are accessible for unskilled healthcare professionals.
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GASTRIC ADENOCARCINOMA CAUSES AND PREVENTION

The main recognized causes of gastric adenocarcinoma are environmental, hereditary,
and replicative DNA errors!'-l. Measures to avoid environmental exposition are
widely discussed, mainly Helicobacter pylori (H. pylori) prevention and treatment and
changes in alimentary habits"”. For replicative causes, there are no currently available
alternatives for risk reduction*’.

Hereditary cancers, although representing a potential group for prevention and
early diagnosis, seem to be disregarded, or even neglected, since their incidence is
very uncommon, causing preventive measures to have low impact on gastric cancer
burden and mortality.

THE HEREDITARY GASTRIC CANCER SYNDROMES

The incidence of hereditary gastric cancer (HGC) is approximately 1%, and a degree
of genetic influence seems to be present in over 10% of sporadic gastric cancer (GC)
cases!’l.

The discrepancy in HGC incidence might be explained by two different concepts:
Molecular diagnosis; and diagnosis based on meeting clinical statements for
hereditary cancers without a molecular diagnosis; patients diagnosed via the former
also represent HGC cases!”'’l.

Since molecular diagnosis is tricky and not widely available, a focus on the clinical
criteria for hereditary gastric cancer cases should increase the number of recognized
cases and allow an intensive search for early diagnosis, as well as select a larger
number of cases for practicing molecular investigations in reference centers.

There are three robustly identified HGC syndromes: Hereditary diffuse gastric
cancer (HDGC); gastric adenocarcinoma and proximal polyposis of stomach (GAPPS);
and familial intestinal gastric cancer (FIGC). Additionally, GC may arise from other
hereditary cancer syndromes, such as Lynch syndrome, Li-Fraumeni syndrome,
Peutz-Jeghers syndrome, and ovarian and breast syndromes, among others!"**.

The clinical criteria for each of these syndromes are not widely known, and as a
consequence, the low rate of suspicion results in rare investigations and diagnoses of
such syndromes.

Estimating the number of missed clinically diagnosable cases of HGC is extremely
difficult. Nevertheless, missed diagnoses might represent a significant number of
families that could benefit from such active searching and subsequent adoption of
measures to allow for early diagnosis and efficient treatments.

SIMPLE MEASURES TO INCREASE HEREDITARY GC
DIAGNOSIS

Available initiatives to avoid sporadic GC are usually hard to implement since they
include convincing the population to change alimentary habits, improving sanitary
conditions in developing nations, and using large-scale antibiotics to treat H. pylori®®’.

For HGC diagnosis, simple measures should be attempted as a first step to increase
health professional suspicion and favor clinical diagnosis.

Three simple rules, accessible to every health-care professional, could improve the
clinical diagnosis of HGC and allow referencing of such cases to specialized centers,
either for patients to receive support at local units or, eventually, for patients to be
transferred to those centers to benefit from complex measures.

Observation of the three rules might greatly increase the number of diagnosed
cases of HGC, providing an opportunity for precision care to benefit these families.

The suggested rules are the age and number rule, the multiple tumor rule, and the
polyposis rule.
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THE AGE AND NUMBER RULE

This is the number one rule and allows capture of the great majority of HGC cases
(probably more than 95% of cases). Since age of occurrence and number of affected
relatives are part of the clinical criteria for almost every hereditary GC syndrome, a
simple check of the patient’s age and the occurrence of other cases among first- or
second-degree relatives is sufficient to screen patients for a possible diagnosis of
hereditary cancer!""'>'"l (Figure 1).

Patient age under 50, or the occurrence of at least one case of GC in relatives are
enough to require further screening for hereditary GC syndromes and to implement
protocols for family investigation and surveillance!'.

These can be done primarily at the site of the first consultation, but specialized
remote support can be beneficial either for conducting the necessary investigation and
procedures using local resources or for referring the case to a dedicated unit for ideal
management.

THE MULTIPLE TUMOR RULE

The occurrence of additional cancers, both multiple GCs or cancers at other sites, such
as breast, colon and others, might represent a potential for hereditary cancers!"'"
(Figure 2).

As discussed above, local and reference center investigations and management,
according to available resources, are formally recommended.

THE POLYPOSIS RULE

Although it is very rare, GC-associated polyposis is another sign of hereditary cancers
even if they are not caught by the two previous rules. Both HGC syndromes and other
hereditary cancer syndromes may cause GC and stomach polyposis!'*'"*! (Figure 3).

Again, according to the availability of resources, those cases might be managed
locally or referred to another center.

THE IMPACT OF THE THREE RULES IN CLINICAL PRACTICE

There are several criteria defining both HGC syndromes and other hereditary
syndromes that might imply GC occurrence.

Considering only the three well-established HGC syndromes, at least 16 rules are
currently published. Additionally, many of these rules are frequently updated,
leading to a very complex net of possibilities to diagnose an HGC that, even for a
specialist, let alone a generalist health worker, are very hard to remember!®'*"-“l,

An attempt to simplify these many criteria resulted in a three-rule method for the
triage of patients for possible HGC formal diagnosis. None of the official criteria for
diagnosis were questioned or modified. The aim of this simple method is to help
clinicians and other health-care members remain alert for these possible diagnoses.

To demonstrate the simplicity and potential benefits of increasing HGC
identification by applying the three rules strategy, some practical possibilities will be
discussed.

All the criteria defined in recent meetings and conferences!®'”! are covered by the
three rules, which can be used by any health-care professional, including
nonspecialized ones, contributing to the avoidance of missed diagnoses (Figure 4).

THE POTENTIAL OF THE AGE AND NUMBER RULE IN
CLINICAL PRACTICE

Just by applying this rule, a great number of cases can be selected for a possible
diagnosis of HGC. The following examples present the minimal requirements that can
favor the discovery of new HGC cases and imply important investigational and
therapeutic procedures that might change the outlooks for patients and their relatives.

The 1+ 1 law
A case of diffuse-type GC in a patient under 50 years old and a case of GC among
first- or second-degree relatives, regardless of the type of adenocarcinoma, are enough
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The age and
number rule

\ An autosomal dominant pattern of inheritance;
Exclusions include other heritable gastric polyposis syndromes and use of
préton pump inhibitors.
Two GC cases regardless of age, at least one confirmed diffuse GC;

Assumpgdo P et al. Three rules to diagnose hereditary gastric cancer

High-incidence countries (Portugal, Japan)

At least three relatives should have intestinal gastric cancer and one of
them should be a first-degree relative of the other two;

At least two successive generations should be affected;

In one of the relatives, gastric cancer should be diagnosed before the age

Low incidence countries (United Kingdom, United States)

At least two first/second-degree relatives affected by intestinal gastric
cancer, one diagnosed before the age of 50;

Three or more relatives with intestinal gastric cancer at any age.

Gastric polyps restricted to the body and fundus with no evidence of
colorectal or duodenal polyposis;
More than 100 polyps carpeting the proximal stomach in the index case or
/mefe—tl'ra‘rTSO’p’oK/;s in a first-degree relative of another case;

Predominantly fundic gland polyps, some having regions of dysplasia (or
a family member with either dysplastic fundic gland polyposis or gastric
andenocarcinoma);

One case of diffuse GC before 40 years old;

Personal or family history of diffuse GC and lobular breast cancer, one
. > HDGC
diagnosed before 50 years old;

Bilateral lobular breast cancer or family history of two or more cases of
lobular breast cancer before 50 years old.

Figure 1 Diagnosis criteria for hereditary gastric cancer caught by rule number 1. GC: Gastric cancer; FIGC: Familial intestinal gastric cancer; GAPPS: Gastric
adenocarcinoma and proximal polyposis of stomach; HDGC: Hereditary diffuse gastric cancer.

to establish a formal diagnosis of HGC, and this is very important, since it implies the
potential for a molecular test (CDHI mutation).

If positive, prophylactic total gastrectomy for the affected relatives might be
necessary. Even with a negative genetic test, every first- and second-degree relative
will need a dedicated endoscopy every year beginning at 20 years old. The standard
number of first- and second-degree relatives older than 19 is over 20 individuals, and
these are the people at high risk; in these individuals, rigorous surveillance may result
in avoidance of late GC diagnosis and might change outcomes.

The 1+ 0 law

This not so alarming situation indeed also represents a formal diagnosis of HGC in
the case of patients under 40 years old with diffuse GC. The same procedures
described above are needed, including molecular investigation, possibility of
prophylactic total gastrectomy, and engagement of the relatives in a rigorous program
of follow-up beginning at 20 years old.

The 0+ 2 law

Regardless of the age of occurrence, if a patient has diffuse GC, independently of the
relative gastric adenocarcinoma type, a formal diagnosis of HGC is again reached,
with the same needs and consequences described above.

This situation also results in a formal diagnosis of HGC in cases of the intestinal
type according to the familial intestinal gastric cancer syndrome criteria for low-risk
areas. For this syndrome, there is no molecular test, and the recommendation includes
annual endoscopies for first- and second-degree relatives beginning at 40 years
Old[U,I ],l(vl.

The 0+ 3 law
Regardless of age or histological type of gastric adenocarcinoma, three or more cases
of GC among first- or second-degree relatives always signify an HGC syndrome
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The multiple
tumor rule

High-incidence countries (Portugal, Japan)

At least three relatives should have intestinal gastric cancer and one of them
should be a first-degree relative of the other two;

At least two successive generations should be affected;

In one of the relatives, gastric cancer should be diagnosed before the age

Low incidence countries (United Kingdom, United States)

At least two first/second-degree relatives affected by intestinal gastric cancer,
one diagnosed before the age of 50;

Three or more relatives with intestinal gastric cancer at any age.

Gastric polyps restricted to the body and fundus with no evidence of
colorectal or duodenal polyposis;

More than 100 polyps carpeting the proximal stomach in the index case or
more than 30 polyps in a first-degree relative of another case;

Predominantly fundic gland polyps, some having regions of dysplasia (or a 4’
family member with either dysplastic fundic gland polyposis or gastric
andenocarcinoma);

An autosomal dominant pattern of inheritance;

Exclusions include other heritable gastric polyposis syndromes and use of
préton pump inhibitors.

Personal or family history of diffuse GC and lobular breast cancer, one diagnosed

HDGC
before 50 years old;
Bilateral lobular breast cancer or family history of two or more cases of
lobular breast cancer before 50 years old.

Figure 2 Diagnosis criteria for hereditary gastric cancer caught by rule number 2. GC: Gastric cancer; FIGC: Familial intestinal gastric cancer; GAPPS: Gastric
adenocarcinoma and proximal polyposis of stomach; HDGC: Hereditary diffuse gastric cancer.

diagnosis, even in high-incidence areas. If every case is of the intestinal type, FIGC
syndrome guidelines require annual endoscopies beginning at 40 years old for first-
and second-degree relatives!”'.

When at least one diffuse GC case is present, a molecular test is necessary, and
according to this result, total prophylactic gastrectomy or dedicated annual
endoscopies starting at 20 years old will be necessary! .

Figure 5 presents some of the possibilities for identifying hereditary diffuse tumors
via the application of rule number 1.

The management of hereditary diffuse gastric cancer syndrome is presented in
Figure 6. With a clinical diagnosis of HDGC, there is a formal indication for genetic
investigation by sequencing of the CDH1 gene. If a functional mutation is discovered,
every first- and second-degree relative will be investigated for that specific mutation
by a much simpler and cheaper test, with no need for complete CDH1 gene
sequencing!''7.

Everyone who carries the functional mutation needs to be evaluated by a
multiprofessional team including a cancer geneticist and accordingly may undergo a
prophylactic total gastrectomy. In the case of a negative genetic test, or if the carrier of
the mutation does not agree to undergo total gastrectomy, annual dedicated
endoscopies are indicated, including multiple insufflation and deflation schemes and
both random and directed biopsies carried out by a senior endoscopist!'*'"l.

Regarding intestinal-type gastric cancers, rule number 1 will not result in a genetic
test, but the patient’s relatives identified by this rule will be included in a formal
program of annual endoscopies beginning at 40 years old (Figure 7)1,

POSSIBLE CONSEQUENCES OF THE POLYPOSIS RULE

Although extremely rare, the association of gastric polyposis and GC is a sign of
HGC. GAPPS is very rare, with few affected families described. The main difference
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The polyposis
rule

andenocarcinoma);
\ An autosomal dominant pattern of inheritance;
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High-incidence countries (Portugal, Japan)

At least three relatives should have intestinal gastric cancer and one of them
should be a first-degree relative of the other two;

At least two successive generations should be affected;

In one of the relatives, gastric cancer should be diagnosed before the age

Low incidence countries (United Kingdom, United States)

At least two first/second-degree relatives affected by intestinal gastric cancer,
one diagnosed before the age of 50;

Three or more relatives with intestinal gastric cancer at any age.

Gastric polyps restricted to the body and fundus with no evidence of
colorectal or duodenal polyposis;

More than 100 polyps carpeting the proximal stomach in the index case or
more than 30 polyps in a first-degree relative of another case;
— Predominantly fundic gland polyps, some having regions of dysplasia (or GAPPS

a family member with either dysplastic fundic gland polyposis or gastric

| Exclusions include other heritable gastric polyposis syndromes and use of
préton pump inhibitors.

Two GC cases regardless of age, at least one confirmed diffuse GC;
One case of diffuse GC before 40 years old;

Personal or family history of diffuse GC and lobular breast cancer, one diagnosed
HDGC
before 50 years old;

Bilateral lobular breast cancer or family history of two or more cases of lobular
breast cancer before 50 years old.

Figure 3 Diagnosis criteria for hereditary gastric cancer caught by rule number 3. GC: Gastric cancer; FIGC: Familial intestinal gastric cancer; GAPPS: Gastric
adenocarcinoma and proximal polyposis of stomach; HDGC: Hereditary diffuse gastric cancer.

from other polyposis syndromes is the exclusive gastric involvement and the
restricted localization of the polyps to the corpus and fundus. This syndrome is
attributed to a mutation in the promoter region of the APC gene, the gene classically
related to familial adenomatosis polyposis, which is characterized by colon polyposis
and also carries a risk for associated GCI'**l,

In addition to FAP, juvenile polyposis and Peutz-Jeghers syndrome can also cause
stomach polyposis and GCI'"*'l,

In the case of GC and polyposis, a specialized investigation is necessary, and the
management will depend on the type of hereditary syndrome, potentially including
investigational ant therapeutic procedures in other organs, such as the colon and
rectum!"?!l.

POSSIBILITIES OF THE MULTIPLE TUMOR RULE

The presence of multiple tumors, both those restricted to the stomach and other
primary tumors affecting distant sites, should alert suspicion for HGC. Although
second primary cancers can occur regardless of a hereditary cause, this rule should
always be applied to allow rare hereditary cancer discovery!*.

GASTRIC + GASTRIC

A patient with two or more synchronic GC tumors may be affected by HGC. Multiple
diffuse GCs are frequently found in diffuse hereditary gastric cancer syndrome. Even
if not caught by rule number 1, a patient with diffuse tumors of signet ring cells,
although not fulfilling the formal clinical criteria for this syndrome, must undergo a
CDH1 molecular investigation!''?*? . The recommendations for management
according to the molecular diagnosis must be followed as described above.
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The age and
number rule

I\N

The multiple
tumor rule

The polyposis
rule

High-incidence countries (Portugal, Japan)

At least three relatives should have intestinal gastric cancer and one
of them should be a first-degree relative of the other two;

At least two successive generations should be affected;

In one of the relatives, gastric cancer should be diagnosed before

the age of 50. | FIGC

Low incidence countries (United Kingdom, United States)
At least two first/second-degree relatives affected by intestinal
gastric cancer, one diagnosed before the age of 50;

Three or more relatives with intestinal gastric cancer at any age.

Gastric polyps restricted to the body and fundus with no evidence
of colorectal or duodenal polyposis;

More~than 100 polyps carpeting the proximal stomach in the index
case or morethan 30 polyps in a first-degree relative of another
case; _ _ _ —>-GAPPS
Predominantly fundic gland polyps, some having regions of

dysplasia (or a family member with either dysplastic fundic gland

polyposis or gastric andenocarcinoma);

An autosomal dominant pattern of inheritance;

Exclusions include other heritable gastric polyposis syndromes and
\wf préton pump inhibitors.

Two GC cases regardless of age;-at least one confirmed diffuse GC;
One case of diffuse GC before 40 yeal
Personal or family history of diffuse GC and~obular breast cancer,

. | [AIDEC
one diagnosed before 50 years old;
Bilateral lobular breast cancer or family history of two or more cases
of lobular breast cancer before 50 years old.

Figure 4 The three-rules strategy, comprising every current clinical criterion. GC: Gastric cancer; FIGC: Familial intestinal gastric cancer; GAPPS: Gastric
adenocarcinoma and proximal polyposis of stomach; HDGC: Hereditary diffuse gastric cancer.

Gastric stump cancers following gastrectomy due to GC are usually related to
environmental causes, such as Epstein-Barr virus infection and alkaline reflux*1.
Additionally, the cancer field effect plays a role in this situation, since previous
exposure to carcinogenic insults might have caused previous driver mutations in the
remaining mucosa, which favor posterior development of a second primary tumor.
Nevertheless, diffuse histology enhances suspiciousness for HGCP -,

GASTRIC + BREAST

The association of diffuse gastric cancer and lobular breast cancer is enough to secure
an HDGC clinical diagnosis and requires molecular CDH1 investigation and
additional investigational and therapeutic measures, as discussed. In addition to the
already cited procedures, possible prophylactic bilateral mastectomy, according to
genetic counsel, and mandatory annual breast MRIs are also recommended!"”**1,

Typical breast cancer syndromes, in addition to bringing a high risk for breast and
ovarian cancer, also carry GC risk, and those associations require specialized
management!'”"],

GASTRIC + COLON

Many studies have suggested that HDGC may be associated with colorectal
carcinoma (CRC) because this type of cancer has been observed in some HDGC
familiest™ ‘1. However, despite studies demonstrating the correlation between CRC
and the CDH1I mutation, there is insufficient evidence to propose that the risk of CRC
in CDH1 mutation carriers is significantly elevated, and there are no
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rega_rdeless of Molecular test
relative GC type
0+2 Annual endoscopy
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At least one relative
with diffuse GC

Figure 5 How to diagnose and manage hereditary diffuse gastric cancer by applying rule number 1. The first
numbers in white squares refer to early-onset (under 50 years old) cases, and the second numbers refer to the
quantity of affected relatives. GC: Gastric cancer; HGC: Hereditary gastric cancer.

recommendations in current clinical practice for CRC screening in CDHI mutation
carriers*”l,

RARE TUMORS

Although patients with rare tumors do not frequently harbor concomitant HGC, this
suspicion should be maintained. Rare tumors usually result from hereditary cancer
syndromes; thus, specialized care might be required.

ADDITIONAL BENEFITS OF THE AGE AND NUMBER RULE
BEYOND HGC

Application of rule number 1 may bring additional benefits, favoring the early
diagnosis of nonhereditary GCs.

Regarding environmentally caused GC, the environmental cancer-related factors
that usually cause sporadic GC are also present in some of the patients’ relatives, such
as H. pylori and alimentary habits>*’l. Since the majority of people exposed to such
carcinogens will never develop GC, the affected minority might have a peculiar
genetic background, such as specific gene polymorphisms. These polymorphisms are
not enough to cause cancer, but in cases of exposure to environmental carcinogens,
they favor cancer development®™® 1. The genetic background necessary for the
occurrence of sporadic environmental GC includes germline traits shared by most of
the patient’s relatives. Therefore, investigating the relatives of GC patients caught by
rule number 1, even if they do not reach a formal diagnosis of HGC, might result in
finding additional sporadic cases or in subsequent fulfillment of the criteria for HGC.

The replicative cause of GC is due to random errors during the replication of stem
cell DNA. Since these replicative errors might be more common in cases with an
accumulation of DNA polymorphisms in replicative genes, as well as in DNA repair
genes, these DNA polymorphisms might result in a major chance for “random” DNA
replication errors to affect driver mutations in stem cells!*’l.

Accordingly, relatives sharing these genetic backgrounds might be identified by
rule number 1.

To provide wide access to the benefits of the three rules, a mobile app is under
development and will be available shortly free of charge.
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Molecular test
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Negative Annual endoscopy
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Figure 6 Clinical management of hereditary diffuse gastric cancer syndrome.

CONCLUSION

Although there is potential for discovering GC at early stages among relatives of
patients affected by HGC, this possibility is mostly underexplored due to the low
suspicion of HGC syndromes. A significant increase in HGC diagnosis may be
achieved by applying simple rules for HGC diagnosis triage that are accessible to
nonspecialized health-care professionals both in nations with high and low incidence
of gastric cancer.
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Figure 7 How to diagnose and manage familial intestinal gastric cancer by applying rule number 1. GC: Gastric cancer; HGC: Hereditary gastric cancer.
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Abstract

Colorectal cancer (CRC) is the third most common diagnosed malignancy among
both sexes in the United States as well as in the European Union. While the
incidence and mortality rates in western, high developed countries are declining,
reflecting the success of screening programs and improved treatment regimen, a
rise of the overall global CRC burden can be observed due to lifestyle changes
paralleling an increasing human development index. Despite a growing insight
into the biology of CRC and many therapeutic improvements in the recent
decades, preclinical in vivo models are still indispensable for the development of
new treatment approaches. Since the development of carcinogen-induced rodent
models for CRC more than 80 years ago, a plethora of animal models has been
established to study colon cancer biology. Despite tenuous invasiveness and
metastatic behavior, these models are useful for chemoprevention studies and to
evaluate colitis-related carcinogenesis. Genetically engineered mouse models
(GEMM) mirror the pathogenesis of sporadic as well as inherited CRC depending
on the specific molecular pathways activated or inhibited. Although the vast
majority of CRC GEMM lack invasiveness, metastasis and tumor heterogeneity,
they still have proven useful for examination of the tumor microenvironment as
well as systemic immune responses; thus, supporting development of new
therapeutic avenues. Induction of metastatic disease by orthotopic injection of
CRC cell lines is possible, but the so generated models lack genetic diversity and
the number of suited cell lines is very limited. Patient-derived xenografts, in
contrast, maintain the pathological and molecular characteristics of the individual
patient’s CRC after subcutaneous implantation into immunodeficient mice and
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are therefore most reliable for preclinical drug development - even in
comparison to GEMM or cell line-based analyses. However, subcutaneous
patient-derived xenograft models are less suitable for studying most aspects of
the tumor microenvironment and anti-tumoral immune responses. The authors
review the distinct mouse models of CRC with an emphasis on their clinical
relevance and shed light on the latest developments in the field of preclinical
CRC models.
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Core tip: This review highlights the different approaches to model colorectal cancer in
the mouse. Carcinogen-induced rodent models, genetically engineered mouse models,
heterotopic and orthotopic models as well as patient-derived xenografts are discussed
with an emphasis on their specific advantages and disadvantages. Moreover, the
historical background of animal models for cancer research and the future perspectives
of colorectal cancer research are reviewed as well.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common diagnosed malignancy among both
sexes in the United States as well as in the European Union"’l. A decrease in the
incidence and overall mortality of CRC in countries with a very high development
index over the last decades can be attributed to an interplay of screening programs
with detection of precancerous lesions or early stage cancers on the one hand”*, and
improved therapeutic concepts leading to an increased stage adjusted survival for all
stages of CRC on the other handPl. This development is in sharp contrast to countries
with a rapidly growing high development index. Together with an increased CRC
incidence and mortality this reflects an adoption of the so-called “western lifestyle”
including the risk factors for CRC. While obesity, smoking and red meat consumption
are significantly associated with an elevated CRC risk!!, physical activity, high
vegetable, fruit and fiber intake as well as metronomic aspirin therapy, have shown to
decrease CRC risk!"*l. Besides these modifiable risk factors, a variety of genetic factors
influences CRC risk. About 5% of CRC cases are caused by hereditary, highly
penetrant cancer syndromes, like familial adenomatous polyposis (FAP) and Lynch
syndrome (LS); whereas up to 20%-30% of cases are considered as “familial” due to
different germline mutations of varying penetrance!.. Since the discovery of the link
between APC germline mutations and FAP!"’, followed by the genetic pathology of LS
in the early 1990s!"'%, a myriad of mutations contributing to CRC genesis has been
identified, constantly reshaping the genomic landscape of the disease!”’l. The ideal
model of CRC should recapitulate the progress from a precancerous adenoma to an
invasive carcinoma with metastatic potential and at the same time it has to reflect the
inter-individual molecular diversity of the disease. Consequently, a single (mouse)
model of CRC simply cannot match all of these requirements. In this review, we
discuss the different mouse models of CRC with their distinct advantages and
disadvantages with a focus on their translational and clinical relevance.

CARCINOGEN-INDUCED MODELS

Carcinogen-induced models (CIM) in rodents look back on a long tradition but
maintained their usefulness for certain applications to the present day. They provide a
platform for dietary studies and give insights into the pathways of food-borne
carcinogens and colitis-associated carcinogenesis. Administration of the chemical
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compounds is possible via ad libitum feeding, oral gavage, intraperitoneal/
subcutaneous (s.c.) or intramuscular injection, or enema.

In 1915, Yamagiwa et all'""! proofed the carcinogenic properties of coal tar by its
repetitive application on the ears of rabbits. At about the same time, first researchers
worked on colon carcinogenesis by applying chemical or radioactive substances!*'"l.
In the 1960s, cycasin and its metabolite, methylazoxymethanol, have shown to induce
cancers in rodents!'®*. In the following years, the more chemically stable substances,
azoxymethane (AOM) and its precursor molecule, 1,2-dimethylhydrazine as well as
methylazoxymethyl acetate, were extensively used to induce colon carcinogenesis in
mice and rats. All three compounds are metabolized to methylazoxyformaldehyde,
which is able to alkylate the DNA bases guanine and thyminel®'l. After being
processed by Phase-II-reaction, it is secreted to the bile and exceeds its carcinogenic
effect to the intestinal mucosal®”. Interestingly, these compounds show different
carcinogenic potential depending on the mouse strain, housing conditions and the
way of administration*]. Although most authors claim a certain organotropism for
AOM and dimethylhydrazine, tumor formation happens mostly in the small intestine
and relevant amounts of alkylated DNA adducts can be observed in the liver and the
kidneys!*l. Moreover, intestinal carcinogenesis can be achieved by the oral or rectal
application of the direct alkylating topic agents N-methyl-N-nitrosourea (MNU), 3,2’-
dimethyl-4-aminobiphenyl and N-Methyl-N’-nitro-N-nitrosoguanidine of which the
latter two are traditionally used in rats?*\.

Other carcinogens gained attention in connection with the association between
meat consumption and increased CRC risk"’l. Heterocyclic aromatic amines (HAA)
form from the reaction between free amino acids, sugars and creatine at high
temperatures during the cooking process of meat and fish"!], whereby 2-amino-1-
methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) and 2-Amino-9H-pyrido[2,3-b]indole
are the most abundant HAA in various foods". PhIP is metabolized by the liver
enzyme CYP1A2 to N2-Hydroxy-PhIP, which then, after sulfation or acetylation,
forms activated esters capable of DNA adduct formation™. Detoxification of PhIP and
its metabolites is driven by glutathione conjugation and glucuronidationt**.
Glucuronide conjugates are excreted through urine and bile*. In case of the latter,
hydrolyzation by bacterial beta-glucuronidases in the intestines liberate reactive PhIP
metabolites, which not only affect the intestinal mucosa, but undergo enterohepatic
circulation”. Important to consider is, that the metabolism of PhIP in rodents results
in less reactive metabolites than in humans, and its carcinogenic potential measured
in animal studies might be even higher in humans™l. Nakagama et al®*”, by combining
a high fat diet with PhIP intake, showed the tumor enhancing properties of this food
borne agent simulating the carcinogenic effects of the s.c. “western diet”. Moreover,
PhIP led to the formation of high-grade dysplasia and adenocarcinomas in a mouse
model of chemical induced colitis!*!. Although other common foodborne HAAs have
shown to induce dysplasia and carcinomas in rodents!*!, they are rarely used for
modelling colon carcinogenesis. Polycyclic aromatic hydrocarbons, as benzo[a]
pyrene, may be used for chemoprevention studies but are insignificant for CRC
modeling in general>*!. Dextran sodium sulfate (DSS) must also be mentioned when
discussing chemical-induced CRC mouse models. Since the first report of an DSS-
induced colitis model nearly 30 years ago!*], countless studies used DSS to simulate
chronic inflammatory bowel diseases and we would recommend the reader to refer to
excellent reviews discussing inflammatory bowel diseases and DSSIl. As a sulfated
polysaccharide, DSS directly damages the colonic epithelium resulting in an
impairment of the mucosal barrier with consecutive entry of luminal bacteria and
associated antigens into the mucosa, triggering inflammation*!. Depending on the
animal strain, DSS dosage and administration regimen, mice can develop acute and
chronic colitis or even colitis-induced dysplastic lesions!*". DSS in combination with
carcinogenic compounds, primarily AOM, has been proven useful for the research of
colitis-induced cancerl. By use of mice with germline Apc mutation (APC™ mice) for
DSS treatment, the rate of dysplasia and carcinoma formation was further
enhanced. Cooper et al” reported an increased CRC incidence of 40% in APCM»
mice after two cycles of 4% DSS treatment compared to untreated control animals and
identified the loss of heterozygosity (LOH) of Apc as underlying cause.

Chemical-induced mouse models are not homogenous and possess specific
advantages and disadvantages. They are by far the oldest method inducing CRC in
animals and a multitude of studies has been traditionally carried out in rats and other
rodents diminishing the comparability of older data with more recent results. Most
models reflect very well the progression from aberrant crypt foci to adenomas to
carcinomas of the human adenoma-carcinoma sequencel™!. Therefore, they are still
useful to evaluate the influence of diet!", dietary supplements™, chemopreventive
interventions™! and the gut microbiomel*”. Especially the combination of DSS with
carcinogenic agents provided many insights in the link between CRC and
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inflammationl®l. However, chemical-induced carcinomas rarely show invasive
properties and local or distant metastases are usually absent. Albeit Yang et all*’]
reported lymph node metastases in an intrarectal MNU-model, the use of shrews
(phylogenetic unrelated to rodents) as test animals interdicts the comparison to rodent
animal models. A further exception is the work of Derry et all”), who could observe a
relevant number of lung metastases in an AOM-induced mouse model, which is to
our knowledge the only report of metastatic spread in a chemical-induced mouse
model. Besides the lack of invasiveness, a lot of CIM show a high latency from the
first application to tumor development. Depending on the carcinogen, dosing
protocol and mouse strain, latencies from 24 to 50 wk were reported(**’l. By
combining the carcinogen with DSS, the time to tumor development can be notably
shortened to 10-18 wk 1. Although the minority of sporadic CRC patients show
synchronous adenomasl®®}, nearly all CIM show a “carpeting” of the colonic mucosa
with polypsl”). Tumor formation is not restricted to the colon, but can be commonly
observed in the whole gastrointestinal tract”"”?. Moreover, MNU additionally induces
leukemia and lung adenomas!”! and PhIP leads to formation of mammary and
prostate neoplasial’*l. Another complexing aspect of CIM concerns the genetic
aberrations associated with the adenoma-carcinoma sequence, i.e., the accumulation
of mutations, predominantly affecting APC, KRAS and P53/°). While the AOM model
shows frequent Kras and f-catenin mutations, Apc and P53 are rarely affected”*”). In
contrast PhIP, IQ and MNU lead to Apc mutations, but show no P53 or Kras
mutations?!l. In general, the vast quantity of different dosing protocols, application
forms and animal strains, makes direct comparisons and the selection of the right CIM
difficultt. Another aspect, not to be neglected, is the agenda of animal welfare. Quite
a few protocols lead to significant weight loss and diarrhea, which is, in combination
with often long study durations, detrimental for the animal wellbeing!*’.

GENETICALLY ENGINEERED MOUSE MODELS OF
COLORECTAL CANCER

With the knowledge explosion concerning the genetic pathways altered in CRC at the
end of the 20" century, the scientific community demanded specific genetic mouse
models to focus on certain molecular mechanisms of colorectal carcinogenesis.

In the 1980s, the first genetically engineered mouse models (GEMM) of brain
tumors, lymphoma, pancreatic cancer, breast cancer and osteosarcoma emerged®'*1.
Based on the groundbreaking work of Evans, Smithies and Capecchil®! on gene
targeting, the first tumor suppressor knock-out mouse models emerged in the early
1990s!**’l. To circumvent the obstacle of frequent embryonic lethality caused by
germline knock-outs of tumor suppressors, Cre-loxP mediated mouse models were
designed to allow the tissue specific and conditional knock-out of tumor suppressor
genes or activation of oncogenes, respectively!” .. Interestingly, the very first GEMM
of CRC, the APCM» mouse, was created without sophisticated methods. Moser et all*!
showed, that the application of N-ethyl-N-nitrosourea leads to nonsense mutations in
codon 380 of the Apc gene and subsequent breeding of these animals established the
first model for multiple intestinal neoplasia. APC™" mice develop a large number of
adenomas in the small intestine after 120-140 d due to LOH and show a high mortality
with increasing age as a result of intestinal obstruction and anemia without
progression to invasive carcinomal”!. While these models contributed to the
understanding of the early stages of FAP, they do not reflect the majority of
spontaneous CRCM. Since a homozygous Apc mutation is lethal during embryonic
development, breeding of homozygous APCM" mice is impossible!”’l. However,
additional treatment of APCM» mice with AOM or other carcinogenic compounds
increases malignancy of the resulting tumors and simultaneously shortens the time to
tumor development!”*'%l. Till the present day, these models are in use for
chemoprevention studies!'’’'"?l and have enormously contributed to the
understanding of the early tumor initiating events!'”’l. Interestingly, a change from
C57BL/6 to a hybrid genetic background can extend the lifespan of APCM® mice
beyond one year, resulting in a high proportion of invasive adenocarcinomal’"l.
Sedring et all'™ changed the APCM genetic background from C57BL/6 to A/]J mice
resulting in increased tumor formation in the colon, with a reasonable number of
tumors progressing to carcinomas. Transgenic mice with alternative Apc mutations,
like the APC*/'%% mousel''""l, the APC*"' mouse!'" and the APC***/* mouse!'" vary in
tumor count and histopathology. Tumor formation predominantly in the small
intestine instead of the colon is the major flaw of most Apc-based mouse models.
Colnot et al"'! designed the APC*"*/* mouse, which shows a more severe phenotype
with invasion of the muscularis, an increased lethality and a higher colonic tumor
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burden compared to APCM™ mice but unfavorably still shows relevant tumor
development in the small intestine. Early attempts of combining Apc mutations with
homozygous P53 knockouts yielded conflicting results, with either no increasel''"'',
or a small increase of gastrointestinal malignancy!"’l. The most likely explanation is
that in human cancers P53 missense mutations frequently act in a dominant negative
fashion, overruling the tumor-suppressive function of the wildtype allelel'"'*"""l. In
contrast, targeting Kras without tissue specific promoters leads either to embryogenic
lethality("'"] or few viable animals succumbing to rapidly developing lung tumors!'7l.
To avoid abundant distribution of mutations in the whole organism, transgene
expression controlled by a tissue specific gene promotor, most commonly by
application of the Cre-loxP-system!”!], has proven to be extraordinarily useful. Many
workgroups used Villin-Cre transgenes to restrict recombination of floxP-flanked
genes to the epithelial cells of the small and large intestines either with a constitutive
expression (Vil-Cre) or with a tamoxifen-inducible expression (Vil-Cre-ER™)["],
Another option of site-specific Cre expression is the fatty acid binding protein liver
Cre transgene (Fabpl Cre), which can be combined with a tetracycline-inducible tet-on
system!'”]. Yet, both transgenes’ expression is not limited to the large intestine: While
Villin-Cre is expressed in the epithelial cells of the whole intestines, Fabpl-Cre
expression can be detected in the distal small intestine, cecum and colon!""*'*"l. Also,
the AhCre strain, carrying Cre under control of the CyplA promotor, is commonly
used for colon cancer models!'*'>?l. Here, Cre-expression is induced by -
naphthoflavone in the liver and intestines, but constitutive recombination can be
observed in other tissues like the renal epithelium!'*’!. To achieve a more colon specific
expression of Cre-recombinase, Hinoi et all'*"! constructed a transgene of Cre and the
promotor region of the CDX2 homeobox gene. By inserting a guanine repeat tract to
this transgene (CDX2P9.5-G22Cre), stochastic activation of Cre-expression by means of
spontaneous frameshift mutations leads to a mosaic-like recombination in the mucosa
of the terminal ileum, cecum, and colon!'*”l. At last, carbonic anhydrase 1
promoter/enhancer-Cre recombinase transgene (CAC) facilitates recombination
strictly limited to the large intestinel'*’l. Paralleling Cre-transgene implementation,
others achieved spatiotemporal oncogene expression in the large intestine by
delivering Cre by viral transfection via transanal injection, surgery or
colonoscopy!'”-'*l leading to exquisite models of CRC with metastatic spread!*’.
Supplied with this comprehensive genetic toolbox, a plethora of CRC mouse models
were generated and used to evaluate the role of different mutations and their
interplay. Among the non-hypermutated tumors, the most frequently mutated genes
are APC, P53, KRAS, PIK3CA, FBXW7, SMAD4, and TCF7L2[". The role of Apc LOH
as a driver mutation is highlighted in several mouse models. While generalized
deletion of both Apc alleles (Apcf™/flx) leads to rapid death by disorder of cell
differentiation!”", mice with a mosaic-like deletion of both Apc genes die rapidly from
florid polyposis!’*’l. Depending on the type and modality of Apc mutation,
heterozygotes develop adenomas or invasive adenocarcinomas!'?'*>'**. Whilst
mutated Kras alone is insufficient to induce colorectal tumorigenesis, it increases the
susceptibility of the intestinal mucosa to chemical carcinogenesis!**! and leads to
accelerated tumor formation in combination with Apc loss!'>>'*l. Nras mutation, in
contrast, does not alter the effect of Apc loss!"*’l. In humans, P53 mutations are often
associated with vascular and lymphatic invasion and advanced cancer stages!"””'*\. In
fact, the combination of Apc mutation with a dominant-negative P53 mutation leads to
increased invasiveness of intestinal tumors with signs of epithelial to mesenchymal
transition!"”'*). Also, loss of P53 in a constitutively active Notch signaling background
leads to intestinal tumor formation and metastasis!'*], whereas Notch signaling does
not cooperate with the Wnt-pathway!“?l. Nevertheless, Apc deficiency seems to
represent a key prerequisite of cancer progression, since Apc restoration leads to
spontaneous tumor regression of Kras-mutated, P53-deficient adenocarcinomas!'*l.
FBXW7 codes for the F-box/WD repeat-containing protein 7, the substrate receptor of
a ubiquitin ligase, which degrades several proto-oncogenes like MYC, CCNEI,
NOTCHI1 and JUN and acts synergistically with P53 as haploinsufficient tumor
suppressorl'#-1*?l Intestinal Fbxw7 deletion enhances tumor development in an
ApcMi/*background!”! and a combined deletion of Fbxw7 and P53 results in highly
aggressive intestinal cancers with metastatic spread to the lymph nodes and liver!"*l.
The PI3K/AKT- pathway is well known for its pro-oncogenic and anti-apoptotic
signaling and PI3K mutations are common in CRC and many other human cancers!'*..
As demonstrated by Leystra et all'’, the intestinal expression of a constitutively active
Pi3k (PIK3ca) is a sufficient driver mutation to induce rapid tumorigenesis with
invasion of adjacent organs and addition of PIK3ca to a homozygous loss of Apc,
drives adenoma-to-carcinoma progression with metastatic spread!'*”!. Although loss of
Pten, the counterpart of Pik3, does not affect intestinal cell proliferation; in the context
of Apc deficiency or other mutations, it promotes cancer progression!'”"'*l. SMAD4 is
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considered as a tumor suppressor, similar to other constitutes of the TGFp-
pathway!""*'*’]. Since the genes Apc, Smad2 and Smad4 are all located on chromosome
18 in the mouse, they are suited to generate distinct cis- and trans compound
heterozygotes by meiotic recombination. Compared to their single mutation
littermates, mice with combined Apc and Smad4 mutations, show accelerated tumor
development!”” and increased malignancy!*”'*"l. In contrast, compound heterozygotes
of Apc and Smad2 mutations show no increased tumor development compared to
littermates with a single Apc mutation!"™!. Notably, homozygous Smad3 mutation
leads to aggressive CRC with lymphatic spread and, upon Apc deficiency, drastically
reduced life span!*"'*'; but SMAD3 is rarely mutated in human CRCI'*J. Findings
from several CRC-GEMM highlight the role of TGF{-signaling as a strong tumor
suppressor, since TgfBl''’], as well as Tgff-receptor 2['*>'%1"1 knockout, induce local
invasion and metastatic spread. Regarding the role of TCF7L2 mutations in CRC, so
far, no GEMM of CRC addressing this topic have been published. Besides the
conventional adenoma-carcinoma sequence, the serrated pathway represents an
alternative route of CRC development with distinct molecular and clinical features.
The underlying BRAFV600E mutation occurs in 15%-20% of sporadic CRC, causes a
constitutive activation of the MAPK/ERK pathway and is strongly associated with
the CpG Island methylator phenotype and microsatellite instability (MSI) due to
MLH-1 methylation!**'""\. BrafV600E causes crypt hyperplasia and combined with Apc
or P53 mutations, as well as mutations affecting Ink4A/Arf, gives rise to invasive
carcinomas!'”'74. Although not common in human CRC, mutation of the GSK3-
phosphorylation site causes degradation-resistant B-catenin!”>'”l, and has been
remodeled in the mouse. GSK3p-resistant 3-catenin increases proliferation of the
intestinal epithelium and causes adenoma formation, but does not mediate malignant
progression!"””"'”’l. Paralleling the research on canonical cancer pathways, there has
been reasonable effort to reproduce MSI, a hypermutable phenotype caused by
malfunction of DNA mismatch repair (MMR) enzymes!'®"'*!l. MSI-CRC can occur in
the context of hereditary MMR gene mutations (LS) or can be detected in up to 15% of
spontaneous CRC, caused by hypermethylation of MMR genes (spMSI)!'**'%’]. The
constitutes of the MMR machinery have been extensively studied by somatic
knockout models. Since the knockout of the MMR genes MLHI'34, MSH2U!5>15¢],
MSH6!"* and PMS2U'"*] predominantly cause hematopoietic malignancies with
consecutive reduced lifespan in the mouse and consequently only a minor fraction of
homozygotes develop intestinal neoplasial® "], these knockouts were frequently put
in an APC deficient setting, to increase intestinal carcinogenesis!'®*'?"'’l. Kucherlapati
et al'”>*1 demonstrated, that mutations of Fenl and/ or Exol, both cooperation
partners of MMR enzymes, lead to similar patterns of MSI tumor development.
However, MSI-high tumors rarely show activation of the Wnt-pathway and are
typically chromosomal stable, whereas APC mutations are typically associated with a
chromosomal instable phenotypel”'*l. Therefore, these models do not adequately
recapitulate Lynch-type or spMSI tumors. To overcome the aforementioned obstacles,
a floxed Msh2 allele was combined with either a LS related missense mutation
(Msh257%P) or an Msh2*” null mutation in mice carrying a Villin-Cre transgene, leading
to intestinal carcinogenesis and chemoresistance typical for MSI-high tumors!"”l. An
overview of the above addressed mutations can be found in Figure 1 and are
summarized in Table 1.

In summary, GEMM have contributed enormously to the understanding of the
molecular processes of CRC initiation, progression and crosstalk of common cancer-
associated pathways. Besides the models for spontaneous CRC and common cancer
syndromes, like Familiar Adenomatius Polyposis and LS, several models recapitulate
metastatic disease, either as “classic” GEMMU“!41%1%1 or upon viral Cre delivery! '],
Yet, these models have several limitations. First of all, cancer development is a
stepwise process with an initial driver mutation and subsequent acquisition of further
mutations!'””), and thus can only be partly reflected in tumor mouse models by the
combination of a constitutively active with an inducible mutation!"”?l. Roper et alt"**!
recently demonstrated in vivo genome editing of Apc and P53 by viral delivery of the
correspondent sgRNA in mice expressing CRISPR-Cas9 under the control of a Villin-
Cre transgene. Second, the number of combined mutations is limited in the mouse,
since the resulting phenotype shows often a drastically reduced lifespan!’*’l. Triple
mutant (Carl1“<Er/*; Apc/f; Kras*-¢12P/*) and quadruple mutant mice (Carl<Er/*;
ApcV/f; KrastSt-6120/*; P53KO; Smad4®/f) showed a reduced lifespan of merely one
month. Moreover, GEMM are time consuming and expensive, since breeding of the
transgenic mice often takes multiple generations and requires careful interbreeding to
yield the desired alterations. In terms of animal welfare, it should be noted that the
breeding process yields many “reject” mice, which are neither used for further
breeding nor for research. Also, the construct of the transgene, or the viral vector,
respectively, is complicated. While GEMM represent a valuable tool for basic

Jaishidengs  WJG | https://www.wjgnet.com 1399 April 7, 2020 | Volume26 | Issuel3 |



Biirtin F ef a/. Mouse models of CRC

Table 1 Overview of genetically engineered mouse models

Link to
Figure 1 Ref. Methods Results
loxP flanked Apc exon 14 (Apc580S) 505
Adenoma formation in the distal rectum in most of the Apc
1 [ Coloroctalltumor induction by rectallinfection with homozygotes. 50% of animals show invasive adenocarcinoma
Cre-deliverine Ad R ( A?, SRaCre) after 1 yr without lymphatic or distant metastases
re-delivering Adenovirus (AxSRaCre
5 [109) A Adenomas: Higher in numbers but smaller in size and no
P differences in histology compared to Apc*™* mice
3 {10} A Shift of tumor distribution, more severe phenotype, invasion of
# muscularis propria, 50% dead after 12 mo
Increased survival due to lower number of tumors, but larger
- —_— tumors predominantly in the colon, 91% at least low-grade
4 [120] Fabpl-Cre; A 15l0x/:
favpr=tre; £Ape adenoma, 50% carcinoma; invasiveness and metastases not
reported
5 (106 Apcw 716 (C57BL/ 6] background) Intestinal polyposis with emphasis on the small intestine
- [126] Cac: Apc™5 Transgene expression limited to the large intestine. Adenoma
+ 4P formation without malignancy
Frameshifted Cre-recombinase with a long guanine nucleotide
g &
CDX2P9.5-G22Cre tract under control of the homeobox promotor CDX2P9.5 leads
7 (#= to limited activation of Cre by spontaneous somatic mutations in
Apd™e the large intestine: Apc”™ homozygotes dye rapidly from florid
polyposis of proximal colon and cecum
s 1574 AT o Increased adenoma formation in the colon, reduced number of
c x.
4 polyps in the small intestine
, A %m—zs; Villin-C q diti 1 d Apc® .
9 (2 . : rfstituti elnEI ailee lI: ice (conditional) and Ape More severe polyposis compared to Apc"™* mice
v
Increased tumor formation in the large intestine and higher
10 73] BubRI" Apc™™* malignancy through increased chromosomal instability
P (invasiveness and metastases not reported). Note, that BUBR1
mutations are uncommon in CRC""!
AYEphb2;Apc™™*
11 B Ephb3 ™ Apcin Reduced tumor formation in the small intestine, but large
v L adenocarcinomas of the colorectum
Ephb3”;Apc"™*
12 (=] CDX2P-CreER"Apc™™ Tamoxifen inducible Apc-knockout in the distal intestine
13 7] long living Apc™™* mice Some adenomas progress to adenocarcinomas
Hybrid Apc™™* mice survive longer due to decreased
14 (1) C57BL/6] Apc™* x SWR/] or C57BR/cdc] adenoma frequency. After one-year high amount of invasive
adenocarcinomas. 3% metastasis to lymph nodes
15 [105] Change of the Apc""* genetic background from Increased tumor formation in the intestine. 50%
C57Bl6/] to A/] mice adenocarcinomas in the small intestine and 20% in the colon
B-naphthoflavone-inducible CyplA promoter Cre-transgene
16 [ AhCre'; Apd™™ (AhCre). Rapid death upon induction due to disruption of
intestinal architecture
05 inf 6-fold i f colonic t f ti d t
. 5] A+ AOM . oMm/ianease of colonic tumor formation compared to
pc™" mice
18 [79] Apd"™* + AOM Increased incidence of colonic adenocarcinomas
19 ) Apc"™* + DSS High incidence of well differentiated colonic carcinomas
. ] Apd 4 PHIP 2- to 3-fold increase of tumor formation compared to Apc"™*
P mice
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CMV-cre x LSL- Kras"*"

LSL-Kras®""; Fabpl-Cre

Kras”""? x CMV-Cre"”"

LSL-Kras®*°/Villin-cre +AOM

Villin~Cre/K~msmZD'"VInké!a/Arf 7

Apc*™® Tgfor2™*; villin-CreER
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Mainly small intestinal tumor formation

No increased adenoma formation or malignancy compared to
Apc"™* 537" - and Apc"™" P53"* -mice

No increased malignancy or adenoma formation compared to
Apc™™* mice

Slight, but not significant, increase in malignancy

P53 deficiency increases intestinal adenoma multiplicity and
malignancy

Homozygotes die rapidly from lymphoma while heterozygous
P53 Jeads to invasive adenocarcinomas with features of EMT

In vivo editing of Apc alone or in combination with P53 via Cre
mediated Cas9-expression and provision of sgRNA by viral
infection of the colonic epithelium leads to tumor formation
without metastatic properties

TDG knockout increases adenoma formation, no carcinomas

Cytochrome p450 mediated Cre expression in the liver and
intestine induced by p-naphthoflavone (AhCre). Kras""” mutation
does not alter the intestinal epithelium, but combined with
APC-loss, accelerates tumorigenesis in the intestine. 17% of the
tumors are invasive adenocarcinomas

Severe debilities in mice with reduced weight and lifespan and
anal bulging. Kras mutation does not increase malignancy

G12D G12D . .
Kras™ ", but not Nras™ " drives colon cancer progression. Nras

Min/+

indistinct from Apc™" mice

Mice with inducible and reversible Apc deletion via short hairpin
RNA show duodenal and colonic tumor formation. Additional,
conditional mutations drive cancer progression, but upon Apc
restoration by withdrawal of doxycycline rapid tumor regression
can be induced

" activation by

Cre-mediated knockout of Apc and Kras®"?
surgical application of AdenoCre to the colonic epithelium leads

to adenocarcinomas with 20% liver metastases after 20 weeks

Only adenomas

G12D

Germline embryonic expression of an endogenous Kras™ " allele

is uniformly lethal. Diffuse colonic hyper- and dysplasia

High embryonic lethality; adult animals succumb to pulmonary
neoplasia, no phenotypic changes in the intestine

Increased number of microadenomas in the proximal colon

Within 12 wk progression to invasive adenocarcinomas (79%)
with 60% lung metastases

Disruption of TGFp-signaling leads to locally invasive
adenocarcinomas
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AOM-treatment of Fabpl™™* Cre; Tgfbr2"™™ mice

Villin-Cre; Apc'®™*'; Tgfbor2™"™

Tefb1” Rag2”"

LSL-Kras“*™*"; Villin-Cre; Tgfbr2""/"*

Villin-Cre; Pten™™; Tgferﬂ‘/ﬂX

Villin-CreER"; Apc"*; Pten™; Kras""*

AhCre; Pter”

Apc"™* Pld17" vs Apc™™*Pld1"* + AOM/DSS

Dpc4+/r: Apc+/A716

Smad2”; Apc”"*

Apc™™*; Smad3”"

Apc” ™ /Smadd"”**" (cis and trans)

cis-Apc” /Smad4”” Mmp7”

Smad2”; Apc™™" (cis)

Smad3” (129/Sv genetic background)

Smad4”,Catnb'™“*"*;Lgr5-Cre™-IRES-GFP

Catnb”™: Krt1-19"

Catnb"™®: Tg Fabpl™

Villin-creER"/Catnb**=""
Nicd/Apc”™N

Nicd/P537"

Car1“*™*; Apd"; Kras™"“; P53*°; Smad4™"

Msh2A7N//\7N/ApC+/7638N. MShZ/VN//VN/APCMmA

ApCMm/+/]\Ash2+/+; ApCMm/+/]\Ash2+/—;APCMW/“/]VIShZ'/'
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Higher incidence of colonic adenomas and adenocarcinomas

1638N/wt

Compared to Apc similar tumor incidence but increased

progression to locally invasive adenocarcinoma

Rapid formation of adenomas and adenocarcinomas

Wnt-independent induction of invasive carcinomas in the
intestine with 15% distant metastases

Mice with inactivation of TGFBR2 combined with loss of PTEN
show high number of mucinous adenocarcinomas throughout
the intestine. 8% show distant metastases (not Wnt, but
deregulation of CDK inhibitor expression). Pten loss without
mutation has no effect

Villin-CreERT; Apcfl/+; Ptenfl/fl; KrasLSL/+ mice show rapid
morbidity due to invasive small intestinal tumors

PTEN is dispensable in the intestinal epithelium, but increases
tumorigenesis in the context of APC deficiency

Pld1-knockout/suppression leads to decreased tumor burden

Dpc4 and Apc*”™ cis-compound heterozygote mice show
adenoma to carcinoma progression in the small intestine and
colon with submucosal infiltration

Combination of Apc mutation and loss of Smad2 leads to no
changes in tumor size or properties compared to Apc”*”"* mice
Reduced lifespan of 2 months due to rapid tumor development

in the distal colon with mixed histology but no metastases

Smad4 mutation leads to intestinal tumors without malignant
properties. Both mutations lead to high tumor burden in the
upper GI (cis>trans); some show invasion of the submucosa

Mmp7 knockout reduces tumor size but does not affect
invasiveness

Larger tumors, higher incidence of malignant phenotype

580D/+

(compared to Apc™ " "mice)

Adenocarcinomas of the intestine with penetration of the whole
intestinal wall and lymphatic spread. Lower tumor burden in
C57/BL6 x 129/Sv Smad3” hybrids. Note, that Smad3 mutations
occur only in 2% of CRC (Fleming et al"*”, 2013)

Mosaic Cre-expression leads to adenoma formation

Constitutional Cre-mediated excision of B-catenin
phosphorylation site leads to a plethora of small intestine
adenomas

Expression of GSK3f-resistant f-catenin leads to substitution of
enterocytes by highly proliferative crypt stem cells (rapid death)

NOTCH-signaling does not influence adenoma formation

Villin-CreER™ tamoxifen-dependent P53 deletion in
constitutively active NOTCH-signaling background leads to
intestinal tumor formation and metastasis

Rapid tumor formation in cecum and proximal colon, but high
mortality in triple and quadruple mutants
Rapid tumor formation in the small intestine, early death (2-3

months), more tumors in Msh2A™NAN /ApcMW "

Accelerated tumor formation in the small intestine in MSH2-
deficient mice. Mice homozygous for Msh2”" dye rapidly from
lymphomas
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B-naphthoflavone inducible Kras mutation (AlCre”", Kras"”***""?)

combined with homozygous Msh2-knockout leads to increased

63 = Kras""/Cre/Msh2™"
/Cre/M number of intestinal adenomas. No carcinomas, relevant number
of thymic lymphomas
LoxP/LoxP
UGS Villin-controlled Cre-expression leads to intestinal MMR-
64 1971 VCMshol/s6m0 deficiency, similar to Lynch syndrome. 50% of tumors in the
small intestine are malignant. A high proportion of carcinomas in
VCMsh2te/mit VCMsh2"*""" mice are resistant to cisplatin and FOLFOX
65 ey Msh2” Death due to lymphoma
66 {94 Apc™™* Exol " Fen1" Increa?ed tumor .rnul.tip'licity and incidence,. hi.gher progression
to malignancy, high incidence of hematopoietic cancers
e - Fen?™/Apc®™ Increased malignancy of intestinal tumors compared to Apc'®*"
P mice through MSI
Increased tumor incidence and multiplicity, 30%
68 (184 Mlhl'/'/Apc“"”N adenocarcinomas, reduced lifespan of 3.3 mo. High amount of
extraintestinal tumors
Msh6”* Reduced life span in hetero- and homozygotes due to
69 B lymphomas and gastrointestinal tumors. Tumors show no signs
Msh6” of MSI
70 1390] Msh3™~ Msh6™ Decreased life span, death due to intestinal adenocarcinomas or
s s
lymphomas
” [190] MhE™™: Mshe™" B or T cell non-Hodgkin lymphomas, adenomas of the small
s ; Msh . . .
intestine, basal cell carcinomas
Pms2-deficient mice develop lymphomas and sarcomas, but
72 3561 Pms2”; Pms1” no intestinal tumors; Pms1 deficiency does not cause tumor
development
73 1501 Fc'; Pik3ca* (FVB/N-Tg(Fabp1-Cre)1Jig; Constitutively active PI3K causes mucinous adenocarcinomas of
GH(ROSA)26S0r™” Pk EGFPRsky the proximal colon with infiltration of the whole intestinal wall
7 [129) Apcd" Kras®*"* Pik3ca”™'"+ Cre-Adenovirus via Additional driver mutations do not increase tumor proliferation,
coloscopic injection but cause progression to adenocarcinoma and metastatic disease
. o Apc™ 9% Braf*"*, AdenoCre delivery via Cre-mediated Apc-knockout combined with latent Braf**"” cause
colonoscopy neoplasia of the distal colon (50% adenocarcinomas)
Villin-Cre;Braf->- Y%7+
Some invasive adenocarcinomas (13%), dominant negative P53
76 (74 Villin-Cre;Braf=s="7 p53Lscrirzis mutation leads to 60% cancers with 2% metastases. Also, p16™*
mutation causes carcinomas in a Braf mutational background
Villin-Cre;Braf*""*"** ;p16"*
CypAl-promotor-driven, tamoxifen-inducible Cre-recombinase
/LSL-V600E, T+/o -
Braf” GRS facilitates Braf**” expression in the small intestine with
77 Y consecutive crypt hyperplasia. Repression of p16"* leads to
Cdkn2a (Ink4a/ Arf*™*’) = VE;Cdkn2a”F> 74522 tumor formation in various tissues and decreased survival (6
wk)
/LSL ox/flox Kras mutation increases multiplicity of tumors, whilst P53 gain-
78 [140] APCA71f/L($IZ; 7‘5["“5 e (Ka’l Tefor2™" (T?’ of-function mutation and TgfBr-knockout leads to invasiveness,
Trp53"77M (), Fbxw 7" (F), and Villin-CreER
no spontaneous metastases
79 [47) Apc 7 Epep 7S Reduced survival for Fbw?7 deficient mice, also in heterozygous
pe setting
8 /o o fox < yerms Aggressive carcinomas with metastatic spread to lymph nodes
80 ] Fbw7"7*; P53, Villin-Cre Bgresstv ! Wi 5P ymp
and liver
Spontaneous adenoma and adenocarcinoma development
81 By Mutyh” in the intestine; predominantly in the upper small intestine.
Tumorigenesis increased by oxidative stress (KBrOs)
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Figure 1 Overview of the frequently altered pathways in colorectal cancer. The numbers in square brackets label the corresponding model descriptions as given

in Table 1.

research, their use for preclinical studies is limited due to a lack of genetic
heterogeneity on the one hand, and discrepancies to the human tumor development
on the other hand. On a final note, it should be added, that GEMM of CRC can be
applied the other way round: Mice harboring mutagenic SB transposons were crossed
to mice expressing SB transposase under control of a Villin-Cre-transgene, to generate
mice, that develop intestinal lesions due to random insertional mutagenesis and can
be screened for unknown CRC driver mutations”’l. Moreover, by combining this
approach with well-known driver mutations, new pathway-associated mutations
could be identified"*",

TRANSPLANT MODELS FOR COLORECTAL CANCER

Transplant mouse models can be classified in various ways: Syngeneic tumor
transplantation is characterized by tumor tissue or cancer cell line engraftment within
the same mouse strain; whereas xenogeneic grafts are derived from a different mouse
strain or human donors. Additionally, it can be distinguished between heterotopic
and orthotopic models. As cancer grafts, tumor cells, organoids and tumor tissue
pieces can be employed. In 1876, Novinsky successfully transferred tumors (likely
canine venereal sarcomas) from one dog to another in two independent trials”l.
Shortly thereafter, Hanau®" and Morau (reviewed in®"!) reported independently the
successful passaging of epithelial rodent tumors. Around the turn of the century,
several transplantable rodent tumors, mostly of a sarcomatoid phenotype, were
established®"!. Later, the discovery of the human leukocyte antigens and oncogenic
viruses elucidated the results of the earlier transplantation studies”*"’l. Toolan
pioneered in the xenograft field by attenuating graft rejection through X-radiation and
cortisone treatment™”*'l,

Animals for transplant models

A fundamental prerequisite for the successful engraftment of xenogeneic tissue in
mice is the impairment of the host immune system. A detailed explanation of the
development and sophistication of immunocompromised mice would fill several
pages and is exquisitely reviewed elsewhere”"!l. In short, with the discovery of “nude”
mice (recessive mutation of FOXNT1 leading to hairlessness and athymia)®*'? and the
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subsequent breeding of NMRI™/™ mice, xenotransplantation was possible for the first
time without additional immunoablative treatment”’l. A more immunodeficient
animal strain, C:B:-17 scid, carrying a homozygous mutation of the Prkdc gene
resulting in a lack of functional B and T lymphocytes, was established by Bosma et
al in 1983. To overcome NK cell function, SCID mice were crossed with non-obese
diabetic mice (NOD)P"*! by several workgroups generating NOD/LtSzscid',
NOD/LtSz-scid p2m™"*7 and NOD/Shi-SCID micel**l. However, the life span of
NOD/SCID mice is limited by the development of thymic lymphomas!** and they
show relevant “immune leakiness” caused by spontaneous rearrangement of T and B
cell receptors’*!l. Lastly, to abolish NK cell activity completely, deficiency of the IL-2
receptor subunit gamma (IL2Ry) and the Janus kinase 3 (Jak3) were introduced to
NOD/SCID mice generating the commonly used strains NOG (NOD/SCID/
IL2Rytm15u8)(222, NSG (NOD/SCID/IL2Ry™ ">l and NOJ (NOD/SCID/Jak3mM)241,
Since the DNA-dependent protein kinase catalytic subunit, encoded by the Prkdc
gene, is also responsible for DNA repair, SCID mice are very sensitive for radiation
and DNA-damaging agents. Therefore, Shultz et al**! developed the more robust, but
equal immunodeficient NOD/LtSz-Ragl™!'Pfp"! strain. Since then, many more
immunodeficient strains, with in part different genetic backgrounds, have been
developed?"'**l. In general, it can be noted, that the more severe immunodeficient the
host, the higher are the engraftment rates. Nevertheless the NMRI"™/™ strain is still of
high relevance for xenografting: The strain is less prone to opportunistic infections*”,
more tolerant for chemotherapeutic agents and shows reasonable engraftment rates
for primary patient-derived xenografts (PDX) and good engraftment rates for
subsequent mouse to mouse passaging****l. An economical plus is that this mouse
strain is the least expensive immunodeficient one. It is mandatory to house
immunodeficient mice in a specific pathogen free environment, using sterile
techniques and microisolator caging. For syngeneic mouse models, viz.
transplantation of cell or organoids from mice, exact strain conformity of donor and
recipient mouse must be guaranteed, since even closely related substrains can differ
geneticallyl.

Heterotopic tumor models

The advantages of s.c. tumor engraftments are glaring: They require nominal surgical
skills, allow high throughput of samples due to time efficacy and tumor growth can
be monitored by the naked eye. Early s.c. models of solid tumors were mostly carried
out by injection of a tumor cell suspension into the mouse flank. Although some of
these models correctly predicted clinical response for specific cancer entities and
therapeutics!™! large drug screens revealed that these models are of rather modest
value for the prediction of clinical response in humans****l. Moreover, the resulting
tumors from a homogenous cell suspension do not reflect the intratumor-
heterogeneity and an adequate tumor microenvironment is also absent”*"l. Especially
established CRC cell lines show low genetic diversity due to high passage and
selective pressurel*”. On a site note, one of the most cited CRC cell lines, HCT116, was
established almost 40 years ago; enough time for mislabeling, cross-contaminations
and high passage selection***“1. While tumor cell lines in general remain a
cornerstone of cancer research”**], their heterotopic in vivo application creates no
scientific added value. The creation of a s.c. tumor graft as intermediate step for
subsequent orthotopic transplantation can be considered as an exception. Even
though these cell-derived grafts are frequently referred to as PDX in the literature, we
believe that this term should be avoided and “cell line-derived xenograft - CDX” is
more reasonable. The implantation of tumor cells or tumor pieces under the renal
capsule follows the rational that the high vascularized environment propagates better
engraftment™>**1 and was historically used for the subrenal capsule assay™‘. While
this model might be advantageous for some cancers”*], we see no advantage for CRC
engraftment over the s.c. PDX model, a fortiori comparing practical effort, monitoring
of tumor growth and animal welfare. Intravenous injection of cell suspension is often
used to simulate hematogenous dissemination of tumor cells**”], but circumvents
crucial steps of metastasis, namely degradation of the surrounding tissue and
lymphatic and/or vascular invasion”*l. Thus, the same applies to the splenic injection
of tumor cells to generate liver metastasis*****" or the intraperitoneal injection to
simulate peritoneal carcinosis™'.

PDX models

PDX differ greatly from the aforementioned heterotopic tumor models. They are
established by the s.c. implantation of a tumor piece from a surgical resection or
biopsy into the flanks of immunocompromised mice; with lower tumor take rates for
biopsy samples*’l. Tissue can either be implanted directly after resection or
cryopreserved in fetal calf serum containing 10% DMSO for implantation at a later
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time™. Incubation of the tissue in Matrigel® prior to tumor implantation, significantly
increases engraftment rates””l. In order to obtain sufficient tumor tissue for larger
scale studies, the resulting tumor can be fragmented and re-grafted subsequently. In
recent years, our workgroup focused on the build-up of a large CRC biobank
consisting of more than 140 PDX-models (general procedure is presented in Figure 2).
This PDX panel reflects adequately the clinical and molecular heterogeneity of the
patient population undergoing surgical resection of primary or metastatic CRC*?. It
is well accepted that PDX closely recapitulate the histology of the original “donor”
tumor over several passages*”***l and are also genetically stable”**"l. However, Ben-
David et al®" demonstrated recently that changes in copy number alterations
occurred in early passages of PDX tumors compared with both the PO PDX and the
donor tumor. A common criticism in heterotopic mouse models is related to the
absence of tumor-stroma interaction or the “tumor microenvironment”*”. While this
is true for immune cells, the stromal component remains intact in PDX®". Although
the human stromal compounds (fibroblasts, blood vessels etc.) are quickly and
steadily replaced by their murine counterparts, the overall architecture of the tumor
remains unaffected in the majority of cases"*l. Moreover, these murine stroma cells
adopt and maintain a human-like metabolic phenotypel*’.. These features indicate
that PDX are indeed good and valuable models for preclinical testing of conventional
and novel anticancer agents in the era of personalized cancer therapy®>**!. A proof of
concept study with advanced refractory cancers demonstrated that drug responses
measured in a PDX model, can be used for successful clinical decision making”*l. A
PDX model of CRC metastases closely resembled the efficacy of cetuximab and
identified druggable targets in resistant tumors?”*’l. Moreover, a PDX clinical trial
approach (one animal per model per treatment) reflects well the heterogeneity of the
patient population and allows testing of new drugs and combinatorial regimen™7. A
large study with over 1000 PDX models confirmed the consistency between clinical
and PDX clinical trial drug responsel***l. The ultimate goal of precision medicine
would comprise of the profound genetic and functional characterization of a given
tumor to identify relevant drug targets and subsequent validation of potential
therapies with aid of a PDX bearing “avatar” mouse to provide the most efficient
treatment for the individual patient”***l. Currently, several clinical trials following
this approach for colorectal™"*l and pancreatic cancer are recruiting”?. Yet, a median
duration of 12.2 mo until PDX model establishment”” remains an unsolved issue for
patients urgently in need for treatment. When it comes to drug testing, it should be
considered, that immunotherapy approaches can only be restrictedly evaluated in
immunodeficient host mice. A further disadvantage of PDX models is a potential
selection for more aggressive tumors. The data concerning the association between
successful PDX engraftment and clinical or molecular features is in part conflicting.
While we and others could not find significant associations between tumor grading
and PDX engraftmentl*”*?, a Korean study observed significant correlations with
tumor staging and grading””!. A smaller study with a high PDX establishment rate
found a significant correlation of PDX success with positive nodal status and
gradingl®’¥l, while Julien et al®”! only found significances for the combination of a
positive nodal status with an elevated carcinoembryonic antigen level. Moreover, we
observed a significant correlation between PDX engraftment and molecular features
like KRAS and BRAF mutations as well as MSIP*?l. Apart from the tumor biology,
choice of the host mouse strain, repeated attempts of engraftment, quantity and
quality of the resected tissue as well as previous treatment of the patient are
additional factors influencing the success of model establishment. Collins et all*"*!
recently reported PDX engraftment rates varying from 14 to 100% with a median PDX
establishment rate of 68% reviewing 14 CRC-PDX studies. Compared to establishment
rates for primary CRC cell lines of about 10%, the PDX is clearly superior***71. A
selection bias relating to cancer biology can be diminished by increasing the number
of enrolled patients and molecular characterization of the individual PDX. In fact, a
very recent PDX study found an underrepresentation of the consensus molecular
subtype number 2, due to worse engraftmentl**l. Another crucial pitfall of the PDX
model is the development of EBV-associated lymphomas at the implantation site,
which can mimic successful engraftment!””’l. Depending on the mouse strain and
cancer entity, between 2.3% (colorectal) and 75% (prostate cancer) of primary
engrafted bona fide xenografts turn out to be human de-novo lymphomas®**. Since
this condition is more frequently reported in NSG and comparable strains,
development of de-novo lymphoma in NMRI™/™ mice might be hindered by high NK
cell activity?l. Thus, after successful engraftment of a PDX in NSG mice, we conduct
the subsequent passaging in NMRI™/™ mice and xenograft histology is frequently
evaluated by an experienced pathologist. Interestingly, Butler et al**! significantly
reduced the frequency of lymphomas in an ovaria cancer PDX model by a unique
dosage of rituximab during implantation. Additionally, PDX serve not only in the
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field of therapy development; they are also a vital tool for the maintenance of a
healthy biobank, allowing the establishment of secondary cell lines and supply
sufficient tumor samples for the exchange with other work groups*2.

In summary, we consider the PDX model as keystone of cancer research, holding
great potential in the developing field of precision medicine for CRC.

Orthotopic models

Orthotopic CRC models are implemented to overcome the drawbacks of heterotopic
models, videlicet lack of an adequate tumor microenvironment and metastatic
behavior.

At the beginning of the 1980s, the first orthotopic engraftments of CRC cell lines
was reported by Snipes””], demonstrating the feasibility of an intramural cell injection
causing locally invasive cancer growth. A few years later, Bresalier ef all**"]
demonstrated that the orthotopic injection of human CRC cells causes metastases in
the liver. In 1991, Fu et al® successfully engrafted 13 patient-derived tumors by
removing the serosa and sewing the tumor pieces to the cecal wall. Beside the local
tumor outgrowth, lymph node and liver metastases were reported for a few mice.
Since the murine cecum is relatively large compared to its human counterpart and
readily accessible by laparotomy, it rapidly became the favored site for orthotopical
engraftment by different approaches. Many authors generated a s.c. cell graft in a
donor mouse, of which a small piece was sewed to the cecum after damaging the
serosal”’*?l. Several varieties of this technique can be found in the literature: While
some authors removed the mucosa and sewed the tumor pieces onto the cecal
walll**?4l others formed a subserosal tunnel for tumor inoculation, which was
afterwards closed by a suture””! or surrounded the tumor piece with a “pouch”
formed by a serosal duplicature™!. Others reported the technically more challenging
subserosal injection of a cell suspension into the cecal wall®”l. The cell injection
method is often referred to as subserosal™", while other work groups describe a
submucosal injection™’]; both frequently with Matrigel® addition to the cell
suspension to avoid cell spillage”!. Considering the gauntness of the cecal wall, we
will here refer to both techniques as “intracecal” injection. The possibility of a
“preconditioning” via s.c. PDX has also been described for the cell injection
approach’!l. Beside the cecum, other colonic sites like the descending colon can be
accessed for cell injection"**"1. Despite frequent metastases, some aspects of these
techniques may be viewed critically. First, given the fact that CRC arise from the
mucosa, these models cannot be considered as genuine orthotopic and also the
injection approach might mimic an advanced CRC. Second, they allow the contact of
cancerous tissue with the abdominal cavity, hence it cannot be ruled out that some of
the metastases are the result of intraabdominal cell spillage. Moreover, these
approaches require the opening of the abdomen and can cause inflammation and
morbidity. Nevertheless, the cecal orthotopic model is frequently applied, especially
for basic research to identify the underlying mechanisms of metastatic progression,
since it can render metastatic, end stage disease within a few weeksl’"l. The
upregulation of genes associated with advanced CRC, could also be observed in liver
metastasis from an orthotopic model®*?*’l. The orthotopic approach allows to
elucidate the role of certain molecular pathways by direct comparison of the
metastatic properties of a given cell with their genetically engineered
counterpart’'’l. The additional transfection of these cells with a reporter, like GFP,
DsRed or luciferase, allows monitoring of tumor progress by in vivo imagingl™'-=*1.
The orthotopic approach can be used in transgenic mice to clarify the role of distinct
molecules™ or certain cell types™’. To further stress the functionality of stromal
components, a co-injection of tumor cells and stromal cells is feasiblel"**l. By using
NSG mice, the efficiency of an immune cell-based therapy can be tested in the context
of such an orthotopic modelP"’l. Furthermore, circulating tumor cells (CTC) can be
isolated from murine bloodl*l. In addition to the above discussed surgical
approaches, there are less invasive concepts that do not require surgery and diminish
the risk of intraabdominal cell spillage. Kashtan ef al”*'! demonstrated the successful
engraftment of murine tumor cells by submucosal injection in the distal rectum in
1992 and this approach was adapted by several work groups™*1. To reach more
proximal parts of the rectum or the descending colon, submucosal cell application can
be performed via small endoscopic instrumentst**. Depending on the cell line, liver
metastases have been observed™ . Lastly, tumor cells can be inoculated in the colon
mucosa by the acid enema approach described by Kishimoto et all**]; a true orthotopic
model with intramucosal tumor development and liver metastases. In brief, the
mucosa is damaged by 4% acetic acid enema and after neutralization with PBS, a
tumor cell suspension is instilled and the anus temporaryly sealed. Hite et all**’]
subjected all three orthotopic models (intracecal injection, transanal submucosal
injection and acid enema) to a direct comparison. They found the submucosal
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Generation of PDX

Figure 2 Establishment of PDX. After surgery, a small sample of the tumor, which is not needed for pathological
diagnosis, is obtained and cut into pieces of 27 mm®. These can be either implanted immediately in recipient mice or
vitally cryopreserved in liquid nitrogen. The resulting patient-derived xenograft (b) closely reflects the histology of the
donor tumor (a) (Previously published in>**)). Patient-derived xenograft can be further processed for subsequent
implantation or cryopreservation.

injection to be the most efficient in tumor formation and metastatic behavior and at
the same time well tolerated by the animals. In contrast, the acid enema approach
showed the lowest tumor formation frequency but a considerable mortality of 15%.
Enquist et al'?! pursued a different concept by sewing a tumor piece directly to the
mucosa by creating an artificial rectal prolapse. They were able to engraft pieces from
transgenic ApcMin/+;KrasLSLG12D/+;Villin-Cre adenomas in the colon of syngeneic
animals and a small subset of these tumors progressed to carcinomas. More strikingly,
they managed also to transfer s.c. human PDX to the colons of NSG mice reflecting
stage-dependent biological behavior as lymph node metastases could be observed for
stage III PDXP".

Today, orthotopic models are copiously used for the in vivo validation of new
therapeutic compounds and as a proof-of-principle approach™"**1. However, their
clinical relevance is limited by the common use of similar, poorly differentiated cell
lines. The orthotopic PDX model is promising, but its tumor take rate is not higher as
in the s.c. PDX model. A very recently published, “crossover” concept comprising the
s.c. engraftment of a PDX, followed by enzymatic disintegration of the PDX to a cell
suspension and subsequent orthotopic injection into the rectal submucosa yielded an
engraftment rate of 70% for s.c. PDX and 46% for the orthotopic model. Moreover, a
metastatic spread was observed for 60% of the tumors successfully engrafted
orthotopicallyt™!.

RECENT DEVELOPMENTS AND FUTURE PERSPECTIVES

The increasing field of precision medicine has a growing need for highly translational
cancer models. Conversely, the increasingly negative public perception of animal
studies constrains the scientific community to further stress the 3R-principle
(replacement, reduction and refinement) in cancer research”!. Aside from the
improvement of in vivo models, this implies the refinement of in vitro methods as well.

Humanized mice are severely immunocompromised mice, which can be
reconstituted with various types of human bone marrow-derived cells or CD34"
hematopoietic stem cells™**l. Since human stem and progenitor cells can be attained
from umbilical cord blood or from peripheral drawn blood samples after GM-CSF
treatment and cultured in vitro®*, these cells can be transferred to sub-lethally
irradiated NSG mice. Morton et all**! observed that PDX of head and neck cancer
engrafted into these, so called “Xact mice”, are infiltrated with human B and T
lymphocytes. Many transgenic mice further support engraftment with CD34" stem
cells by overexpression of human interleukins and signaling molecules. Thus
NBSGWE1, hIL2-NOGF!, NSG-SGM3F and SRG-15 micel*! have been introduced
recently and antitumor effects against PDX of different cancers could be
observedl’""**l. These models hold great promise for the research of CRC
immunotherapy, especially for highly immunogenic hypermutated CRC. Capasso et
al"* showed very recently that check point inhibition with nivolumab leads to growth
inhibition of human MSI-H PDX thereby accurately reflecting the clinical response of
this CRC subtype. In contrast, no sustainable growth inhibition was observed in MSS
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tumors or MSI-H tumors in “standard” NSG mice”***1,

Although patient-derived cell cultures are a valuable tool for high-throughput drug
screenings, they exhibit considerable shortcomingst**‘l. First, the establishment rate of
primary patient-derived CRC cells with conventional 2D culturing methods
approximates some 10%*>*"], although higher success rates of 40% and more can be
found in the literaturel****l. Second, conventional 2D cultures change the biological
properties of cells, possibly altering drug response in vitrol*"l. Cell polarization, lack of
stroma and abundance of growth factors, nutrients and oxygen are factors that might
change the behavior of tumor cellsl™. In recent years, more complex cell culturing
methods have emerged. CRC cells, cultured in an extracellular matrix form three
dimensional spheres, so called spheroids, that differ in their biological properties from
2D cultured cells!l. In contrast, organoids are three dimensional structures, derived
from intact tumor pieces or tumor stem cells cultured in an extracellular matrix
scaffoldl™. Patient-derived organoids (PDO), quite similar to PDX, recapitulate
closely the histological and genetic properties of their parental tumors. Moreover,
high rates of successful establishment have been reported”™! and reliable drug
response prediction seems possiblel™ 1. PDOs can be implanted s.c. or orthotopically
into mice, resulting in PDO xenografts (PDOX)E***%7 Furthermore, the Clevers
group pioneered in the inauguration of non-malignant intestinal organoids exploiting
the stem cell niche in vitrol™. These organoids can be modified in vitro to exhibit
malignant properties and used to enlighten the role of cancer-driving pathways by in
vivo engraftment”**"l. The available data strongly suggests, that PDOs reflect more
faithfully the biological virtue and drug response of the parental tumor compared to
conventional 2D cell culturest*?. The circumstance, that organoids can be derived
from CTC, could render them an excellent tool for the preclinical testing of patients
with advanced stage cancer that do not undergo surgery™'l. Additionally, CTC reflect
genetic changes associated with acquired drug resistance during chemotherapyt*.
Further steps to a reduction of animal experiments imply the faithful remodeling of
the host organism in vitro. Several research groups created a “cancer on a chip” model
that combines the advances of 3D cell culture connected with artificial organs that
resemble the most common organs of metastatic spread*’l. Miller and Shuler
introduced a “body on a chip model” with 14 artificial organs, which could be
modified for cancer research*l. At last, the widely acknowledged work of Guinney et
alt*! regarding the consensus molecular subtypes of CRC draw great attention to the
value of computed models in cancer science and the capabilities of bioinformatic
research. Retrospective analysis of clinical trial samples partly demonstrated the
association of drug response with molecular subtypes™. The constantly growing
knowledge of cancer pathways and their crosstalk on the one hand, and the increased
inter-individual complexity of tumors on the other hand, call for a method to integrate
and interpret the overwhelming amount of datal™l. In silico methods, like data
mining, pattern recognition, machine learning and network approaches, are able to
predict the behavior of “virtual” HCT116 cellsP], can reveal genetic patterns
associated with survivall’®!, can be used to detect new biomarkers”’], allow the
identification of unknown driver mutationsl’!! and potential preclinical
compoundsl. Yet, in silico models often lack explanatory power and need careful
interpretation by bioinformaticians. Their ability to correctly predict treatment
response for an individual patient to a new compound is still a long way off"l.
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Abstract

The pathophysiology of irritable bowel syndrome (IBS) is not completely
understood. However, several factors are known to play a role in
pathophysiology of IBS such as genetics, diet, gut microbiota, gut endocrine cells,
stress and low-grade inflammation. Understanding the pathophysiology of IBS
may open the way for new treatment approaches. Low density of intestinal stem
cells and low differentiation toward enteroendocrine cells has been reported
recently in patients with IBS. These abnormalities are believed to be the cause of
the low density of enteroendocrine cells seen in patients with IBS.
Enteroendocrine cells regulate gastrointestinal motility, secretion, absorption and
visceral sensitivity. Gastrointestinal dysmotility, abnormal absorption/secretion
and visceral hypersensitivity are all seen in patients with IBS and haven been
attributed to the low density the intestinal enteroendocrine cells in these patients.
The present review conducted a literature search in Medline (PubMed) covering
the last ten years until November 2019, where articles in English were included.
Articles about the intestinal stem cells and their possible role in the
pathophysiology of IBS are discussed in the present review. The present review
discusses the assumption that intestinal stem cells play a central role in the
pathophysiology of IBS and that the other factors known to contribute to the
pathophysiology of IBS such as genetics, diet gut microbiota, stress, and low-
grade inflammation exert their effects through affecting the intestinal stem cells.
It reports further the data that support this assumption on genetics, diet, gut
microbiota, stress with depletion of glutamine, and inflammation.

Key words: Diet; Gut enteroendocrine cells; Gut microbiota; Low grade inflammation;
Stress
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Core tip: The pathophysiology of irritable bowel syndrome (IBS) is not completely
understood. Understanding the pathophysiology of IBS may enable us to find an
effective treatment for this disorder. The density of intestinal stem cells is low in patients
with IBS. Moreover, the differentiation of stem cells into enteroendocrine cells is
abnormal. It seems that these abnormalities in intestinal stem cells is the cause of the low
density of enteroendocrine cells seen in patients with IBS. It is believed that the low
density of enteroendocrine cells is behind the gastrointestinal dysmotility, abnormal
secretion/absorption and hypersensitivity observed in patients with IBS. This review
presents the observations that suggest that the factors known to contribute to the
pathophysiology of IBS may exert their effects through affecting the intestinal stem
cells.

Citation: El-Salhy M. Possible role of intestinal stem cells in the pathophysiology of irritable
bowel syndrome. World J Gastroenterol 2020; 26(13): 1427-1438

URL: https://www.wjgnet.com/1007-9327/full/v26/i13/1427.htm
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INTRODUCTION

Irritable bowel syndrome (IBS) is a wide spread condition affecting 12.1% of the world
population”. The prevalence of IBS differs considerably between different parts of
the world with the lowest prevalence in Asia and the highest in South America"l. The
cardinal symptom of IBS is intermittent abdominal pain accompanied by altered
bowel habits and abdominal bloating/distention”l. There is no biochemical,
radiological or clinical test/examination for diagnosing IBS and the IBS diagnosis is
based on symptoms assessment!’l. IBS reduces significantly the patients’ quality of life
in the same degree as major chronic diseases such heart failure, renal failure, diabetes,
and inflammatory bowel diseasel”.. It has been reported that 12%-14% of primary care
patient visit, and 28% of referrals to gastroenterologists are IBS patients!>”] and
consequently IBS patients are more common in the healthcare than patients with
diabetes, hypertension or asthma'®’. There is no effective treatment for IBS and the
available treatment in clinic is directed to symptom relief!".

Several factors are known to play pivot role in pathophysiology of IBS. These
factors are genetics, diet, gut microbiota, gut endocrine cells, stress and low-grade
inflammation®'’l. Abnormalities in the intestinal stem cells has been reported
recently!"""l. The present review aimed at discussing the possibility that the factors
known to contribute to the pathophysiology of IBS may exert their effects through
affecting the intestinal stem cells. The present review conducted a literature search in
MEDLINE (PubMed) covering the last ten years until November 2019, where articles
in English were included. Articles about the intestinal stem cells and their possible
role in the pathophysiology of IBS are discussed.

FCACORS INVOLVED IN THE PATHOPHYSIOLOGY OF IBS

Genetics

Studies of family history and family cluster as well as twin studies provided strong
evidences that IBS is hereditary!**"l. However, the possible mutant gene(s) responsible
for IBS is/are not found yet..

Diet
Patients with IBS avoid certain food items as they believe they worsen/trigger their
symptoms*?l. However, there is no difference in intake of calories, or the meal

3,27,28]

patterns between IBS patients and community controls?

The effect of diet on IBS symptoms cannot be explained by food allergy/
intolerance). However, it is generally accepted that poorly absorbed carbohydrates
and fibers play an important role in development IBS symptoms!*“l. The intake of
low fermentable oligo-, di-, monosaccharides and polyols-diet and National Institute
for Health and Care Excellence-modified diet improve both symptoms and quality of
life in IBS patients!****2. However, a recent review and meta-analysis showed that
there is very low quality evidence showing that low fermentable oligo-, di-,
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monosaccharides and polyols diet reliefs IBS symptoms™l.

Based on a case report published in 1978, non-celiac gluten sensitivity was
coined?*. In this case, a patient without celiac disease, suffered from abdominal pain
and diarrhea who experienced symptoms improved when she used gluten-free diet.
Several studies showed that withdrawal of wheat products in patients with non-celiac
IBS-like symptoms improve these symptomst’~2. However, a double-blind placebo-
controlled study showed that it is fructan in the wheat rather than gluten that trigger
IBS symptoms!*’l. In a recently published meta-analysis concluded that there is
insufficient evidence that gluten-free diet improves IBS symptoms!™.

Gut microbiota

The gastrointestinal microbiota comprises 12 different bacteria phyla, but most of the
gut bacteria belongs to the Proteobacteria, Firmicutes, Actinobacteria and
Bacteroidetes!***l. The anaerobic Firmicutes and Bacteroidetes phyla dominate the
bacterial population in the intestinal of healthy adults, with a few members from of
the Proteobacteria and Actinobacteria phyla**1. A low microbial diversity in the gut
(dysbiosis) has been reported to be associated with several diseases!”*.

In healthy subjects, the intestinal microbiota composition is affected by the
individual genetic composition and environmental factors one is exposed fort***1. The
intestinal microbiota in IBS patients differs from that of healthy subjects*!], and have
a lower diversity (dysbiosis)“~"l. It is believed that this difference in the intestinal
microbiota plays a pivot role in the pathophysiology of IBSI*’1.

Gastrointestinal endocrine cells
The gastrointestinal endocrine cells are scattered in-between the epithelial cells facing
the gut lumen (Figure 1)**.These cells are localized to the stomach, small-and large
intestine®™. Among the different segments of the gastrointestinal tract the density of
the endocrine cells is highest in the duodenum (Figure 2)1. These cells secret over 10
different hormones that interact and integrate with the enteric, autonomic and central
nervous system to regulate: Gastrointestinal motility, secretion of enzymes and bile
acid, absorption of nutrients, visceral sensation, gastrointestinal cell proliferation,
local immune defense and appetitel>*>°>*>*l. These cells have sensory microvilli that
project into the gastrointestinal lumen that sense gastrointestinal lumen contents and
respond by releasing their hormones into the lamina propria”**J. These hormones can
act locally on the nearby structures (paracrine mode of action) or reach the blood
stream and act on far structure (endocrine mode of action)"*.

Several abnormalities in different endocrine cell types of the stomach, small- and
large intestine have been described in IBS patients (Figure 3)5*7. Generally, IBS
patients have a lower gut endocrine cell density than healthy subjects®™.

Stress

Stress is defined as an acute threat, real or perceived, to the homeostasis of an
organism!'’. Stress is a known factor that trigger/worsen the IBS symptoms!™. The
exact mechanisms by which stress affects IBS are not exactly known. However, the
negative effect of stress on IBS symptoms is believed to be caused by an interaction
between the gut and the central nervous system (gut-brain axis)!’.

Low grade inflammation

Intestinal low-grade inflammation is believed to be a factor that contribute to the
pathophysiology of IBSI’l. Lowgrade inflammation in the intestinal mucosa occurs
only in a subset of IBS, i.e., post-infectious IBS, but not in sporadic (non-specific)
IBS-107,

THE ROLE OF INTESTINAL STEM CELLS IN THE
PATHOPHYSIOLOGY OF IBS

Intestinal stem cells

Each intestinal crypt contains four to six pluripotent (stem) cells!'”l. Stem cell perform
2 activities, namely self-renewal by dividing into identical stem cell (clonogeny) to
maintain a constant number of stem cells and differentiation progeny!*.. In the
differentiation progeny, the stem cells differentiate into all cell types of the villus
epithelium through 2 cell lineages: The secretory lineage giving raise to goblet cells,
endocrine cells and Paneth cells, and the absorptive lineage giving raise to absorptive
enterocytes. This differentiation takes place through a series of precursors
(progenitors) (Figure 4)1%6%1041121,
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Figure 1 Schematic illustration of the enteroendocrine cells and their anatomic relation to the enteric nervous system. The enteroendocrine cells are
scattered among the epithelial cells lining the intestinal lumen. They interact and intergrade with each other’s and with enteric nervous system. Reproduced from El-
Salhy et all>*! by permission of the authors and the publisher.

The relation between the abnormalities in intestinal stem cells and enteroendocrine
cells

As mentioned previously, the densities of the gastrointestinal endocrine cells are
lower than that of healthy subjects™*7l. The cell density of Musashi 1, and
neurogenin 3 immunoreactive cells in the small and large intestine of patients with
IBS are lower than that of healthy subjects (Figures 5 and 6)!"""l. Musashi 1 is marker
for intestinal stem cells and their early progeny, and neurogenin 3 is expressed in
early intestinal endocrine cell progenitors originated from stem cells!'"™'"*"*. The low
densities of enteroendocrine cells in patients with IBS could be explained by the
abnormalities in intestinal stem cells!'”l. Thus, low densities of Msi-1 and NEUROG3
small and large intestine in IBS patients indicate that the intestinal stem cells in these
patients exhibit reduced clonogenic activity and low differentiation progeny toward
endocrine cells!"*'*"],

HYPOTHESIS

Based on the data presented above, one may hypothesized that IBS patients may have
a gene mutation controlling the number of the stem cells and/or NEUROG3 gene
mutation. Furthermore, environmental factors such as diet, inflammation, stress and
gut microbiota may affect the stem cells and their progeny (Figure 7). This hypothesis
gets support from the following facts: (1) Low density of intestinal endocrine cells has
been described in patients with congenital malabsorptive diarrhoea, which is an
autosomal recessive disorder!?!l. The low density of intestinal endocrine cells in this
disorder is caused by loss-of-function mutations in NEUROGS3 genel'*!l. Similarly, low
density of intestinal endocrine cells has been observed in small-intestine allograft
rejection, and in NEUROG3-knockout mice"”*"l. The low density of intestinal
endocrine cells in these conditions was associated with a reduction in number of
intestinal neurogenin 3 cells!"”'*; (2) Changing from the common Norwegian diet to a
National Institute for Health and Care Excellence-modified diet, which improved
symptoms and quality of life in IBS patients is associated with changes in the densities
of gastrointestinal cells"”"'**'*}; (3) Modulation of the intestinal microbiota by fecal
microbiota transplantation improved both symptoms and the quality of life in
patients with IBSI'*l. This improvement was accompanied by a change in in the
densities of enteroendocrine cells*]; (4) Glutamine is the main energy source for
intestinal enterocytes and plays a major role in intestinal homeostasis and other
physiological functions!"*-"**l. Stress, infection or inflammation cause a depletion of
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Figure 2 The density of gut endocrine cells as detected by chromogranin a immunoreactivity. Reproduced
from EI-Salhy et all*! by permission of the authors and the publisher.

glutamine!””-*’ In a randomized placebo-controlled study, dietary glutamine
supplements improved symptoms in patients with post-infectious IBSI"*. Glutamine
have a trophic effect on the intestinal stem cells and promotes stem cell differentia-
tion!**>*l. One may speculate that stress results in the depletion of glutamine, which
causes disturbance in the differentiation of the intestinal cells. This in turn would
cause low density in enteroendocrine cells and the development of IBS symptom:s;
and (5) In animal models of human ulcerative colitis and Crohn’s disease, the changes
in enteroendocrine cells have been found to be strongly correlated with changes in the
intestinal stem cells and their differentiation progeny toward intestinal endocrine
Cells[ﬂ,»,l"m\‘].

CLINICAL IMPLICATIONS

Assuming that IBS is caused by abnormalities in stem cells, which in turn caused by
genetic and environmental factors, intestinal stem cell transplantation might be an
effective tool in the treatment of IBS.

CONCLUSION

The intestinal stem cells appear to play a central role in the pathophysiology of IBS.
Factors that are known to be involved in the pathophysiology of IBS exert their effects
probably through affecting the intestinal stem cells.
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Figure 3 Chromogranin immunoreactive cells in the duodenum of a healthy subject and of a patient with irritable bowel syndrome. A: Chromogranin
immunoreactive cells in the duodenum of a healthy subject; B: Chromogranin immunoreactive cells in the duodenum of a patient with irritable bowel syndrome (IBS);
C: Chromogranin A cells in the colon of a healthy control; D: Chromogranin A cells in the colon of a patient with IBS. Chromogranin A is a common marker for
enteroendocrine cells. The density of Chromogranin A in the duodenum and colon of patients with IBS is lower than that of healthy subjects.
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Figure 4 The intestinal stem cell divides into 2 identical cells (clonogeny). One of these cells remain inactive, while the other stem cell differentiates into all cell
types of the villus epithelium through 2 cell lineages: The secretory lineage giving raise to goblet cells, endocrine cells and Paneth cells, and the absorptive lineage
giving raise to absorptive enterocytes. This differentiation occurs through a series of progenitors. The observations that the density of stem cells and progenitors for
enteroendocrine cells, led to the assumption of gene mutations affecting the stem cell and neurogenin 3 gene.
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Figure 5 Musashi 1 immunoreactive cells in duodenum. A: A healthy subject; B: A patient with irritable bowel syndrome (IBS). Musashi 1 is a marker for intestinal
stem cells and their early progeny. The density of Musahi 1 cells in healthy subjects is higher than that of the IBS patients. Furthermore, Musashi 1 cells in healthy
subjects appear to have more proliferation activity than that of IBS patients.

Figure 6 Neurogenin 3 immunoreactive cells in the duodenum. A: A healthy control; B: A patient with irritable bowel syndrome. Neurogenin 3 is expressed in the
nuclei (brown) of early intestinal endocrine cell progenitors. The healthy subjects have higher density of neurogenin 3 than irritable bowel syndrome patients.

Gene mutation

'ﬂ Inflammation Stress

- 5 -

®
Microbiota Diet
s RV 1
@

Figure 7 Schematic drawing to illustrate the hypothesis that intestinal stem cells play a central role in the pathophysiology of irritable bowel syndrome.
The abnormalities in the intestinal stem cells can be caused by gene mutation or by environmental factors such as diet, intestinal microbiota, stress and low-grade
inflammation.
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Abstract

Lanthanum carbonate is used for treatment of hyperphosphatemia mostly in
patients with chronic renal failure. Although lanthanum carbonate is safe,
recently, lanthanum deposition in the gastrointestinal mucosa of patients has
been reported in the literature. This review provides an overview of
gastroduodenal lanthanum deposition and focuses on disease’s endoscopic,
radiological, and histological features, prevalence, and outcome, by reviewing
relevant clinical studies, case reports, and basic research findings, to better
understand the endoscopic manifestation of gastrointestinal lanthanum
deposition. The possible relationship between gastric lanthanum deposition
pattern and gastric mucosal atrophy is also illustrated; in patients without gastric
mucosal atrophy, gastric lanthanum deposition appears as diffuse white lesions
in the posterior wall and lesser curvature of the gastric body. In the gastric
mucosa with atrophy, lanthanum-related lesions likely appear as annular or
granular whitish lesions. Moreover, these white lesions are probably more
frequently observed in the lower part of the stomach, where intestinal metaplasia
begins.

Key words: Lanthanum carbonate; Hyperphosphatemia; Gastrointestinal endoscopy;
Lanthanum phosphate; Scanning electron microscopy; Energy-dispersive X-ray
spectrometry

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This review provides an overview of the endoscopic and pathological diagnosis
of gastroduodenal lanthanum deposition. Previously reported case reports, case series,
and retrospective studies are reviewed, focusing on disease’s endoscopic, histological,
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and computed tomography features, prevalence, and outcome. Although gastroduodenal
deposition presents with white appearance at esophagogastroduodenoscopy, macroscopic
features and locations of gastric lesions possibly vary depending on the presence or
absence of mucosal atrophy. Our hypotheses are also related to the pattern of lanthanum
deposition in the gastric mucosa with/without atrophy, which will aid endoscopists to
understand this disease entity.
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INTRODUCTION

Lanthanum carbonate (Fosrenol®) is used for treatment of hyperphosphatemia and in
the management of chronic renal failure, especially in dialysis patients!'l. Since
patients with chronic renal failure generally have a reduced ability to excrete
phosphorus from the bloodstream, the levels of serum phosphorus increase as their
kidney function deteriorates, resulting in hyperphosphatemia. Persistent
hyperphosphatemia causes osteoporosis and deposition of calcium phosphate on the
blood vessel walls, leading to arteriosclerosisi*’l. Moreover, hyperphosphatemia is
associated with an increased risk of cardiovascular events and mortalityl. Therefore,
serum phosphorus levels should be controlled within their normal ranges during the
management of dialysis patients.

For the treatment of hyperphosphatemia in dialysis patients, aluminum-containing
agents have long been used as phosphate binders since the 1970s. However, chronic
administration of aluminum salts results in accumulation of aluminum in the central
nervous system, bone and hematopoietic cells, leading to encephalopathy,
osteomalacia, myopathy, and microcytic anemial”l. Due to these severe toxic effects,
long-term use of aluminum salts is not allowed for dialysis patients. Alternatively,
calcium carbonate, calcium acetate, polymers such as sevelamer hydrochloride, and
lanthanum carbonate have been developed and used in clinical practice. Among
these, calcium carbonate occasionally increases serum calcium levels and causes
extraskeletal calcification. Sevelamer hydrochloride also exhibits adverse events such
as digestive symptoms mainly due to constipation. In contrast, lanthanum carbonate
has been widely used for patients with chronic renal failure because it is safe and
well-tolerated by the patients.

After ingestion of lanthanum carbonate, the lanthanum ion (La*") is released in the
stomach and binds to dietary phosphate in the intestinal tract. Lanthanum phosphate
is an insoluble complex in the gut that is not absorbed by the digestive tract, thereby it
is excreted from the body together with feces. The absorption rate of lanthanum
carbonate from the gastrointestinal tract into the blood is less than 0.002%"l. Because
the slightly absorbed lanthanum is reportedly excreted from the body via bilel”,
lanthanum carbonate can be safely used even in patients with impaired renal
function. Although absorbed lanthanum is known to deposit in the bones and liver,
the amount of deposition is quite small and does not cause any damage to the
organs!'"'l. However, more recently, patients with lanthanum deposition in the
gastrointestinal mucosa have been reported in the literature. Here, we review relevant
clinical studies, case reports, and basic research findings, including our articles, to
better understand the endoscopic manifestation of gastrointestinal lanthanum
deposition.

PATHOLOGICAL FEATURES

Light microscopy observation

Hematoxylin and eosin staining of biopsy specimens containing lanthanum showed
deposition of fine, amorphous, eosinophilic material (Figure 1A). Deposited materials
have been variably described as inclusion-like materials with irregularly branching or
coiled configurations!'?, granular, brown material, sometimes needle-shaped or
crystalloid and irregular eosinophilic material with slit-like clefts!"'*], variably dense
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and granular deposits!'”, many colorless and coarse granular materials!'l, gray or
brown pigments or crystal-like structures!””], amphophilic and/or yellowish-brown
fine granules, and amphophilic and/or brownish rods or curly strings!'®l. Deposited
materials are generally phagocytosed by macrophages in the lamina propria in the
stomach and duodenum, which are more clearly visualized with immuno-
histochemical staining, such as anti-CD68 staining (Figure 1B). Nakamura et all'’!
revealed that the macrophages are positive for both CD68 and CD206 staining and
speculated that M2 macrophages potentially play a role in the clearance of lanthanum
from the gastroduodenal mucosal'’l.

Diagnosis of lanthanum deposition can be made with (1) conventional light
microscopy observation of the fine, amorphous, eosinophilic material; and (2)
medication information of patient’s current or past use of lanthanum carbonate.
Analysis of elements by energy-dispersive X-ray spectrometry (EDX) is not always
required, unless the amount of lanthanum deposition is subtle or pathological
features are atypical™-*1.

Electron microscopy observation

In scanning electron microscopy (SEM), deposited lanthanum is visible as bright areas
(Figure 2A). Higher magnification shows that the deposition is composed of
aggregates of particles, measuring 0.5-3 m in diameter (Figure 2B). Elemental
mapping by energy dispersive X-ray spectroscopy is useful to visualize distribution of
lanthanum (Figure 2C) and phosphate (Figure 2D), which is identical to that of the
bright areas. EDX also shows presence of lanthanum and phosphate elements (Figure
2E). Since both lanthanum and phosphate are generally detected simultaneously,
deposited material is considered as lanthanum phosphate. SEM observation and EDX
analysis enable analysis of the elemental composition and distribution of elements,
leading to direct proof of lanthanum deposition. In contrast to light microscopy,
deposited lanthanum is easily identified as bright areas with SEM™.

COMPUTED TOMOGRAPHY FINDINGS OF LANTHANUM
DEPOSITION

Because lanthanum carbonate is not transparent to X-rays, it has a radiopaque
appearance in plain abdominal radiography and computed tomography (CT)
scanning images™. Figure 3A shows ingested lanthanum carbonate in the stomach
(arrow) and colon (arrowhead) that is displayed as high-density substance. In this
patient, lanthanum carbonate and food contents are separated in the stomach, while
lanthanum carbonate in the colon is combined with digested materials and forms a
lump of feces. In another patient, deposited lanthanum in the stomach is observed as
a high-density layer within the gastric mucosa (Figure 3B). Namie et al*! reported the
identification of a high-density layer in the stomach in 42 out of 70 (60%) patients
treated with lanthanum carbonate.

ENDOSCOPIC MANIFESTATION

Lanthanum deposition in the stomach

Lanthanum carbonate has been marketed as a phosphate binder since 2005 in United
States and was released in Japan in 2009. Despite its general tolerance and safety
profile, lanthanum deposition in the gastroduodenal mucosa of lanthanum carbonate
users was first reported in 2015. The endoscopic features of the gastric lesions were
initially portrayed as numerous small, irregular white spots!'”, scattered ulcerations!"”,
polyp, erosions, ulcer!'"], white thickenings of annular shape or those on the gastric
foldst], slightly granular, white mucosa®!, granular white depositions in reddish
mucosal®!, white spots”, mucosal irregularity with reddish and/or whitish color, and
even nonremarkable mucosal’’l. Based on the accumulation of cases reported in the
literature and clinical practice, typical endoscopic findings of gastric lanthanum
deposition have been currently recognized as white lesions.

In our earlier work, we reviewed four patients showing gastric white lesions (Bw)
and peripheral mucosa where the white substance was not endoscopically observed
(Bp) during biopsy™l. We performed SEM analysis and EDX spectrometry to quantify
the lanthanum elements (wt%) in the biopsy specimens. We showed that the amount
of lanthanum was significantly higher in Bw than in Bp (0.15-0.31 wt% vs 0.00-0.13
wt%) (P < 0.05), revealing that pathological lanthanum deposition coincides with
endoscopically observed white lesions in the gastric mucosa. On the other hand,
although its deposited amount was small, lanthanum was detectable in EDX analysis
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Figure 1 Light microscopy images of gastric lanthanum deposition. A: Fine, amorphous, eosinophilic material is observed in hematoxylin and eosin staining; B:
Deposited material is generally phagocytosed by macrophages.

of the gastric mucosa where the white substance was not endoscopically visible!**1.
Consequently, a subtle amount of lanthanum deposition is not detected under
endoscopic observation, while it can be detected with optical microscopy or electron
microscopy.

We also reviewed gastric lesions of lanthanum deposition and subclassified
endoscopic features into “whitish spots” (Figure 4A and B), “annular whitish
mucosa” (Figure 4C and D), and “diffuse whitish mucosa” (Figure 4E and F).
Subsequently we added “fine granular whitish deposition” as a new subtype of
endoscopic features (Figure 4G and H), because we noticed that whitish spots are
relatively infrequent compared with the other three subtypes, while small amount of
lanthanum deposition often appears as fine, granular white lesions*!. We defined
annular whitish mucosa as a lesion (s) < 20 mm in diameter with a white color in the
periphery. A diffuse whitish mucosa presents a white area > 20 mm in diameter,
where reddish areas may be intermixed. Fine granular whitish deposition is a tiny or
faint whitish lesion (s) £ 1 mm in diameter. Whitish spot is a whitish lesion < 20 mm
in diameter with a uniform white color, resembling gastric xanthoma. Generally,
diffuse whitish mucosa is observed in the non-atrophic mucosa of the gastric body,
whereas annular whitish mucosa and fine granular whitish deposition are observed in
the atrophic mucosa. In the following sections, we discuss endoscopic features of
lanthanum deposition focusing on gastric mucosal atrophy.

Lanthanum deposition in the atrophic gastric mucosa

Possible association with gastric lanthanum deposition and underlying regenerative
changes, intestinal metaplasia, and/or foveolar hyperplasia has been reported in 2015.
Makino et al” reported that macrophages containing lanthanum existed in the gastric
mucosa with atrophic pyloric glands and foveolar epithelium fully replaced by
intestinal metaplasia. Tonooka et al also found atrophic mucosa with metaplastic
epithelia in their patient. They speculated that altered mucosal structure resulted in
increased epithelial permeability, finally leading to lanthanum deposition in the
stomach. Ban et al'""! found a significant correlation between deposition grade of
lanthanum and mucosal alterations such as regenerative changes, intestinal
metaplasia, or foveolar hyperplasia, reinforcing the tendency of lanthanum deposition
in higher degree in the microscopically altered gastric mucosa. Ji et al®" investigated
the mucosal barrier defects in patients with intestinal metaplasia using laser confocal
endomicroscopy. In vivo functional imaging revealed that lanthanum nitrate did not
permeated normal gastric epithelium, whereas it permeated gastric mucosa with
intestinal metaplasia. These results indicated that gastric mucosa with regenerative
changes, intestinal metaplasia, and/or foveolar hyperplasia allows permeation of
lanthanum.

We recently reviewed endoscopic features of gastric lanthanum deposition in 10
patients with gastric atrophy (under review). Although gastric lanthanum deposition
appears as whitish lesions, this presentation was not observed in 1 out of 10 patients.
In the gastric mucosa with atrophy, the antrum (n = 5) and angle (1 = 5) were most
frequently involved and lanthanum deposition presented with annular and/or
granular whitish lesions. Whitish lesions were also found in the gastric body with
mucosal atrophy that appeared as annular (n = 1), granular (1 = 1), and diffuse
whitish lesions (n = 1). Consequently, we speculate that, in the atrophic gastric
mucosa, lanthanum-related lesions typically present with annular or granular whitish
lesions. In our earlier study, we investigated pathological features of four patients
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Figure 2 Electron microscopy analysis of gastric lanthanum deposition. A: In scanning electron microscopy,
deposited lanthanum is visible as bright areas; B: Deposited lanthanum is composed of aggregates of particles; C:
Elemental mapping with energy dispersive X-ray spectroscopy shows that the distribution of lanthanum; D:
Phosphate is identical to that of the bright areas; E: Energy dispersive X-ray spectroscopy shows presence of
lanthanum (La) and phosphate elements (P).

with annular whitish lesions™l. We took one biopsy sample from white lesions and
the other sample from the surrounding mucosa approximately 5 mm away from the
white lesions. Intestinal metaplasia was identified in 3 out of 4 samples acquired from
the annular whitish lesion, whereas the surrounding mucosa contained no intestinal
metaplasia (Figure 5). Thus, we speculate that lanthanum deposition appears as
“annular” or “granular” lesions in the atrophic mucosa, because intestinal metaplasia
unevenly exists in the background gastric mucosa and is susceptible to lanthanum
deposition. In addition, lanthanum-related lesions are probably more frequently
observed in the gastric antrum and angle, because intestinal metaplasia generally
appears at the lower part of the stomach.

We postulate that in the atrophic mucosa, particularly in areas with intestinal
metaplasia, lanthanum deposition presents with annular and/or granular whitish
lesions, predominantly in the gastric antrum and angle. As the intestinal metaplasia
expands, the size of the areas with lanthanum deposition may increase (Figure 6A).

Lanthanum deposition in the gastric mucosa without atrophy
As described above, several reports have revealed that lanthanum deposition
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Figure 3 Computed tomography images. A: Computed tomography scanning shows ingested lanthanum carbonate in the stomach (arrow) and colon (arrowhead)
as high-density substances; B: In another patient, deposited lanthanum in the stomach is observed as a high-density layer within the gastric mucosa (arrows).

develops within the gastric mucosa showing regenerative changes, intestinal
metaplasia, and/or foveolar hyperplasia. Because all these histopathological features
generally arise as Helicobacter pylori (H. pylori)-induced mucosal alterations,
lanthanum deposition had been considered to occur in the stomach in close
association with H. pylori-infection. In contrast, we previously reported two patients
with lanthanum deposition in the stomach who were serologically and
histopathologically negative for H. pylori™. In our patients, lanthanum deposition was
identified as diffuse whitish lesions, which were predominantly observed in the lesser
curvature and posterior wall of the gastric body, rather than in the antrum or angle.
Based on this observation, we hypothesized that in the gastric mucosa without
atrophy, lanthanum primarily deposits in the lesser curvature and posterior wall of
the gastric body and presents diffuse whitish lesions (Figure 6B). The area of
lanthanum deposition probably expands as time elapses unless the patient stops
lanthanum carbonate.

We speculate that gastric body-predominant lanthanum deposition occurs because
of the direct physical contact between ingested lanthanum carbonate and the gastric
body mucosal®l. Figure 3A shows a CT image of a patient, who had been
administered lanthanum carbonate. Even after abstinence from food and medicine for
10 h, a substantial amount of lanthanum was observed as a high-density substance
(Figure 3A, arrow), predominantly in the gastric body. Thus, the gastric body is
expected to be involved in lanthanum deposition due to prolonged contact with
ingested lanthanum.

Lanthanum deposition in the duodenum

Although several authors have described various endoscopic features of lanthanum-
related duodenal lesions as duodenal ulcer!"”, granular and micronodular mucosa™’,
granular mucosal™!, and duodenitis””, we first reported white villi as a characteristic
appearance of duodenal lanthanum depositionl. Subsequently, we retrospectively
reviewed endoscopic and pathological features in patients with pathologically proven
lanthanum deposition in the gastrointestinal tract"l. We revealed that, among 19
patients who underwent biopsy from the duodenum, lanthanum deposition was
detected in 17 patients (89.5%). Moreover, white villi were observed in 15 patients
(88.2%). These results indicate that the duodenum is often involved in lanthanum
deposition, which generally presents with white villi (Figure 7). However, these
deposits may not be detected during esophagogastroduodenoscopy in some cases due
to the subtle degree of deposition. We consider that endoscopic biopsy should be
performed in the duodenum as well as in the stomach, regardless of the presence or
absence of white villi, for accurate determination of lanthanum deposition in the
gastrointestinal tract™l.

Lanthanum deposition in other organs
Deposition of lanthanum in organs other than the stomach and duodenum has
scarcely been reported. In 2009, Davis et all"’Ireported lanthanum deposition in the
mesenteric lymph nodes in postmortem examination of a dialysis patient. Yabuki et
al'! and Tonooka et al"! also described involvement of the gastric regional lymph
nodes in patients who underwent gastrectomy for gastric cancer. Goto et all' reported
lanthanum deposition in a tubular adenoma of the transverse colon.

In animal models, Lacour ef all*! investigated lanthanum concentrations in various
rat tissues after oral administration for 28 d. Although lanthanum concentration did
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Figure 4 Typical endoscopic features of gastric lanthanum deposition during conventional white-light (upper row) and magnified observation with narrow-
band imaging (lower row). A, B: “Whitish spot” is defined as a whitish lesion < 20 mm in diameter with a uniform white color; C, D: “Annular whitish mucosa” are
lesion (s) < 20 mm in diameter with white color in the periphery; E, F: “Diffuse whitish mucosa” appears with a white area > 20 mm in diameter; G, H: “Fine granular
whitish deposition” is a tiny or faint whitish lesion (s) < 1 mm in diameter.

not increase in the brain and heart of rats, significantly elevated levels of lanthanum
concentration were observed in the liver, lungs, femur, muscles, and kidneys of
lanthanum-treated rats. Of note, compared with lanthanum-treated rats with normal
kidney function, rats with impaired kidney function showed significantly higher
tissue lanthanum concentration in the brain, liver, heart, lungs, femur, and muscles.
Therefore, in patients with chronic kidney disease, a long period of careful
observation may be required to reveal organ-specific properties of lanthanum
accumulation.

GASTRIC CANCER AND LANTHANUM DEPOSITION

Coexistence of gastric cancer and lanthanum deposition in the gastric mucosa has
been reported by several authors!"*'""****l. Makino et all"! reported lanthanum-related
gastric lesions as numerous small, irregular white spots, which exist in the periphery
of the area with gastric cancer. Yabuki et all'! also described lanthanum deposition in
non-neoplastic area, while deposition was not significant in the gastric
adenocarcinoma lesion. The authors speculated that different permeability between
adenocarcinoma and background mucosa resulted in the uneven distribution of
lanthanum deposition. Tonooka et al’! and Takatsuna et al*) also described quite
small amounts of lanthanum deposition in gastric cancer lesions. Based on these
observations, the area with gastric cancer is probably spared from lanthanum
deposition. Although understanding this phenomenon will help endoscopists to
easily identify gastric cancer lesions in the lanthanum-deposited stomach, this concept
requires further investigation.

PREVALENCE

The actual prevalence of gastroduodenal lanthanum deposition among end-stage
renal disease patients treated with lanthanum carbonate has not yet been clarified.
Murakami et al®! performed endoscopic biopsy in 9 out of 90 patients with lanthanum
carbonate prescription. Gastric lanthanum deposition was histologically diagnosed in
seven patients (7/9, 77.8%). Goto et al'l reported that lanthanum was detected in the
stomach of 12 out of 14 patients who received lanthanum carbonate and underwent
endoscopic biopsy (12/14, 85.7%). Namie et al*! found high-density lesions within the
gastric mucosa on CT scanning in 42 out of 70 patients who were administered
lanthanum carbonate (42/70, 60.0%). Therefore, prevalence of lanthanum deposition
in the stomach is estimated to be 60%-85%. However, because only retrospective
studies have been performed, sampling biases are inevitable and prospective studies
are required to address this issue.
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Figure 5 Correlation between intestinal metaplasia and lanthanum deposition in the stomach. A: Esophagogastroduodenoscopy shows an annular whitish
lesion in the gastric antrum (white light observation); B: Esophagogastroduodenoscopy shows an annular whitish lesion in the gastric antrum (narrow-band imaging);
C, D: Biopsy sample acquired from a white lesion (A, B, arrows) contains intestinal metaplasia (C) and lanthanum deposition (D); E, F: In contrast, the sample
acquired from the surrounding mucosa approximately 5 mm away from the white lesions (A, arrowhead) contains no intestinal metaplasia (E) and lanthanum
deposition is subtle (F).

OUTCOME OF THE GASTRODUODENAL LANTHANUM
DEPOSITION

Our retrospective study revealed that, during continuous lanthanum carbonate use,
lanthanum-related lesions in the stomach were endoscopically unchanged in two
patients, whereas whitish lesions became apparent and spread in three patients!*”,
indicating that gastric lanthanum deposition progresses in several patients in a time-
dependent manner. In contrast, Rothenberg et all""! reported resolution of histiocytosis
in the stomach and significant decrease in the duodenum three months after cessation
of lanthanum carbonate in a patient with gastroduodenal lanthanum deposition.
However, Namie et al”! reported that CT and pathological findings of lanthanum-
related gastric lesions were unchanged eight months after discontinuation of
lanthanum carbonate. Awad et all"’! also noted that lanthanum-related lesions
remained unchanged six months after drug cessation. Moreover, Hoda et al*! detected
lanthanum deposition in a biopsy specimen from the stomach acquired seven years
after stopping lanthanum carbonate intake. It has not been clarified to date whether
lanthanum deposition in tissues is reversible or not.

The pathological significance of lanthanum deposition in the gastrointestinal
mucosa has not been clarified, and there is no consensus on whether to stop
administration of lanthanum carbonate in such cases. Yabuki et all'”! investigated
histological changes in the gastric mucosa of lanthanum carbonate-consuming rats.
The authors found a variety of alterations including glandular atrophy, stromal
fibrosis, proliferation of mucous neck cells, intestinal metaplasia, squamous cell
papilloma, erosion, and ulcer in the stomach of rats. They speculated that deposited
lanthanum was able to cause mucosal injury and abnormal cell proliferation, leading
to structural changes in the mucosa and neoplastic lesions in the stomach. In this
context, we consider that endoscopists should accurately diagnose lanthanum
deposition in the gastroduodenal tract in lanthanum-carbonate users and recommend
them to undergo regular endoscopy examinations in order to track progression of
white lesions and elucidate whether lanthanum deposition is related to health
problems.

CONCLUSION

Lanthanum deposition in the stomach and duodenum is recognized as whitish lesions
during endoscopy examination. Accurate diagnosis and keeping track of the health of
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Figure 6 Hypothesis regarding the pattern of lanthanum deposition in the gastric mucosa with or without
atrophy. A: In the atrophic mucosa, particularly in areas with intestinal metaplasia, lanthanum deposition probably
presents with annular and/or granular white lesions, predominantly in the gastric antrum and angle. As intestinal
metaplasia expands, the size of the areas with lanthanum deposition may increase; B: In the gastric mucosa without
atrophy, lanthanum primarily deposits in the lesser curvature and posterior wall of the gastric body and presents
diffuse whitish lesions. The area of lanthanum deposition probably expands as time elapses unless the patient stops
lanthanum carbonate.

patients with gastroduodenal lanthanum deposition are essential to elucidate
pathogenicity of lanthanum deposition in the gastrointestinal tract.
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Figure 7 Endoscopic images of the duodenal lanthanum deposition. A: A lanthanum-related lesion in the duodenum presents with white mucosa; B: Magnified

image with narrow-band imaging shows white depositiol

ns within the duodenal villi.
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Abstract

BACKGROUND
Calpain-2 is a Ca**-dependent cysteine protease, and high calpain-2 activity can
enhance apoptosis mediated by multiple triggers.

AIM
To investigate whether calpain-2 can modulate aberrant endoplasmic reticulum
(ER) stress-related apoptosis in rat hepatocyte BRL-3A cells.

METHODS

BRL-3A cells were treated with varying doses of dithiothreitol (DTT), and their
viability and apoptosis were quantified by 3-[4, 5-dimethyl-2-thiazolyl]-2, 5-
diphenyl-2-H-tetrazolium bromide and flow cytometry. The expression of ER
stress- and apoptosis-related proteins was detected by Western blot analysis. The
protease activity of calpain-2 was determined using a fluorescent substrate, N-
succinyl-Leu-Leu-Val-Tyr-AMC. Intracellular Ca*" content, and ER and calpain-2
co-localization were characterized by fluorescent microscopy. The impact of
calpain-2 silencing by specific small interfering RNA on caspase-12 activation and
apoptosis of BRL-3A cells was quantified.

RESULTS

DTT exhibited dose-dependent cytotoxicity against BRL-3A cells and treatment
with 2 mmol/L DTT triggered BRL-3A cell apoptosis. DTT treatment
significantly upregulated 78 kDa glucose-regulated protein, activating
transcription factor 4, C/EBP-homologous protein expression by >2-fold, and

1450 April7,2020 | Volume?26 | Issuel3 |


https://www.wjgnet.com
https://dx.doi.org/10.3748/wjg.v26.i13.1450
http://orcid.org/0000-0001-5991-2678
http://orcid.org/0000-0001-9674-6277
http://orcid.org/0000-0003-3851-0607
http://orcid.org/0000-0001-8169-0485
http://orcid.org/0000-0003-2566-8878
http://orcid.org/0000-0003-2756-6955
http://orcid.org/0000-0001-5174-7575
http://orcid.org/0000-0002-9577-293X
http://orcid.org/0000-0003-1479-6700
mailto:47569390@qq.com

according to the ARRIVE
guidelines.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (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: Unsolicited
manuscript

Received: December 2, 2019
Peer-review started: December 2,
2019

First decision: December 12, 2019
Revised: February 20, 2020
Accepted: March 9, 2020

Article in press: March 9, 2020
Published online: April 7, 2020

P-Reviewer: Aureliano M,
Abdulnour-Nakhoul SM, El-
Bendary M, Marickar F
S-Editor: Zhang L

L-Editor: Filipodia

E-Editor: Zhang YL

Jaishidengs  WJG | https://www.wjgnet.com

Xie RJ et al. Calpain-2 activity in apoptosis of hepatocytes

enhanced PRKR-like ER kinase phosphorylation, caspase-12 and caspase-3
cleavage in BRL-3A cells in a trend of time-dependence. DTT treatment also
significantly increased intracellular Ca* content, calpain-2 expression, and
activity by >2-fold in BRL-3A cells. Furthermore, immunofluorescence revealed
that DTT treatment promoted the ER accumulation of calpain-2. Moreover,
calpain-2 silencing to decrease calpain-2 expression by 85% significantly
mitigated DTT-enhanced calpain-2 expression, caspase-12 cleavage, and
apoptosis in BRL-3A cells.

CONCLUSION
The data indicated that Ca?*-dependent calpain-2 activity promoted the aberrant
ER stress-related apoptosis of rat hepatocytes by activating caspase-12 in the ER.

Key words: Calcium; Calpain-2; Caspase-12; Endoplasmic reticulum stress; Apoptosis;
Hepatocyte

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Hepatocyte apoptosis is associated with many liver diseases. During the process
of apoptosis, calpain-2 can cleave several apoptosis-related proteins. However, the
regulatory mechanisms by which calpain-2 regulates the endoplasmic reticulum (ER)
stress-mediated hepatocyte apoptosis remain unclear. In this study, the effect of calpain-
2 on ER stress-mediated hepatocyte apoptosis and the underlying regulatory mechanisms
was investigated. Our data indicate that calpain-2 is crucial for the aberrant ER stress-
induced apoptosis of hepatocytes and may be a novel therapeutic target for liver diseases.
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INTRODUCTION

Hepatocyte apoptosis participates in the pathogenesis of many types of liver diseases.
Actually, apoptotic hepatocytes are observed in the liver of patients with acute liver
injury, non-alcoholic fatty liver diseases, hepatic fibrosis, and liver cirrhosis!'.
However, the regulatory mechanisms underlying hepatocyte apoptosis remains
elusive. It is notable that aberrant endoplasmic reticulum (ER) stress can trigger
hepatocyte apoptosis®’l. While the ER is physiologically responsible for the control of
protein proper folding and function, many factors such as the unfolded protein
response, ER overload response and others can disturb ER function, leading to ER
stress*”l. During the process of ER stress, the ER chaperon glucose-regulated protein
(GRP78) changes its binding from ER transmembrane protein PRKR-like endoplasmic
reticulum kinase (PERK) to unfolded/misfolded proteins to release PERK!"".. The
released PERK is subjected to self-phosphorylation, which promotes the expression of
transcription factors of activating transcription factor 4 (ATF4) and C/EBP-
homologous protein (CHOP) in cells!"l. The upregulated ATF4 and CHOP can enter
the nucleus to regulate the transcription of related genes!”l. Such compensative
responses may reduce the accumulation of unfolded proteins, leading to the re-
establishment of cellular homeostasis. However, if the ER stress cannot be alleviated,
aberrant ER stress can trigger cell apoptosis, particularly by activating caspase-12[""1.
However, how aberrant ER stress induces caspase-12 activation to trigger cell
apoptosis has not been clarified in hepatocytes.

Calpain-2 is a Ca’*-dependent cysteine protease that can cleave its protein
substrates. Calpain-2 can regulate cell cycle, differentiation, and apoptosis!'’. Previous
studies have revealed that calpains promote ER stress-related apoptosis by activating
caspase-12U'""""1. Actually, our previous studies indicated that ER stress occurred in
hepatocytes in a rat model of carbon tetrachloride-induced hepatic fibrosis, which was
associated with increased calpain-2 and caspase-12 expression and hepatocyte
apoptosis??!l. However, it is unclear whether calpain-2 can modulate caspase-12
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activation and ER stress-related apoptosis in hepatocytes.

This study explored the importance of calpain-2 in regulating caspase-12 activation
and dithiothreitol (DTT)-induced ER stress-related apoptosis in hepatocytes. The
results indicated that calpain-2 activity was crucial for DTT-induced ER stress-related
hepatocyte apoptosis by activating caspase-12 in vitro.

MATERIALS AND METHODS

Special reagents included rat non-tumor BRL-3A cells (Number: KCB92013Y],
Kunming Cell Bank of Chinese Academy of Sciences, China), fetal bovine serum,
Dulbecco’s modified Eagle’s medium (DMEM; GIBCO, New York, NY, United States),
Acrylamide, bisacrylamide, ammonium peroxydisulfate, glycine, Tri-hydroxymethyl
aminomethane, 3-[4, 5-dimethyl-2-thiazolyl]-2, 5-diphenyl-2-H- tetrazolium bromide
(MTT), Tween 20, DTT, dimethyl sulfoxide (Genview, League City, TX, United States),
N-succinyl-Leu-Leu-Val-Tyr-AMC, antibodies against GRP78, PERK, ATF4, CHOP,
and caspase-12 (Abcam, Cambridge, United Kingdom), antibodies against p-PERK
(Affinity Biosciences, Cincinnati, OH, United States), calpain-2 and p-actin (Cell
Signaling Technologies, Danvers, MA, United States), caspase-3 and secondary
antibodies (Boster Biological Engineering, Wuhan, China), polyvinylidene difluoride
membranes and enhanced chemiluminescence kit (Millipore, Burlington, MA, United
States). Calpain-2-specific and control small interfering RNAs (siRNAs) and siRNA
dilution buffer were produced by Santa Cruz Biotechnology (Santa Cruz, CA, United
States), and the Annexin V-FITC Detection Kit, ER-tracker Red, and Fluo-3 AM were
obtained from Beyotime Institute of Biotechnology (Nanjing, China).

Cell culture and treatment

Rat non-tumor hepatocyte BRL-3A cells were cultured in high-glucose DMEM
supplemented with 10% fetal bovine serum, 100 units/ mL penicillin, and 100 pg/mL
streptomycin at 37 °C in a humidified atmosphere of 5% CO,. When the cells reached
80% confluency, the cells were treated with DTT, an inhibitor of disulfide bond
formation, to induce ER stress.

MTT assay

We examined the impact of DTT on the BRL-3A cell viability by MTT. Briefly, BRL-3A
cells (5 x 10° cells/well) were treated in triplicate with 0-10 mmol/L of DTT for 24 h.
During the last 4-h culture, the cells were treated with 0.5 mg/mL MTT reagent. The
resulting formazan in individual wells was dissolved with 150 pL dimethyl sulfoxide,
and the absorbance at 570 nmol/L in individual wells was measured using a
microplate reader.

Flow cytometry

The effect of DTT on the apoptosis of BRL-3A cells was quantified by flow cytometry
using the Annexin V/propidium (PI) kit per the manufacturer’s protocol. Briefly,
BRL-3A cells (5 x 10° cells/flask) were treated in triplicate with vehicle or 2.0 mmol/L
DTT, a sub-toxic dose, for varying time periodsi”’l. After being washed twice with
phosphate-buffered saline, the cells were stained with FITC-Annexin-V and PI. The
percentages of apoptotic cells in individual groups were quantified by flow cytometry
in a FACSCalibur™ (BD Biosciences, Franklin Lakes, NJ, United States).

Western blotting

After treatment with 2.0 mmol/L DTT for varying time periods, BRL-3A cells were
lysed in a RIPA buffer and centrifuged, followed by quantifying the protein
concentrations. The cell lysates (50 png/lane) were separated by sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) on 10%-12% gels and
transferred onto polyvinylidene difluoride membranes. After being blocked in 5%
non-fat dry milk in Tris-buffered saline with Tween-20, the membranes were probed
overnight at 4°C with primary antibodies against GRP78 (1:1500), PERK (1:1500), p-
PERK (1:1500), ATF4 (1:1500), CHOP (1:1500), calpain-2 (1:1000), caspase-12 (1:1000),
cleaved capase-3 (1:500), and B-actin (1:1000). The bound antibodies were detected
with horseradish peroxidase-conjugated secondary antibodies and visualized using
enhanced chemiluminescence reagents. The signal intensity was measured using Bio-
Rad imaging system (Bio-Rad, Hercules, CA, United States) and analyzed by Quantity
One software (Bio-Rad).

Microscopy analysis of intracellular Ca* content

The intracellular Ca** content in BRL-3A cells was detected by microscopy after
staining with a Ca**-sensitive fluorescent dye, Fluo-3 AM™!. In brief, BRL-3A cells
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were treated in triplicate with 2.0 mmol/L DTT for 0, 6, 12, and 24 h. After being
washed with Hank's balanced salt solution, the cells were stained with Fluo-3 AM at
37 °C for 45 min. The morphology and fluorescent signals in individual wells of cells
were examined under a light and fluorescent microscope (FV1000; Olympus, Tokyo,

Japan).

Calpain activity assay

We measured cellular calpain enzymatic activity using a fluorescence substrate N-
succinyl-Leu-Leu-Val-Tyr-AMC, as previously described”!. In brief, individual cell
lysates were reacted at 37°C with 40 pmol/L N-succinyl-Leu-Leu-Val-Tyr-AMC for 1
h, and the fluorescent signals were measured using a fluorescence plate reader.

Immunofluorescent microscopy

BRL-3A cells were cultured on coverslips overnight, and treated with 2.0 mmol/L
DTT for 0, 6, 12, and 24 h. The cells were stained with ER-tracker Red (ER fluorescent
dye)®*I, fixed in 2% paraformaldehyde, and permeabilized with 0.2% Triton X-100.
Subsequently, the cells were stained with anti-calpain-2 and Alexa Fluor 488-
conjugated secondary antibody. We photoimaged the fluorescent signals under a
fluorescence microscope (IX71; Olympus).

Calpain-2 siRNA transfection

BRL-3A cells (5 x 10° cells/flask) were grown in antibiotic-free medium overnight and
transfected with control or calpain-2 specific siRNA for 48 h. The efficacy of calpain-2
silencing was determined by Western blotting. Subsequently, the different groups of
cells were treated in triplicate with 2.0 mmol/L DTT for 24 h and used for analysis of
apoptosis, calpain-2, and cleaved caspase-12 expression.

Statistical analysis

Data are present as the mean + SD. We compared the different groups of data by one-
way analysis of variance and post hoc least significant difference test using SPSS 13.0
software. Statistical significance was defined at a P value < 0.05.

RESULTS

DTT exhibits cytotoxicity against BRL-3A cells in a dose-dependent manner

To determine the toxicity of DTT, BRL-3A cells were treated with 0-10 mmol/L DTT
for 24 h and their viability was measured by MTT (Figure 1A). DTT had dose-
dependent cytotoxicity against BRL-3A cells and the median lethal dose (LD50) value
for BRL-3A cells was about 4 mmol/L in our experimental condition. Longitudinal
analysis displayed that treatment with 2 mmol/L DTT for 6 h significantly increased
the percentages of apoptotic BRL-3A cells by about 3-fold (P < 0.01), and treatment for
a longer period did not significantly increase the frequency of apoptotic BRL-3A cells
(Figure 1B and C). Hence, DTT exhibited dose-dependent cytotoxicity against BRL-3A
cells by increasing their apoptosis in vitro.

DTT induces ER stress in BRL-3A cells

DTT can induce ER stress in many types of cells®*!. To understand the role of DTT in
decreasing viability, BRL-3A cells were treated with 2.0 mmol/L DTT for varying
time periods and their ER stress-related proteins were quantified by Western blot
(Figure 2). DTT treatment for 6 h upregulated GRP78, ATF4, and CHOP expression
and PERK phosphorylation by about 2-fold in BRL-3A cells and treatment with DTT
for a longer period further increased its effects. The effects of DTT on upregulating
GRP78 expression and PERK phosphorylation appeared to have a trend of time-
dependence. Thus, DTT induced ER stress in BRL-3A cells in vitro.

DTT enhances caspase-12 and caspase-3 activation and calpain-2 activity in BRL-
3A cells

Aberrant ER stress can promote sensitive cell apoptosis by inducing caspase-12 and
caspase-3 activation, and calpain-2 participates in the process of ER-stress-related
apoptosis!'*'**1. To understand the consequence of ER stress induced by DTT, the
relative levels of caspase-3, and caspase-12 cleavage, and calpain-2 activity were
quantified. Treatment with 2 mmol/L DTT significantly induced time-dependent
caspase-12 cleavage and increased the levels of cleaved caspase-3 in BRL-3A cells by
2-2.5 fold (Figure 3A and B). Similarly, DTT treatment significantly upregulated
calpain-2 expression by more than 2-fold and enhanced calpain-2 activity in a trend of
time-dependence in BRL-3A cells (Figure 3C and D). Given that calpain-2 activity is
Ca?-dependent, we further quantified intracellular Ca* content in each group of cells
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Figure 1 Dithiothreitol exhibits dose-dependent cytotoxicity against BRL-3A cells. A: BRL-3A cells were treated in triplicate with, or without, the indicated doses
of dithiothreitol (DTT) for 24 h and their viability was examined by MTT. The percentages (y) of cell viability were calculated by the equation, y = -9.3654x + 95.744
with a correlation (R? = 0.9781), here x represents DTT concentration. Accordingly, the DTT LDy, = 4.88 mM; B, C: Subsequently, BRL-3A cells were treated with 2.0
mmol/L DTT for varying periods and stained with FITC-Annexin-V and PI. The percentages of mechanically damaged (B1 quadrant), healthy (B3), early (B4) and late
apoptotic and necrotic (B2) cells were analyzed by flow cytometry. Data are representative flow cytometry charts or expressed as the mean + SD of each group from
three separate experiments. 2P < 0.05, °P < 0.01.
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by microscopy. After staining with Fluo-3 AM, we observed that DTT treatment time
dependently increased the content of clustery Ca?" by 2-3 fold in BRL-3A cells at 12
and 24 h post treatment (Figure 4). To identify additional evidence to demonstrate the
importance of calpain-2 activity, we stained the different groups of cells with
fluorescent anti-calpain-2 and ER-tracker Red, and observed the co-localization of red
ER and green calpain-2 signals by fluorescent microscopy. As shown in Figure 5, there
were obviously increased merged yellow signals in the DTT-treated cells, particularly
at the later time point, while there was little merged signal in the cells without DTT
treatment. Collectively, such data indicated that DTT-induced aberrant ER stress
promoted the apoptosis of BRL-3A cells by activating caspase-12 and increasing
calpain-2 activity.

Calpain-2 silencing mitigates DTT-induced caspase-12 activation and apoptosis in
BRL-3A cells

Finally, we tested whether calpain-2 silencing could modulate the DTT-induced
caspase-12 activation and apoptosis of BRL-3A cells. We found that transfection with
calpain-2 specific siRNA, but not the control, significantly decreased calpain-2
expression by about 85%, demonstrating the efficacy of calpain-2 silencing (P < 0.01;
Figure 6A). Calpain-2 silencing also significantly mitigated the DTT-upregulated
calpain-2 expression near 80% (P < 0.01; Figure 6B). Although calpain-2 silencing did
not alter the DTT-upregulated caspase-12 expression, it significantly reduced the
caspase-12 cleavage near 63% in BRL-3A cells, relative to that in the control cells (P <
0.01; Figure 6C). More importantly, calpain-2 silencing significantly decreased the
percentage of DTT-induced apoptosis of BRL-3A cells by 50% (P < 0.05; Figure 6D and
E). Together, the significantly decreased caspase-12 activation and cell apoptosis
indicated that calpain-2 activity was crucial for DTT-induced ER stress-related
caspase-12 activation and apoptosis in BRL-3A cells.

DISCUSSION

Many factors can induce ER stress including chemical agents such as tunicamycin,
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Figure 2 Dithiothreitol induces endoplasmic reticulum stress in BRL-3A cells. BRL-3A cells were treated in
triplicate with, or without, 2.0 mmol/L dithiothreitol for the indicated time periods, and the relative levels of glucose-
regulated protein 78, activating transcription factor 4 and C/EBP-homologous protein to f-actin expression and PERK
phosphorylation in each group of cells were quantified by Western blot. Data are representative images or expressed
as the mean + SD of each group of cells from three separate experiments. A: Relative glucose-regulated protein 78
expression; B: Relative PERK phosphorylation; C: Relative activating transcription factor 4 expression; D: Relative
C/EBP-homologous protein expression. P < 0.05, *P < 0.01.

thapsigargin, and DTT™*1. In this study, we used a sub-toxic 2.0 mmol/L DTT to
induce ER stress in BRL-3A cells, based on a previous report. It is well known that
DTT can inhibit the formation of disulfide bonds and result in the accumulation of
unfolded proteins in the ER, leading to ER stress.

Aberrant ER stress-induced apoptosis of hepatocytes participates in the
pathogenesis of several types of liver diseases”-*?.. In this study, we found that DTT
had strong cytotoxicity against rat hepatocyte BRL-3A cells and its cytotoxicity was
dose-dependent. Furthermore, treatment with DTT induced ER stress in BRL-3A cells
by significantly upregulating GRP78, ATF4, and CHOP expression and PERK
phosphorylation. More importantly, DTT treatment significantly increased the
frequency of apoptotic BRL-3A cells, supporting that aberrant ER stress promotes the
apoptosis of hepatocytes™ . Given that hepatocyte apoptosis participates in the
pathogenesis of several types of liver diseases, inhibition of ER stress may be valuable
for protecting hepatocytes from apoptosis.

ER stress-related apoptosis is independent of mitochondria and death receptors,
and is thought to be mediated by activating caspase-12, an ER-anchored caspase!™.
A previous study has reported that the caspase-12 gene is mutated in most human
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Figure 3 Dithiothreitol induces caspase-12 and caspase-3 activation and increases calpain-2 activity in BRL-3A cells. After treatment with 2.0 mmol/L
dithiothreitol for varying periods, the relative levels of caspase-12, cleaved caspase-12 and cleaved caspase-3 as well as calpain-2 expression in each group of BRL-
3A cells were quantified by Western blotting. Furthermore, the activity of calpain-2 in each group of cells was measured. Data are representative images or expressed
as the mean + SD of each group of cells from three separate experiments. A: Caspase-12 activation; B: Caspase-3 activation; C: Calpain-2 expression; D: Calpain-2
activity. °P < 0.05, ®P < 0.01.

hepatocyte lines”’], so we chose rat non-tumor hepatocyte BRL-3A cells as a cell model
in this study. Similar to other caspases, procaspase-12 has to be activated by cleaving
a short inhibitory peptide, and cleaved caspase-12 can activate the downstream
effector caspase-3, leading to apoptosis'”l. Actually, caspase-12-/- cells are resistant to
ER stress-induced apoptosis™l. In this study, we found that DTT treatment
significantly induced caspase-12 and caspase-3 cleavage in BRL-3A cells. Such data
indicated that activated caspase-12 and caspase-3 contributed to the ER stress-related
apoptosis of BRL-3A cells, although the precise mechanisms underlying caspase-12
activation in hepatocytes remain incompletely understood. A recent study revealed
that enhanced calpain-2 activity is crucial for caspase-12 activation. Calpain-2 is a
Ca”-dependent cysteine protease, and its activity and function depend on the
concentrations of intracellular Ca?"’l. As the ER holds the major pool of Ca*, ER stress
can promote Ca®* efflux from the ER, which may be responsible for enhancing
calpain-2 activity and its ER accumulation!'l. Interestingly, we found that DTT
treatment significantly increased intracellular Ca** content and calpain-2 activity in
BRL-3A cells. Furthermore, DTT treatment promoted the accumulation of calpain-2 in
the ER of BRL-3A cells. More importantly, calpain-2 silencing not only significantly
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Figure 4 Dithiothreitol increases the levels of intracellular Ca?* in BRL-3A cells. After treatment with 2.0 mmol/L dithiothreitol for varying time periods, the cells

were labeled by Fluo-3 AM. The cell morphology and fluorescent signals in cells were observed by microscopy. A: Representative images of Fluo-3 fluorescence and
morphology in BRL-3A cells following dithiothreitol treatment (Scale bars: 25 ym); B: Quantification of fluorescence intensity in BRL-3A cells. Data are representative
images (magnification 200 x) or expressed as the mean + SD of each group of cells from three separate experiments. P < 0.01.

mitigated DTT-upregulated calpain-2 expression and caspase-12 activation, but also
decreased the DTT-triggered apoptosis of BRL-3A cells. Hence, the DTT-induced ER
stress increased intracellular Ca*" content and calpain-2 expression, leading to calpain-
2 activation, which cleaved caspase-12 to trigger apoptosis of BRL-3A cells. In our
recent preliminary studies, we found that treatment with Z-LLY-fmk, a specific
inhibitor of calpain, significantly mitigated the DTT-induced hepatocyte apoptosis by
more than 90% (Chen et all"l, unpublished data). Such novel findings may provide
new evidence to demonstrate that the Ca**-dependent calpain-2 activity is crucial for
promoting the ER stress-related apoptosis in hepatocytes.

In conclusion, our data indicated that DTT exhibited dose-dependent cytotoxicity
against rat hepatocytes, and induced ER stress and apoptosis in BRL-3A cells.
Evidently, DTT treatment significantly upregulated GRP78, ATF4, and CHOP
expression and PERK phosphorylation; increased intracellular Ca** content and
calpain-2 activity; and induced caspase-12 and caspase-3 activation in BRL-3A cells.
Furthermore, calpain-2 silencing significantly mitigated DTT-upregulated calpain-2
expression and DTT-induced caspase-12 activation as well as apoptosis of BRL-3A
cells. The results indicated that enhanced calpain-2 activity promoted aberrant ER
stress-mediated apoptosis of hepatocytes. Our data suggest that ER stress may induce
Ca? release from the ER and lead to the recruitment and activation of calpain-2 in the
ER, where calpain-2 activates caspase-12 and caspase-3 and triggers apoptosis in
hepatocytes. Therefore, ER stress may be a novel therapeutic target and our findings
may provide new evidence to demonstrate the importance of Ca*-dependent calpain-
2 in caspase-12 activation and ER stress-related apoptosis in hepatocytes.
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Figure 5 Dithiothreitol promotes the accumulation of calpain-2 in the endoplasmic reticulum of BRL-3A cells. After treatment with 2.0 mmol/L dithiothreitol for
varying time periods, the cells were labeled with endoplasmic reticulum-tracker red dye, fixed, permeabilized, followed by staining with fluorescent-anti-calpain-2
(green). The cells were examined by fluorescent microscopy, scale bars, 25 ym. Data are representative images (magnification 200 x) of each group of cells from
three separate experiments.
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Figure 6 Calpain-2 silencing mitigates dithiothreitol-upregulated calpain-2 expression, caspase-12 activation and apoptosis of BRL-3A cells. BRL-3A cells
were transfected with, or without, control or calpain-2 specific siRNA for 48 h and treated with, or without, dithiothreitol (DTT). The relative levels of calpain-2
expression and caspase-12 activation were quantified by Western blot. The percentages of apoptotic cells were quantified by flow cytometry. Data are representative
images or expressed as the mean + SD of each group of cells from three separate experiments. A: Calpain-2 silencing; B: Calpain-2 silencing mitigates DTT-
upregulated calpain-2 expression; C: Calpain-2 silencing decreases DTT-induced caspase-12 activation; D, E: Calpain-2 silencing mitigates DTT-triggered apoptosis

of BRL-3A cells. 2P < 0.05, ®P < 0.01.

ARTICLE HIGHLIGHTS

Research background

Endoplasmic reticulum (ER) stress-mediated hepatocyte apoptosis is associated with many liver
diseases, however, the underlying mechanisms remain unknown. Calpain-2 is a Ca*"-dependent
cysteine protease, which can cleave several apoptosis-related proteins and mediate the process of
apoptosis. Our data indicate that calpain-2 is crucial for the aberrant ER stress-induced apoptosis
of hepatocytes and may be a novel therapeutic target for liver diseases.

Research motivation

Calpain-2 protease is involved in multiple signaling pathways mediating apoptotic processes,
including the mitochondrial pathway. However, the regulatory mechanisms by which calpain-2
regulates ER stress-mediated hepatocyte apoptosis remain unclear. Our study further assessed
its potential as a therapeutic target for inhibiting hepatocyte apoptosis.

Research objectives

In this study, the effect of calpain-2 on ER stress-mediated hepatocyte apoptosis and the
underlying regulatory mechanisms were investigated. Our data indicates that ER stress may be a
novel therapeutic target, and our findings provide new evidence to demonstrate the importance
of Ca*"-dependent calpain-2 in caspase-12 activation and ER stress-related apoptosis in
hepatocytes.

Research methods

Our study employed Western blotting, flow cytometry, confocal microscopy, and calpain-2 small
interfering RNA to elucidate the mechanism of calpain-2-mediated activation of caspase-12, a
key molecule in ER stress-related apoptosis. These research methods are relatively mature
technically, thus ensuring the reliability of the results from this study.

Research results

The ER stress inducer dithiothreitol can significantly increase intracellular Ca**content, calpain-2
expression and activity in hepatocytes and promote caspase-12 cleavage and apoptosis in
hepatocytes. Moreover, calpain-2 silencing can mitigate dithiothreitol-enhanced calpain-2
expression, caspase-12 cleavage, and apoptosis in hepatocytes. These results indicated that
enhanced calpain-2 activity promoted aberrant ER stress-mediated apoptosis of hepatocytes. In
future studies, we will further investigate whether calpain-2 can mediate hepatocyte death
through other mechanisms, such as regulating autophagy.

Research conclusions

Ca*-dependent calpain-2 activity promoted the aberrant ER stress-related apoptosis of rat
hepatocytes by activating caspase-12 in the ER. ER stress may be a novel therapeutic target and
our findings may provide new evidence to demonstrate the importance of Ca?*-dependent
calpain-2 in caspase-12 activation and ER stress-related apoptosis in hepatocytes. ER stress may
induce Ca*" release from the ER and lead to the recruitment and activation of calpain-2 in the ER,
where, calpain-2 activates caspase-12 and caspase-3, and triggers apoptosis in hepatocytes.
Calpain-2 activity plays an important role in aberrant ER stress-related apoptosis in hepatocytes.
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Inhibition of calpain-2 expression and activity is expected to be an effective way to alleviate
hepatocyte apoptosis and liver injury.

Research perspectives

Because calpain-2 is a protease, in addition to focusing on its expression, studies should also
focus on its activity. In our recent preliminary studies, we found that treatment with Z-LLY-fmk,
a specific inhibitor of calpain activity, significantly mitigated DTT-induced hepatocyte apoptosis
by more than 90%.
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Abstract

BACKGROUND

The prognosis of hepatocellular carcinoma (HCC) patients remains poor despite
advances in treatment modalities and diagnosis. It is important to identify useful
markers for the early detection of HCC in patients. Preneoplastic antigen (PNA),
originally reported in a rat carcinogenesis model, is increased in the tissues and
serum of HCC patients.

AIM
To determine the diagnostic value of PNA for discriminating HCC and to
characterize PN A-positive HCC.

METHODS

Patients with hepatitis C virus (HCV)-related hepatic disorders were
prospectively enrolled in this study, which included patients with hepatitis, with
cirrhosis, and with HCC. A novel enzyme-linked immunosorbent assay was
developed to measure serum PNA concentrations in patients.

RESULTS
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Serum PNA concentrations were measured in 89 controls and 141 patients with
HCYV infections (50 hepatitis, 44 cirrhosis, and 47 HCC). Compared with control
and non-HCC patients, PNA was increased in HCC. On receiver operating
characteristic curve analysis, the sensitivity of PNA was similar to the HCC
markers des-y-carboxy-prothrombin (DCP) and a-fetoprotein (AFP), but the
specificity of PNA was lower. There was no correlation between PNA and AFP
and a significant but weak correlation between PNA and DCP in HCC patients.
Importantly, the correlations with biochemical markers were completely different
for PNA, AFP, and DCP; glutamyl transpeptidase was highly correlated with
PNA, but not with AFP or DCP, and was significantly higher in PNA-high
patients than in PNA-low patients with HCV-related HCC.

CONCLUSION

PNA may have the potential to diagnose a novel type of HCC in which glutamyl
transpeptidase is positively expressed but AFP or DCP is weakly or negatively
expressed.

Key words: Serum preneoplastic antigen; Hepatitis C virus; Hepatocellular carcinoma;
Des-y-carboxy-prothrombin; a-Fetoprotein; Sensitivity; Specificity
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Core tip: Despite advances in treatment modalities and diagnosis, the prognosis of
hepatocellular carcinoma (HCC) patients remains poor. It is important to identify useful
markers for the early detection of HCC. Preneoplastic antigen (PNA) is increased in the
tissues and serum of HCC patients. Therefore, we investigated the diagnostic value of
PNA to discriminate HCC. We found that PNA had a comparable diagnostic value to a-
fetoprotein and des-y-carboxy-prothrombin. PNA may have the potential to diagnose a
novel type of HCC in which glutamyl transpeptidase is positively expressed, but a-
fetoprotein or des-y-carboxy-prothrombin is weakly or negatively expressed.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide, and
the primary risk factors for HCC include chronic infection by hepatitis B virus (HBV)
or hepatitis C virus (HCV) and nonalcoholic fatty liver disease!"”. The overall survival
rate of HCC patients has improved with advances in treatment modalities and
diagnosis®*l. The surveillance rate for HCC patients has increased in Japan; thus,
patients are more likely to be diagnosed in the earlier stage of the disease, and the
survival rate has increased®™. The HCC markers a-fetoprotein (AFP) and des-y-
carboxy-prothrombin (DCP), also known as PIVKA-II, have been used for the early-
stage screening and diagnosis of HCCl.

Although HCC treatment modalities and diagnosis have developed and improved,
the prognosis of HCC patients at advanced stages remains poor”*l. Therefore, it is
important to develop useful markers for the early detection of HCC.

The expression of preneoplastic antigen (PNA) was originally reported in a study
of hyperplastic nodules in a rat experimental carcinogenesis model”l. Immunostaining
approaches showed that PNA was present in the cytoplasm of hepatocytes in
hyperplastic nodules and in primary hepatomas!”'’l. Purification and biochemical
characterization indicated that PNA was composed of microsomal epoxide hydrolase
(mEH) and other binding proteins!'"*’l. The mEH gene was hypomethylated in
nodules and hepatomas induced by chemical carcinogens!*.

Evidence that PNA expression in human liver tissues is increased in pathological
states has been accumulating. Immunohistochemical analysis of human tissues
showed that mEH was positive in normal hepatocytes and HCC tissues, but less or
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negatively expressed in other tumors, even if they metastasized to liver tissues!'*'"l.
Localization of mEH in the membrane changed during liver pathogenesis, such as
neoplasial! or hepatitis infection!”l. An autoantibody response to mEH was detected
in the serum of patients infected with HCVU'®l. PNA was also detected in the culture
medium of human HCC cell lines!"”\. These data suggest that immunological detection
of PNA may be a promising diagnostic tool for HCC.

To gain insight into PNA expression in liver diseases, we developed a highly
sensitive enzyme-linked immunosorbent assay (ELISA) to measure PNA and
determined serum PNA concentrations in patients with HCV-related hepatitis,
cirrhosis, or HCC. The characteristics of PNA-positive HCC are also discussed in
relation to biochemical markers.

MATERIALS AND METHODS

Patients

In Japan Community Health Care Organization (JCHO) Shimonoseki Medical Center,
patients with HCV-related hepatic disorders were prospectively enrolled in this
study, which included patients with hepatitis, with cirrhosis, and with HCC. All
subjects fulfilled the criteria for a diagnosis of hepatitis, cirrhosis, or HCC with HCV
infection, regardless of treatment history. The study protocol was approved by the
Human Ethics Committee of JCHO Shimonoseki Medical Center (Approval date: May
29, 2015). Informed consent was obtained from all patients in accordance with the
Declaration of Helsinki.

Clinical and laboratory assessments

Blood samples were collected from patients after written, informed consent was
confirmed. Biochemical markers were assessed routinely in JCHO Shimonoseki
Medical Center including albumin, serum aspartate aminotransferase (AST), alanine
aminotransferase, alkaline phosphatase (ALP), y-glutamyl transpeptidase (y-GTP),
and total bilirubin levels, as well as HCC markers including DCP and AFP. A fibrosis
marker of type IV collagen was measured with a latex immunoassay by Sekisui
Medical Co., Ltd. (Tokyo, Japan).

Preparation of monoclonal antibodies and measurement of serum PNA

Human mEH, a component of PNA, was produced in a recombinant baculovirus
system, and the solubilized form of mEH was purified with sequential steps by
column chromatography!‘. The development of anti-mEH monoclonal antibody 2G2
has been previously described"". For preparation of the PN A-specific antibody, PNA
fractions were purified from the culture medium of Huh.1 (human HCC) and LN-71
(human glioblastoma) cells by ammonium sulfate precipitation followed by the same
methods for mEH purification. Female BALB/c mice aged 6 wk, purchased from
Tokyo Laboratory Animal Science Co., Ltd. (Tokyo, Japan), were injected s.c. with 2
pg of PNA four times, along with Freund's complete adjuvant for the first injection,
with incomplete adjuvant for the second injection, and no adjuvant for the third and
fourth injections. Their spleen cells were harvested and hybridized with NS-1
myeloma cells, as described previously®!. Hybridoma clone 6G2 producing PNA-
specific antibody was selected by screening each culture supernatant by ELISA
against mEH and PNA. The mEH-specific 2G2 antibody (IgG1) was purified using an
IgG Purification Kit-A (Chemical Dojin Co., Ltd., Tokyo, Japan), and PNA-specific
antibody 6G2 (IgM) was purified using a HiTrap IgY Purification HP column (GE
Healthcare Japan, Tokyo, Japan).

The ELISA for PNA was developed using a combination of anti-PNA antibody
fixed on the plate and horseradish peroxidase-conjugated anti-mEH antibody for
detection. Sera from control individuals were collected from healthy volunteers in
Japan or purchased from BioreclamationIVT (Westbury, NY, United States).

Receiver operating characteristic curves for assessing the diagnosis of HCC

The receiver operating characteristic (ROC) curve was obtained by calculating the
sensitivity and specificity of the assay at every possible cut-off point and plotting
sensitivity against [1-specificity] in SPSS for Windows (SPSS Japan, Tokyo, Japan).
The area under the ROC curve (AUROC) was calculated to determine the diagnostic
accuracy of the assay. Appropriate cut-off points were examined for balancing the
sensitivity and specificity of the ROC curve, and the optimal cut-off point was
identified as that yielding the minimal value for [(1 - sensitivity)* + (1 - specificity)?] or
the maximal value for [sensitivity + specificity - 1]*..

Statistical analysis
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Statistical analysis was performed using SPSS for Windows (SPSS Japan, Tokyo,
Japan). Differences in mean values between groups were assessed by the Mann-
Whitney U test. ¥* tests were used to compare univariate associations of categorical
variables. Correlations between two parameters were analyzed using Spearman’s
rank correlation coefficient. A statistical review of this study was performed by a
biomedical statistician.

RESULTS

Of the 141 patients diagnosed as HCV-positive, 50 had hepatitis, 44 had cirrhosis, and
47 had HCC (Table 1). Compared with patients with hepatitis and cirrhosis, HCC
patients had higher percentages of male and older patients. The percentage of male
patients was 40% (20/50) in the hepatitis group, 41% (18/44) in the cirrhosis group,
and 53% (25/47) in the HCC group. The median age was 70.2 years, 71.7 years, and
75.3 years in the three groups, respectively. The results of biochemical markers
differed among the groups (Table 1). With the progression of hepatic disorders from
hepatitis to cirrhosis, serum albumin decreased, whereas ALP, total bilirubin, and
type IV collagen increased significantly. With the progression to HCC, AST and GTP
increased significantly. It is important to note that no biological markers differed
between cirrhosis and HCC, suggesting no significant deterioration of liver functions
in HCV-related HCC.

Next, serum PNA was measured in patients with hepatitis, cirrhosis, and HCC, and
the results were compared with those of 89 control subjects (Figure 1). Serum PNA
did not differ between control and hepatitis patients, but it was slightly higher in
cirrhosis than in control (P = 0.004) and hepatitis patients (P = 0.017). In contrast, PNA
increased significantly in HCC compared with control (P < 0.001) and hepatitis
patients (P < 0.001). PNA concentrations were over 10 times higher in HCC patients
than in cirrhosis patients, although the difference between the two groups was not
significant (P = 0.077) due to the wide variations in data, especially in HCC patients.

The diagnostic value of serum PNA in HCC was determined and compared with
the two HCC markers AFP and DCP (Figure 2). The ROC curves were obtained by
calculating the sensitivity and specificity of these markers to differentiate HCC from
hepatitis. The AUROC was 0.745 for PNA, 0.824 for AFP, and 0.793 for DCP. The ROC
curve was also obtained to differentiate HCC from hepatitis and cirrhosis, and the
AUROC was 0.680 for PNA and 0.754 for AFP and DCP. These data indicate that the
diagnostic value of PNA was comparable to AFP and DCP to differentiate HCC from
hepatitis or from hepatitis and cirrhosis.

Balancing sensitivity and specificity of the ROC curve indicated that the optimal
cut-off point of serum PNA for predicting HCC was 5 ng/mL. Using this cut-off
point, the sensitivity and specificity of PNA were determined and compared with
those of AFP and DCP (Table 2). In differentiating HCC from hepatitis, the sensitivity
and specificity were 63.8% and 78.0% for PNA, 61.7% and 88.0% for AFP, and 61.7%
and 94.0% for DCP, respectively. In differentiating HCC from hepatitis and cirrhosis,
the sensitivity and specificity were 63.8% and 66.0% for PNA, 61.7% and 75.5% for
AFP, and 61.7% and 83.0% for DCP, respectively. These data suggest that the
sensitivity of PNA was similar to AFP and DCP, but the specificity of PNA was lower
than of AFP and DCP.

The correlations of PNA with AFP and DCP in the serum of HCC patients were
evaluated (Figure 3). Spearman’s correlation analysis clearly indicated no correlation
between PNA and AFP, with a correlation index of 0.229 (P = 0.121). A significant but
weak correlation was seen between PNA and DCP, with a correlation index of 0.313
(P =0.032). These data indicated that PNA was positive in many patients who were
negative for AFP or DCP.

To determine the differences in disease characteristics, the correlations of PNA,
AFP, and DCP with biochemical markers in the sera of HCC patients were compared
(Table 3). Spearman’s correlation analysis indicated significant correlations of PNA
with AST, ALP, and GTP. The highest correlation was seen between PNA and GTP,
with a correlation index of 0.666 (P < 0.001). In contrast, AFP was significantly
correlated with all biochemical markers with the exception of GTP. DCP was
significantly correlated only with albumin and ALP. These data indicate that the
correlations with biochemical markers were completely different for PNA, AFP, and
DCP in HCC patients, and that GTP was highly correlated with PNA, but not with
AFP or DCP. HCC patients were then divided into PNA-high and PNA-low patients
by the cut-off of the median PNA value (8 ng/mL), and biochemical markers were
compared between PNA-high and PNA-low patients (Table 4). Statistical analyses
indicated that AST, ALP, and GTP were significantly higher in PNA-high patients

Baishidengs WJG | https://www.wjgnet.com 1466 April 7, 2020 | Volume26 | Issuel3 |



Yamashita S et al. Increased serum preneoplastic antigen

Table 1 Characteristics of patients with hepatitis C virus-related hepatitis, cirrhosis, and hepatocellular carcinoma

1: Hepatitis (n = 50) 2: Cirrhosis (n=44) 3: HCC (n=47) 1vs2 1vs3 2vs3

Mean SD Mean SD Mean SD P value P value P value

Sex (male/female) 20/30 18/26 25/22 0360 0.048 0101
Age (yr) 702 1.7 718 (10.4) 753 9.0) 0558 0.018 0102
Albumin (g/L) 42 ©03) 37 (0.6) 37 0.9) <0.001 <0.001 0.962
AST (U/L) 44 (35) 46 (20) 60 (1) 0.056 0.033 0.861
ALT (U/L) 41 (42) 33 (20) 45 (48) 0.967 0.667 0.674
ALP (U/L) 259 (60) 345 (141) 362 (G12) 0001 0.084 0212
Bilirubin total (mg/dL) 038 0.4) 1.2 0.7) 1.2 @) 0.001 0.003 0477
GTP (U/L) 46 (61) 47 (44) 105 @12)  0.186 0.001 0.078
Type IV collagen (ng/mL) 159 (69) 237 (88) 207 (94) <0.001 0.003 0.075

Results are shown as means with SD. Differences in mean values between each group were assessed with Mann-Whitney U tests, and differences in the sex
ratio were assessed with X2 tests. HCC: Hepatocellular carcinoma; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase ; ALP: Alkaline
phosphatase; GTP: Glutamyl tranpeptidase.

than in PNA-low patients with HCV-related HCC. The mean GTP value was 183.2
U/L in PNA-high patients, which was almost 6 times higher than the mean GTP
value (31.0 U/L) in PNA-low patients (P < 0.0001).

DISCUSSION

HCC patients consist of heterogeneous populations, and the subtypes of HCC are
characterized by clinical phenotypes such as cell differentiation and tumor size, and
molecular phenotypes associated with gene mutations and transcriptional
modification™*. In addition, the immune microenvironment, which is affected by
both clinical and molecular phenotypes, may have a large impact on patient
prognosisi! and be activated in a certain population of HCC patients®l. Therefore, the
development of a novel biomarker that can diagnose HCC and further characterize its
phenotype in the clinical setting is warranted.

In this study, PNA was aberrantly increased in the serum of HCV-related HCC
patients. The mechanism and function of the PNA increase in the serum of HCC
patients are unclear. A component of PNA, mEH, is a drug metabolizing enzyme on
the endoplasmic reticulum membrane that catalyzes the hydration of reactive
epoxide. In addition, mEH plays a role in bile acid transport on the plasma membrane
of hepatocytes!”], and bile acid regulates hepatic tumor development®l. Studies with a
number of monoclonal antibodies recognizing different portions of mEH showed that
mEH was located predominantly inside hepatocytes, while located abundantly on the
surface of HCC cells!"*l. Recent studies have shown that mEH plays a key role in the
hydrolysis of fatty acids such as epoxyeicosatrienoic acid (EET)"*!. As EET regulates
tumor cell growth, metastasis, angiogenesis, and inflammation in cancer™ %I, the
induction of mEH in HCC may reflect the dynamic change of localization and
functions of mEH during carcinogenesis. The present data showing that serum PNA
was increased in a limited number of non-HCC cirrhotic patients may suggest the
change of mEH in preneoplastic stages.

The early detection of HCC allows patients to receive curative treatment and
achieve long-term survival. The routine practice of screening high-risk patients for
HCC contributes to the detection of HCC nodules in the early stages in more than 60%
of patients in Japan!™l. The HCC markers AFP and DCP have been used to screen and
diagnose HCC at an earlier stage. An immunohistochemical study of small HCC
tissues showed that AFP-positive HCCs were more malignant than AFP-negative and
DCP-positive HCCs™. DCP was more efficient than AFP for the diagnosis of early
HCC and for the prediction of microvascular invasion”’l. The combined use of AFP
and DCP was useful for predicting the aggressiveness of early-stage HCC in patients
given local treatment**l. However, their sensitivity and specificity are lower for
early-stage HCC than for advanced stage HCCIl. It appears that PNA has the
potential to diagnose a novel population of HCC patients in which AFP or DCP is
weakly or negatively expressed. Further analysis of PNA may clarify its potential for
the detection of HCC nodules in the early stage.

In the present study, serum GTP was highly correlated with PNA, but not with
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Figure 1 Serum preneoplastic antigen concentrations in controls and in patients with hepatitis C virus-
related hepatitis, cirrhosis, or hepatocellular carcinoma. Serum preneoplastic antigen concentrations were
measured by ELISA. The results from each patient are plotted, and the means are shown by horizontal bars. The
differences between groups were evaluated by Mann-Whitney U tests. The mean with SD and P value for comparison
are summarized in the table. n = 89 in control, 50 in hepatitis, 44 in cirrhosis, and 47 in hepatocellular carcinoma.

AFP or DCP, and it was significantly higher in PNA-high patients than in PNA-low
patients with HCV-related HCC. Therefore, PNA could potentially be used to
diagnose a novel type of HCC in which GTP is positively expressed, but AFP or DCP
is weakly or negatively expressed.

HCC patients with elevated serum GTP had a lower survival rate after resection!™!
and transarterial chemoembolization*"l. The increase of GTP in early-stage HCC and
the aggressive phenotype of HCC highly expressing GTP have been examined.
Immunohistochemical and enzyme histochemical analysis showed the localization of
GTP in preneoplastic foci at the early stage in a rat carcinogenesis model"! and in
hepatocellular foci of HCC patients with HCV infection*’l. The meta-analysis
indicated that pretreatment serum GTP was a predictor of poor overall survival,
recurrence-free survival, and disease-free survival in HCC patients!**. The ectopic
expression of GTP accelerated tumor cell growth, metastasis, and resistance to
chemotherapy*l. Therefore, PNA-positive HCC may have an aggressive phenotype
with a higher risk for disease progression and a poor prognosis. The prognostic value
of PNA for survival will be determined in the follow-up evaluation of the patients
enrolled in this study.

A limitation of this study is the etiologies of the hepatic disorders. The risk factors
for hepatitis, cirrhosis, and HCC include chronic infection by HBV or HCV and
hepatic steatosis and inflammation in nonalcoholic fatty liver disease. In the present
study, however, only patients with HCV-related hepatic disorders were enrolled.
Further studies are warranted to identify the changes of PNA in hepatitis, cirrhosis,
and HCC with other etiologies.

In conclusion, the diagnostic value of PNA to discriminate HCC was comparable to
AFP and DCP. PNA may have the potential to diagnose a novel type of HCC in which
GTP is positively expressed, but AFP or DCP is weakly or negatively expressed.
Further studies are needed to determine the diagnostic value of PNA for HCC
patients in comparison with other HCC markers.
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Table 2 Sensitivity and specificity of preneoplastic antigen, a-fetoprotein, and des-y-carboxy-prothrombin in patients with hepatitis C

virus-related hepatocellular carcinoma

(A) HCC vs hepatitis (B) HCC vs hepatitis/cirrhosis

Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)
PNA 63.8 78.0 63.8 66.0
AFP 61.7 88.0 61.7 755
DCP 61.7 94.0 61.7 83.0

The sensitivity and specificity of markers were determined to discriminate hepatocellular carcinoma patients from (A) hepatitis patients and (B) hepatitis
and cirrhosis patients. The cut-off value for positivity was 5 ng/mL for preneoplastic antigen, 10 ng/mL for a-fetoprotein, and 40 mAU/mL for des-y-
carboxy-prothrombin. HCC: Hepatocellular carcinoma; PNA: Preneoplastic antigen; AFP: a-Fetoprotein; DCP: Des-y-carboxy-prothrombin.

Table 3 Correlations of preneoplastic antigen, a-fetoprotein, and des-y-carboxy-prothrombin with laboratory tests in patients with

hepatitis C virus-related hepatocellular carcinoma

PNA AFP DCP

r P value r P value r P value
Albumin -0.173 0.245 -0.416 0.004 -0.339 0.020
AST 0.325 0.026 0.626 <0.001 0.232 0.117
ALT 0.227 0.125 0.438 0.002 -0.038 0.799
ALP 0.582 <0.001 0.459 0.001 0.302 0.039
Bilirubin 0.226 0.130 0.366 0.012 0.030 0.841
GTP 0.666 <0.001 0.274 0.062 0.082 0.585
Type IV collagen 0.107 0.476 0.498 <0.001 0.246 0.095

The correlation index (r) and 2-sided P value were calculated by Spearman’s correlation analysis. PNA: Preneoplastic antigen; AFP: a-Fetoprotein; DCP:
Des-y-carboxy-prothrombin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase.

Table 4 Comparison of biochemical markers between preneoplastic antigen-high and preneoplastic antigen-low patients with hepatitis C

virus-related hepatocellular carcinoma

PNA-high patients (n = 23) PNA-low patients (n = 24)

Mean SD Mean SD P value
Albumin (g/L) 35 0.7 3.9 11 0.1348
AST (U/L) 732 58.6 47.0 36.1 0.0247
ALT (U/L) 58.3 61.8 31.7 18.9 0.3025
ALP (U/L) 463.4 393.2 264.2 135.9 0.0004
Bilirubin total (mg/dL) 14 1.4 1.0 0.7 0.6345
GTP (U/L) 183.2 278.7 31.0 12.5 <0.0001
Type IV collagen (ng/mL) 225.2 104.3 189.4 76.3 0.2133

Hepatocellular carcinoma patients were divided into preneoplastic antigen-high and preneoplastic antigen-low groups using the median preneoplastic
antigen value (8 ng/mL) as the cut-off. Results are shown as means with SD. Differences in mean values between each group were assessed with
Mann-Whitney U tests. PNA: Preneoplastic antigen; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase.
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Figure 2 Receiver-operating characteristic analyses of preneoplastic antigen, a-fetoprotein and des-y-carboxy-prothrombin in hepatitis C virus-related
hepatocellular carcinoma. The sensitivity and specificity of markers were determined to discriminate hepatocellular carcinoma patients from hepatitis patients and
cirrhosis patients. A: Hepatitis patients; B: Hepatitis and cirrhosis patients. The receiver-operating characteristic curve was obtained by plotting the sensitivity on the
Y-axis against 1-specificity on the X-axis, and the area under the receiver—operating characteristic curve was calculated. PNA: Preneoplastic antigen; AFP: a-

Fetoprotein; DCP: Des-y-carboxy-prothrombin.
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Figure 3 Correlation analysis of preneoplastic antigen with a-fetoprotein and des-y-carboxy-prothrombin in sera of patients with hepatitis C virus-related
hepatocellular carcinoma. The correlation index (r) and 2-sided P value were calculated by Spearman correlation analysis. AFP: a-Fetoprotein; DCP: Des-y-
carboxy-prothrombin; PNA: Preneoplastic antigen.
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ARTICLE HIGHLIGHTS

Research background

The prognosis of hepatocellular carcinoma (HCC) patients remains poor despite advances in
treatment modalities and diagnosis. The early detection of HCC allows patients to receive
curative treatment and achieve long-term survival. It is important to identify useful markers for
the early detection of HCC in patients.

Research motivation

Preneoplastic antigen (PNA), originally reported in a rat carcinogenesis model, is increased in
the tissues and serum of HCC patients. However, the diagnostic value of PNA for discriminating
HCC remains to be determined.

Research objectives
The objectives of this study are to determine the diagnostic value of PNA for discriminating
HCC and to characterize PNA-positive HCC.

Research methods
Patients with hepatitis C virus-related hepatic disorders were prospectively enrolled in this
study, which included patients with hepatitis, with cirrhosis, and with HCC. A novel enzyme-
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linked immunosorbent assay was developed to measure serum PNA concentrations in patients.

Research results

Compared with control and non-HCC patients, PNA was increased in HCC. The sensitivity of
PNA was similar to the HCC markers des-y-carboxy-prothrombin (DCP) and aa-fetoprotein
(AFP), but the specificity of PNA was lower. There was no correlation between PNA and AFP
and a significant but weak correlation between PNA and DCP in HCC patients. Importantly, the
correlations with biochemical markers indicated that GTP was highly correlated with PNA, but
not with AFP or DCP, and that it was significantly higher in PNA-high patients than in PNA-low
patients with hepatitis C virus-related HCC.

Research conclusions
PNA may have the potential to diagnose a novel type of HCC in which GTP is positively
expressed but AFP or DCP is weakly or negatively expressed.

Research perspectives

Further studies are needed to determine the diagnostic value of PNA for HCC patients in
comparison with other HCC markers and to determine its potential for the detection of HCC
nodules in the early stage. PNA-positive HCC may have an aggressive phenotype with a higher
risk for disease progression and a poor prognosis. The prognostic value of PNA for survival will
be determined in a follow-up evaluation of the patients enrolled in this study.
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Abstract

BACKGROUND

The incidence of colon cancer (CC) is currently high, and is mainly treated with
chemotherapy. Oxaliplatin (L-OHP) is a commonly used drug in chemotherapy;
however, long-term use can induce drug resistance and seriously affect the
prognosis of patients. Therefore, this study investigated the mechanism of Opa-
interacting protein 5 antisense RNA 1 (OIP5-AS1) on L-OHP resistance by
determining the expression of OIP5-AS1 and microRNA-137 (miR-137) in CC
cells and the effects on L-OHP resistance, with the goal of identifying new targets
for the treatment of CC.

AIM
To study the effects of long non-coding RNA OIP5-AS1 on L-OHP resistance in
CC cell lines and its regulation of miR-137.

METHODS

A total of 114 CC patients admitted to China-Japan Union Hospital of Jilin
University were enrolled, and the expression of miR-137 and OIP5-AS1 in tumor
tissues and corresponding normal tumor-adjacent tissues was determined. The
influence of OIP5-AS1 and miR-137 on the biological behavior of CC cells was
evaluated. Resistance to L-OHP was induced in CC cells, and their activity was
determined and evaluated using cell counting kit-8. Flow cytometry was used to
analyze the apoptosis rate, Western blot to determine the levels of apoptosis-
related proteins, and dual luciferase reporter assay combined with RNA-binding
protein immunoprecipitation to analyze the relationship between OIP5-AS1 and
miR-137.

RESULTS

April7,2020 | Volume?26 | Issuel3 |


https://www.wjgnet.com
https://dx.doi.org/10.3748/wjg.v26.i13.1474
http://orcid.org/0000-0002-6207-0317
http://orcid.org/0000-0001-6676-9240
http://orcid.org/0000-0003-0801-846X
mailto:18345893430@163.com

NonCommercial (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: Unsolicited
manuscript

Received: December 4, 2019
Peer-review started: December 4,
2019

First decision: January 16, 2020
Revised: February 4, 2020
Accepted: March 9, 2020

Article in press: March 9, 2020
Published online: April 7, 2020

P-Reviewer: Gonzélez-Gonzélez R,
Lieto E

S-Editor: Tang JZ
L-Editor: Webster JR
E-Editor: Xing YX

Jaishidengs  WJG | https://www.wjgnet.com

Liang J et al. Effects of OIP5-AS1 on colon cancer

OIP5-AS1 was up-regulated in CC tissues and cells, while miR-137 was down-
regulated in CC tissues and cells. OIP5-AS1 was inversely correlated with miR-
137 (P < 0.001). Silencing OIP5-AS1 expression significantly hindered the
proliferation, invasion and migration abilities of CC cells and markedly increased
the apoptosis rate. Up-regulation of miR-137 expression also suppressed these
abilities in CC cells and increased the apoptosis rate. Moreover, silencing OIP5-
AS1 and up-regulating miR-137 expression significantly intensified growth
inhibition of drug-resistant CC cells and improved the sensitivity of CC cells to L-
OHP. OIP5-ASI targetedly inhibited miR-137 expression, and silencing OIP5-AS1
reversed the resistance of CC cells to L-OHP by promoting the expression of miR-
137.

CONCLUSION

Highly expressed in CC, OIP5-AS1 can affect the biological behavior of CC cells,
and can also regulate the resistance of CC cells to L-OHP by mediating miR-137
expression.

Key words: Long non-coding RNA Opa-interacting protein 5 antisense RNA 1;
MicroRNA-137; Colon cancer; Drug resistance; Oxaliplatin; Biological behavior

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Long non-coding RNA (IncRNA) has drug resistance in various diseases, which
has become a research hotspot, and it can participate in the regulation of various
biological functions in cells. In this study, the expression and regulation mechanism of
IncRNA Opa-interacting protein 5 antisense RNA 1 (OIP5-AS1) in colon cancer were
investigated, and it was found that OIP5-AS1 was up-regulated in colon cancer cells.
Dual luciferase reporter gene and RNA-binding protein immunoprecipitation assays
were carried out, and the relationship between microRNA-137 and OIP5-AS1 was
determined. The results showed that OIP5-AS1 could mediate drug resistance to
oxaliplatin in these cells by regulating microRNA-137.

Citation: Liang J, Tian XF, Yang W. Effects of long non-coding RNA Opa-interacting protein
5 antisense RNA 1 on colon cancer cell resistance to oxaliplatin and its regulation of
microRNA-137. World J Gastroenterol 2020; 26(13): 1474-1489

URL: https://www.wjgnet.com/1007-9327/full/v26/i13/1474.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.113.1474

INTRODUCTION

Colon cancer (CC) is a common cancer and one of the main causes of mortality
worldwide, especially in people over 50 years old. According to the statistics, there
are more than 1000000 new CC patients every year, and this number is expected to be
2200000 in 2030 2. At present, surgery and chemotherapy are the two main
treatments for CCPl. Due to the availability of various chemotherapy regimens, the
overall survival rate of CC patients has improved in the past few decades!”. However,
even though the current response rate to systemic chemotherapy can reach 50%,
almost all CC patients have reportedly developed drug resistance, which limits the
efficacy of anticarcinogens and eventually leads to chemotherapy failurell. Oxaliplatin
(L-OHP), a third generation platinum drug, is usually used as a first-line
chemotherapy agent for metastatic CC, and is often administered with leucovorin
(FOLFOX) and 5-fluorouracil. It can induce intrachain and interchain bridges between
guanines, thus inhibiting DNA replication and synthesistl. However, the long-term
use of L-OHP results in drug resistance and ultimately limits its therapeutic effect!l.
Therefore, understanding the molecular mechanism of L-OHP resistance is of great
significance in order to obtain better therapeutic response predictions in CC patients
and to achieve better therapeutic decision-making.

Long non-coding RNA (IncRNA) a non-coding RNA with a length greater than 200
bp, was reported to be strongly linked to drug resistance of tumor cells in recent
yearsl®’l. The Opa-interacting protein 5 antisense RNA 1 (OIP5-AS1) gene is a IncRNA
on human chromosome 15q15.1, which is up-regulated in various cancers, and
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promotes cancer development!'’. Kim et all'!! pointed out that OIP5-AS1 is a
competitive endogenous RNA against HuR and can regulate the growth of cervical
cancer (HeLa) cells. In addition, previous studies have found that OIP5-AS1 can affect
cell apoptosis and proliferation in multiple myeloma by regulating various
pathwaysl’?l. MicroRNAs, a group of non-coding RNAs approximately 19-24
nucleotides long, are involved in drug resistance in various tumor cells!"’\. Bi et all'*]
concluded that microRNA-137 (miR-137) could suppress the migration, proliferation,
and invasion of CC cell lines by targeting TCF4. One study demonstrated that miR-
137 could suppress the development of lung carcinoma and enhance the sensitivity of
cells to paclitaxel and cisplatin!®l. At present, there is no study on the role of OIP5-AS1
in CC, and the mechanism of OIP5-AS1 in regulating L-OHP resistance in CC requires
further research.

The present study investigated the role of OIP5-AS1 and miR-137 in the biological
behavior and L-OHP resistance in CC cells, and determined the mechanism of OIP5-
AS1 on L-OHP resistance in these cells, with the goal of identifying new targets for
the treatment of CC.

MATERIALS AND METHODS

Data collection

A total of 114 CC patients admitted to China-Japan Union Hospital of Jilin University
from January 2017 to December 2018 were enrolled, including 63 males and 51
females, with an average age of 61.56 + 7.09 years. CC tissue specimens (n = 114) and
corresponding tumor-adjacent tissue specimens (n = 114) were obtained from the
patients following their permission for later analysis. This study was carried out with
permission from the Ethics Committee of China-Japan Union Hospital of Jilin
University, and each subject signed an informed consent form after understanding the
study in detail. The inclusion criteria were as follows: Patients diagnosed with CC
based on pathology and imaging examination, patients with detailed clinical data,
patients with good compliance, and those without a family history of mental diseases
or other malignant tumors. The exclusion criteria were as follows: Patients not
accompanied by their families at admission, patients with autoimmune diseases or
severe liver or kidney dysfunction, and patients reluctant to receive treatment or
cooperate during the study.

Cell culture

Human CC cell lines (HCT116, LOVO, HT29, and SW480), and a human normal colon
epithelial cell line (FHC) obtained from Nanjing Cobioer Biosciences Co., Ltd. were
cultured in RPMI 1640 containing 100 pg/mL penicillin, 100 pg/mL streptomycin,
and 10% fetal bovine serum under 5% CO, and saturated humidity at 37°C. When the
confluency of adherent cell growth reached 85%, 25% pancreatin was added to the
cells for digestion, and the cells were continually cultured in the medium for passage
after digestion. The IncRNA OIP5-AS1 and miR-137 expression in each cell line was
subsequently determined. HCT116 and SW480 cells in logarithmic growth phase were
then selected and transfected with blank control (Vector), targetedly inhibited OIP5-
AS1 (si-OIP5-AS1), targetedly overexpressed OIP5-AS1 (sh-OIP5-AS1), miR-137-
mimics (overexpressed sequence), miR negative control (miR-NC), and miR-137-
inhibitor (inhibited sequence) using a Lipofectamine™ 2000 Kit (Invitrogen) in strict
accordance with the kit instructions.

Construction of drug-resistant cell lines

HCT116 and SW480 cells in the logarithmic growth phase with a cell density of 1 x 10°
cells /mL were cultured for 48 h after the addition of L-OHP at the concentration of
1.6 pg/mL (Shanghai Yuanye Biotechnology Co., Ltd., China). After 48 h, the solution
was discarded and the cells were continuously cultured in fresh solution without L-
OHP. When the cells resumed normal growth, they were digested for passage. If the
cells grew well, the above step was repeated once by increasing the concentration of
L-OHP to 2.4 pg/mL. Drug-resistant cell lines (SW480/L-OHP and HCT116/L-OHP)
were finally obtained by changing the solution and gradually increasing the
concentration of L-OHP. L-OHP treatment of the cells obtained for future analysis
was stopped one week before the experiment.

Determination of drug sensitivity

The cell counting kit-8 (Nanjing Enogene Biotech. Co., Ltd., China) was employed to
analyze the inhibition rate of cells. Drug-resistant cell lines and parental cell lines in
logarithmic growth phase with the concentration adjusted to 1 x 10° cells/mL were
seeded into a 96-well plate at 1 x 10* cells/well. The plate included three replicates of
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each treatment, and each well was cultured for 48 h after the addition of L-OHP at
different concentrations. The plate was cultured for another 2 h or 3 h after the
addition of 10 pL of cell counting kit-8 solution to each well. The optical density of
each well at the wavelength of 450 nm was then measured. The experiment was
repeated three times, and the 50% inhibitory concentration (IC50) of the drugs in the
cells from each group was calculated.

Real-time polymerase chain reaction assay

Total RNA was extracted from the tissues and cells using a Trizol Extraction Kit
(Invitrogen, CA, United States), and its purity, concentration, and integrity were
determined using an ultraviolet spectrophotometer and agarose gel electrophoresis.
Reverse transcription was carried out to change RNA into cDNA according to the
operating instructions of the reverse transcription kit. A 7500 real-time polymerase
chain reaction (PCR) instrument (ABI Company) and SYBR Premix Ex Taq kit
(TaKaRa) were employed. GAPD was taken as an internal reference for IncRNA OIP5-
AS1, and U6 as an internal reference for miR-137 in the experiment. The specific
sequences were as follows: OIP5-AS1: Upstream 5'-GGTCGTGAAACACCGTCG-3’
and downstream 5'-GTGGGGCATCCAGGGT-3"; GAPDH: Upstream 5'-
CAGTCACTACTCAGCTGCCA-3 and downstream 5'-GAGGGTGCTCC GGTAG-3;
miR-137: Upstream 5'-GAAATCCGACAGCTTAAGGAGGTTTGA-3" and
downstream 5'-CATTGCACAGATAGGATTTGATTTACT-3’; and U6: Upstream 5'-
CTCGCTTCGGCAGCACA-3" and downstream 5'-AACGCTTCAC GAATTTGCGT-3".
PCR amplification was carried out at 95°C for 30 s, followed by 40 cycles at 95°C for 5
s and 60°C for 30 s. Data were obtained after three repeated experiments, and the
calculated results were expressed using the 24 method.

Western blotting assay

Radio immunoprecipitation assay buffer (Thermo Scientific Company, United States)
was adopted for lysis, and a Bicinchoninic Acid Kit (Thermo Scientific Company,
United States) was adopted for protein concentration determination. The protein with
an adjusted concentration of 4 pg/uL was transferred to a polyvinylidene fluoride
membrane (Millipore Company) after being separated by 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Subsequently, the membrane
was sealed with 5% skim milk for later immune response. The membrane was
incubated with primary antibody (Santa Cruz Biotechnology, United States) (1: 1000)
overnight at 4°C, and the primary antibody was then removed. The membrane and
horseradish peroxidase labeled goat anti-rabbit secondary antibody (Abcam, United
States) (1: 1000) were then incubated at 37°C for 1 h, and cleaned with phosphate
buffered saline (PBS) 3 times, for 5 min each time. After incubation, the protein was
developed and immobilized with an electrochemiluminescence agent. The image was
obtained by the Quantity One infrared imaging system, and the relative protein
expression level was recorded as the gray value of the band/gray value of the
reference.

Cell proliferation experiment

The transfected cells in each group were seeded into a 96-well plate at 5 x 103
cells/well, respectively. The cells were incubated under 5% CO, at 37°C. At0 h, 24 h,
48 h, and 72 h after incubation, 20 pL of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide solution and 150 pL of dimethyl sulfoxide were added
to each well, respectively, and the plate was shaken for 5-10 min to completely
dissolve the purple crystals. The optical density of each well at 450 nm wavelength
was measured using the Multiskan™ GO microplate spectrophotometer (Thermo
Fisher Scientific, China) to analyze cell proliferation, and then growth curves of the
cells were drawn. The experiment was repeated three times. The MTT assay kit was
purchased from Thermo Fisher Scientific (China).

Cell apoptosis assay

An Annexin V-FITC/PI Apoptosis Assay Kit (Invitrogen Company, United States)
was used to assess cell apoptosis. The cells were digested with trypsin, followed by
washing twice with PBS. The 1 x 10° cells /mL cells were centrifuged for 5 min, and
the supernatant discarded. Annexin-V-FITC labeling solution (20 pL) and PI reagent
(20 pL) were successively added into 1 mL of buffer containing the cells, and
incubated at room temperature in the dark for 5 min. A Beckman Coulter CytoFLEX
LX Flow Cytometry System was employed to measure cell apoptosis. The experiment
was repeated three times, and the data were averaged.

Cell migration and invasion assay
Both the scratch-wound healing assay and Transwell assay were performed to
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evaluate cell migration and invasion. The cells were scratched perpendicularly using
sterilized 100 pL disposable pipette tips to ensure consistent width of each scratch
wound as far as possible. The cell culture medium was removed, and the plate was
washed three times with PBS to wash off cell debris generated by the scratches. The
cells were placed in serum-free medium, and the scratch in each group was analyzed
using a microscope at 0 h and 24 h after cell scratching, to evaluate cell migration. A
Transwell Kit (Shanghai Fanke Biotechnology Co., Ltd., FK-1k019) was used for the
invasion assay. First, 200 pL of RPMI 1640 culture medium was placed in the upper
compartment, and 500 mL of RPMI 1640 with 10% FBS was placed in the lower
compartment. After 48 h of culture at 37°C, the matrix gelatin and cells in the upper
compartment were wiped off. The plate was cleaned three times with PBS,
immobilized with paraformaldehyde for 10 min, cleaned three times with double
distilled water, dried, followed by staining with 0.1% crystal violet, and cell invasion
was assessed by microscopy.

Dual luciferase assay

StarBase 3.0 was used to predict IncRNA and miRNA target genes. PmirGLO reporter
vectors carrying pmir-miR-137-3' untranslated region wild type (Wt) and pmir-miR-
137-3' untranslated region mutant (Mut), sh-OIP5-AS1, and sh-NC were co-
transfected into CC cells. After 48 h, luciferase activity was determined using the dual
luciferase reporter gene determination kit (Solarbio, China).

RNA-binding protein immunoprecipitation assay

A RNA-binding protein immunoprecipitation (RIP) kit (Beijing Biomars Technology
Development Co., Ltd., China) was used to carry out the RIP assay following the
manufacturer’s instructions. The cells were cleaned with pre-cooled PBS, and then the
supernatant was discarded. An equal volume of RIP lysate was added to lyse the cells,
and the whole cell protein extract was incubated with RIP washing buffer containing
magnetic beads bound to Ago2 antibody or immunoglobulin G controls. The
immunoprecipitated RNA was extracted from the samples after protein digestion by
proteinase K. Finally, the purified RNA was analyzed by qRT-PCR to prove the
existence of binding targets.

Statistical analysis

In this study, the collected data were analyzed statistically using SPSS520.0, and
visualized by figures using GraphPad 7. Inter-group comparisons were conducted
using the t test, and multi-group comparisons were performed using one-way
ANOVA. In addition, post hoc pairwise comparison was carried out by the LSD- test.
Receiver operating characteristic curves were used to analyze the diagnostic value of
OIP5-AS1 and miR-137 in CC, and Pearson’s correlation analysis was carried out to
analyze the relationship between OIP5-AS1 and miR-137. P < 0.05 indicated
statistically significant differences.

RESULTS

The expression of IncRNA OIP5-AS1 and miR-137 in CC

The results showed that OIP5-AS1 expression in CC tissues was significantly higher
than that in corresponding tumor-adjacent tissues (P < 0.05) and miR-137 expression
was low in cancer tissues (P < 0.05). In addition, correlation coefficient analysis
revealed that there was a negative correlation between OIP5-AS1 expression and miR-
137 expression in CC tissues (r = - 0.7123, P < 0.001) (Figure 1). Receiver operating
characteristic curve results showed that OIP5-AS1 and miR-137 had high diagnostic
value in CC patients. Further determination of the expression of these two factors in
CC cells revealed that OIP5-AS1 expression in normal CC cell lines (HCT116, SW480,
HT29, and LOVO) was significantly higher than that in the normal colon epithelial
cell line (FHC), and miR-137expression was low in all CC cell lines.

Influence of IncRNA OIP5-AS1 on the biological function of CC cells

Vector, si-OIP5-AS1, and sh-OIP5-AS1 were transfected into CC cells (HCT116 and
SW480), respectively. It was shown that compared with HCT116 and SW480 cells
transfected with Vector, those transfected with sh-OIP5-AS1 showed significantly
increased expression of OIP5-AS1, while those transfected with si-OIP5-AS1 showed
significantly decreased OIP5-AS1 expression. Evaluation of the biological function of
cells revealed that compared with the Vector group, HCT116 and SW480 cells
transfected with si-OIP5-AS1 showed significantly suppressed proliferation,
migration, and invasion abilities, and a significantly increased apoptosis rate (all P <
0.05), while those transfected with sh-OIP5-AS1 showed significantly enhanced
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Figure 1 The expression of long non-coding RNA Opa-interacting protein 5 antisense RNA 1 and microRNA-137 in colon cancer. A: Opa-interacting protein 5
antisense RNA 1 (OIP5-AS1) was highly expressed in cancer tissues; B: miR-137 showed low expression in cancer tissues; C: The expression of OIP5-AS1 was
negatively correlated with that of miR-137 in cancer tissues (r = - 0.7123); D: The value of OIP5-AS1 in diagnosing colon cancer (CC) patients; E: The value of miR-
137 in diagnosing CC patients; F: The expression of OIP 5-AS1 in CC cell lines was much higher than that in the normal colon epithelial cell line; G: The expression of
miR-137 in CC cell lines was significantly lower than that in the normal colon epithelial cell line. °P < 0.01, °P < 0.001 for between-group comparisons. OIP5-AS1:
Opa-interacting protein 5 antisense RNA 1; LncRNA: Long non-coding RNA.

proliferation, migration, and invasion abilities, and a significantly decreased
apoptosis rate (all P < 0.05). In addition, compared with the Vector group, the si-OIP5-
AS1 group showed significantly increased expression of apoptosis-related proteins
(Bax and Caspase-3), and significantly decreased expression of Bcl-2 protein (all P <
0.05), while the sh-OIP5-AS1 group showed significantly decreased expression of
apoptosis-related proteins (Bax and Caspase-3), and significantly increased expression
of Bcl-2 protein (all P < 0.05) (Figure 2).

Influence of IncRNA OIP5-AS1 on CC cell resistance to L-OHP

The OIP5-AS1 level in constructed drug-resistant cell lines was determined, and it
was demonstrated that the OIP5-AS1 level in drug-resistant cell lines (HCT116/L-
OHP and SW480/L-OHP) was significantly higher than that in the HCT116 and
SW480 cell lines (P < 0.05). The inhibitory effect of L-OHP at different concentrations
on cell growth was determined, and it was calculated that the IC50 of HCT116 and
SW480 cells was 20.20 pg/mL and 19.40 pg/mL, respectively, while that of drug-
resistant cell lines HCT116/L-OHP and SW480/L-OHP was 114.9 pg/mL and 109.8
pg/mL, respectively. Thus, after L-OHP treatment, the cell activity of drug-resistant
cell lines was significantly higher than that of parent cell lines. The inhibitory effect of
L-OHP at different concentrations on the growth of transfected drug-resistant cells
was also determined, and it was found that the IC50 of HCT116/L-OHP cells
transfected with Vector, those transfected with si-OIP5-AS1, and those transfected
with sh-OIP5-AS1 was 116.5 pg/mL, 54.96 pg/mL, and 196.6 pg/mL, respectively,
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Figure 2 Influence of long non-coding RNA Opa-interacting protein 5 antisense RNA 1 on the biological function of colon cancer cells. A: The Opa-
interacting protein 5 antisense RNA 1 expression in transfected colon cancer cell lines; B: Comparison of proliferation activity of HCT116 cells among different groups
after transfection; C: Comparison of cell proliferation activity of SW480 cells among different groups after transfection; D: Comparison of invasion ability among
different groups after transfection; E: Comparison of migration ability among different groups after transfection; F: Comparison of apoptosis ability among different
groups after transfection, and apoptosis map; G: Comparison of apoptosis-related proteins among different groups after transfection and protein map. 2P < 0.05, ®P <
0.01, ¢P < 0.001 for between-group comparisons. OIP5-AS1: Opa-interacting protein 5 antisense RNA 1; LncRNA: Long non-coding RNA; OD: Optical density.

and the IC50 of SW480/L-OHP cells transfected with Vector, those transfected with si-
OIP5-AS1, and those transfected with sh-OIP5-AS1 was 114.1 pg/mL, 52.33 pg/mL,
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and 186.7 pg/mL, respectively. Therefore, these findings indicated that silencing
OIP5-AS1 expression significantly intensified the inhibition of drug-resistant cell
growth. The IC50 of each drug-resistant cell line was used as the concentration of
added L-OHP to observe the apoptosis of drug-resistant cells. It was found that
compared with the cells transfected with Vector, those transfected with si-OIP5-AS1
showed significantly intensified apoptosis and significantly increased expression of
apoptosis-related proteins (Bax and Caspase-3), and significantly decreased
expression of Bcl-2 (all P < 0.05), while those transfected with sh-OIP5-AS1 showed
the opposite trend (all P < 0.05) (Figure 3).

Influence of miR-137 on the biological function of CC cells

MiR-NC, miR-137-mimics, and miR-137-inhibitor were transfected into CC cells
(HCT116 and SW48), respectively. It was shown that compared with HCT116 and
SW480 cells transfected with miR-NC, those transfected with miR-137-mimics showed
significantly up-regulated expression of miR-137, while those transfected with miR-
137-inhibitor showed significantly decreased expression of miR-137. Assessment of
the biological function of cells revealed that compared with the miR-NC group,
HCT116 and SW480 cells transfected with miR-137-mimics showed significantly
suppressed proliferation, migration, and invasion abilities, and significantly
intensified apoptosis (all P < 0.05), while those transfected with miR-137-inhibitor
showed the opposite trend (all P < 0.05). In addition, compared with the miR-NC
group, the miR-137-mimics group showed significantly increased expression of
apoptosis-related proteins (Bax and Caspase-3), and significantly decreased
expression of Bcl-2 protein (all P < 0.05), while the miR-137-inhibitor group showed
markedly down-regulated expression of apoptosis-related proteins (Bax and Caspase-
3), and significantly up-regulated expression of Bcl-2 protein (all P < 0.05) (Figure 4).

Effects of miR-137 on CC cell resistance to L-OHP

The miR-137 level in constructed drug-resistant cell lines was determined, and it was
found that the miR-137 level in drug-resistant cell lines (HCT116/L-OHP and
SW480/L-OHP) was significantly lower than that in HCT116 and SW480 cell lines (all
P < 0.05). The inhibition of L-OHP at different concentrations on the growth of
transfected drug-resistant cells was determined, and the results showed that the IC50
of HCT116/L-OHP cells transfected with miR-NC, those transfected with miR-137-
mimics, and those transfected with miR-137-inhibitor was 117.3 pg/mL, 52.87 pg/mL,
and 202.0 pg/mL, respectively, and the IC50 of SW480/L-OHP cells transfected with
miR-NGC, those transfected with miR-137-mimics, and those transfected with miR-137-
inhibitor was 112.5 pg/mL, 48.62 ng/mL, and 196.1 pg/mL, respectively. These
findings indicated that overexpression of miR-137 could significantly intensify the
growth inhibition of drug-resistant cells. The IC50 of each drug-resistant cell line was
used as the concentration of added L-OHP to observe the apoptosis of drug-resistant
cells. It was found that compared with the miR-NC group, the miR-137-mimics group
showed significantly intensified apoptosis, significantly up-regulated apoptosis-
related proteins (Bax and Caspase-3), and significantly down-regulated Bcl-2 protein,
while the miR-137-inhibitor group showed the opposite trend (Figure 5).

Effects of OIP 5-AS1 on the expression of miR-137 in L-OHP-resistant CC cell lines
Bioinformatics analysis revealed binding sites between miR-137 and OIP5-AS1.
Therefore, RIP and dual luciferase assay were carried out, and showed that the
fluorescence activity of miR-137-Wt decreased significantly. The RIP assay revealed
that compared with immunoprecipitation with anti-IgG, the immunoprecipitation
with anti-Ago2 antibody contributed to significantly increased enrichment content of
miR-137 and OIP5-AS]. In order to further verify that OIP5-AS1 affects the resistance
of CC cells by regulating miR-137, we co-transfected Si-OIP5-AS1 and miR-137-
inhibitor into HCT116/L-OHP and SW480/L-OHP cells. It was found that Si-OIP5-
AS1 could enhance the drug resistance sensitivity of HCT116/L-OHP and SW480/L-
OHP cells to L-OHP, increase the apoptosis rate, significantly up-regulate the
expression of Bax and Caspase-3 proteins, and significantly down-regulate the
expression of Bcl-2 protein, but miR-137-inhibitor did not reverse this effect. The
increased IC50 of L-OHP lowered the apoptosis rate, reduced the expression of Bax
and Caspase-3 proteins in cells, and further increased the expression of Bcl-2 protein
(Figure 6).

DISCUSSION

CC is a common malignant tumor in the gastrointestinal tract, its associated morbidity
is rising year by year, and its incidence and mortality among men are higher than
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Figure 3 Effects of long non-coding RNA Opa-interacting protein 5 antisense RNA 1 on colon cancer cell resistance to oxaliplatin. A: Determined Opa-
interacting protein 5 antisense RNA 1 expression in constructed drug-resistant cell lines; B: Effects of oxaliplatin (L-OHP) at different concentrations on growth
inhibition of HCT116 and HCT116/L-OHP cells; C: Effects of L-OHP at different concentrations on growth inhibition of SW480 and SW480/L-OHP cells; D: Effects of L-
OHP at different concentrations on growth inhibition of HCT116/L-OHP cells in each group after transfection; E: Influence of L-OHP at different concentrations on
growth inhibition of SW480/L-OHP cells in each group after transfection; F: Comparison of apoptosis rate of drug-resistant cells among different groups after
transfection and apoptosis map; G: Comparison of drug-resistant cell apoptosis among different groups after transfection and apoptotic protein map. SW480/L-OHP
indicates SW480 cell line with L-OHP resistance. HCT116/L-OHP indicates HCT116 cell line with L-OHP resistance. P < 0.05, ®P < 0.01, ¢P < 0.001 for between-
group comparisons. OIP5-AS1: Opa-interacting protein 5 antisense RNA 1; L-OHP: Oxaliplatin.

those among women!"*'*l. At present, the most effective clinical treatment for CC is
chemotherapy. With low renal toxicity, L-OHP has been widely used as a first-line
chemotherapy drug in CC patients!"”*’). However, chemotherapy is often accompanied
by drug resistance, which limits the clinical application of L-OHP and seriously
compromises the effectiveness of platinum-containing chemotherapy regimens”*.
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Optical density.

Therefore, finding a solution for L-OHP drug resistance has become the key to the
treatment of tumors. At present, the correlation between cell resistance and specific
genes during CC chemotherapy at the molecular biology level requires further
clarification.

LncRNAs have gradually become key regulators of cellular processes and
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Figure 5 Influence of microRNA-137 on colon cancer cell resistance to oxaliplatin. A: Determined miR-137 expression in constructed drug-resistant cell lines; B:
Influence of oxaliplatin (L-OHP) at different concentrations on growth inhibition of HCT116/L-OHP cells in each group after transfection; C: Effects of L-OHP at
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RNA1.

physiological and pathological processes!"'l. OIP5-AS1 is highly expressed in various
diseases and participates in the development and progression of diseases!'"'?. Earlier
studies revealed that OIP5-AS]1 can regulate the expression of miR-410 and can also
regulate its target KLF10/PTEN/AKT to mediate the cellular behavior of multiple
myelomal!?l. Wang et al™ pointed out that OIP5-AS1, with low expression in lung
cancer, could intensify the proliferation of lung cancer cells by targeting miR-378a-3p,
resulting in poor prognosis. However, there are few studies on OIP5-AS1 in CC. In
this study, OIP5-AS1 was up-regulated in CC tissues and cells, and silencing OIP5-
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Figure 6 Effects of Opa-interacting protein 5 antisense RNA 1 on the expression of miR-137 in oxaliplatin-resistant colon cancer cell lines. A: Binding sites
between OIP 5-AS1 and miR-137 and dual luciferase reporter assay; B: Verification of the relation between Opa-interacting protein 5 antisense RNA 1 and miR-137
by the RIP assay; C: The miR-137 expression in drug-resistant cell lines after co-transfection; D: Growth inhibition of HCT116/oxaliplatin (L-OHP) cell lines after co-
transfection; E: Growth inhibition of SW480/L-OHP cell lines after co-transfection; F: Comparison of apoptosis rate of cell lines among different groups after co-
transfection; G: Comparison of apoptosis protein level in drug resistant cell lines among different groups after co-transfection; H: Apoptosis of drug-resistant cell lines
in each group after co-transfection; I: Apoptosis-related protein in drug-resistant cell lines in each group after co-transfection. SW480/L-OHP indicates SW480 cell line
with L-OHP resistance. HCT116/L-OHP indicates HCT116 cell line with L-OHP resistance. °P < 0.01, P < 0.001 for between-group comparisons. L-OHP: Oxaliplatin;
miR-NC: MiR negative control; Wt: Wild type; Mut: Mutant.

AS1 expression significantly inhibited the invasion, proliferation, and migration
abilities of CC cells and significantly increased the apoptosis rate. However, up-
regulation of OIP5-AS1 resulted in the opposite effects. These results indicated that
OIP5-AS1 promoted the development of CC, which was inconsistent with previous
studies!"!l. Subsequently, we constructed L-OHP resistant cells, and found that
silencing the expression of OIP5-AS1 strongly intensified the growth inhibition of
drug-resistant cells, and decreased the IC50 of L-OHP, significantly increased the
apoptosis rate, up-regulated apoptosis-related proteins (Caspase-3 and Bax), and
significantly down-regulated Bcl-2 protein. Similarly, up-regulation of the expression
of OIP5-AS1 resulted in the opposite effects. This suggested that silencing OIP5-AS1
can improve the sensitivity of CC cells to L-OHP, and can also reverse the resistance
of CC cells to L-OHP, thus improving chemotherapy efficacy. Recent studies have
shown that silencing OIP5-AS1 inhibits the development of osteosarcoma cells in vitro
and in vivo and promotes cell apoptosis, and it can also strengthen the drug resistance
sensitivity of osteosarcoma cells to cisplatin*l. These findings are similar to the results
of this study. However, the mechanism of OIP5-AS1 in drug-resistant CC cells
requires further study.

In recent years, more and more studies have found that a IncRNA can act as a miR
response element and a competitive platform in a variety of tumors, and can also act
as a miR molecular sponge by binding to miR, thus affecting miRNA expression and
the regulation of cell function™*l. Some studies have revealed that IncRNA FOXD2-
AS1 can promote drug resistance to gemcitabine in bladder cancer by regulating miR-
1431 Moreover, one study concluded that IncRNA BLACAT1 could regulate ABCB1
through miR-361 to promote drug resistance to L-OHP in gastric cancer™. In this
study, we found targeted binding sites between OIP5-AS1 and miR-137 through
online tool analysis, and verified the results using dual luciferase reporter assay. We
also found enrichment between OIP5-AS1 and miR-137 using the RIP assay. These
findings further confirmed the competitive endogenous RNA relationship between
OIP5-AS1 and miR-137. MiR-137 has low expression in various cancers and can
participate in the regulation of cell biological behavior!™. In this study, it was found
that miR-137 expression was low in CC, and up-regulation of miR-137 expression
could inhibit proliferation, invasion and migration of CC cells and increase the
apoptosis rate, which was similar to the results of the study by Bi et all"*l. Previous
studies revealed that down-regulation of miR-137 induced resistance to L-OHP in
parent CC cells, while over-expression of miR-137 induced sensitivity to L-OHP in
drug-resistant cells””, which was similar to the results in this study and further
proved the influence of miR-137 in drug-resistant cells. In this study, it was also found
that the expression of OIP5-AS1 was negatively correlated with that of miR-137 in CC
tissues. Finally, CC cells were co-transfected with Si-OIP5-AS1 and miR-137-inhibitor
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in this study, and it was found that the inhibitory effect on CC cells and the inhibitory
effect on L-OHP drug resistance were offset. Therefore, the results of this study
confirmed that OIP5-AS1 can mediate the expression of miR-137 to regulate drug
resistance to L-OHP in CC cells.

This study investigated the effects of OIP5-AS1 and miR-137 on biological
behaviors and L-OHP drug resistance in CC cells from many aspects. However, there
are still some limitations in this study. No study has been conducted in nude mice,
and whether OIP5-AS1 is involved in the prognosis of CC still requires further
research and verification. Moreover, the regulatory network of OIP5-AS1 in CC
remains unclear, and further research is needed to determine whether OIP5-AS1 can
affect the development and progression of tumors in other ways. In future research,
we will carry out more experiments to verify these results.

To sum up, OIP5-AS1 is highly expressed in CC and can affect the biological
behaviors of CC cells, and can regulate drug resistance to L-OHP in CC cells by
mediating miR-137 expression.

ARTICLE HIGHLIGHTS

Research background

Recently, colon cancer (CC) has displayed a high incidence, and the main treatment of CC is
chemotherapy. Oxaliplatin (L-OHP) is a common drug used in chemotherapy, but long-term use
can result in drug resistance, seriously affecting the prognosis of patients.

Research motivation

Long non-coding RNA Opa-interacting protein 5 antisense RNA 1 (OIP5-AS1) appears to be up-
regulated, which plays a tumor-promoting role in a number of cancers. It is speculated that miR-
137 may be effective in mediating drug resistance in CC cells.

Research objectives
To determine the effect of long non-coding RNA OIP5-AS1 on drug resistance in CC cell lines
and its role in regulating miR-137.

Research methods

We not only analyzed the expression levels of OIP5-AS1 and miR-137 in surgical CC tissue
samples, but also observed their effects on the biological behavior of CC cells as well as L-OHP
resistance.

Research results

We noted high expression of OIP5-AS in CC tissues and cells and low expression of miR-137. In
cytological studies, it was found that reducing OIP5-AS1 expression or increasing miR-137
expression controlled the proliferation, invasion and migration of CC cells, promoting the
apoptosis rate of tumor cells by regulating the expression of apoptosis-related proteins.

Research conclusions
OIP5-AS1 is highly expressed in CC, which contributes to regulation of the biological behavior of
CC cells as well as drug resistance to L-OHP in CC cells via mediation of miR-137 expression.

Research perspectives
This study reveals the mechanism of OIP5-AS1 in drug resistance to L-OHP in CC cells, which
provides a new method to improve the sensitivity of CC cells to L-OHP.
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Abstract

BACKGROUND

Total laparoscopic distal gastrectomy (TLDG) is increasing due to some
advantages over open surgery, which has generated interest in gastrointestinal
surgeons. However, TLDG is technically demanding especially for
lymphadenectomy and gastrointestinal reconstruction. During the course of
training, trainee surgeons have less chances to perform open gastrectomy
compared with that of senior surgeons.

AIM
To evaluate an appropriate, efficient and safe laparoscopic training procedures
suitable for trainee surgeons.

METHODS

Ninety-two consecutive patients with gastric cancer who underwent TLDG plus
Billroth I reconstruction using an augmented rectangle technique and involving
trainees were reviewed. The trainees were taught a laparoscopic view of surgical
anatomy, standard operative procedures and practiced essential laparoscopic
skills. The TLDG procedure was divided into regional lymph node dissections
and gastrointestinal reconstruction for analyzing trainee skills. Early surgical
outcomes were compared between trainees and trainers to clarify the feasibility
and safety of TLDG performed by trainees. Learning curves were used to assess
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the utility of our training system.

RESULTS

Five trainees performed a total of 52 TLDGs (56.5%), while 40 TLDGs were
conducted by two trainers (43.5%). Except for depth of invasion and pathologic
stage, there were no differences in clinicopathological characteristics. Trainers
performed more D2 gastrectomies than trainees. The total operation time was
significantly longer in the trainee group. The time spent during the lesser
curvature lymph node dissection and the Billroth I reconstruction were similar
between the two groups. No difference was found in postoperative complications
between the two groups. The learning curve of the trainees plateaued after five
TLDG cases.

CONCLUSION

Preparing trainees with a laparoscopic view of surgical anatomy, standard
operative procedures and practice in essential laparoscopic skills enabled trainees
to perform TLDG safely and feasibly.

Key words: Gastric cancer; Total laparoscopic gastrectomy; Education system; Trainees;
Augmented rectangle technique; Standard procedure

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The rapid expansion of total laparoscopic distal gastrectomy has led to concern
about education for young surgeons. Laparoscopic training for young surgeons differs
from training experienced previously due to fewer opportunities to perform open
gastrectomy and higher technical demands. We introduced our laparoscopic training
system and found that making a standard laparoscopic procedure and using the easy
reconstruction method are useful in the success of the training system.

Citation: Zhang S, Orita H, Egawa H, Matsui R, Yamauchi S, Yube Y, Kaji S, Takahashi T,
Oka S, Inaki N, Fukunaga T. Effectiveness and safety of a laparoscopic training system
combined with modified reconstruction techniques for total laparoscopic distal gastrectomy.
World J Gastroenterol 2020; 26(13): 1490-1500

URL: https://www.wjgnet.com/1007-9327/full/v26/i13/1490.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.113.1490

INTRODUCTION

Laparoscopic assisted distal gastrectomy was first reported by Kitano et all"! in 1991.
Since then, the use of laparoscopic surgery has rapidly become popular due to
improving patients’ quality of life and improving efficacy outcomes. The Japan
Society of Endoscopic Surgery performs a national survey every 2 years that indicates
that the number of laparoscopic procedures for gastric cancer is increasing. According
to the 13" Japan Society of Endoscopic Surgery survey, laparoscopic distal
gastrectomy accounted for the highest proportion of laparoscopic gastrectomies!l.
Nevertheless, laparoscopic distal gastrectomy involves technically complex elements
and requires dedicated skills especially in the procedures of lymphadenectomy and
gastrointestinal (GI) reconstruction. Adequate harvesting of lymph nodes (LNs) is
necessary for the quality of gastrectomy and now is mentioned in most gastric cancer
guidelinesl. GI reconstructions were initially performed extracorporeally by
laparoscopy assisted procedures. However, it is sometimes difficult in patients with a
small remnant stomach or in obese patients with thick abdominal walls!*. With the
development of laparoscopic devices and improvement of the anastomosis method,
the reconstruction procedures can be completed laparoscopically®.

The rapid expansion of laparoscopic surgery has led to concern about education for
young surgeons. Experienced surgeons learned, developed and introduced
laparoscopic gastrectomy after mastering conventional open surgery. However,
training and learning may differ for young surgeons who have less experience with
open surgery!’l. The feasibility of laparoscopic gastrectomy operated by trainees is still
debatable. To our knowledge, there are few studies describing the safety of
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laparoscopic assisted distal gastrectomy performed by trainee surgeons and even
fewer studies on total laparoscopic distal gastrectomy (TLDG).

Our department was founded in May 2015 and mainly focuses on minimally
invasive surgery. One experienced laparoscopic surgeon started performing
laparoscopic gastrectomy in April 2004. About 100 cases were conducted yearly.
TLDG is the standard procedure for distal gastrectomy. For those needing Billroth I
reconstruction, the augmented rectangle technique (ART) is applied”. We established
an education system for TLDG to help young surgeons master the technique quickly.

This study reports the technical feasibility and short-term surgical outcomes of
TLDG combined with modified reconstruction techniques performed by trainee
gastric surgeons using our training system

MATERIALS AND METHODS

Patients

We retrospectively studied patients with gastric cancer, who underwent TLDG plus
Billroth I reconstruction at Juntendo University Hospital, Tokyo, Japan from June 2016
to June 2019. Clinical, surgical and pathological data of these patients were collected
and analyzed. The clinicopathological variables included age, gender, body mass
index, American Society of Anesthesiologists physical status classification, medical
history, pathological record and duration of postoperative hospital stay. The surgical
variables included operation time, LN dissection time, estimated blood loss and
number of harvested LNs. Histological results were described according to the
Japanese Classification of Gastric Carcinomal’l. Intraoperative and postoperative
complications were stratified using the Clavien-Dindo classification system!.

Laparoscopic techniques

Laparoscopic gastrectomy was performed using a five trocar system. LN dissection
was done according to the Japanese gastric cancer treatment guidelinesl. Dissection
was conducted in the following order: Infrapyloric LNs (No. 6), suprapyloric LNs
(No. 5), great curvature LNs (No. 4 or plus 12a), suprapancreatic LNs (No. 8a, 7, 9 or
plus 11p) and along lesser curvature LNs (No. 1 or 3). The operator stood on the left
side of the patient for infrapyloric LN dissection and on the right side for other LN
dissection. Concomitant cholecystectomy was performed during the operation for
patients with symptomatic gallbladder stones. Concomitant appendectomy was
performed for patients with recurrent appendicitis.

Billroth I reconstruction using ART

ART was applied for Billroth I reconstruction, and all the procedures were created
laparoscopically. The operator performed this technique on the left side of the patient.
Three automatic laparoscopic linear staplers were used to create the gastro-
duodenostomy. The duodenum was transected from the greater curvature to the
lesser curvature. Small incisions were made on the greater curvature side, for each of
the duodenal stumps and the remnant stomach. One jaw of the stapler was pressed
against the posterior wall of the stomach 2 cm away from the gastric resection margin,
and then the remnant stomach was rotated clockwise to the duodenal side. The
duodenal stump was inserted by another jaw of stapler and then rotated externally by
90°. After the initial suturing between the remnant stomach and the duodenum, the
posterior wall and caudal wall formed a V-shape. A 30 mm linear stapler was then
applied to close the insertion holes up to the closest side of the duodenal resection
margin, creating the third side of a rectangle. After gastric and duodenal resection
margins were ensured to be close together, the 60 mm linear stapler was used to
transect the duodenal resection margin to create the fourth side of the rectangle. After
the above steps, all the previous linear staplers were removed from duodenal
resection margin, and the augmented rectangular gastroduodenal anastomosis was
completed.

Trainer and trainees

Seven operators were involved in this study. There were two trainers and five
trainees. Two trainers were Endoscopic Surgical Skill Qualification System for gastric
cancer accredited surgeons. Trainees had at least 7 years of experience as a surgeon
after graduation. The surgical outcomes of five trainees who had performed more
than five TLDG procedures were compared with the other two trainers.

Education system for laparoscopic gastrectomy
Trainees received systematic education about laparoscopic gastrectomy in four
components (Figure 1).
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Four points of training system

Basic laparoscopic skills

Experiences on Directions during
laparoscopic surgery performing TLDG

Figure 1 Four points of our training system. TLDG: Total laparoscopic distal gastrectomy.

The first component was understanding the anatomy and standard procedures of
TLDG: (1) Study basic theoretical knowledge of vascular and lymphatic drainage
anatomy especially in laparoscopy; and (2) Watch non-edited video from operations
by the trainers as well as trainees repeatedly.

The second component was to master and improve the basic laparoscopic skills: (1)
Develop hand-eye coordination, practice laparoscopic knot-tying and suturing
techniques using training box; (2) Strengthen basic skills using computer simulator
with programs for laparoscopic surgery; and (3) Participate in training sessions, such
as hands-on training using porcine laboratory training organized by the Department
of Minimally Invasive Surgery of Juntendo University Hospital and educational
seminars organized by the Juntendo University Medical Technology and Simulation
Center and other organizations.

The third component was experiences during laparoscopic surgery: (1) Complete
simple laparoscopic surgery such as laparoscopic cholecystectomy and laparoscopic
partial gastrectomy; and (2) Be a scope operator and then an assistant to understand
the standard procedure of TLDG.

The fourth component was to receive direction during real TLDG. When a trainee
performed the TLDG, the trainer surgeon was usually the first assistant to give
guidance.

Learning curve of the trainees

Two variables, operation time and intraoperative estimated blood loss, from patients
who underwent TLDG by trainees were used to define the learning curve. Variables
in each group were calculated as mean * standard deviation and then compared with
that of those performed by the trainer surgeons. Continuous curves were plotted for
each variable to identify any plateau effect. Plateau was defined as variable with < 5%
change. The patient number at which a < 5% change occurred within the variable
gave the minimum number of cases needed to reach the learning curve for that
variable.

Statistical analysis

Continuous data are presented as median and ranges. Independent-sample ¢ test was
used to analyze continuous data, and y? or Fisher’s exact tests was used to assess
differences in categorical data. Statistical analysis was performed using the SPSS
statistical software program (version 23). A P < 0.05 was considered significant.

RESULTS

Ratio of the operator cases of TLDG by the trainees

A total of 92 patients received TLDG with ART between June 2016 and June 2019.
Among them, 52 patients were operated by the trainee group while the remaining 40
patients were operated by the trainer group (Figure 2). Compared with trainers,
trainees performed more than 50% of the TLDG except for the first year.

Clinicopathological characteristics of the patients

Patient clinicopathological characteristics are summarized in Table 1. There were no
significant differences between the two groups in patient characteristics, including
age, sex, body mass index, American society of anesthesiologists status and pathology
staging. The trainer group tended to perform operations for patients with higher
depth of invasion (P = 0.004) and higher pathology stage (P = 0.017).
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Figure 2 The number of patients who underwent total laparoscopic distal gastrectomy in our department
each year. TLDG: Total laparoscopic distal gastrectomy.

Surgical outcomes

The surgical outcomes, including intraoperative blood loss and harvested number of
LNs, were not significantly different between the trainee and trainer groups (Table 2).
The trainer group performed more D2 gastrectomies than the trainee group (P =
0.034). The operation time was significantly longer in the trainee group compared
with the trainer group (P = 0.002). No patients required conversion to open
gastrectomy in either group. The postoperative stay was almost equivalent. The
results of lymphadenectomy and GI reconstruction time are shown in Table 3. There
were significant differences between the groups in the infrapyloric, suprapyloric,
greater curvature and suprapancreatic LN dissection times. The times for lesser
curvature LN dissection and GI reconstruction were similar between the two groups.

Postoperative complications

Four patients in the trainee group (7.7%) and two patients in the trainer group (5%)
had complications (Table 4). The most frequent complication was intra-abdominal
abscess (3.8%) in the trainee group. No complication needed surgical intervention.
There was no mortality associated with surgery in either group.

Learning curve of the trainees

Among the 52 patients resected by trainees, the mean value of operation time is
shown in Figure 3. The average operating time decreased from 315 min in cohort 1 to
253 min in cohort 10. The average operation time for the trainee group plateaued at
around 260 min after five cases. There was less than 5% change in average operation
time after cohort 5 up to cohort 10 but still a big gap compared with that of the trainer
group. The average operative blood loss was similar for the two groups.

DISCUSSION

Gastric cancer ranks the fifth most common cancer and the third most common cause
in cancer-related deaths worldwide with the highest incidence rate in Eastern Asial"’l.
Radical resection is the only curative modality for patients with resectable gastric
cancer. Introduction of laparoscopic gastrectomy has shown promising results in early
gastric cancer!"'! and even comparable outcomes in advanced gastric cancer!*"”! when
compared with open surgery. Laparoscopic gastrectomy has therefore rapidly gained
popularity in the world. With the developments in anastomosis devices and
modification in anastomotic techniques™'*, more and more cases can be performed by
total laparoscopic gastrectomy!. Intracorporeal GI reconstruction showed some
benefits especially in the setting of narrow spaces in obese patients and small remnant
stomachs from high location of tumor.

Total laparoscopic gastrectomy has generated interest and desire not only in
experienced surgeons but also in trainee surgeons. In this context, many efforts for
research and education on laparoscopic surgery have been made. The Japan Society of
Endoscopic Surgery established the Endoscopic Surgical Skill Qualification System
and provides the educational environment for the training of qualified surgeons!*"l.
Some high-volume centers also reported their experiences of educating young
surgeons on laparoscopic assisted distal gastrectomy!'*'"l. However, most studies
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Table 1 Patient clinicopathological characteristics

Characteristics Trainee surgeon Trainer surgeon P value
Ageinyr

Median 68.5 (37-83) 69.6 (42-90) 0.630
<80 44 (84.6%) 31 (77.5%) 0.794
>80 8 (15.4%) 9 (22.5%)

Sex

Male 32 (61.5%) 23 (57.5%) 0.830
Female 20 (38.5%) 17 (42.5%)

BMI in kg/m

Median 22.01 (14.98-36.00) 23.11 (18.67-32.56) 0.145
<25 43 (82.7%) 30 (75.0%) 0.440
>25 9 (17.3%) 10 (25.0%)

ASA

1 20 (38.5%) 13 (32.5%) 0.793
2 29 (55.8%) 24 (60.0%)

3 3 (5.7%) 3(7.5%)

Previous abdominal surgery

Yes 14 (26.9%) 8 (20%) 0.472
No 38 (73.1%) 32 (80%)

pT

T1 42 (80.8%) 22 (55.0%) 0.004
T2 3 (5.8%) 5 (12.5%)

T3 6 (11.5%) 4(10%)

T4 1 (1.9%) 9 (22.5%)

pStage

1A 35 (67.3%) 17 (42.5%) 0.017
1B 7 (13.5%) 6 (15%)

A 5 (9.6%) 3(7.5%)

1B 4(7.7%) 3 (7.5%)

A 1(1.9%) 8 (20%)

111B 0 1(2.5%)

i@ 0 2 (5%)

Data are expressed as the median (range) or number of patients. BMI: Body mass index; ASA: American
Society of Anesthesiologists.

mixed different kinds of gastrectomy and even different reconstruction methods,
which may cause bias of the results. In order to limit the influence of different
techniques on results, we only focused on TLDG using the same surgical procedures
and reconstruction methods for each patient in this study.

Our department was founded in 2015, and laparoscopic surgeries represent most of
our surgeries. More than 90% of gastrectomies were performed by laparoscopy, and
most GI reconstructions are done intracorporeally. The advantage of our volume is
more opportunities for trainee surgeons to perform such surgeries. However,
shortcomings of this are also evident in less opportunity to learn open surgery and
higher technical skills. These characteristics make laparoscopic training procedures
for young surgeons different from what experience surgeons experienced previously
by placing higher educational and technical demands on residents”). Appropriate and
efficient training systems suitable for the current situation need to be urgently
established. One experienced surgeon in our department has performed laparoscopic
surgery since 2004 and has been concentrating on laparoscopic training!**. When
starting laparoscopic gastrectomy in our newly founded department, an educational
and training system for young surgeon was set up at the same time.

Our training system covers four parts: understanding anatomy and standard
procedures, practicing basic laparoscopic skills, performing simple laparoscopic
surgery and providing focal points during laparoscopic gastrectomy. It is useful to
use a dry box to help trainees practice laparoscopic suturing techniques and improve
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Table 2 Surgical outcomes

Items Trainee surgeon Trainer surgeon P value

LN dissection

D1+ 43 (82.7%) 25 (62.5%) 0.034
D2 9 (17.3%) 15 (37.5%)

Combined organ resection 4(7.7%) 2 (5%) 0.568
Cholecystectomy 4 0

Appendicectomy 0 1

Colectomy 0 1

Blood loss 26 (5-170) 23 (3-125) 0.566
Conversion to open procedure 0 0

Operation time in min

Median (range) 270 (199-512) 239 (154-375) 0.002
Harvested LNs, number

Median (range) 39 (14-86) 39 (14-70) 0.989
Postoperative hospital stays in d

Median (range) 13.38 (7-60) 12.70 (7-27) 0.720

Data are expressed as the median (range) or number of patients. LN: Lymph node.

hand-eye coordination!”*l. However, the camera in the box is usually fixed to a
particular point, which is different from practical surgery. In order to create a more
realistic laparoscopic environment, we also use computer simulators to train young
surgeons. Computer simulators with laparoscopic programs and magnetic feedback
systems can strengthen basic skills and surgical training more than a traditional dry
box.

Using a video recording system and online video websites, trainees can watch
operative videos before operating and can analyze each step of their own surgery
repeatedly after operation. Before becoming an operator, experiences gained from
watching laparoscopic gastrectomy videos, performing simple laparoscopic surgeries,
being a scope assistant, and being the first assistant helps trainees master
laparoscopy-specific anatomical views, acquire skills of handling of laparoscopic
energy devices and cooperating closely with other surgeons. Trainers play an
important role, especially during the trainee’s actual operation. In our department,
trainers usually worked as the first assistant when trainees performed TLDG. Trainers
could not help the trainee’s procedure because the assistant’s hands were always
occupied for exposing the operative field of vision!'". But the first assistant trainers
could directly provide direction, give confidence and control the quality of surgery.

The technically challenging component of TLDG for trainees mainly centers on
lymphadenectomy and GI reconstruction. Trainees performed TLDG with longer time
compared to trainers. After splitting the whole procedure of TLDG into
lymphadenectomy for each station and GI reconstruction, we found that
lymphadenectomy in the infrapyloric and suprapancreatic areas took longer in the
trainee group. However, reconstruction time was similar between the two groups.
Standardizing operative procedures is useful for surgical education”*1. Paying more
attention to the details of lymphadenectomy could improve surgical efficiency, reduce
unnecessary injury and result in less bleeding. In our department, D1 + LN dissection
is normally performed in the following order: “No. 6 — No. 5 (plus 12a in D2) — No.
4sa, 4d — No. 8a, 7, 9 (plus 11p in D2) — No. 3, 1.” The total procedure is just like
page-turning, which may make a good field of vision and avoid repeated clamping of
the diseased gastric wall. Our results show there is a positive relationship between
infrapyloric and suprapancreatic lymphadenectomy time. LN dissection in
infrapyloric and suprapancreatic areas requires delicate manipulations especially in
obese patients. More adipose tissue makes it difficult to identify the correct
anatomical planes. We developed an intracorporeal reconstruction technique named
ART, which is easily performed!. Two 60 mm and one 30 mm laparoscopic linear
staplers are used to create a larger 4-sided anastomosis. Stay sutures are canceled and
less (even no) intersection angle sutures are needed, which makes the technique easy
and time-saving especially for trainees. Our results showed that the reconstruction
time of trainees is similar to that of trainers. No anastomosis-related complications
were found between the two groups. These results may indicate that this
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Table 3 Lymphadenectomy and reconstruction outcome

Items Trainee surgeon Trainer surgeon P value
Lymphadenectomy

Infrapyloric LNs 58.8 (27-135) 42.0 (19-85) 0.004
Suprapyloric LNs 18.8 (4-40) 10.6 (3-24) 0.001
Great Curvature LNs 17.7 (8-34) 12.3 (6-32) 0.004
Suprapancreatic LNs 41.0 (23-82) 28.4 (17-51) 0.001
Along lesser curvature LNs 16.6 (7-36) 14.1 (7-34) 0.213

GI reconstruction 19.0 (11-37) 18.9 (11-39) 0.988

Data are expressed as the median (range). LN: Lymph node; GI: Gastrointestinal.

reconstruction method is easy and safe to perform for young surgeons.

In this study, we compared early outcomes of TLDG between trainees and trainers
to clarify whether our training system was useful in maintaining the quality of trainee
operations. The number of harvested LNs and intraoperative bleeding were not
significantly different between the two groups. The incidence of postoperative
complications was similar between the trainee and trainer groups. These results
indicated that TLDG performed by trainees is safe and feasible. Some studies
indicated pancreatic fistula occurred much more in trainee surgeries!'”***1. However,
our results showed the incidence of pancreatic fistula was similar between the two
groups. Much attention was paid to the dissection of the infrapyloric and
suprapancreatic LNs. During operations we normally compress the adjacent tissues at
the inferior border of the pancreas instead of directly touching the pancreas itself. The
postoperative hospital stays are relatively long compared with other reported studies.
One reason is that more older patients were included in our seriest’.

The trainees in our department have less chance to perform open gastrectomies.
However, the learning curve for TLDG showed that the average operative time of the
trainees reached a plateau after five cases, especially in older and advanced stage
patients, compared with other studies!"”*\. The learning curve showed no difference in
blood loss in the two groups. All the results may support that our educational and
training system may enable trainees to quickly learn to perform TLDG. The influence
of patient selection on the learning curve should also be evaluated. In our department,
trainees usually performed surgery for lower stage gastric cancer vs trainers. Careful
patient selection for trainees might be one important factor for a successful initial
experience with TLDG. We should take cognizance of the situation clearly that there is
still a big gap between the two groups after trainees reach the plateau, which may be
accounted for the technical complexity of lymphadenectomy needing a longer
learning time.

There are some limitations in our study. Its retrospective nature may induce some
bias. Because of the length of follow up, our study did not provide enough data to
show conclusions about oncologic safety and long-term outcomes. LNs dissection
number may be prognostic factor for survival of patients. In our study, 97.8% of
patients had more than 15 LNs harvested. We still need further follow up on these
patients. The number of patients in our study is limited, but the study interval was
shorter than other studies and only focused on TLDG with the same procedure and
reconstruction method. These may reduce the impacts of surgical techniques.

In conclusion, trainees can perform TLDG safely and feasibly after receiving
systematic training. Making laparoscopic procedures standard and using an easy
reconstruction method are useful in the success of the training system.
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Table 4 Postoperative complications

Items Trainee surgeon Trainer surgeon P value
Anastomotic leakage 0 0 1.000
Anastomotic bleeding 1(1.9%) 0 0.497
Anastomotic stenosis 0 1.000
Intra-abdominal abscess 2(3.8%) 1(2.4%) 0.683
Pancreatic fistula 1(1.9%) 1(2.4%) 1.000
Ileus 0 0 1.000
Mortality 0 0 1.000

Data are expressed as number of patients. Clavien-Dindo grade 2 or higher.
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Figure 3 Learning curve of trainees. A: Average operation time for total laparoscopic distal gastrectomy performed by the trainees was compared among cases and
that of trainers. After starting total laparoscopic distal gastrectomy as an operator, the average operative time reached a plateau after 5 cases; B: Average blood loss
for total laparoscopic distal gastrectomy performed by the trainees was compared among cases and that of trainers.

ARTICLE HIGHLIGHTS

Research background

Total laparoscopic distal gastrectomy (TLDG), which involves technically complex elements and
requires dedicated skills, has generated interest and desire not only in surgeon pioneers but also
in trainee surgeons. The rapid expansion of TLDG has led to concern about education for young
surgeons.

Research motivation

Fewer opportunities to perform open gastrectomy and higher technical demands has made
laparoscopic training procedures for young surgeons differ from those of laparoscopic surgeon
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pioneers. Appropriate and efficient training systems suitable for the current situation need to be
urgently established.

Research objectives
The patients underwent TLDG plus Billroth I reconstruction from June 2016 to June 2019.
Clinical, surgical and pathological data of these patients were collected and analyzed.

Research methods

This study assessed our laparoscopic training system for TLDG based on short-term surgical
outcomes. We reviewed ninety-two consecutive patients with gastric cancer who underwent
TLDG plus Billroth I reconstruction using the augmented rectangle technique. The trainees were
required to receive systematic laparoscopic training. The total procedure of TLDG was divided
into different regional lymph node dissection and gastrointestinal reconstruction for analyzing.
Early surgical outcomes were compared between trainees and trainers to clarify the feasibility
and safety of TLDG performed by trainees.

Research results

Five trainees performed a total of 52 TLDG (56.5%), while 40 TLDG were conducted by the two
trainers (43.5%). Except for depth of invasion and pathology stage, there were no differences in
patient clinicopathological characteristics. Trainers performed more D2 gastrectomies than
trainees. The total operation time was significantly longer in the trainees. The time spent on less
curvature lymph node dissection and Billroth I reconstruction was similar between the two
groups. No difference was found in postoperative complications between the two groups. The
learning curve of the trainees plateaued after five TLDG cases.

Research conclusions

Preparing trainees with a laparoscopic view of surgical anatomy, standard operative procedures
and practice in essential laparoscopic skills enabled trainees to perform TLDG safely and
feasibly.

Research perspectives
Making laparoscopic procedures standard and using an easy reconstruction method are useful in
the success of the training system.
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Abstract

BACKGROUND

Intrahepatic cholangiocarcinoma (ICC) is a heterogeneous hepatobiliary cancer
with limited treatment options. A number of studies have illuminated the
relationship between inflammation-based prognostic scores and outcomes in
patients with ICC. However, the use of reliable and personalized prognostic
algorithms in ICC after resection is pending.

AIM
To assess the prognostic value of the gamma-glutamyltransferase to lymphocyte
ratio (GLR) in ICC patients following curative resection.

METHODS

ICC patients following curative resection (2009-2017) were divided into two
cohorts: The derivation cohort and validation cohort. The derivation cohort was
used to explore an optimal cut-off value, and the validation cohort was used to
further evaluate the score. Overall survival (OS) and recurrence-free survival
(RFS) were analyzed, and predictors of OS and RFS were determined.

RESULTS

A total of 527 ICC patients were included and randomly divided into the
derivation cohort (264 patients) and the validation cohort (263 patients). The two
patient cohorts had comparable baseline characteristics. The optimal cut-off value
for the GLR was 33.7. Kaplan-Meier curves showed worse OS and RFS in the
GLR > 33.7 group compared with GLR < 33.7 group in both cohorts. After
univariate and multivariate analysis, the results indicated that GLR was an
independent prognostic factor of OS [derivation cohort: hazard ratio (HR) =
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1.620, 95% confidence interval (CI): 1.066-2.462, P = 0.024; validation cohort: HR =
1.466, 95%ClI: 1.033-2.142, P = 0.048] and RFS [derivation cohort: HR =1.471,
95%CI: 1.029-2.103, P = 0.034; validation cohort: HR = 1.480, 95%ClI: 1.057-2.070, P
=0.022].

CONCLUSION

The preoperative GLR is an independent prognostic factor for ICC patients
following hepatectomy. A high preoperative GLR is associated with worse OS
and RFS.

Key words: Gamma-glutamyltransferase; Lymphocyte ratio; Gamma-glutamyltransferase
to lymphocyte ratio; Intrahepatic cholangiocarcinoma; Prognosis; Survival analysis

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This study investigated the clinical significance of preoperative gamma-
glutamyltransferase to lymphocyte ratio (GLR) levels in intrahepatic
cholangiocarcinoma (ICC) patients following hepatectomy. We retrospectively enrolled
527 ICC patients underwent curative hepatectomy at our center. The results showed that
a higher GLR is associated with worse overall survival and recurrence-free survival in
ICC patients after hepatectomy. Thus, the preoperative GLR is an independent
prognostic factor for ICC patients following curative resection.

Citation: Wang JJ, Li H, Li JX, Xu L, Wu H, Zeng Y. Preoperative gamma-
glutamyltransferase to lymphocyte ratio predicts long-term outcomes in intrahepatic
cholangiocarcinoma patients following hepatic resection. World J Gastroenterol 2020;
26(13): 1501-1512

URL: https://www.wjgnet.com/1007-9327/full/v26/i113/1501.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.113.1501

INTRODUCTION

Intrahepatic cholangiocarcinoma (ICC), the second most type of common biliary
malignancy, is a rare epithelial malignancy that results in poor prognosis!'l. An
increasing incidence of ICC has been reported worldwide over the last few decades!”.
Surgical resection and liver transplantation may be the potentially curative method
for patients with ICC. However, contemporary studies do not support the choice of
liver transplantation for ICC patients as the preferred treatment. Despite advances in
early detection and surgical techniques, the 5-year survival rate of ICC after curative
resection is approximately 30%"1. This poor outcome is mainly caused by tumor
recurrence and metastasis!*l. Furthermore, the discovery of effective blood
biomarkers or prognostic models for recurrence and survival in patients with ICC
following curative resection remains an unmet need.

Accumulating evidence has demonstrated that a disordered inflammatory response
plays an important role in carcinogenesis or tumor recurrencel”*l. Recently, studies
have suggested that inflammation-based prognostic indexes such as the platelet to
lymphocyte ratio (PLR), neutrophil to lymphocyte ratio (NLR) or aspartate
transaminase to lymphocyte ratio index can predict the risk and prognosis of various
solid tumors; the gamma-glutamyltransferase (GGT) to lymphocyte ratio (GLR) is one
of these prognostic indexes”'?. Previous studies have reported that the preoperative
GLR has significant prognostic value for patients with nonfunctional pancreatic
neuroendocrine tumor after curative resection!"l. However, the relationship between
GLR and the prognosis of ICC patients following curative resection has not been
reported.

Clinical practice needs to enhance the understanding of factors that underlie
differences in prognosis observed among patients and to distinguish patients with a
risk of recurrence for the development of personalized therapeutic approaches. Thus,
we performed a retrospective study to assess the prognostic value of the GLR for ICC
patients after curative resection.
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MATERIALS AND METHODS

Patients

The study enrolled patients who underwent hepatic resection for ICC, between
January 2009 and September 2017, at the West China Hospital of Sichuan University.
This study was approved by the Medical Ethics Committee of the West China
Hospital of Sichuan University. The included patients in this study met the following
criteria: (1) Histologically confirmed ICC; and (2) Received curative hepatectomy. The
exclusion criteria were as follows: (1) ICC accompanied by other lethal diseases or
cancers; (2) Patients who received chemotherapy and/or radiotherapy; and (3)
Metastasis. The patients were divided into a cohort and validation cohort. The
derivation group was used to generate an optimal cut-off value, and the validation
group was used to evaluate this cut-off value.

Follow up and data extraction

The follow-up time ended in October 2018. Informed consent was obtained from all
patients. For each patient enrolled in our analysis, the following data were collected
using electronic patient medical records: Age, sex, histological features, hepatitis virus
infection, Child-Pugh levels, tumor-node-metastasis (TNM) stage, Barcelona Clinic
Liver Cancer (BCLC) stage, preoperative serum GGT levels and neutrophil, platelet,
and lymphocyte counts.

Statistical analysis

The primary and secondary endpoints were overall survival (OS) and recurrence-free
survival (RFS), respectively. OS was defined as the time in months from resection to
death or to the last follow-up. RFS was defined as the time in months from resection
to recurrence or to the last follow-up. The NLR, PLR, and GLR were calculated by
relevant laboratory parameters. The cut-off points for the inflammation-based
prognostic scores were identified using receiver operating characteristic curve
analysis, which was performed in the derivation cohort. Based on the optimal cut-off
points, including the GLR, we divided the derivation and validation cohorts into two
subgroups. Continuous variables were analyzed using the Student’s -test or Kruskal-
Wallis test, and categorical variables were analyzed using Fisher’s exact test or the y*
test. Univariate and multivariate analyses were conducted using logistic regression
models. Variables with P values less than 0.10 in univariate regression analyses were
selected for multivariate regression models. P < 0.05 was considered statistically
significant. All analyses were performed using SPSS® software (version 23.0; Chicago,
IL, United States) and Medcalc software (version 15.2.2.0; Ostend, Belgium).

RESULTS

Patient population

Of the 527 patients enrolled, 254 (48.2%) were men and 277 (51.8%) were women
(Supplementary Table 1). These patients were diagnosed at a mean age of 57.26 *
10.71 years and underwent a mean follow-up of 25 mo. Serum hepatitis B surface
antigen (HBsAg) was positive in 151 patients (28.8%), hepatitis C virus infected 3
patients (0.6%) and hepatolithiasis existed in 88 patients (16.7%). Among them, 24
(4.6%) patients had Child-Pugh grade B liver function. Ascites existed in 50 patients
(9.5%). Serum carbohydrate antigen 19-9 (CA19-9) < 22 U/mL were observed in 149
patients (28.3%). The mean value of NLR, PLR, and GLR were 2.73, 113, and 44.7,
respectively. The numbers of patients classified into TNM stage IA, IB, II, IIIA, and
IIB were 63 (12%), 37 (7%), 55 (10.4%), 241 (45.7%), and 131 (24.9%), respectively. The
numbers of patients classified into BCLC stage 0, A, B and C were 23 (4.4%), 141
(26.8%), 240 (45.5%), and 123 (23.3%), respectively. These patients were divided into a
derivation cohort (n = 264) and a validation cohort (n = 263). There were no
differences in sex, age, hepatitis virus infection, Child-Pugh grade, presence of ascites
or serum CA19-9 levels (all P > 0.05). In addition, there were also no differences in
histological features or the number of patients classified into TNM stages or BCLC
stages (all P > 0.05).

Determination of optimal cut-off value

Using the 2-year overall survival rate as an endpoint, the optimal cut-off values were
confirmed using receiver operating characteristic curve analyses. For all 264 ICC
patients in the derivation cohort, a GLR cut-off value equal to 33.7 provided the best
separation of the survival curves between the two groups. In addition, the cut-off
values of the NLR and PLR were 2.62 and 103, respectively.
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Relationships between GLR and patient characteristics

According to the cut-off value, 264 patients in the derivation cohort and 263 patients
in the validation cohort were divided into the GLR > 33.7 group and the GLR < 33.7
group, respectively. In the derivation cohort, the preoperative GLR was correlated
with sex (P = 0.024), CA19-9 level (P = 0.005), tumor size (P < 0.001), solitary tumor (P
= 0.001), macrovascular (P = 0.011) and microvascular invasion (MVI) (P = 0.026),
node-positive (P = 0.005), perineural invasion (P = 0.044), TNM stage (P = 0.002), and
BCLC stage (P < 0.001) (Table 1). Somewhat differently, in the validation cohort, the
preoperative GLR was correlated with sex (P = 0.03), CA 19-9 level (P = 0.043), tumor
size (P = 0.007), macrovascular invasion (P < 0.001), perineural invasion (P = 0.009),
and BCLC stage (P < 0.001). In addition, no significant differences were observed
between preoperative GLR and other clinicopathological variables such as age,
HBsAg, hepatolithiasis, Child-Pugh grade B, ascites, well-differentiated tumors, MVI,
liver capsule invasion, and cirrhosis (all P > 0.05).

Kaplan-Meier curves

The Kaplan-Meier curves suggested that the OS rates of the GLR > 33.7 group were
markedly shorter than those of the GLR < 33.7 group (P < 0.001) (Figure 1A), while the
RFS rates of the GLR > 33.7 group were also shorter than those of the GLR < 33.7
group in the derivation cohort (P < 0.001) (Figure 1B). The poorer outcome of those
with GLR > 33.7 was demonstrated in the validation cohort, as those patients had
shorter OS (P < 0.001) and RFS (P < 0.001) (Figure 2).

Previous studies have reported on the prognostic significance of NLR and PLR in
ICC patients!""'"l. Therefore, based on the cutoff value of NLR, two cohorts were
divided into the NLR < 2.62 group and NLR > 2.62 group, respectively. The Kaplan-
Meier curves showed that the OS rates of the NLR > 2.62 group were shorter than
those of the NLR < 2.62 group (derivation cohort: P = 0.002; validation cohort: P =
0.002) (Supplementary Figure 1), while the RFS rate of the NLR > 2.62 group was also
shorter than that of the NLR < 2.62 group (derivation cohort: P = 0.026; validation
cohort: P < 0.001) (Supplementary Figure 2) in both cohorts. In the same way, two
cohorts were divided into the PLR <103 group and PLR > 103 groups. However, PLR
> 103 was associated with worse OS in the validation cohort but not in the derivation
cohort (derivation cohort: P = 0.063; validation cohort: P = 0.028) (Supplementary Fig-
ure 3). Meanwhile, PLR > 103 was associated with a worse RFS in the derivation
cohort but not in the validation cohort (derivation cohort: P = 0.043; validation cohort:
P =0.661) (Supplementary Figure 4).

Prognostic significance of GLR

Univariate analysis for OS revealed that preoperative GLR, CA19-9, tumor size, tumor
number, MVI, node-positive, NLR, and PLR had P values of < 0.10 in both cohorts
(Tables 2 and 3). Similarly, univariate analysis for RFS identified that GLR, ascites,
CA19-9 level, tumor size, tumor number, tumor differentiation, MVI, node-positive,
TNM stage, BCLC stage, and NLR had P values of < 0.10 in both cohorts (Tables 2 and
3).

The results of multivariate analysis are shown in Table 4. The results indicated that
the GLR was an independent predictor of OS [derivation cohort: hazard ratio (HR) =
1.620, 95% confidence interval (CI): 1.066-2.462, P = 0.024; validation cohort: HR =
1.466, 95%CI: 1.033-2.142, P = 0.048] and RFS (derivation cohort: HR = 1.471, 95%CI:
1.029-2.103, P = 0.048; validation cohort: HR = 1.480, 95%ClI: 1.057-2.070, P = 0.022). In
addition, CA19-9 was also demonstrated to be an independent predictor of OS and
RFS in both cohorts (all P < 0.05).

Prognostic values of GLR in different ICC subgroups

We further investigated the prognostic value of the GLR in various subgroups of ICC
patients. The results suggested that the GLR was a prognostic factor for OS and RFS in
patients age > 60 or < 60, male or female, with or without cirrhosis, without ascites,
with solitary tumor, with tumor size 2 5 cm or < 5 cm, with MVI-negative, with or
without macrovascular invasion, with node-positive or node-negative, with or
without perineural invasion, with BCLC stage 0-A or B-C and TNM stage I-II or III (all
P <0.05) (Figures 5 and 6). However, preoperative GLR was not a prognostic marker
for OS and RFS in patients with ascites, multiple tumor and MVI-positive (all P > 0.05)
(Figures 5 and 6).

DISCUSSION

It is clear that the poor prognosis and limited effective treatment options for ICC are
common obstacles faced by clinicians!"“\. Thus, a prognostic model to screen surgical
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Table 1 Correlation between gamma-glutamyltransferase to lymphocyte ratio and clinicopathological characteristics in intrahepatic

cholangiocarcinoma

Derivation Validation
Variables P value P value
GLR =33.7 GLR > 33.7 GLR =33.7 GLR>33.7
Total patients 107 157 97 166
Age, yr 57.96 (11.48) 57.80 (10.35) 0.902 56.97 (10.69) 56.48 (10.56) 0.716
Male gender, 1 (%) 42 (39.3) 85 (54.1) 0.024" 38 (39.2) 89 (53.6) 0.030"
HBsAg, n (%) 36 (33.6) 37 (23.6) 0.073 31 (32.3) 47 (28.5) 0.575
Hepatolithiasis, 1 (%) 14 (13.1) 27 (17.2) 0.396 15 (15.5) 32 (19.3) 0.511
Child-Pugh grade B, n (%) 3(2.8) 8(5.1) 0.533 2(2.1) 11 (6.6) 0.141
Ascites, n (%) 6 (5.6) 21 (13.4) 0.061 4(4.1) 19 (11.4) 0.068
CA-199 <22, 1 (%) 38 (36.5) 42 (27.5) 0.005" 29 (31.2) 40 (24.2) 0.043"
Tumor size, cm 5.14 (2.29) 6.51 (2.78) <0.001" 5.40 (2.22) 6.36 (2.97) 0.007*
Solitary tumor, 1 (%) 89 (83.2) 102 (65.0) 0.001° 67 (69.1) 113 (68.1) 0.895
Well tumor differentiation, n (%) 6 (5.6) 4(2.5) 0.331 5(5.2) 7 (4.2) 0.767
Macrovascular invasion, 7 (%) 17 (15.9) 45 (28.7) 0.011% 8(8.2) 53 (31.9) <0.001"
Microvascular invasion, n (%) 6 (5.6) 23 (14.6) 0.026" 7(7.2) 17 (10.2) 0.514
Liver capsule invasion, 1 (%) 67 (62.6) 107 (68.2) 0.362 64 (66.0) 97 (58.4) 0.248
Node-positive, n (%) 16 (15.0) 48 (30.6) 0.005" 18 (18.6) 47 (28.3) 0.107
Perineural invasion, 1 (%) 9(84) 27 (17.2) 0.044" 8(8.2) 35 (21.1) 0.009"
Cirrhosis, n (%) 27 (25.2) 53 (33.8) 0.174 19 (19.6) 46 (27.7) 0.182
TNM stage, 1 (%) 0.002" 0.107
IA 23 (21.5) 12 (7.6) 13 (13.4) 15 (9.0)
1B 6 (5.6) 12 (7.6) 6(6.2) 13 (7.8)
I 6 (5.6) 13 (8.3) 10 (10.3) 26 (15.7)
IIA 55 (51.4) 72 (45.9) 50 (51.5) 64 (38.6)
111B 17 (15.9) 48 (30.6) 18 (18.6) 48 (28.9)
BCLC stage, 1 (%) <0.001° <0.001°
0 6 (5.6) 9(5.7) 3(3.1) 5(3.0)
A 44 (41.1) 25 (15.9) 34 (35.1) 38 (22.9)
B 40 (37.4) 78 (49.7) 52 (53.6) 70 (42.2)
C 17 (15.9) 45 (28.7) 8(8.2) 53 (31.9)

P < 0.05. HBV: Hepatitis B virus; CA-199: Carbohydrate antigen-199; TNM: Tumor-node-metastasis; BCLC: BARCELONA Clinic Liver Cancer; GLR:
Gamma-glutamyltransferase to lymphocyte ratio; ICC: Intrahepatic cholangiocarcinoma; HR: Hazard ratio; CI: Confidence interval.
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patients with a high risk of recurrence or metastasis is of great value for developing
additional personalized therapeutic approaches. The main finding of the present
study relates to the identification of the GLR as a novel biomarker of prognosis in ICC
patients undergoing curative resection. High preoperative GLR is associated with
poor outcomes in patients with ICC after curative resection. In addition, we observed
that a GLR > 33.7 was associated with the highly aggressive features of tumors, such
as high CA19-9 levels and the presence of macrovascular invasion and perineural
invasion.

GGT is a glycoprotein that is known as a marker of cardiovascular disease or
bibulosity!>'l. In addition, previous studies have confirmed the association of GGT
with ICC and hepatocellular carcinomal’’-'"l. It was previously reported that GGT
plays a prooxidant role and is be associated with inflammation in carcinogenesis*"*.
Similarly, lymphocytes can reflect systemic inflammation in various primary
malignancies; thus, the lymphocyte count has been considered a prognostic predictor
in patients with cancer. Accumulating evidence has highlighted the important role of
systemic inflammation in tumor progression and aggressiveness”>*. In recent years,
various inflammation-based scores have been considered as prognostic indicators in
different solid cancers.

In 125 patients with nonfunctional pancreatic neuroendocrine tumor, the GLR was
identified as an independent predictor for outcomes in multivariate analyses, with
patients with preoperative a GLR > 10.3 demonstrating worse OS and disease-free
survival compared with those with a GLR <10.3!"l. To the best of our knowledge, this
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Figure 1 Kaplan-Meier survival curves and risk tables for overall survival and recurrence-free survival in the derivation cohort. A: Gamma-
glutamyltransferase to lymphocyte ratio > 33.7 was correlated with shorter overall survival; B: Recurrence-free survival in intrahepatic cholangiocarcinoma patients
following curative resection. OS: Overall survival; RFS: Recurrence-free survival; GLR: Gamma-glutamyltransferase to lymphocyte ratio; ICC: Intrahepatic

cholangiocarcinoma.

is the first study to assess the prognostic significance of the GLR for ICC. The GLR
index was developed using a cohort of 264 ICC patients and was validated in a
validation cohort of 263 patients who underwent resection. There were no significant
differences in the baseline characteristics. In this study, we first confirmed the optimal
cut-off value of the preoperative GLR according to the receiver operating
characteristic curve. We noticed that the elevated GLR was correlated with tumor size,
the presence of macrovascular and perineural invasion and BCLC stage in both
cohorts. Notably, all of these clinicopathological features indicated that the GLR
might implicate the tumor burden. After further analysis, we identified that the GLR
was a prognostic factor for OS and RFS in ICC patients after resection. Patients with a
high GLR tended to have a poorer outcome. In addition, a high preoperative GLR
could also predict worse OS and RFS in various subgroups. Hence, the preoperative
GLR can be considered an independent prognostic factor for ICC patients after
resection. Additionally, a high CA19-9 level could also act as an independent
predictor of worse outcomes in ICC patients undergoing resection.

Previous studies have investigated the prognostic effects of the NLR and PLR in
various cancers, including ICC*-*°l. These studies suggested that increased
preoperative NLR and PLR values were independent risk factors for long-term
outcomes. However, our results showed that NLR and PLR were not independent
predictors of OS or RFS in ICC patients in our center.

There were several limitations in our study. First, the main limitation of this study
is its retrospective nature. Second, the present study involved a single institution.
Moreover, it identified the prognostic value of the GLR only in ICC patients who
received curative resection. Given these limitations, future studies should include
more centers and additional patients with various treatment modalities.

In conclusion, our study demonstrates that the preoperative GLR is an independent
predictor of worse OS and RFS for ICC patients after resection. Therefore, as a readily
available inflammatory marker, the preoperative GLR should be considered for
incorporation into guiding selection of treatment methods by surgeons for ICC
patients.
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Table 2 Univariate analysis in the derivation cohort

Overall survival Recurrence-free survival
Variables

HR 95%Cl Pvalue HR 95%Cl Pvalue
Age 1.002 0.987-1.017 0.819 0.998 0.985-1.011 0.763
Gender, F/M 0.752 0.546-1.035 0.080° 0.846 0.633-1.132 0.262
HBsAg 1.210 0.853-1.717 0.285 1.274 0.924-1.756 0.139
Hepatolithiasis 1.593 1.061-2.393 0.025° 1.176 0.785-1.761 0.433
Child-Pugh grade, A /B 0.614 0.323-1.167 0.136 0.732 0.381-1.367 0.317
Ascites 1.639 1.011-2.658 0.045° 1.532 0.988-2.376 0.056"
CA-199 (222/<22) 0.953 0.926-0.981 0.001° 1.546 1.259-1.899 <0.001"
Tumor size 1.075 1.012-1.141 0.019% 1.123 1.063-1.187 <0.001"
Tumor number, Multiple/Single 1.655 1.172-2.328 0.004" 1.893 1.388-2.582 <0.001"
Tumor differentiation, Moderate-Poor/Well 1.891 0.699-5.115 0.209 3.277 1.045-10.274 0.042°
Macrovascular invasion 1.371 0.953-1.972 0.089" 1.277 0.913-1.787 0.153
Microvascular invasion 1.619 1.029-2.548 0.037% 1.983 1.306-3.012 0.001"
Liver capsule invasion 0.815 0.586-1.134 0.225 1.140 0.833-1.561 0.412
Node-positive 2.846 2.030-3.989 <0.001" 2.484 1.810-3.409 <0.001"
Perineural invasion 1.737 1.129-2.673 0.012% 1.245 0.821-1.887 0.302
Cirrhosis 1.526 1.094-2.130 0.013° 1.182 0.863-1.617 0.297
TNM stage, I11/1-1I 1.067 0.745-1.529 0.722 1.431 1.010-2.028 0.044"
BCLC, B-C/0-A 1.295 0.906-1.850 0.156 1.607 1.150-2.246 0.005"
NLR, >2.62/<2.62 1.701 1.221-2.371 0.002° 1422 1.057-1.912 0.020"
PLR, >103/<103 1.366 0.983-1.897 0.063" 1.360 1.009-1.833 0.043"
GLR, >33.7/<33.7 2.316 1.617-3.316 <0.001" 1.931 1.413-2.639 <0.001"

P < 0.10. M: male; F: Female; HBV: Hepatitis B virus; CA-199: Carbohydrate antigen-199; TNM: Tumor-node-metastasis; BCLC: Barcelona Clinic Liver
Cancer; NLR: Neutrophil to lymphocyte ratio; PLR: Platelet to lymphocyte ratio, GLR: Gamma-glutamyltransferase to lymphocyte ratio; HR: Hazard ratio;
CI: Confidence interval.
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Table 3 Univariate analysis in the validation cohort

Overall survival Recurrence-free survival
Variables

HR 95%Cl P value HR 95%Cl Pvalue
Age 0.996 0.981-1.011 0.594 0.990 0.976-1.004 0.148
Gender, F/M 0.907 0.667-1.233 0.534 0.920 0.695-1.218 0.560
HBsAg 1.004 0.717-1.405 0.982 1.110 0.819-1.505 0.500
Hepatolithiasis 1.092 0.744-1.602 0.654 0.799 0.551-1.158 0.236
Child-Pugh grade, A /B 0.852 0.435-1.671 0.642 0.751 0.418-1.350 0.339
Ascites 1.440 0.871-2.382 0.155 1.580 1.004-2.487 0.048"
CA-199,222/<22 1.744 1.390-2.188 <0.001" 1.402 1.140-1.722 0.001"
Tumor size 1.054 0.997-1.115 0.064" 1.084 1.030-1.141 0.002"
Tumor number, Multiple/Single 1.845 1.344-2.531 <0.001" 1.874 1.397-2.513 <0.001"
Tumor differentiation, Moderate-Poor/Well 13.449 1.881-96.150 0.010 6.053 1.930-18.982 0.002°
Macrovascular invasion 1.050 0.730-1.511 0.792 1.009 0.718-1.418 0.959
Microvascular invasion 1.995 1.228-3.242 0.005" 2.023 1.290-3.172 0.002"
Liver capsule invasion 1.553 1.118-2.159 0.009" 1.280 0.955-1.716 0.099"
Node-positive 2.009 1.438-2.808 <0.001" 1.525 1.115-2.085 0.008"
Perineural invasion 1.366 0.906-2.059 0.136 1.262 0.867-1.838 0.225
Cirrhosis 0.984 0.686-1.412 0.932 1.054 0.762-1.459 0.749
TNM stage, III/I-1I 1.774 1.242-2.533 0.002* 1.413 1.035-1.929 0.029
BCLC, B-C/0-A 1.619 1.136-2.308 0.008* 1.849 1.335-2.562 <0.001"
NLR, > 2.62/<2.62 1.649 1.202-2.261 0.002" 1.635 1.226-2.180 0.001"
PLR, >103/<103 1417 1.036-1.938 0.029% 1.065 0.803-1.414 0.661
GLR, >33.7/<33.7 1.826 1.300-2.565 0.001° 1.780 1.315-2.408 <0.001"

P < 0.10. M: Male; F: Female; HBV: Hepatitis B virus; CA-199: Carbohydrate antigen-199; TNM: Tumor-node-metastasis; BCLC: Barcelona Clinic Liver
Cancer; NLR: Neutrophil to lymphocyte ratio; PLR: Platelet to lymphocyte ratio, GLR: Gamma-glutamyltransferase to lymphocyte ratio; HR: Hazard ratio;
CI: Confidence interval.
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Table 4 Multivariate analysis of prognostic factors for overall survival and recurrence-free survival

Derivation cohort (n = 264) Validation cohort (n = 263)
(0]

HR 95%Cl P value HR 95%Cl Pvalue
Gender, F/M 0.847 0.58-1.216 0.367 -
Hepatolithiasis 1.073 0.677-1.699 0.765 -
Child-Pugh grade, A /B 0.775 0.38-1.583 0.485 -
Ascites 0.758 0.428-1.339 0.340 0.640 0.376-1.090 0.100
CA-199,222/<22 1.731 1.331-2.252 <0.001" 1.612 1.252-2.075 <0.001"
Tumor size 1.053 0.967-1.146 0.234 0.931 0.857-1.011 0.088
Tumor number, Multiple/Single 1.662 1.086-2.543 0.019° 1.677 1.189-2.366 0.003"
Tumor differentiation, Moderate-Poor/Well - 7.927 1.083-58.02 0.042°
Macrovascular invasion 1.199 0.781-1.843 0.407 -
Microvascular invasion 1.082 0.635-1.842 0.773 1.349 0.801-2.274 0.261
Liver capsule invasion - 1.036 0.533-2.013 0.917
Node- positive 2.038 1.365-3.042 <0.001" 1.269 0.835-1.928 0.265
Perineural invasion 1.252 0.773-1.116 0.169 0.973 0.591-1.603 0.914
Cirrhosis 1.589 1.074-2.351 0.020" -
TNM stage, III/I-1I - 1.294 0.607-2.761 0.505
BCLC, B-C/0-A 0.627 0.364-1.078 0.091 1.307 0.813-2.101 0.269
NLR, > 2.62/<2.62 1.357 0.912-2.017 0.132 1.287 0.897-1.846 0.170
PLR, >103/<103 1.141 0.776-1.679 0.502 1.094 0.778-1.539 0.604
GLR, >33.7/<33.7 1.620 1.066-2.462 0.024" 1.466 1.033-2.142 0.048°
RFS
Age - 0.991 0.976-1.006 0.236
HBsAg 1.367 0.974-1.919 0.071 -
Ascites 0.763 0.473-1.230 0.266 0.621 0.382-1.010 0.055
CA-199,222/<22 1.406 1.128-1.752 0.002% 1.319 1.050-1.656 0.017%
Tumor size 1.073 0.994-1.158 0.072 0.975 0.906-1.050 0.501
Tumor number, Multiple/Single 1.434 0.998-2.060 0.051 1.613 1.172-2.219 0.003"
Tumor differentiation, Moderate-Poor/Well 2.068 0.635-6.734 0.228 3.617 1.114-11.741 0.032°
Macrovascular invasion 1.149 0.785-1.682 0.475 -
Microvascular invasion 1.643 1.031-2.618 0.037% 1.607 0.986-2.618 0.057
Liver capsule invasion - 0.778 0.428-1.417 0413
Node-positive 1.859 1.272-2.716 0.001" 0.972 0.664-1.421 0.882
TNM stage, II1/1-II 0.892 0.559-1.328 0.572 1.524 0.778-2.988 0.220
BCLC, B-C/0-A 0.784 0.480-1.280 0.331 1.339 0.859-2.087 0.198
NLR, > 2.62/<2.62 1.128 0.811-1.571 0.474 1.352 0.967-1.891 0.077
PLR, >103/<103 1.125 0.809-1.565 0.483 0.805 0.589-1.100 0.173
GLR, >33.7/<33.7 1.471 1.029-2.103 0.034" 1.480 1.057-2.070 0.022"

2P < 0.05. OS: Overall survival; RFS: Recurrence-free survival; HBV: Hepatitis B virus; CA-199: Carbohydrate antigen-199; TNM: Tumor-node-metastasis;
BCLC: Barcelona Clinic Liver Cancer; GLR: Gamma-glutamyltransferase to lymphocyte ratio; HR: Hazard ratio; CI: Confidence interval.
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ARTICLE HIGHLIGHTS

Research background

Intrahepatic cholangiocarcinoma (ICC) is a heterogeneous hepatobiliary cancer with limited
treatment options and has a high mortality. Therefore, it is important to probe effective
biomarkers or prognostic models for ICC patients following hepatic resection at risk of
recurrence or metastasis. Accumulating studies has found that a system inflammatory response
is important in tumor progression and recurrence. However, it is not yet clear whether
neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR) or gamma-
glutamyltransferase to lymphocyte ratio (GLR), can be used as a novel prognostic factor for ICC
patients following hepatic resection.

Research motivation
Timely and effective establishment of prognostic models for ICC patients following curative
resection is of great value for the long-term outcomes of these patients.

Research objectives
The main aim of our study was to examine the role of inflammation markers in ICC patients and
evaluate the prognostic value of GLR in ICC patients following curative resection.

Research methods

We retrospectively enrolled ICC patients following curative resection between January 2009 and
September 2017 at the West China Hospital of Sichuan University. The ICC patients were
divided into a derivation cohort and a validation cohort. The derivation cohort was used to
explore an optimal cut-off value, and the validation cohort was used to further evaluate the
score.

Research results

In all, 527 ICC patients were included and divided into the derivation cohort (264 patients) and
the validation cohort (263 patients). The two cohorts had comparable baseline characteristics.
The optimal cut-off values for the NLR, PLR and GLR were 2.62, 103 and 33.7, respectively. The
overall survival (OS) and recurrence-free survival (RFS) were shorter in the GLR > 33.7 group
than GLR < 33.7 group in both derivation cohort and validation cohort. Multivariate analysis
revealed that the GLR was an independent predictor of OS [derivation cohort: hazard ratio (HR)
= 1.620, 95% confidence interval (CI): 1.066-2.462, P = 0.024; validation cohort: HR = 1.466,
95%CI: 1.033-2.142, P = 0.048] and RFS (derivation cohort: HR = 1.471, 95%CI: 1.029-2.103, P =
0.048; validation cohort: HR = 1.480, 95%CI: 1.057-2.070, P = 0.022). Besides, CA19-9 also be
demonstrated as an independent predictor of OS and RFS in both cohorts (all P < 0.05).
However, our results showed that NLR and PLR were not independent predictors of OS or RFS
in ICC patients in our center.

Research conclusions

The OS and RFS of ICC patients following curative resection are shorter in the GLR > 33.7 group
than GLR < 33.7 group. The preoperative GLR is an independent prognostic factor for ICC
patients following hepatectomy. A high preoperative GLR is associated with worse OS and RFS.

Research perspectives
Because our study used a single-center retrospective design and enrolled limited patients. Future
studies which included more centers and patients are needed to further verify our results.
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Abstract

BACKGROUND

77Lu peptide receptor radionuclide therapy (PRRT) is a recently approved
therapy in Spain that has been demonstrated to be a well-tolerated therapy for
positive somatostatin receptor advanced gastroenteropancreatic neuroendocrine
tumors.

AIM
To determine the impact of PRRT on quality of life, radiologic and metabolic
response, overall survival, prognostic factors and toxicity.

METHODS

Thirty-six patients treated with 7Lu-PRRT from 2016 to 2019 were included. The
most frequent location of the primary tumor was the gastrointestinal tract
(52.8%), pancreas (27.8%), and nongastropancreatic neuroendocrine tumor
(11.1%). The liver was the most common site of metastasis (91.7%), followed by
distant nodes (50.0%), bone (27.8%), peritoneum (25.0%) and lung (11.1%).
Toxicity was evaluated after the administration of each dose. Treatment efficacy
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was evaluated by two parameters: stable disease and disease progression in
response evaluation criteria in solid tumors 1.1 criterion and prognostic factors
were tested.

RESULTS

From 36 patients, 55.6% were men, with a median age of 61.1 + 11.8 years.
Regarding previous treatments, 55.6% of patients underwent surgery of the
primary tumor, 100% of patients were treated with long-acting somatostatin
analogues, 66.7% of patients were treated with everolimus, 27.8% of patients
were treated with tyrosine kinase inhibitor, and 27.8% of patients were treated
with interferon. One patient received radioembolization, three patients received
chemoembolization, six patients received chemotherapy. Hematological toxicity
was registered in 14 patients (G1-G2: 55.5% and G3: 3.1%). Other events
presented were intestinal suboclusion in 4 cases, cholestasis in 2 cases and
carcinoid crisis in 1 case. The median follow-up time was 3 years. Currently, 24
patients completed treatment. Nineteen are alive with stable disease, two have
disease progression, eight have died, and nine are still receiving treatment. The
median overall survival was 12.5 mo (95% confidence interval range: 9.8-15.2),
being inversely proportional to toxicity in previous treatments (P < 0.02), tumor
grade (P < 0.01) and the presence of bone lesions (P = 0.009) and directly
proportional with matching lesion findings between Octreoscan and computed
tomography pre-PRRT (P < 0.01),, primary tumor surgery (P = 0.03) and
metastasis surgery (P = 0.045). In a multivariate Cox regression analysis, a high
Ki67 index (P = 0.003), a mismatch in the lesion findings between Octreoscan and
computed tomography pre-PRRT (P < 0.01) and a preceding toxicity in previous
treatments (P < 0.05) were risk factors to overall survival.

CONCLUSION

Overall survival was inversely proportional to previous toxicity, tumor grade
and the presence of bone metastasis and directly proportional to matching lesion
findings between Octreoscan and computed tomography pre-PRRT and primary
tumor and metastasis surgery.

Key words: Peptide receptor radionuclide therapy; Gastropancreatic neuroendocrine
tumors; Radiological response; Metabolic response

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Peptide receptor radionuclide therapy has been used successfully in patients
diagnosed with metastatic gastroenteropancreatic somatostatin receptor positive tumors
when cytoreductive options are limited. In this study we found that overall survival was
inversely proportional to toxicity to previous treatments, tumor grade, bone metastasis
and directly proportional to matching lesion findings between Octreoscan and computed
tomography pre-peptide receptor radionuclide therapy and primary tumor and metastasis
surgery. Also, pseudo-progression in the middle of the treatment was a common finding
that should be taken into consideration by clinicians in daily practice.

Citation: Abou Jokh Casas E, Pubul Nufiez V, Anido-Herranz U, del Carmen Mallon Araujo
M, del Carmen Pombo Pasin M, Garrido Pumar M, Cabezas Agricola JM, Cameselle-Teijeiro
JM, Hilal A, Ruibal Morell A. Evaluation of '’Lu-Dotatate treatment in patients with
metastatic neuroendocrine tumors and prognostic factors. World J Gastroenterol 2020;
26(13): 1513-1524

URL: https://www.wjgnet.com/1007-9327/full/v26/i13/1513.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i13.1513

INTRODUCTION

Neuroendocrine tumors (NETs) form a heterogeneous group of neoplasms with
predominantly neuroendocrine differentiation that can develop in any place of the
human body and that have the ability to secrete peptides and neuroamines!l.
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Physiologically the transcription factors that direct fate and cell proliferation during
embryological development maintain a balance between proliferation, cellular
differentiation and apoptosis. Therefore, its disturbance plays a key role in
oncogenesis!'l. This can lead to a malignant transformation of cells of the neu-
roendocrine system, which derives from the neural crest and endoderm and is
characterized by its capacity to generate peptides that produce hormonal syn-
dromes!'.

Although they can originate from any organ, gastroenteropancreatic endocrine
tumors are the most numerous (67.5%) followed by bronchopulmonary tumors
(25.3%)", and the remaining cases arise in other endocrine tissues. The most common
site of gastroenteropancreatic endocrine tumors is the pancreas (30%-40%), the small
intestine (15%-20%) and the rectum (5%-15%)"..

NETs are an uncommon type of neoplasia; however, its prevalence is higher than
other gastrointestinal cancers such as pancreatic, esophageal and hepatobiliary cancer,
being exceeded only by colorectal neoplasms!?. Its current incidence and prevalence
increase are probably due to the extensive use of more developed routine radiological
tests and endoscopic techniques!™. According to the data from the Surveillance
Epidemiology and End Results program of the National Cancer Institute, an increase
in the incidence of gastric NETs in the latter was reported by 0.3 per 100000 in the last
30 years and that it is attributed to the routine use of endoscopic techniques. This
increase in incidence was similar across sex and racel’. According to the results of the
national cancer registry in Spain, a substantial increase in the latest trends was
reported, being the incidence of 2.5 to 5 cases per 100000 inhabitants in the Caucasian
populationt™.

An exclusive feature of well-differentiated gastropancreatic neuroendocrine tumor
is the overexpression of somatostatin receptors, which is the basis for possible
treatments with somatostatin analogues or with radionuclide-labeled peptides that
bind to somatostatin receptors and for imaging tests!*”l. In the past two decades,
peptide receptor radionuclide therapy (PRRT) with radiolabeled somatostatin
analogues "Lu-DOTAOQ-Tyr3-octreotate ("’Lu-Dotatate) has been used successfully in
patients diagnosed with metastatic gastroenteropancreatic somatostatin receptor
positive tumors when cytoreductive options are limitedl.

"Lu-Dotatate is a radionuclide labeled peptide that binds to somatostatin receptors
with high affinity for type 2 receptor and binds to the tumor cells that overexpress
them. ""Lu is a radionuclide that disintegrates into stable hafnium (*’Hf) by emission
of B-particles. It also emits low energy gamma radiation with a half-life of 6.65 d and
is indicated in adults for the treatment of gastroenteropancreatic endocrine tumors
positive for somatostatin receptor, well differentiated (G1 and G2), progressive and
unresectable or metastatic!’.

The aim of this study is to determine the impact of this treatment on the patient’s
quality of life, radiological and metabolic response, overall survival and possible
prognostic factors and its toxicity.

MATERIALS AND METHODS

This is a retrospective longitudinal observational study in which impact on quality of
life, radiological and metabolic response, overall survival, possible prognostic factors
and toxicity were evaluated in patients diagnosed with advanced tumors expressing
somatostatin receptors treated with PRRT. The information pertinent to this cohort of
patients is collected through the clinical history, obtaining information about clinical
data, treatment response and disease state. These data were treated confidentially and
in an encrypted form for analysis. Written consent was obtained from all patients.

Patients

Patients diagnosed with advanced NET treated from May 2016 to November 2019
were included. All patients received "’Lu-Dotatate treatment in the Nuclear Medicine
department of the University Hospital Santiago de Compostela in Spain. These
patients come from all the autonomous community of Galicia and have been
previously evaluated by a committee of endocrine tumors in their own hospital
center. Also, this study was evaluated and approved by the ethical committee of our
medical center.

To evaluate the impact of PRRT over quality life of each patient, three parameters
were used by means of a questionnaire after each dose, including “overall im-
provement,” “pain assessment” and “evaluation of hormonal secretion symptoms”
that included the assessment of diarrhea, flushing, and abdominal pain.

PRRT
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The inclusion criteria were: Patients with advanced NET with a baseline tumor uptake
on (111In-DTPADOQ) octreotide scintigraphy (Octreoscan®) in tumor cells at least as high
as in normal liver tissue (Krenning score > 2), tumor progression to previous
treatments defined by response evaluation criteria in solid tumors (RECIST) in
computed tomography (CT) or magnetic resonance imaging performed at least 3 mo
before the treatment, a life expectancy of at least 6 mo, baseline serum hemoglobin > 8
g/dL, white blood cell count > 3000/ uL, platelet count > 75.000/uL, creatinine
clearance > 50 mL/min, bilirubin < 3 times the range limit, serum albumin > 30g/L (if
the albumin < 30 g/L, then prothrombin time must be normal) and a Karnofsky
performance status = 60 or an ECOG < 2.

Patients were hospitalized for the administration of the treatment in which 30 min
before the infusion of PRRT a capsule containing 300 mg of netupitant and 0.5 mg of
palonosetron (Akynzeo®) was administrated orally. Later, an infusion of amino acids
(2.5% arginine and 2.5% lysine, 1 L) was started 30 min before the administration of
the radiopharmaceutical, lasting for 4-6 h. The radiopharmaceutical was co-
administered using a second pump system. All cycle doses were 7.4 GBq (200 mCi) of
"Lu-Dotatate, injected over 30 min completing 4 cycles of treatment. The intended
interval between treatments cycles was 6-10 wk.

Between treatment cycles patients underwent blood analysis 4 and 6 wk after the
dose administration to detect possible side effects. These blood tests included a
hemogram and renal and liver function parameters. A full body scintigraphy was
performed 24 h after each dose in an Optima 640 gamma camera from General
Electric as well as a whole body CT following the second cycle to evaluate RECIST
criterion. The follow-up included CT or magnetic resonance imaging performed 3-6
mo after the last treatment and thereafter every 6 mo.

Statistical analysis

Statistical analyses were performed using IBM SPSS® version 23.0 with the data
obtained. A descriptive analysis was carried out describing the continuous variables
as means, medians and standard deviation while the categorical variables were
described as proportions, including 95% confidence intervals (Cls). The radiological,
clinical and metabolic response variable was calculated as the percentage of patients
that responded. Progression-free survival was calculated from the initiation date
treatment with PRRT until disease progression, assessed by RECIST criteria or death
from any cause. Overall survival was calculated from the start date of treatment with
PRRT until the date of death of the patient for any reason and was estimated using
Kaplan-Meier. Cox regression was used to evaluate the association with independent
variables.

The study was conducted following the Declaration of Helsinki of the World
Medical Association (1964) and ratifications of the following assemblies on ethical
principles for medical research in humans (RD 1090/2015, of December 24, of clinical
trials, specifically the provisions of article 38 on good clinical practice and the
Convention on Human Rights and Biomedicine), made in Oviedo on April 4, 1997 and
successive updates.

RESULTS

Baseline clinical characteristics

The median age was 61.1 + 11.8 years (age range: 38-85 years), and 20 were men
(55.6%). Regarding medical history, seven patients were diabetic (19.4%), fifteen were
hypertensive (41.7%), nine had smoking habits prior to the diagnosis (25%), five had
cancer history (13.9%), of which 3 received chemo-radiotherapy treatments, and one
patient was a carrier of a mutation in the MEN-1 gene.

Regarding chief complaints, 33.3% consulted for abdominal pain, 16.67% for
gastrointestinal and hormonal related symptoms, 12.5% for weight loss and 11.1% had
no symptoms prior the diagnosis. In 58.3% of patients, the diagnosis was casual by an
imaging test performed for other reasons, 30.6% guided by clinical suspicion and 5.6%
during a surgical intervention for uterine leiomyomatosis.

The most common primary tumor was in the gastrointestinal tract (52.8%),
followed by the pancreas (27.8%). A nongastropancreatic NET was diagnosed 11.1%
of patients, including two endobronchial NETSs, one thymic and three with unknown
origin of the primary tumor. The vast majority of the patients (91.7%) had liver
metastases followed by metastasis in the peritoneum (25.0%), lymph nodes (50.0%),
bone (27.8%), lung (11.1%) and other locations including a lesion in the heart, in the
suprarenal gland, in the kidney and in the ovary. Baseline characteristics are
presented in Table 1.
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Table 1 Demographic and baseline clinical characteristics of patients with neuroendocrine

tumors, n = 36
Characteristics Number of patients
Sex
Male 20 (55.6%)
Female 16 (44.4%)
Comorbidities
Hypertension 15 (41.7%)
DM 7 (19.4%)
Smoking habits 9 (25.0%)
Cancer history 5 (13.9%)
Symptoms prior to diagnosis
Abdominal pain 12 (33.3%)
Gastrointestinal and carcinoid symptoms 6 (16.7%)
Weight loss 5 (12.5%)
Asymptomatic 4 (11.1%)
Primary tumor site
Gastrointestinal tract 19 (52.8%)
Pancreas 10 (27.8%)
Nongastropancreatic NET 4 (11.1%)
Endobronchial NETs 2
Thymic 1
Histologic grade
Grade 1 15 (41.7%)
Grade 2 18 (50.0%)
Grade 3 (2 NEC + 1 TNE) 3 (8.3%)
Site of metastasis
Liver 33 (91.7%)
Lymph nodes 18 (50.0%)
Bone 10 (27.8%)
Peritoneum 9 (25.0%)
Lungs 4 (11.1%)
Primary tumor resection 20 (55.6%)
Metastasis resection 7 (19.4%)

Primary treatment before PRRT

SSA 36 (100%)
Everolimus 24 (66.7%)
Sunitinib 10 (27.8%)
Interferon 10 (27.8%)
Chemotherapy 6 (16.7%)
Liver directed therapy

Chemoembolization 3
Radioembolization 1

NEC: Neuroendocrine carcinoma; NET: Neuroendocrine tumors; PRRT: Peptide receptor radionuclide
therapy; SSA: Somatostatin analogues.

Regarding anatomopathological characteristics, 41.7% were grade 1 (Ki67% < 2),
50% were grade 2 (Ki67% = 3-20) and 8.3% were grade 3 (Ki67% > 20), of which two
were poorly differentiated neuroendocrine carcinoma. Of the total number of patients,
63.9% completed treatment with PRRT, 25.0% patients are receiving treatment and
11.1% could not complete it due to death or complications of their underlying disease.

Treatment patterns before PRRT

More than half of the patients had surgically removed the primary tumor (55.6%), and
19.4% underwent surgery of the metastases. All patients were treated with
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somatostatin analogues (SSA), 44.4% needed treatment with short-acting octreotide,
66.7% received everolimus, 27.8% received sunitinib, 27.8% received treatment with
interferon, and 16.7% received chemotherapy. Four patients received liver directed
therapy, three of which underwent chemoembolization and one underwent
transarterial radioembolization of liver metastases.

Most patients (94.4%) had progression to previous treatments 12 mo after their
start. Only 5.6% of patients had early progression of their disease according to
RECIST criteria before 12 mo.

Metabolic and radiological imaging response

We assessed whether there was a matching coincidence between the lesions described
in the CT evaluation and the Octreoscan® pre-PRRT. Twenty-six (72.2%) of the
patients presented matching lesions in the two studies, 13.9% had lesions in the CT
that did not express somatostatin receptors in Octreoscan®, and 13.9% presented
metabolic lesions without anatomical correlate in the CT.

It was corroborated that 69.4% of the patients presented a greater number of lesions
in the scintigraphy scan after the first dose of PRRT than in those described in the
Octreoscan® pre-treatment. The most frequent localization was the liver (38.9%), bone
(11.1%), lymph (5.6%), lung (2.8%) and spleen (2.8%).

At the end of the treatment, 23 patients completed the treatment. Of these patients,
11 (30.6%) presented a decrease in the number of lesions in the fourth post-dose
scintigraphy compared to the first scan. The intensity of lesions decreased in 33.3% of
patients, which changed the Krenning score from 4 to 3.

In the CT evaluation after the administration of the second dose, the radionuclide
treatment was effective at achieving a radiological stability according to RECIST
criteria in 20 patients (69%). However, there was an apparent radiological progression
in nine cases (25%). Despite this, due to a significant clinical improvement and control
of hormonal related symptoms, it was decided in a multidisciplinary committee to
complete the treatment. Disease control was reached in the evaluation after the last
dose in all cases. So far, nineteen patients (52.8%) are alive with stable disease, two
(5.6%) have disease progression, eight (22.2%) have died and seven (25.0%) are still
receiving treatment.

Quality of life

After the administration of the first and second doses, 75% of the patients presented
an overall improvement that remained until the end of the treatment. Regarding the
evaluation of pain, 15 patients (41.7%) reported a clear recovery after the first dose. Of
these patients, ten (27%) were asymptomatic after the last dose. Of the 15 patients
with hormonal secretion symptoms, 66.6% reported an amelioration of symptoms
after the first dose, reaching control at the end of treatment in 26.6% of the patients.

Overall survival and prognostic factors

The median overall survival (OS) was 12.5 mo (95%CI: 9.8-15.2) (Figure 1). Eight
patients (22.2%) died during follow-up. OS was inversely proportional to preceding
toxicity in previous treatments (P < 0.02) with a hazard ratio (HR) of 0.09 (95%CI:
0.01-0.7; P = 0.02), tumor grade (P < 0.01, HR: 0.09, 95%CI: 0.014-0.676; P = 0.018)
(Figure 2) and the presence of bone metastasis (BM) (P = 0.009, HR: 0.08, 95%CI:
0.015-0.446; P = 0.004) (Figure 4) and is directly proportional with matching lesion
findings between Octreoscan and CT pre-PRRT (P < 0.01, HR: 0.36, 95%ClI: 0.07-1.79;
P =0.21); primary tumor surgery (P = 0.03, HR: 1.7, 95%CI: 0.48-6.03; P = 0.4) and
metastasis surgery (P = 0.045, HR: 26.2, 95%CI: 0.01-711; P = 0.41) (Figure 3). In a
multivariate Cox regression analysis, a high Ki67 index (P = 0.003), a mismatch in the
lesion findings between Octreoscan and CT pre-PRRT (P < 0.01) and a preceding
toxicity in previous treatments (P < 0.05) were risk factors for OS.

OS was not significantly different by gender (P = 0.74, HR: 1.4, 95%CI: 0.39-5.47; P
= 0.56); oncological history (P = 0.091, HR: 23.95, 95%CI: 0.00-316; P = 0.51); smoking
(P =0.34, HR: 5.07, 95%CI: 0.63-40.28; P = 0.12); treatment with SSA (P = 0.959, HR:
1.59, 95%CI: 0.32-7.71; P = 0.56); everolimus (P = 0.97, HR: 0.85, 95%CI: 0.21-3.35; P =
0.82); sunitinib (P = 0.993, HR: 0.85, 95%CI: 0.23-3.04; P = 0.80); interferon (P = 0.945,
HR: 1.04, 95%CI: 0.21-5.17; P = 0.95); radioembolization (P = 0.425); qui-
mioembolization (P = 0.972, HR: 0.25, 95%CI: 0.02-2.53; P = 0.24); and quimiotherapy
(P =0.06, HR: 0.42, 95%CI: 0.12-1.52; P = 0.18).

History of hypertension (P = 0.06), diabetes (P = 0.83), oncology diseases (P = 0.31),
smoking (P = 0.08) as well as other factors such as the location of the primary tumor
(P = 0.426), treatment with SSA (P = 0.56), everolimus (P = 0.82), sunitinib (P = 0.80)
and interferon (P = 0.95) were not predictive risk factors.

Toxicity

Baishidengs WJG | https://www.wjgnet.com 1518 April 7, 2020 | Volume26 | Issuel3 |



Abou Jokh Casas E et al.'”’Lu-Dotatate treatment in metastatic neuroendocrine tumors
10 | —

0.8

0.6 |-

Cumulative suvival

| 1 | L |

0.00 5.00 10.00 15.00 20.00
Time from treatment start (mo)

Figure 1 Graphical representation of overall survival in patients diagnosed with neuroendocrine tumors
treated with peptide receptor radionuclide therapy. A median survival of 12.5 mo is shown (95% confidence
interval: 9.8-15.2).

In this study, 44.4% of the patients presented toxicity to previous treatments before
PRRT, of which 36.1% were due to everolimus and 8.3% to chemotherapy. Toxicity
grade 1-2 was present in 71.4% of patients, and grade 3-4 was present in 28.6% of
patients

During PRRT, acute adverse effects (< 24 h) were more frequent after the
administration of the first dose, which manifested in 33.3% of the patients with
sickness (25%), abdominal discomfort or pain (2.8%) and extravasation (2.8%). A
hormone-related crisis in one patient resulted in hospitalization within 5 d after the
administration dose. All recovered after adequate care.

During treatment, 55.6% of the patients suffered complications or toxicity.
Hematological toxicity was present in 38.8% with one case being severe (CTCAE v.4 o
v.5.) with thrombocytopenia. Four patients (11.1%) suffered intestinal suboclusion in
which only one had to be surgically operated, and three patients (8%) presented with
cholestasis that corrected spontaneously. One patient with extensive liver metastasis
presented with serious delayed liver toxicity. Liver functions deteriorated in the
weeks following the first administration, and the patient died of hepatic failure 5 wk
later.

DISCUSSION

In this study, the median OS obtained was 12.5 mo after 3 years of follow-up, and
death presented in 21.8% of patients. Thomas ef al! in a retrospective review with 273
patients diagnosed with advanced gastrointestinal NET for a similar period of time
(41 mo) recorded 28% mortality during follow-up.

In this cohort of patients, OS was inversely proportional with respect to toxicity in
previous treatments (P < 0.05) tumor grade and the presence of bone lesions, while it
was directly proportional to matching lesion findings between Octreoscan and CT
pre-PRRT (P < 0.01) and surgery of the primary tumor or its metastasis. These
findings are confirmed by conducting a multivariate Cox regression analysis. A high
Ki67 index (P = 0.003), a mismatch in lesion findings between Octreoscan and CT pre-
PRRT (P < 0.01) and toxicity in previous treatments (P < 0.05) were risk factors to OS.
Other contributing factors to OS were tumor grade and the presence of bone lesions. It
is increasingly recognized that Ki-67 index and tumor grade are powerful
determinants of survival. A study with 74 patients demonstrated the favorable
response and long-term outcome of patients with G1/G2 gastroenteropancreatic NET
after PRRT being the most powerful predictive factor in OS!'"l.

Regarding BM, there is little published data on the general prognostic impact of
bone metastasis in NET in the context of PRRT, but it is well known that this outcome
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Figure 2 Representation of cumulative survival in the population studied according to the histological tumor
grade. Grade 1 (blue), grade 2 (green) and grade 3 (gray) demonstrating that overall survival is inversely proportional
to tumor grade.

is associated with pain and eventual decrease of bone marrow function!''l. It is
difficult to evaluate the direct prognostic impact of BM in NET due to the incidence
and the heterogeneity of these tumors as well as the frequent coexistence of multiple
distant metastases. To the best of our knowledge, only retrospective studies and one
systematic review have analyzed this topic. In the study by Strosberg et all',
evaluating 146 cases of metastatic midgut NETs, BM represented a negative
prognostic factor because patients with BMs (n = 35) had a median survival of 32 mo
(95%ClI: 28-35 mo) and a 5-year survival rate of 20%.

On the other hand, OS was similar and independent to other factors, such as the
location of the primary tumor and the administration of previous treatments with SSA
or others. However, a larger number of patients is needed to determine an accurate
relationship between these variables.

Most patients (72.2%) presented with matching lesions identified in the CT
evaluation and Octreoscan® pre-PRRT, while 13.9% had more lesions in the CT that
did not express somatostatin receptors in Octreoscan® and 13.9% presented metabolic
lesions without anatomical correlation in CT. Matching lesions between Octreoscan
and CT pre-PRRT had a proportional relationship to OS, representing a prognostic
factor (P < 0.05). This may be due to all lesions visualized on the CT expressing
somatostatin receptors. Therefore, a greater number of tumor cells would be treated
by the radionuclide and would respond well to treatment. However, in the case of a
wide cellular heterogeneity and having lesions in the CT that are not visualized in the
Octreoscan®, the scope of the radiopharmaceutical would be limited to the lesions
with positive receptors, leaving the rest of the tumor cells untreated. This is the first
study to our knowledge to report this important outcome. This result may help to
evaluate individual prognostic factors to OS as well as for the need to conduct a **F-
FDG positron emission tomography/CT to predict treatment response in patients
with cellular heterogeneity. In addition, they demonstrate the need for more research
with a greater number of patients assessing the importance of this and other
prognostic factors that are yet to be described in order to improve patient ma-
nagement.

Another important result in this study was an apparent radiological progression in
20 cases (55.6%) in the CT evaluation after the second dose manifested as an increase
in the lesion’s diameter. Despite this, due to a significant clinical improvement and
symptom control, it was decided to complete the treatment. Disease control was
reached after the last dose in all cases. This transient increase was probably due to
inflammation causing localized edematous tissue at the site of the metastases and not
based on progression. This radiogenic edema has been described previously as
possible pitfalls by Brabander et al'™, in which the phenomenon was called pseudo-
progression. These findings were previously described in brain tumors and external
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Figure 3 Representation of cumulative survival in patients treated with primary tumor surgery and metastases with peptide receptor radionuclide therapy
(green) and patients treated only with peptide receptor radionuclide therapy (blue). A: For patients treated with primary tumor surgery, the probability of long-
term survival is higher when treated with peptide receptor radionuclide therapy, showing the existence of a directly proportional relationship between survival and
surgical treatment; B: The patients treated with metastases.

beam radiation, in cytokine studies, in monoclonal antibodies and in immunotherapy,
where the increase in tumor size was probably related to infusion of lymphocytes and
macrophages and was not always considered as disease progression. Therefore, in
NET patients, clinicians should be aware and take into account in daily practice that
an increase in tumor size is frequent due to radiation-induced inflammation and not
always refers to tumor progression!"’l.

Currently, the only available curative treatment for NET is surgery, but for those
patients who have an inoperable primary tumor, recurrent disease or metastatic
disease, few therapeutic options are available. PRRT is commonly noncurative in
patients diagnosed with NETs. Therefore, this systemic treatment should be focused
on improving patient quality of life. Our results demonstrate an improvement in
quality of life in 75% of our patients, better pain assessment in 41.7% and a better
control of hormonal related symptoms in 66.6%, reaching full control at the end of the
treatment in 26.6% of the population. Also, 41.6% of our patients were asymptomatic
after the fourth dose. These results also prove the need for more research with a
greater number of patients in assessing adverse events and effects on quality of life for
NET therapies!l.

The NETTER-1 study showed a significant quality-of-life benefit for patients with
midgut NETs who received ""Lu-DOTATATE vs those treated with high dose long-
acting octreotide specifically for diarrhea, flushing and abdominal pain!>'“l. Likewise,
Tellestar is a Phase III, multicenter, randomized, double-blind, placebo-controlled
study in which clinical outcomes were assessed. The study suggested a sustained
improvement in bowel movement frequency in patients with carcinoid syndrome and
a long-term effect on patient’s well-being!'”l. Additionally, Martini et al'"! studied the
impact of health-related quality of life (HRQoL) from the first PRRT to the first
restaging and compared the scores with general population norms. They observed
improvements from baseline to the first restaging for diarrhea in small-intestine NET
patients and a clinically relevant decrease in appetite loss (for female small-intestine
NET patients only). Compared with HRQoL general population norms, patients had
impairments consisting of diarrhea, fatigue, appetite loss, reduced physical, social,
and role functioning and reduced global HRQoL. In conclusion their findings
supported overall stable HRQoL under PRRT. However, significant HRQoL
impairments compared with the general population and potentially specific subgroup
patterns need to be considered.

Side effects in our group were either related to the administration of the amino
acids or due to the radio-peptide itself!'”*’l. During the follow-up, half of the patients
suffered some kind of complication or toxicity, in order of frequency: Nausea,
discomfort or abdominal pain and a carcinoid crisis triggered by the massive release
of bioactive substances. Similarly, the evaluation of toxicity in a group of 504 patients
who were given four cycles of treatment at intervals of 6 to 10 wk revealed that the
most common symptoms in the first 24 h were nausea (25%), vomiting (10%) and pain

Baishidengs WJG | https://www.wjgnet.com 1521 April 7, 2020 | Volume26 | Issuel3 |



Abou Jokh Casas E et al."’’Lu-Dotatate treatment in metastatic neuroendocrine tumors

1.0 “h

~1No

& e
L Yes

0.8 b

+ -t

Cumulative suvival

04 -

0.2 -

0.00 5.00 10.00 15.00 20.00
Time from treatment start (mo)
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(10%)P!. In a similar study, carried out in 479 patients, it was determined that only 1%
with hormonally active neuroendocrine tumors had a clinical crisis after ad-
ministration®*.

The development of hematological toxicity was found in almost half of the patients
(38.8%), being severe (grade 3) in one case (2.8%) with thrombocytopenia. A recent
study conducted with 450 patients treated with PRRT in five different centers
stipulated that serious adverse events were rare with leukopenia and throm-
bocytopenia of grade 3 in 1.1% and 1.3% of patients respectively, and only one
episode of grade 4 thrombocytopenia®**.

The most serious side effect in our study was observed in one patient with
extensive liver metastasis who developed a severe deterioration of liver function. In
patients with or without mild metastatic hepatic involvement, no significant liver
toxicity has been reported. However, in patients with massive liver metastases and
impaired hepatic function, hepatic toxicity may occur. This should be considered,
along with pre-existing conditions affecting the liver, when deciding the appropriate
dosel™.

Study limitations

This study has limitations. First, it is a retrospective observational study. The aim is to
observe and describe and lacks an intervention in the natural course of patients.
Therefore, one or more variables of interest could not be studied. As well, we are
aware that the number of patients is scarce and limited, but this is the first study to
our knowledge to describe that matching lesions in CT and Octreoscan® previous to
PRRT treatment could be a prognostic factor that should be studied with a larger
cohort of patients. If corroborated, this finding could be considered into treatment
decisions and may result in major patient surveillance.

In this study we found that matching lesions in CT and Octreoscan® pre-PRRT,
represent a prognostic factor to overall survival and that pseudo-progression is a
common finding observed in the first stages of the treatment that should be taken into
consideration by clinicians in daily practice.

ARTICLE HIGHLIGHTS

Research background

The incidence and prevalence of neuroendocrine tumors are currently increasing, probably due
to the extensive use of more developed routine radiological tests and endoscopic techniques. In
patients with limited cytoreductive options, peptide receptor radionuclide therapy (PRRT) with
radiolabeled somatostatin analogues ’Lu-DOTAO0-Tyr3-octreotate (*’Lu-Dotatate) has been
used successfully in patients diagnosed with metastatic gastroenteropancreatic somatostatin
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receptor positive tumors in the past two decades.

Research motivation
The aim of this study was to determine the impact of this treatment on patient’s quality of life,
radiological and metabolic response, overall survival, prognostic factors and its toxicity.

Research objectives

The determination of prognostic factors that can modify the overall survival of these patients is
of vital importance because it could allow a more specialized therapy and increase patient’s
surveillance when required. This might be an interesting approach in future research.

Research methods

This is a retrospective longitudinal observational study in which impact on quality of life,
radiological and metabolic response, overall survival, prognostic factors and toxicity were
evaluated in patients diagnosed with advanced tumors expressing somatostatin receptors
treated with PRRT. The information pertinent to this cohort of patients was collected through the
clinical history, obtaining information about clinical data, treatment response and disease state.
These data were treated confidentially and in an encrypted form for analysis. Written consent
was obtained from all patients.

Research results

In this cohort of patients, overall survival was inversely proportional with respect to toxicity in
previous treatments (P < 0.05), tumor grade and the presence of bone lesions and was directly
proportional to matching lesion findings between Octreoscan and computed tomography (CT)
pre-PRRT (P < 0.01) andsurgery of the primary tumor or its metastasis. Also, we found that
pseudo-progression is a common finding observed in the first stages of the treatment that should
be taken into consideration by clinicians in daily practice. We consider that the matching lesions
in CT and Octreoscan® before PRRT treatment could be a prognostic factor and should be
studied with a greater cohort of patients. If corroborated, this finding could be considered in
treatment decisions and may result in major patient surveillance.

Research conclusions

Overall survival was inversely proportional with respect to toxicity in previous treatments (P <
0.05) and was directly proportional to matching lesion findings between Octreoscan and CT pre-
PRRT. Matching lesion findings between Octreoscan and CT pre-PRRT should be taken into
consideration when treating these patients.

Research perspectives
This study reveals that prognostic factors should be taken into consideration because they
modify the overall survival. Therefore, future research should focus on finding new prognostic
factors that could allow specialized patient surveillance. In future studies, a larger number of
Ppatients should be included to extract more conclusive results that would allow the identification
of new prognostic factors.
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Abstract

BACKGROUND
Nucleos(t)ide analog (NA) has shown limited effectiveness against hepatitis B
surface antigen (HBsAg) clearance in chronic hepatitis B (CHB) patients.

AIM
To evaluate the efficacy and safety of add-on peginterferon a-2a (peg-IFN a-2a)
to an ongoing NA regimen in CHB patients.

METHODS

In this observational study, 195 CHB patients with HBsAg <1500 IU/mL,
hepatitis B e antigen (HBeAg)-negative (including HBeAg-negative patients or
HBeAg-positive patients who achieved HBeAg-negative after antiviral treatment
with NA) and hepatitis B virus-deoxyribonucleic acid < 1.0 x 10? IU/mL after
over 1 year of NA therapy were enrolled between November 2015 and December
2018 at the Second Affiliated Hospital of Xi’an Jiaotong University, China.
Patients were given the choice between receiving either peg-IFN a-2a add-on
therapy to an ongoing NA regimen (add-on group, n = 91) or continuous NA
monotherapy (monotherapy group, n = 104) after being informed of the benefits
and risks of the peg-IFN a-2a therapy. Total therapy duration of peg-IFN a-2a
was 48 wk. All patients were followed-up to week 72 (24 wk after discontinuation
of peg-IFN a-2a). The primary endpoint was the proportion of patients with
HBsAg clearance at week 72.

RESULTS
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Demographic and baseline characteristics were comparable between the two
groups. Intention-to-treatment analysis showed that the HBsAg clearance rate in
the add-on group and monotherapy group was 37.4% (34/91) and 1.9% (2/104) at
week 72, respectively. The HBsAg seroconversion rate in the add-on group was
29.7% (27/91) at week 72, and no patient in the monotherapy group achieved
HBsAg seroconversion at week 72. The HBsAg clearance and seroconversion
rates in the add-on group were significantly higher than in the monotherapy
group at week 72 (P < 0.001). Younger patients, lower baseline HBsAg
concentration, lower HBsAg concentrations at weeks 12 and 24, greater HBsAg
decline from baseline to weeks 12 and 24 and the alanine aminotransferase > 2 x
upper limit of normal during the first 12 wk of therapy were strong predictors of
HBsAg clearance in patients with peg-IFN a-2a add-on treatment. Regarding the
safety of the treatment, 4.4% (4/91) of patients in the add-on group discontinued
peg-IEN a-2a due to adverse events. No severe adverse events were noted.

CONCLUSION

Peg-IFN a-2a as an add-on therapy augments HBsAg clearance in HBeAg-
negative CHB patients with HBsAg <1500 IU/mL after over 1 year of NA
therapy.

Key words: Chronic hepatitis B; Peginterferon a-2a; Nucleos(t)ide analog; Hepatitis B
surface antigen clearance; Hepatitis B surface antigen seroconversion; Add-on therapy

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Despite promising results with the combination therapy of Peg-interferon and
nucleos(t)ide analog (NA), the best combination therapeutic strategy of Peg-interferon
and NA to the treatment of chronic hepatitis B remains unclear. This prospective study
was to evaluate the efficacy and safety of adding 48 wk of peginterferon a-2a treatment
to an ongoing NA regime in chronic hepatitis B patients with hepatitis B surface antigen
levels < 1500 IU/mL, hepatitis B e antigen-negative and hepatitis B virus-
deoxyribonucleic acid < 1.0 x 10?> IU/mL after over 1 year of NA therapy.

Citation: Wu FP, Yang Y, Li M, Liu YX, Li YP, Wang WJ, Shi JJ, Zhang X, Jia XL, Dang
SS. Add-on pegylated interferon augments hepatitis B surface antigen clearance vs continuous
nucleos(t)ide analog monotherapy in Chinese patients with chronic hepatitis B and hepatitis B
surface antigen < 1500 IU/mL: An observational study. World J Gastroenterol 2020; 26(13):
1525-1539

URL: https://www.wjgnet.com/1007-9327/full/v26/i13/1525.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.113.1525

INTRODUCTION

Chronic hepatitis B virus (HBV) infection remains a major public health challenge.
Approximately 2 billion persons are infected by HBV globally. Up to 240 million
persons are chronic HBV surface antigen (HBsAg) carriers, and they contribute to
approximately 30% of liver cirrhosis cases and 45% of hepatocellular carcinoma
(HCC) cases in the world!". Antiviral therapy for chronic hepatitis B (CHB) patients is
a key strategy to prevent the progression of CHB.

Currently, the approved therapeutic options for CHB patients include nucleos(t)ide
analog (NA) and peginterferon alfa (peg-IFN a). Antiviral therapy may achieve
HBsAg clearance or seroconversion in a small percentage of CHB patients. It is
reported that the rate of HBsAg clearance is less than 5% after 5 years of entecavir
(ETV) therapy™ and less than 7% after 1 year of peg-IFN a monotherapy. Although
the rate of HBsAg clearance is very low, it demonstrated that CHB is a disease that
can be ‘cured’ through effective treatment, which may not completely clear HBV, but
close to the status of complete eradication of HBV, including covalently closed
circular deoxyribonucleic acid®.

The Guideline of Prevention and Treatment for Chronic Hepatitis B (2015 Update,
China) firstly proposed a concept of “clinical cure” or “functional cure,” which is the
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optimal therapeutic endpoint of CHB and the ultimate indicator of immune control of
HBYV infection!*”). Meanwhile, the 2015 updated Asian-Pacific clinical practice
guidelines on the management of hepatitis B affirmed the “clinical cure” of CHB!"’.
Therefore, new therapeutic strategies for boosting HBsAg clearance in CHB patients
are required. Several studies have investigated new treatment strategies involving
various combined approaches with NA and peg-IFN a and reported encouraging
HBsAg clearance rates from 8.5% to 33.3%""""l. The findings from these studies and
some uncontrolled small studies also showed that peg-IFN a-based treatment was
associated with a higher rate of HBsAg clearance in patients with low baseline levels
of HBsAg and HBV DNA!'“*l. Moreover, the interim analysis of NEW SWITCH study
and another small study all showed that patients with lower HBsAg level at baseline
(<1500 IU/mL) achieved a higher HBsAg clearance rate than patients with HBsAg >
1500 IU/mL when they switched from NA to 48 wk of peg-IFEN a-2a therapy!'*'"l.

Preliminary statistical analysis in our center indicates that 75.5% (3677/4870) of
CHB patients received NA treatment, including lamivudine, adefovir dipivoxil
(ADV), telbivudine, ETV, and tenofovir fumarate (TDF). In those patients with NA
treatment, 37.7% (1386/3677) of patients were hepatitis B e antigen (HBeAg)-negative
and HBsAg < 1500 IU/mL after over 1 year of NA treatment (unpublished data).
Based on these data, we estimate that approximately 5.69-8.53 million CHB patients in
China are HBsAg < 1500 IU/mL after over 1 year of NA treatment. Therefore, in this
study, we aimed to evaluate the efficacy and safety of add-on peg-IFN a-2a in CHB
patients who are receiving long-term NA treatment with HBsAg levels less and equal
to 1500 IU/mL. In addition, logistic regression analysis was used to analyze
independent prediction factors of HBsAg clearance in this population.

MATERIALS AND METHODS
Study subjects

This study was conducted at the Department of Infectious Diseases of the Second
Affiliated Hospital, Xi’an Jiaotong University, Xi’an, China between November 2015
and December 2018. The study complies with good clinical practice and the
Declaration of Helsinki and was approved by the Ethics Committee of the Second
Affiliated Hospital of Xi'an Jiaotong University. All patients provided written consent
before enrollment in the study. Inclusion criteria included: (1) Age between 18- and
65-years-old; (2) HBsAg positive for at least 6 mo prior to enrollment; (3) Serum
HBsAg < 1500 IU/mL, HBeAg-negative (including HBeAg-negative patients or
HBeAg-positive patients who achieved HBeAg-negative after antiviral treatment with
NA) and HBV DNA < 1.0 x 102 IU/mL after at least 1 year of NA therapy, including
lamivudine, ADV, telbivudine, ETV, and TDF; (4) Alanine aminotransferase (ALT)
concentration less than five times of the upper limit of normal (ULN) level (because of
the risk of hepatic flare with interferon-based therapy); (5) White blood cell counts in
a range of 4-10 x 10° /L, or platelet (PLT) counts in a range of 100-300 x 10°/L; (6) No
cirrhosis and splenomegaly in abdominal computed tomography; and (7) Naive to
interferon treatment. Exclusion criteria included: (1) co-infected with hepatitis A, C,
D, or human immunodeficiency virus; (2) Decompensated liver diseases, alcohol or
drug abuse, autoimmune diseases, severe metabolic diseases, HCC or tumors of any
systems; (3) Severe complications in any organ; and (4) Pregnant or lactating women.

Study design

This study was a single center, prospective, observational study. After being informed
of the benefits and risks of the peg-IFN a-2a therapy, patients were given the choice
between receiving either 180 pg of peg-IFN a-2a (Pegasys; Roche, Shanghai, China)
add-on therapy once weekly to an ongoing NA regimen (add-on group) or
continuous NA monotherapy (monotherapy group). The dosage of peg-IFN a-2a was
adjusted to 135 pg/wk if the neutrophil counts were < 0.75 x 10°/L or PLT < 50 x
10°/L. Peg-IFN a-2a was discontinued if the neutrophil counts were < 0.50 x 10°/L,
PLT < 25 x 10°/L or serious adverse events (AEs) occurred. The total duration of peg-
IFN a-2a add-on therapy was 48 wk. All groups were followed up to week 72 (24 wk
after discontinuation of peg-IFN a-2a). Patients discontinued the NA therapy if
HBsAg was negative at week 72. The primary endpoint was HBsAg clearance at week
72 and the secondary endpoints included the rate of HBsAg clearance at week 48, the
rates of HBsAg seroconversion at weeks 48 and 72, HBsAg, ALT and aspartate
aminotransferase (AST) dynamics over time and the safety during treatment.

Study assessments
Study assessments were based on the laboratory results, clinical and safety
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evaluations. Laboratory results including white blood cell, PLT, ALT, AST, HBV
DNA, HBsAg and anti-HBs antibody in serum samples were measured at baseline,
weeks 4, 8, 12, 24, 36, 48 and 72 in all patients. Thyroid hormone, thyroid antibodies,
and autoantibodies were tested at baseline and every 12 wk during treatment. Study
assessments were described in the Supplementary Table 1. HBsAg and anti-HBs
antibody were quantified using the commercially available reagent kits (Architect
assay; Abbott Diagnostics) according to the manufacturer’s instructions. The limit of
detection for HBsAg was 0.05 [U/mL. Serum HBV DNA was detected using the
TagMan based real-time polymerase chain reaction assay (Shanghai ZJ BioTech,
Shanghai, China) with the limit of detection of 100 IU/mL. HBsAg titer < 0.05 IU/mL
indicated the loss of HBsAg; anti-HBs antibody level > 10 mIU/mL was defined as
positive. Serum ALT was assayed by an automatic biochemical analyzer (Roche,
Basel, Switzerland) and presented as multiples of the ULN (men: 50 IU/L; women: 40
IU/L). Clinical evaluation included family history of HBV, prior NA history, body
mass index (BMI) and liver stiffness. Liver stiffness measurement was performed by
transient elastography (FibroScan, EchoSens, Paris, France). All patients were asked
about the family history of CHB. Patients with clear family history of CHB were
considered as HBV vertical transmission. Those who declined to provide the family
history of CHB were grouped as others. Safety assessment included headache,
alopecia and pyrexia.

Statistical analysis

All patients enrolled in this study were included in the final efficacy analysis. All
available AE data up to week 72 were included in the safety analysis for
characterizing the full safety profile within the study. The analyses were performed
using the Statistical Package for the Social Sciences (SPSS, version 13.0, Chicago, IL,
United States). Data were expressed as mean * standard deviation or median (range)
for continuous variables as appropriate. Student’s t or Mann-Whitney U test or
analysis of variance for repeated measures design data was used for intergroup
comparison of continuous variables as appropriate. Categorical variables were
analyzed as counts and percentages and compared using y* test or Fisher’s exact test.
The proportion of patients with HBsAg clearance and HBsAg seroconversion at
weeks 48 and 72 was estimated using the Kaplan-Meier method. Data for patients
without HBsAg clearance were censored at the last time point. Comparisons between
groups were conducted using the log-rank test. ROC curves were applied to evaluate
the parameters for predicting HBsAg clearance. Cut-off values were identified by
maximizing the sum of sensitivity and specificity, and the nearest clinically applicable
value to cut-off was considered optimal for clinical convenience. Univariate and
multivariable logistic regression analyses were performed to evaluate the magnitude
and significance of independent variables associated with the dependent variable. All
statistical tests were two-sided and P < 0.05 was considered statistically significant.

RESULTS

Patient demographic and baseline characteristics

The flow chart of patient enrollment in this study is shown in Figure 1. Of the 1537
patients screened, 195 patients were enrolled, 91 (46.7%) of whom received peg-IFN a-
2a add-on therapy as the add-on group and 104 (53.3%) of whom continued NA
monotherapy as the monotherapy group. Patient demographic and baseline
characteristics are shown in Table 1. The two groups were comparable in terms of the
demographic and baseline characteristics.

Primary endpoint

At week 72, per protocol analysis (PP analysis) showed that 40.0% (34/85) of patients
in the add-on group had HBsAg clearance compared with 2.1% (2/96) of patients in
the monotherapy group. The HBsAg clearance rate in the add-on group was
significantly higher than in the monotherapy group at week 72 (Figure 2A) (P <
0.001). Furthermore, we also did an intention-to-treatment analysis (ITT analysis), and
the results showed that the HBsAg clearance rate was 37.4% (34/91) in the add-on
group and 1.9% (2/104) in the monotherapy group at week 72. Similar to the PP
analysis, the HBsAg clearance rate in the add-on group was significantly higher than
that in the monotherapy group at week 72 (Figure 2B) (P < 0.001).

Secondary endpoints

HBsAg clearance rate at week 48: PP analysis showed that the HBsAg clearance rate
in the add-on group was 28.2% (24/85) at week 48, significantly higher than 1.04%
(1/96) in the monotherapy group (Figure 2A) (P < 0.001). ITT analysis also showed
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Table 1 Demographic and baseline characteristics of the study population

Characteristics Add-on, n=91 Monotherapy, n =104 P value
Male (%) 62 (68.1) 76 (73.1) 0.528
Age in yr, mean + SD 38.11+£9.74 37.34 £11.01 0.529
BMI in kg/cmz, mean + SD 21.97 £1.72 2213 £1.05 0.157
Mode of transmission

Vertical (%) 36 (39.6) 32 (30.8) 0.229
Others (%) 55 (60.4) 72 (69.2)

HBsAg at week 0

<500 IU/mL (%) 56 (61.5) 49 (47.1) 0.089
500-1000 IU/mL (%) 17 (18.7) 32 (30.8)

1000-1500 TU/mL (%) 18 (19.8) 23 (22.1)

HBeAg status at enrollment

Negative (%) 91 (100) 104 (100) _
HBV DNA at enrollment

<1.0 x 102 1U/ mL (%) 91 (100.0) 104 (100.0) _
ALT, IU/L, median (range) 24 (8.0-73) 27 (7-66) 0.558
AST, IU/L, median (range) 23 (12-70) 26 (14-66) 0.212
NA

ADV (%) 10 (11.0) 12 (11.5) 0.395
ETV (%) 50 (54.9) 66 (63.5)

TDF (%) 31 (34.1) 26 (25.0)

FibroScan value, kPa

mean * SD 42+11 45+12 0.824

SD: Standard deviation; BMI: Body mass index; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e
antigen; HBV DNA: Hepatitis B virus-deoxyribonucleic acid; NA: Nucleos(t)ide analog; ADV: Adefovir
dipivoxil; ETV: Entecavir; TDF: Tenofovir disoproxil fumarate; ALT: Alanine aminotransferase; AST:
Aspartate transaminase.

the HBsAg clearance rate was significantly higher in the add-on group than in the
monotherapy group [26.4% (24/91) vs 0.96% (1/104), P < 0.001] (Figure 2B).

HBsAg seroconversion rates: PP analysis showed that the HBsAg seroconversion rate
in the peg-IFN a-2a add-on group was 20.0% (17/85) at week 48 and 31.8% (27/85) at
week 72. No patient in the monotherapy group achieved HBsAg seroconversion. The
HBsAg seroconversion rate in the add-on group was significantly higher than those in
the monotherapy group at weeks 48 and 72 (Figure 3A) (P < 0.001 for all). ITT analysis
showed that the HBsAg seroconversion rate in the peg-IFN a-2a add-on group was
18.7% (17/91) at week 48 and 29.7% (27/91) at week 72. Consistent to the PP analysis,
ITT analysis also showed the HBsAg seroconversion rate in the add-on group was
significantly higher than those in the monotherapy group at weeks 48 and 72 (Figure
3B) (P < 0.001 for all).

HBsAg dynamics: In the peg-IFN a-2a add-on group, median serum HBsAg level
declined from 2.56 log,, IU/mL at baseline to 1.08 log,, IU/mL after 48 wk of the
treatment and to 1.23 log;, IU/mL at 72 wk. In the monotherapy group, median serum
HBsAg level declined from 2.59 log,, IU/mL at baseline to 2.46 log,, IU/mL at 48 wk
to 2.40 log,, IU/mL at 72 wk. Patients in the peg-IFN a-2a add-on group showed
significantly lower median serum HBsAg levels at weeks 12, 24, 36, 48 and 72 than
patients in the monotherapy group (P < 0.001 for all comparisons) (Figure 4A).

Interestingly, HBsAg elevations were observed at 4 wk after adding on peg-IFN a-
2a in 57.1% (52/91) of patients in the peg-IFN a-2a add-on group, and HBsAg
gradually decreased 4 wk later. Median serum HBsAg level increased from 2.77 log,,
IU/mL at baseline to 2.87 log,, IU/mL after 4 wk of peg-IFN a-2a add-on therapy,
gradually decreased to 2.76 log,, IU/mL at week 8, to 1.99 log,, IU/mL at week 48 and
to 1.81 log,, IU/mL at week 72.

The HBsAg clearance rate of these 52 patients was 28.8% (15/52) at week 72, which
was comparable with patients whose HBsAg decreased at four weeks after adding on
peg-IFN a-2a [48.7% (19/39)] (P = 0.079), demonstrating that HBsAg elevations at 4
wk after adding on peg-IFN a-2a therapy had no influence on treatment outcome.
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Patients screened (7 = 1537)

Excluded (7 = 1342) Severe thyroid dysfunction, 7 = 2

Age > 65 yror < 18 yr, 7 = 261 Poorly controlled type 2 diabetes, 7 = 1
NA < 1 year or gHBsAg > 1500 IU/mL Poorly controlled hypertension, 7 = 1
or HBeAg positive or HBV DNA > 1.0 Depression and anxiety, 7 = 1

x 10> 1U/mL, n = 914 Patients withdrew consent (7 = 56)
Cirrhosis, n = 68 Other (7 = 38)

Patients enrolled (7 = 195)

l l

Add-on group Monotherapy group
(n=91) (7 =104)

Week 8
Lost of follow-up (7 = 2)

Week 4
Poor compliance (7 = 1)

Week 24
Lost of follow-up (7 = 1)
Week 12
PLT < 25 x 10°/L (7 = 1)
Coronary heart disease (7 =1) ]
Poor compliance (7 =1)
Week 36
Lost of follow-up (7 = 2)
Week 24
Hyperthyroidism (7 = 2) Week 48
Lost of follow-up (7 = 3)
Follow-up to week 72 Under observation to week 72
(n = 85) (7 =96)

Figure 1 Flow diagram of patients enrolled in this study. HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B
e antigen; HBV DNA: Hepatitis B virus-deoxyribonucleic acid; NA: Nucleos(t)ide analog.

Furthermore, more patients in the add-on group had low levels of HBsAg at the
end of follow-up than the monotherapy group. Most patients (97.8%, 89/91) in the
add-on group demonstrated HBsAg levels < 3log,, IU/mL (vs monotherapy group
82.7%, 86/104; P = 0.001). Moreover, 71.4% (65/91) of patients in the add-on group
showed HBsAg levels < 2log,, IU/mL (vs monotherapy group 35.6%, 37/104; P <
0.001). Meanwhile, 52.7% (48/91) of patients in the add-on group showed HBsAg
levels < 1log,, IU/mL (vs monotherapy group 10.6%, 11/104; P < 0.001) (Figure 4B).

ALT and AST dynamics: ALT and AST elevations were observed early (at 4 wk) after
adding on peg-IFN a-2a in patients in the peg-IFN a-2a add-on group. Patients in
peg-IFN a-2a add-on group had significantly higher serum ALT and AST levels at
weeks 4, 8, 12, 24, 36 and 48 than patients in the monotherapy group (P < 0.001 for all
time points). After discontinuation of peg-IFN a-2a at week 48, ALT and AST
gradually returned to normal levels at week 72 (vs monotherapy group, P = 0.52 for
ALT; P =0.099 for AST (Figure 5A and 5B).

Predictors of HBsAg clearance in add-on peg-IFN a-2a treatment

Almost half [46.2% (42/91)] of the patients in the peg-IFN a-2a add-on group showed
ALT 22 x ULN during the first 12 wk of therapy with a maximum of 414 IU/L. To
evaluate the ALT change on HBsAg clearance, we dichotomized the patients into two
groups (ALT =2 x ULN or < 2 x ULN) at week 12, and two groups of patients
followed the same treatment. To evaluate the baseline characteristics [gender, age
(years), baseline HBsAg level (in log,, scale, IU/mL), ALT (IU/L), mode of HBV
transmission, body mass index (kg/cm?), FibroScan value (kPa), NA (nucleoside
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Intention-to-treatment analysis (ITT analysis)

Figure 2 Hepatitis B surface antigen clearance rate. A: Per protocol analysis showed that the rate of hepatitis B
surface antigen clearance in 48-wk peg-IFN add-on group was significantly higher than monotherapy group at weeks
48 and 72 (°P < 0.001 vs monotherapy group at week 48; P < 0.001 vs monotherapy group at week 72). Week 0
was defined as the time when the patients were enrolled in this study for patients in the monotherapy group; B:
Intention-to-treatment analysis showed that the rate of hepatitis B surface antigen clearance in 48-wk peg-IFN add-on
group was significantly higher than the rate in the monotherapy group at weeks 48 and 72 (°P < 0.001 vs
monotherapy group at week 48; P < 0.001 vs monotherapy group at week 72). Week 0 was defined as the time
when the patients were enrolled in this study for patients in the monotherapy group. HBsAg: Hepatitis B surface
antigen.

analogue or nucleotide analog)] and on-treatment factors [HBsAg levels (log;, IU/mL)
at weeks 12 and 24, HBsAg decline at weeks 12 and 24 versus baseline, and increase of
ALT 2 2 x ULN during the first 12 wk of therapy] in predicting HBsAg clearance at
week 72, univariable logistic regression analysis was performed. The results showed
that age [P = 0.002, OR = 0.924; 95% confidence interval (CI): 0.878-0.972], baseline
HBsAg level (P = 0.003, OR = 0.371; 95%ClI: 0.194-0.711), HBsAg level at week 12 (P <
0.001, OR = 0.273, 95%ClI: 0.157-0.474), HBsAg level at week 24 (P < 0.001, OR = 0.218,
95%ClI: 0.117-0.405), HBsAg decline from baseline to week 12 (P < 0.001, OR = 10.646,
95%ClI: 3.776-25.018), HBsAg decline from baseline to week 24 (P < 0.001, OR = 7.045,
95%CI: 3.223-15.400) and ALT elevation = 2 x ULN during the first 12 wk of therapy
(P =0.002, OR = 4.182, 95%CI: 1.691-10.340) were strong predictors for HBsAg
clearance at week 72. Baseline gender, ALT, mode of HBV transmission, body mass
index, FibroScan value and NA (nucleoside analogue or nucleotide analog) were not
statistically significant (Table 2).

In order to further evaluate age, baseline and decline of HBsAg in early treatment
and ALT elevation in early treatment in predicting HBsAg clearance at week 72,
multivariable logistic regressions were conducted for age, HBsAg levels at baseline,
week 12, and week 24 as well as the week 12 and week 24 HBsAg decline from
baseline adjusted for gender and NA. Similar to the univariable regression analysis
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Figure 3 Hepatitis B surface antigen seroconversion rate. A: Per protocol analysis showed that the rate of
hepatitis B surface antigen seroconversion in 48-wk peg-IFN add-on group was significantly higher than monotherapy
group at weeks 48 and 72 (*P < 0.001 vs monotherapy group at week 48; 4P < 0.001 vs monotherapy group at week
72). Week 0 was defined as the time when the patients were enrolled in this study for patients in the monotherapy
group; B: Intention-to-treatment analysis showed that the rate of hepatitis B surface antigen seroconversion in 48-wk
peg-IFN add-on group was significantly higher than rate in monotherapy group at weeks 48 and 72 (°P < 0.001 vs
monotherapy group at week 48; P < 0.001 vs monotherapy group at week 72). Week 0 was defined as the time
when the patients were enrolled in this study for patients in the monotherapy group. HBsAg: Hepatitis B surface
antigen.

results, all variables were significantly related to HBsAg clearance at week 72: age (P
=0.025, OR = 0.946; 95%Cl: 0.833-0.981), baseline HBsAg level (P = 0.019, OR = 0.557;
95%CI: 0.206-0.827), HBsAg level at week 12 (P = 0.002, OR = 0.542, 95%CI: 0.194-
0.792), HBsAg level at week 24 (P = 0.004, OR = 0.188, 95%CI: 0.058-0.410), HBsAg
decline from baseline to week 12 (P < 0.001, OR = 8.925, 95%Cl: 3.376-17.226), HBsAg
decline from baseline to week 24 (P < 0.001, OR = 8.830, 95%CI: 4.553-18.213) and ALT
elevation > 2 x ULN during the first 12 wk of therapy (P = 0.014, OR = 5.275, 95%CI:
3.324-11.823) (Table 2).

Rates of HBsAg clearance among patients with favorable baseline, week 12, week
24 antiviral treatment response: ROC curves were used to evaluate the performance
of the above significant variables for HBsAg clearance. The AUROC of age was 0.699,
and the optimal cut-off point was 33 years. The AUROCs of HBsAg level were 0.689,
0.877, 0.921, and the optimal cut-off points were 2.25 log,, IU/mL for baseline, 1.89
log,, IU/mL for week 12 and 1.46 log,, IU/mL for week 24. The AUROCs of HBsAg
decline from baseline to week 12 and week 24 were 0.901 and 0.924, respectively, and
the optimal cut-off points were 0.5 log,, IU/mL and 1.0 log,, IU/mL, respectively
(Table 3).

Based on the optimal cut-off values, our data showed that the rates of HBsAg
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Figure 4 Virological change. A: Dynamics of hepatitis B surface antigen titers (°P < 0.001 vs monotherapy group for weeks 12, 24, 36, 48 and 72). Data shown are
median values of log,, hepatitis B surface antigen and error bars represent 95% confidence interval. B: HBsAg response at week 72.

clearance were 58.1% (18/31) for patients younger than 33-years-old and 62.1%
(18/29) for patients with baseline HBsAg < 2.25 log;, IU/mL. Patients with HBsAg <
1.89 log,, IU/mL at week 12 had an HBsAg clearance rate of 73.7% (28/38). Patients
with HBsAg < 1.46 log,, IU/mL at week 24 had an HBsAg clearance rete of 72.7%
(32/44). The rates of HBsAg clearance were 80.0% (28/35) and 77.5% (31/40) for
patients with HBsAg decline > 0.5 log;, IU/mL from baseline to week 12 and > 1.0
log,, IU/mL to week 24. Patients with ALT > 2 x ULN during the first 12 wk of
therapy demonstrated 54.8% (23/42) of HBsAg clearance (Table 3).

Safety

AEs were analyzed in the study population up to 72 wk. Many (90.1%) of the patients
in the add-on group experienced AEs, which was significantly higher than 9.6% in the
NA alone group (Table 4). The most common AEs were thrombocytopenia (90.1%),
followed by neutropenia (87.9%) and pyrexia (82.4%) in the add-on group. Due to
AEs, 4.4% (4/91) of patients in the add-on group discontinued peg-IFN a-2a,
including two patients who suffered from hyperthyroidism at week 24, one patient
with thrombocytopenia (25 x 10°/L) and one with coronary heart disease
deterioration at week 12. ALT flares (> 5 x ULN) occurred in 7.7% of the add-on
group. No patient in the monotherapy group discontinued treatment due to safety
reasons.

It should be noted that one patient in the monotherapy group developed HCC.
Two patients treated with ADV in the monotherapy group experienced virological
breakthrough (for patient adherent with NA therapy, serum HBV DNA converted to
positivity following sustained negativity and as confirmed 1 mo later using the same
regent) and were rescued by TDF and ETV therapy. Considering the risk of
virological breakthrough with ADV monotherapy, ADV was replaced by TDF in
patients with HBsAg positive at week 72.

DISCUSSION

NA has been shown to partly restore adaptive immunity, whereas peg-IFN a boosts
innate immunity, triggers T-cell-mediated immune responses, prevents formation of
HBYV proteins and depletes the covalently closed circular DNA pool, which leads to
more HBsAg clearance than with NAU'Y. Although promising results with the
combination use of peg-IFN a and NA were reported from previous studies, the best
treatment approach for CHB is still debated.

An optimized combination therapeutic strategy can improve HBsAg clearance

Our study was an optimized combination therapeutic strategy in which we strictly
chose CHB patients who achieved lower baseline HBsAg levels (< 1500 IU/mL) after
long-term NA treatment. Our data showed that the HBsAg clearance and
seroconversion rates in the peg-IFN a-2a add-on group were 26.4% and 18.7% at week
48, and these rates increased to 37.4% and 29.7% at week 72, significantly higher than
those patients receiving NA alone. Our results demonstrated significantly higher rates
of HBsAg clearance and seroconversion than three previous studies that utilized peg-
IFN a-2a instead of NAI' "], The major discrepancy between our study and those
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Figure 5 Change in serum alanine aminotransferase and median serum aspartate transaminase. A: Change in serum alanine aminotransferase (°P < 0.001 vs
monotherapy group for weeks 4, 8, 12, 24, 36 and 48). Data shown are median values of serum alanine aminotransferase and error bars represent 95% confidence
interval; B: Change in median serum aspartate transaminase (°P < 0.001 vs monotherapy group for weeks 4, 8, 12, 24, 36 and 48). Data shown are median values of
serum aspartate transaminase and error bars represent 95% confidence interval. HBsAg: Hepatitis B surface antigen; ALT: Alanine aminotransferase; AST: Aspartate
transaminase.

three studies is that the patients were not selected by baseline HBsAg levels and HBV
DNA levels at enrollment in those three studies. In addition, sequential combination
therapy with peg-IFN a-2a and NA, simultaneously exerting direct antiviral effect
and immune regulation of the drugs, is another important reason for significantly
higher rates of HBsAg clearance and seroconversion in our study.

However, a randomized controlled trial reported that the addition of 48 wk of peg-
IFN a-2a to NA therapy resulted in a small proportion of HBsAg clearance and HBs
seroconversion!'”l. Several reasons could explain the discrepancy between our results
and results in that randomized controlled trial. Firstly, 93.4% (85/91) of patients in
our study finished the scheduled peg-IFN a-2a treatment and follow-up, while only
76% (65/85) of patients received the full dose and duration of peg-IFN a-2a treatment
in that randomized controlled trial. Good compliance and tolerance to full dose and
duration of peg-IFN a-2a treatment may be the main reason for significantly higher
rates of HBsAg clearance and seroconversion in our study. Secondly, lower baseline
HBsAg titer of patients in our study may be another important reason!'’l.
Furthermore, all patients in our study were CHB patients and the FibroScan value <
7.1 kPa, while about 35.0% (31/90) of patients had liver fibrosis and even cirrhosis in
the randomized controlled trial. Lower baseline degree of liver fibrosis of patients in
our study could well explain the discrepancy between these two studies?’.

Individualized peg-IFN a-2a therapeutic strategy without a definite course of
treatment may improve HBsAg clearance

Although 62.6% (57/91) patients in the add-on group did not achieve the primary end
point, peg-IFN a-2a add-on therapy caused a greater decline in HBsAg levels and led
to a higher proportion of patients achieving an HBsAg level < 3 log,, IU/mL and even
< 2log;, IU/mL than NA monotherapy, which are levels associated with long-term
disease remission'l. It suggests that we need to explore an individual treatment
strategy for the peg-IFN a-2a regimen based on the kinetics of HBsAg rather than a
48-wk fixed-course treatment strategy.

HBsAg changes from baseline to weeks 12 and 24 to predict HBsAg clearance

From a practical point of view, early identification of patients with the highest chance
of HBsAg clearance and particularly those with the lowest chance of HBsAg clearance
after 48 wk of peg-IFN a therapy has the greatest clinical relevance. HBsAg at baseline
and early decline during treatment have been shown to be useful for predicting
eventual HBsAg elimination and in individualized on-treatment decision-making in a
small cohort of patients””l. Indeed, our study provides evidence to support this
concept. In our study, we found that the levels of HBsAg at baseline, week 12 and
week 24 and the decline of HBsAg during early therapy (at weeks 12 and 24) from
baseline were all statistically associated with HBsAg clearance. Therefore, HBsAg at
baseline, weeks 12 and 24 and decrease of HBsAg at weeks 12 and 24 were potential
markers for the early prediction of HBsAg clearance in clinical practice.

ALT elevation in early treatment represents the activation of the immune system
ALT elevation induced by peg-IFN a-2a treatment reflects immune clearance of HBV.
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Table 2 Baseline variables and change of hepatitis B surface antigen in weeks 12 and 24 associated with hepatitis B surface antigen

clearance

Univariate analysis Multivariate analysis
Predictors

OR 95%Cl P value OR 95%Cl P value
Gender 2.045 (0.792-5.283) 0.149 - - -
ALTinIU/L 0.997 (0.968-1.027) 0.852 - - -
FibroScan value in kPa 0.794 (0.549-1.125) 0.803 - - -
BMI in kg/cm2 0.962 (0.951-1.218) 0.794 - - -
NA 1.790 (0.758-4.225) 0.184 - - -
Mode of HBV transmission 0.840 (0.298-2.372) 0.742 - - -
Age, yr 0.924 (0.878-0.972) 0.002 0.946 (0.833-0.981) 0.025
Baseline HBsAg as log;, IU/mL 0.371 (0.194-0.711) 0.003 0.557 (0.206-0.827) 0.019
Week 12 HBsAg as log;, IU/mL 0.273 (0.157-0.474) <0.001 0.542 (0.194-0.792) 0.002
Week 24 HBsAg as log;, IU/mL 0.218 (0.117-0.405) <0.001 0.188 (0.058-0.410) 0.004
HBsAg decline as log;, IU/mL
From baseline to week 12 10.646 (3.776-25.018) <0.001 8.925 (3.376-17.226) <0.001
From baseline to week 24 7.045 (3.223-15.400) <0.001 8.830 (4.553-18.213) <0.001
ALT 22 x ULN in the first 12 wk'’ 4182 (1.691-10.340) 0.002 5.275 (3.324-11.823) 0.014

FIALT 2 2 x ULN during the first 12 wk of therapy. ALT: Alanine aminotransferase; BMI: Body mass index; NA: Nucleoside Analogue or nucleotide
analog; HBV: Hepatitis B virus; ULN: Upper limit of normal; OR: Odds ratio; CI: Confidence interval; Ul International unit.

In our study, ALT elevations were observed in some patients with sustained HBV
DNA suppression right after adding peg-IFN a-2a. Our analysis revealed that a
significantly higher chance of HBsAg clearance in patients with ALT > 2 x ULN
during the first 12 wk of therapy than those patients with ALT < 2 x ULN. Therefore,
ALT 2 2 x ULN during the first 12 wk of therapy is likely a promising marker for
early prediction of HBsAg clearance in clinical practice. However, because of a small
sample size of patients receiving peg-IFN a-2a add-on therapy (n = 91) in this study,
further efforts with more patients enrolled and preferably in multiple centers is our
next step to reach a validating conclusion.

Our results also showed that age was significantly associated with HBsAg
clearance at week 72, which is consistent with previous studies!”.. Further analysis
found that age < 33 years was an important marker for early HBsAg clearance,
suggesting that young patients have a better response to peg-IFN a-2a.

All the above variables and their “cut-off points” on ROC curves are meaningful for
predicting HBsAg clearance. However, this study had a relatively small number of
patients receiving peg-IFN a-2a add-on therapy (n = 91). Exploratory analyses into
baseline and on-treatment predictors of HBsAg clearance should be interpreted with
caution. As future research, more patients in multiple centers will be enrolled and
these meaningful characteristics will be combined into a mathematically modelled
and weighted scoring system that can be retrospectively and prospectively validated.

Tolerance to peg-IFN a-2a add-on therapy

Considering safety, peg-IFN a-2a add-on was generally well tolerated without
observing unexpected AEs. Indeed, AEs were increased when compared to NA
monotherapy, which should be taken into account when considering peg-IFN a-2a
add-on therapy. AEs should also be closely monitored and managed promptly during
administration of peg-IFN a-2a. All AEs were reversed after drug withdrawal.
Therefore, it is essential to communicate with patients adequately and encourage
patients to comply with continuous peg-IFN a-2a therapy.

Study limitations and interesting phenomenon

This study has several limitations. First, the patients in the treatment groups were not
randomized. This may lead to confounder bias induced by unknown confounding
factors and potentially impact the follow-up results, although demographic and
baseline characteristics between treatment groups were not statistically different.
Second, it is uncertain whether different HBV genotypes play a role in the response to
the same therapeutic strategy due to unknown HBV genotypes in patients with long-
term HBV suppression at entry to the study. Third, HBsAg decline during the
treatment period does not certainly point to a long-term trend, and HBsAg levels may
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Table 3 ROC curves of hepatitis B surface antigen levels and hepatitis B surface antigen changes on the prediction of hepatitis B

surface antigen clearance

Factors Area SD 95%Cl Cut-off point  Sensitivityand specificity HBsAg clearance rate
Age inyr 0699 0056 (0.589-0.809) 33 55.9%, 77.2% 58.1% (18/31)

Baseline HBsAg as log,, TU/mL 0689 0.059 (0.573-0.806)  2.25 52.9%, 80.7% 62.1% (18/29)

Week 12 HBsAg as log,, IU/mL  0.877  0.04  (0.803-0.951)  1.89 85.3%, 82.5% 73.7% (28/38)

Week 24 HBsAg as log,, ITU/mL 0921  0.03  (0.861-0.980)  1.46 94.1%, 78.9% 72.7% (32/44)

HBsAg decline as log;, TU/mL

From baseline to week 12 0901 0032 (0.839-0.963) 05 85.3%, 88.7% 80.0% (28/35)

From baseline to week 24 0924 0031 (0.864-0.985) 1.0 91.2%, 86.0% 77.5% (31/40)

ROC: Receiver operator characteristic; SD: Standard deviation; CI: Confidence interval; HBsAg: Hepatitis B surface antigen; UI: International unit.

revert to the previous state after discontinuing peg-IFN a-2a. The long-term
effectiveness data including HBsAg and HBV DNA dynamics, sustained HBsAg
clearance, incidence of liver cirrhosis and HCC are being collected, and we will report
in the future.

HBsAg elevations were observed at 4 wk after adding on peg-IFN a-2a in 57.1%
(52/91) patients in the peg-IFN a-2a add-on group and had no influence on treatment
outcome. It is an interesting phenomenon. The reason of HBsAg elevations after
adding on peg-IFN a-2a therapy needs to be further explored.

In conclusion, this study shows that the peg-IFN a-2a add-on strategy in HBeAg-
negative CHB patients with HBsAg < 1500 IU/mL receiving long-term NA leads to
higher HBsAg clearance than NA monotherapy. Young patients, lower levels of
HBsAg at baseline, at weeks 12 and 24 and rapid HBsAg decline in early treatment (at
weeks 12 and 24) are the independent predictors of HBsAg clearance in peg-IFN a-2a
add on treatment. The add-on therapy is relatively safe, and the patients experience
expected AEs.
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Table 4 Adverse events of the study population, n (%)

AEs Add-on, n=91 Monotherapy, n = 104 P value
Neutropenia 80 (87.9) 8(7.7) <0.001
Thrombocytopenia 82 (90.1) 9(8.7) <0.001
Fever 75 (82.4) 0 (0) <0.001
Fatigue 53 (58.2) 10 (9.6) <0.001
Anorexia 49 (53.8) 3(2.9) <0.001
Weight loss 15 (16.5) 0(0) <0.001
Alopecia 10 (11.0) 0(0) <0.001
Thyroid dysfunction 6 (6.6) 0(0) 0.009
ALT flares 7(7.7) 0(0) 0.004
Rash 5(5.5) 0(0) 0.021
HCC 0 (0) 1 (1.0 1.000
Virological breakthrough 0 (0) 2 (1.9) 0.500

AEs: Adverse events; ALT: alanine aminotransferase; HCC: Hepatocellular carcinoma.

ARTICLE HIGHLIGHTS

Research background
Nucleos(t)ide analog (NA) has shown limited effectiveness against hepatitis B surface antigen
(HBsAg) clearance in chronic hepatitis B (CHB) patients.

Research motivation

Despite promising results with the combination therapy of peginterferon (peg-IFN) and NA, the
best combination therapeutic strategy of peg-IFN and NA for the treatment of CHB is still
debated. The interim analysis of the NEW SWITCH study showed that patients with baseline
HBsAg levels < 1500 IU/mL achieved a higher HBsAg clearance rate than patients with HBsAg
> 1500 IU/mL when they switched from NA to 48 wk of peg-IFN a-2a therapy. However, it is
not clear what the effects of add-on peginterferon a-2a to an ongoing NA regimen in CHB
patients with HBsAg < 1500 IU/mL after over 1 year of NA therapy. Considering the large
number of patients who have achieved HBsAg < 1500 IU/mL after long-term NA treatment in
our clinic, it is very necessary and significant to explore the efficacy of peg-IFN a add-on
treatment in these patients.

Research objectives

This study aimed to evaluate the efficacy and safety of add-on peg-IFN a-2a to an ongoing NA
regimen in CHB patients with HBsAg <1500 IU/mL, hepatitis B e antigen (HBeAg)-negative and
hepatitis B virus-deoxyribonucleic acid (HBV DNA) < 1.0 x 10> IU/mL after over 1 year of NA
therapy and to analyze independent prediction factors of HBsAg clearance in this population.

Research methods

In this observational study, 195 CHB patients with HBsAg < 1500 IU/mL, HBeAg-negative
(including HBeAg-negative patients or HBeAg-positive patients achieved HBeAg-negative after
antiviral treatment with NA) and HBV DNA < 1.0 x 10? IU/mL after over 1 year of NA therapy
were enrolled between November 2015 and December 2018 at the Second Affiliated Hospital of
Xi'an Jiaotong University, China. Patients were given the choice between receiving either peg-
IFN a-2a add-on therapy to an ongoing NA regimen (add-on group, n = 91) or continuous NA
monotherapy (monotherapy group, n = 104) after being informed of the benefits and risks of the
peg-IFN a-2a therapy. Total therapy duration of peg-IFN a-2a was 48 wk. All patients were
followed-up to week 72 (24 wk after discontinuation of peg-IFN a-2a). The primary endpoint
was the proportion of patients with HBsAg clearance at week 72.

Research results

Demographic and baseline characteristics were comparable between the two groups. Intention-
to-treatment analysis showed that the HBsAg clearance rate in the add-on group and
monotherapy group was 37.4% (34/91) and 1.9% (2/104) at week 72, respectively. The HBsAg
seroconversion rate in the add-on group was 29.7% (27/91) at week 72, and no patients in the
monotherapy group achieved HBsAg seroconversion at week 72. The HBsAg clearance and
seroconversion rates in the add-on group were significantly higher than in the monotherapy
group at week 72 (P < 0.001). Younger patients, lower baseline HBsAg concentration, lower
HBsAg concentrations at weeks 12 and 24, greater HBsAg decline from baseline to weeks 12 and
24 and the alanine aminotransferase > 2 x upper limit of normal during the first 12 wk of therapy
were strong predictors of HBsAg clearance in patients with peg-IFN a-2a add-on treatment.
Regarding the safety of the treatment, 4.4% (4/91) of the patients in the add-on group
discontinued peg-IFN a-2a due to adverse events. No severe adverse events were noted in the
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monotherapy group.

Research conclusions
Peg-IFN a as an add-on therapy augments HBsAg clearance in HBeAg-negative CHB patients
with HBsAg <1500 IU/mL after over 1 year of NA therapy.

Research perspectives

Add-on Peg-IEN a to ongoing NA regime in CHB patients with low HBsAg levels and sustained
HBV DNA suppression after long-term NA treatment can significantly improve the rates of
HBsAg clearance and seroconversion. Some indicators, such as younger patients, lower HBsAg
concentrations at baseline, weeks 12 and 24, greater HBsAg decline from baseline to weeks 12
and 24 and the alanine aminotransferase = 2 x upper limit of normal during the first 12 wk of
therapy can serve as predictors of HBsAg clearance in patients with peg-IFN a-2a add-on
treatment. peg-IFN a add-on treatment is relatively safe. However,, the long-term efficacy of
peg-IFN a add-on treatment needs to be studied.
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Abstract

BACKGROUND

Hemolymphangiomas are rare malformations composed of both lymphatic and
vascular vessels and are located in the pancreas, spleen, mediastinum, etc. Small
intestinal hemolymphangioma is extremely rare and often presents as obscure
gastrointestinal bleeding. It is rarely diagnosed correctly before the operation.
Endoscopic injection sclerotherapy is usually used as a management of bleeding
in esophageal varices and was occasionally reported as a treatment of vascular
malformation. The treatment of small intestinal hemolymphangioma with
enteroscopic injection sclerotherapy has not been reported.

CASE SUMMARY

A 42-year-old male complained of recurrent episodes of melena and dizziness,
fatigue and reduced exercise capacity for more than 2 mo. Gastroduodenoscopy
and blood test revealed a gastric ulcer and anemia. Treatment with oral proton-
pump inhibitors and iron did not improve symptoms. We then performed a
capsule endoscopy and anterograde balloon-assisted enteroscopy and revealed a
hemolymphangioma. Considering it is a benign tumor without malignant
potential, we performed enteroscopic injection sclerotherapy. He was discharged
4 days later. At follow-up 3 mo later, the melena disappeared. Balloon-assisted
enteroscopy revealed an atrophied tumor atrophied and no bleeding. Argon
plasma coagulation was applied to the surface of the hemolymphangioma to
accelerated healing. When he returned for follow-up 1 year later, anemia was
resolved and the tumor had been cured.

CONCLUSION

Balloon-assisted enteroscopy and capsule endoscopy are effective methods for
diagnosis of hemolymphangioma. Enteroscopic injection sclerotherapy is an
effective treatment.

Key words: Hemolymphangioma; Lymphangioma; Small intestinal tumor; Balloon
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Core tip: Small intestinal hemolymphangioma is a rare malformation presenting as
obscure gastrointestinal bleeding and anemia. Though the malformation has a typical
lymphangiectatic appearance of white patches on the mucosal surface, it is rarely
diagnosed correctly before the operation. We report a case of intestinal
hemolymphangioma diagnosed by capsule endoscopy and balloon-assisted enteroscopy.
We applied a new, minimally invasive therapy named enteroscopic injection
sclerotherapy to manage this disease, which has been proven to be effective and safe.
The literature review can present a better understanding of this disease and the advantage
of the new management.

Citation: Xiao NJ, Ning SB, Li T, Li BR, Sun T. Small intestinal hemolymphangioma treated
with enteroscopic injection sclerotherapy: A case report and review of literature. World J
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INTRODUCTION

Small intestinal hemolymphangioma is a rare benign malformation consisting of
blood vessels and lymphatic channels with luminal dilation. Individuals with small
intestinal hemolymphangioma may present with obscure gastrointestinal bleeding
and anemia. Though the malformation has a typical lymphangiectatic appearance of
white patches on the mucosal surface, it is rarely diagnosed correctly with
conventional endoscopy due to the special anatomic location. Here we present a case
of small intestinal hemolymphangioma diagnosed by capsule endoscopy (CE) and
balloon-assisted enteroscopy (BAE). We applied a new, minimally invasive therapy
named enteroscopic injection sclerotherapy to manage this disease, which has been
proven to be effective and safe.

CASE PRESENTATION

A 42-year-old male complained of recurrent episodes of melena and dizziness, fatigue
and reduced exercise capacity for more than 2 mo.

History of present illness
The patient's symptoms started 2 mo ago with recurrent episodes of melena and he
frequently felt fatigued. He was diagnosed with a gastric ulcer and anemia after
undergoing gastroduodenoscopy, colonoscopy and laboratory blood tests. Then he
took oral proton-pump inhibitors and iron for 1.5 mo, but these therapies did not
ameliorate the symptoms.

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

Physical examination

On examination, anemic face and upper abdominal tenderness were noted. The vital
signs were normal with a respiratory rate of 18/min, heart rate of 96/min and blood
pressure of 102/62 mmHg.

Laboratory examinations

Blood analysis revealed severe iron-deficiency anemia with hemoglobin of 53 g/dL,
and fecal occult blood was positive. Blood biochemistry, tumor biomarkers, other
blood tests as well as urine analysis were normal. Electrocardiogram and chest X-ray
were also normal.

Endoscopic examinations and further diagnostic work-up
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When the patient presented in our hospital, two units of blood were transfused. The
gastroduodenoscopy was performed again. A sealed ulcer without any signs of
bleeding sign were found in the antrum. We then performed a CE. Bleeding was
found in the jejunum after running the capsule for 97 min. The total running time in
the small bowel was about 300 min. The CE cannot determine the cause of bleeding
due to the short stay around the lesion and the influence of the blood. An anterograde
BAE was performed, and a protruded lesion was revealed in the jejunum at about 150
cm distal to the ligament of Treitz. It filled half of the intestinal cavity. The tumor was
lobulated with white patches on the mucosal surface with blood oozing in the fundus
(Figure 1A). Multiple biopsies were taken, and pathological findings further revealed
that hyperplastic thin-walled lymphatic and venous with luminal dilation presented
in the submucosal area (Figure 1B).

FINAL DIAGNOSIS

The final diagnosis of the presented case was iron-deficiency anemia with intestinal
bleeding due to hemolymphangioma.

TREATMENT

Considering it is a benign tumor without malignant potential, we performed
enteroscopic injection sclerotherapy with polidocanol to manage the chronic bleeding.
The malformation was completely sclerotized, and no bleeding or perforation was
experienced. He was discharged 4 d later.

OUTCOME AND FOLLOW-UP

During a follow-up visit, 3 mo after enteroscopic injection sclerotherapy, the patient
felt better than before. The patient’s hemoglobin was 126 g/dL, and the melena had
disappeared. The tumor had atrophied dramatically, and bleeding was hardly
observed (Figure 2A). Argon plasma coagulation was applied to the atrophic
hemolymphangioma to accelerated healing. At 1 year later the patient returned to our
department for the second follow-up. Laboratory blood tests revealed a normal
hemoglobin of 140 g/dL. The tumor was gone, and only a few white patches on the
mucosal surface were visible (Figure 2B).

DISCUSSION

Hemolymphangioma is an uncommon category of lymphangioma, which is a group
of malformations of the lymphatic system. Lymphangioma can be located at the
mesentery, pancreas, mediastinum, etc, but small intestinal lymphangiomas are
extremely rare (less than 1% of all lymphangiomas). Only 19 reports (with 40 patients)
of small bowel lymphangioma were reported from 1960 to 2009 in a literature review
on lymphangiomas!'l. About half of those patients presented with gastrointestinal
bleeding, and the majority of lesions were within the jejunum. The standard treatment
of this disease was surgical resection and only two of the forty patients were treated
by BAE. One lesion was treated with an injection of 1:10000 epinephrine and was very
small (4 mm x 6 mm)™. The other lesion treated by BAE was not clearly described".
With the advent of CE and BAE, small intestinal lymphangiomas have been found
more often, and even small intestinal hemolymphangioma have been reported. We
proceeded to a review the literature from 2010 to 2019 by searching “hemolym-
phangioma [All Fields] OR hemangiolymphangioma [All Fields]” on PubMed. Six
case reports of small intestinal hemolymphangioma were found (Table 1)I*“l. All of
them were located in the proximal jejunum (or duodenum) and presented as anemia
due to gastrointestinal bleeding. Six lesions were diagnosed by endoscopy (five
enteroscopy and one gastroduodenoscopy), and three were detected by CE
examination. These data support that CE and BAE are effective tools for diagnosing
hemolymphangioma.

The standard management of hemolymphangioma until recently has been through
surgical resection. Surgeons usually aim for complete removal of the tumor because
partial ablation of the tumor leads to a 50%-100% recurrencel’. But invasive surgery
pushes endoscopists to pursue new management methods that are minimally
invasive. Hemolymphangioma managed by endoscopy is acceptable for the nature of
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Figure 1 Gross and histologic images of hemolymphangioma. A: Lobulated tumor occupied half of the intestinal cavity with white patches on the mucosal surface
and blood oozing in the fundus; B: Histology revealed a hyperplastic thin-walled lymphangion and venous with luminal dilation in the submucosal area. Hematoxylin

and eosin x 20.

a benign tumor. Endoscopic mucosal resection with a band ligation device had been
reported in managing a gastric hemolymphangiomal'"l. Also, an endoscopic
polypectomy and argon plasma coagulation was successfully performed in a jejunal
lymphangiomal''l. Endoscopic injection sclerotherapy is usually used as a treatment
for esophageal varices, including the treatment of esophageal hemangioma.
Furthermore, polidocanol injection therapy was also applied in small bowel
hemangioma without bleeding or perforation!'”. Based on these precedents and our
experience in the treatment of blue rubber bleb nevus syndrome!'’], we performed
enteroscopic injection sclerotherapy to manage the jejunum hemolymphangioma. To
our knowledge, this is the first case of small intestinal hemolymphangioma
successfully treated by enteroscopic injection sclerotherapy. At the 1 year follow-up,
no recurrence of anemia or melena proved that this treatment is feasible.

CONCLUSION

In summary, small intestinal hemolymphangioma is a rare malformation consisting of
blood vessels and lymphatic channels. The lesion is mainly located within the
proximal jejunum and clinically presents as melena and anemia. BAE and CE are
effective methods for preoperative diagnosis of hemolymphangioma, and
enteroscopic injection sclerotherapy is a feasible, minimally invasive treatment to
manage this benign tumor.

Baishidengs WJG | https://www.wjgnet.com 1543 April7,2020 | Volume?26 | Issuel3 |



Xiao NJ et al. Small intestinal hemolymphangioma treated with enteroscopic injection sclerotherapy

Table 1 English literature on PubMed of small intestinal hemolymphangioma from 2010 to 2019

Tumor sizein  Diagnostic

Ref. Year Agelsex Symptom Location Management
. - cm method .
Fang et all'] 2012 57/F Melena, anemia 30 cm distal to 5.0 Enteroscopy Surgical resection
Treitz
Antonino et al®! 2014 24/F Anemia Second portion of 5.0 Gastroduodenosc  Surgical resection
duodenum opy
Gomez-Galan et 2016 43/F Chronic anemia  Distal duodenum 4.0 Capsule Surgical resection
all® endoscopy and
enteroscopy
Blanco et all’l 2017 45/F Melena, anemia 90 cm distal to 8.0 Capsule Laparoscopic
Treitz endoscopy and small bowel
enteroscopy resection
Iwaya et al®! 2018 70/M Melena, anemia 120 cm distal to 2.0 Capsule Laparoscopic
Treitz endoscopy and  small bowel
enteroscopy resection
Yang et all’) 2019 20/F Melena, anemia 60 cm distalto ~ 10.0 Computed Laparoscopic
Treitz tomography scan small bowel

and enteroscopy  resection

Figure 2 Images at the 3 mo and 1 year follow-up appointments. A: At 3 mo after enteroscopic injection sclerotherapy, hemolymphangioma atrophied
dramatically, and bleeding was hardly observed; B: At 1 year later, the hemolymphangioma was gone. A few white patches on the mucosal surface are visible.

REFERENCES

1 Morris-Stiff G, Falk GA, El-Hayek K, Vargo J, Bronner M, Vogt DP. Jejunal cavernous lymphangioma.
BMJ Case Rep 2011; 2011 [PMID: 22696733 DOIL: 10.1136/ber.03.2011.4022]

2 Li F, Osuoha C, Leighton JA, Harrison ME. Double-balloon enteroscopy in the diagnosis and treatment of
hemorrhage from small-bowel lymphangioma: a case report. Gastrointest Endosc 2009; 70: 189-190
[PMID: 19152891 DOI: 10.1016/j.gi¢.2008.09.036]

3 Shyung LR, Lin SC, Shih SC, Chang WH, Chu CH, Wang TE. Proposed scoring system to determine
small bowel mass lesions using capsule endoscopy. J Formos Med Assoc 2009; 108: 533-538 [PMID:
19586826 DOI: 10.1016/S0929-6646(09)60370-3]

4 Fang YF, Qiu LF, Du Y, Jiang ZN, Gao M. Small intestinal hemolymphangioma with bleeding: a case
report. World J Gastroenterol 2012; 18: 2145-2146 [PMID: 22563205 DOI: 10.3748/wjg.v18.i117.2145]

5 Antonino A, Gragnano E, Sangiuliano N, Rosato A, Maglio M, De Palma M. A very rare case of duodenal
hemolymphangioma presenting with iron deficiency anemia. Int J Surg Case Rep 2014; 5: 118-121
[PMID: 24503337 DOI: 10.1016/j.ijscr.2013.12.026]

6 Gomez-Galan S, Mosquera-Paz MS, Ceballos J, Cifuentes-Grillo PA, Gutiérrez-Soriano L. Duodenal
hemangiolymphangioma presenting as chronic anemia: a case report. BMC Res Notes 2016; 9: 426 [PMID:
27581369 DOI: 10.1186/s13104-016-2214-0]

7 Blanco Velasco G, Tun Abraham A, Hernandez Mondragon O, Blancas Valencia JM.
Hemolymphangioma as a cause of overt obscure gastrointestinal bleeding: a case report. Rev Esp Enferm
Dig 2017;109: 213-214 [PMID: 28256143]

8 Iwaya Y, Streutker CJ, Coneys JG, Marcon N. Hemangiolymphangioma of the small bowel: A rare cause
of chronic anemia. Dig Liver Dis 2018; 50: 1248 [PMID: 29886080 DOI: 10.1016/j.d1d.2018.05.008]

9 Yang J, Zhang Y, Kou G, Li Y. Jejunum Hemolymphangioma Causing Refractory Anemia in a Young
Woman. A4m J Gastroenterol 2019 [PMID: 31658121 DOI: 10.14309/aj2.0000000000000438]

10  Kim WT, Lee SW, Lee JU. Bleeding gastric hemolymphangioma: endoscopic therapy is feasible. Dig
Endosc 2013; 25: 553-554 [PMID: 23855544 DOI: 10.1111/den.12147]

11 Kida A, Matsuda K, Hirai S, Shimatani A, Horita Y, Hiramatsu K, Matsuda M, Ogino H, Ishizawa S,
Noda Y. A pedunculated polyp-shaped small-bowel lymphangioma causing gastrointestinal bleeding and
treated by double-balloon enteroscopy. World J Gastroenterol 2012; 18: 4798-4800 [PMID: 23002353
DOI: 10.3748/wjg.v18.i134.4798]

Baishidengs WJG | https://www.wjgnet.com 1544 April 7, 2020 | Volume26 | Issuel3 |


http://www.ncbi.nlm.nih.gov/pubmed/22696733
https://dx.doi.org/10.1136/bcr.03.2011.4022
http://www.ncbi.nlm.nih.gov/pubmed/19152891
https://dx.doi.org/10.1016/j.gie.2008.09.036
http://www.ncbi.nlm.nih.gov/pubmed/19586826
https://dx.doi.org/10.1016/S0929-6646(09)60370-3
http://www.ncbi.nlm.nih.gov/pubmed/22563205
https://dx.doi.org/10.3748/wjg.v18.i17.2145
http://www.ncbi.nlm.nih.gov/pubmed/24503337
https://dx.doi.org/10.1016/j.ijscr.2013.12.026
http://www.ncbi.nlm.nih.gov/pubmed/27581369
https://dx.doi.org/10.1186/s13104-016-2214-0
http://www.ncbi.nlm.nih.gov/pubmed/28256143
http://www.ncbi.nlm.nih.gov/pubmed/29886080
https://dx.doi.org/10.1016/j.dld.2018.05.008
http://www.ncbi.nlm.nih.gov/pubmed/31658121
https://dx.doi.org/10.14309/ajg.0000000000000438
http://www.ncbi.nlm.nih.gov/pubmed/23855544
https://dx.doi.org/10.1111/den.12147
http://www.ncbi.nlm.nih.gov/pubmed/23002353
https://dx.doi.org/10.3748/wjg.v18.i34.4798

Xiao NJ et al. Small intestinal hemolymphangioma treated with enteroscopic injection sclerotherapy

12  Igawa A, Oka S, Tanaka S, Kunihara S, Nakano M, Chayama K. Polidocanol injection therapy for small-
bowel hemangioma by using double-balloon endoscopy. Gastrointest Endosc 2016; 84: 163-167 [PMID:
26907744 DOI: 10.1016/j.gie.2016.02.021]

13 Ning S, Zhang Y, Zu Z, Mao X, Mao G. Enteroscopic sclerotherapy in blue rubber bleb nevus syndrome.
Pak J Med Sci 2015; 31: 226-228 [PMID: 25878650 DOI: 10.12669/pjms.311.5858]

Baishidengs WJG | https://www.wjgnet.com 1545 April 7, 2020 | Volume26 | Issuel3 |


http://www.ncbi.nlm.nih.gov/pubmed/26907744
https://dx.doi.org/10.1016/j.gie.2016.02.021
http://www.ncbi.nlm.nih.gov/pubmed/25878650
https://dx.doi.org/10.12669/pjms.311.5858

JRnishideng®

Published By Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wjgnet.com
Help Desk:http://www.f6publishing.com/helpdesk

http://www.wjgnet.com

© 2020 Baishideng Publishing Group Inc. All rights reserved.






