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Abstract

After three rounds of rigorous evaluation of core journals in gastroenterology and
hepatology conducted by the Reference Citation Analysis (RCA) editorial team of
Baishideng Publishing Group (Baishideng), the RCA database of Baishideng
officially released the 2022 Journal Article Influence Index (2022 JAII) of 101 core
journals in gastroenterology and hepatology, for the first time. The list of 101 core
journals can be found at: https:/ /www.referencecitationanalysis.com/Search-
Journal. Among them, the highest 2022 JAII is 48.014 and the lowest is 3.900. This
article highlights the top 20 journals, describes the calculation method for the 2022
JAII the evaluation process, and the inclusion principles for journals in the RCA.
These steps are the underpinning of the RCA’s empirical journal academic
evaluation service by which the digital platform addresses the needs of authors to
select reliable journals for submission, readers to select high-quality literature for
reading, and editors to track their own journal citation performance. As such, the
RCA core journal list will serve as a useful Find-a-Journal tool. Any interested
party is welcome to use this journal list and recommend it to their peers.

Key Words: Reference Citation Analysis; Journal Article Influence Index; Gastroenterol-
ogy and hepatology; Journal list; Find a journal; Announcement
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Core Tip: The Reference Citation Analysis (RCA) database of Baishideng Publishing Group officially
released the 2022 Journal Article Influence Index (2022 JAII) of 101 core journals in gastroenterology and
hepatology, for the first time. This article highlights the top 20 journals, describes the calculation method
for the 2022 JAII, evaluation process and inclusion principles. The RCA journal academic evaluation
service platform addresses the needs of authors to select reliable journals for submission, readers to select
high-quality literature for reading, and editors to track their own journal citation performance, effectively
serving as a useful Find-a-Journal tool. You are welcome to use this journal list and recommend it to your
peers.

Citation: Wang JL, Ma YJ, Ma L, Ma N, Guo DM, Ma LS. Baishideng’s Reference Citation Analysis database
announces the first Journal Article Influence Index of 101 core journals and a list of high-quality academic journals
in gastroenterology and hepatology. World J Gastroenterol 2022; 28(37): 5383-5394

URL: https://www.wjgnet.com/1007-9327/full/v28/i37/5383.htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i37.5383

INTRODUCTION

We are very pleased to announce that the Reference Citation Analysis (RCA) database of Baishideng
Publishing Group (Baishideng) has, for the first time, officially released the 2022 Journal Article Influence
Index (2022 JAII) of 101 core journals in the field of gastroenterology and hepatology on August 8, 2022.
A total of 101 core journals in gastroenterology and hepatology can be found at: https://www.
referencecitationanalysis.com/SearchJournal.

RCA is an artificial intelligence technology-based open multidisciplinary citation analysis database. It
was carefully designed to lead the development of wisdom, knowledge innovation, and emerging
disciplines[1]. As such, the functions of RCA include: Find an Article (54753299), Find a Category (254),
Find a Journal (14087), Find a Scholar (631), and Find an Academic Assistant (15). RCA updates its list of
journals daily, according to relevant data including total number of articles, total citations, and the JAII
RCA acquires newly released abstracts and references from Crossref and adds them to the RCA database
weekly. RCA also acquires abstracts and references released within the calendar year from Crossref and
adds them to the RCA database monthly, and then updates the total number of articles, citations, and
JAII accordingly. Herein, we introduce the top 20 2022 JAII from the total 101 core journals in the field of
gastroenterology and hepatology included in RCA, the calculation method for the 2022 JAII, and the
evaluation process and the inclusion principles of RCA journals.

TOP 20 2022 JAIl JOURNALS IN THE FIELD OF GASTROENTEROLOGY AND
HEPATOLOGY INCLUDED IN THE RCA

The RCA classifies academic journals with a JAII of 20.0 or above as high quality academic journals,
which will be highly recommended to authors and readers. There are 101 core journals in the field of
gastroenterology and hepatology in the RCA, of which 20 were identified to be high quality academic
journals, accounting for 19.8%. These 20 journals are listed below.

2022 JAIl and rankings of Seminars in Liver Disease

In the RCA database, the 2022 JAII for Seminars in Liver Disease is 48.014, ranking 1% among 101 core
journals in the field of gastroenterology and hepatology included in the RCA, with a total of 83641
citations (28/101) and a total of 1742 articles (50/101) (Figure 1). For more information on Seminars in
Liver Disease, please visit: https:/ /www.referencecitationanalysis.com/SearchJournal.

2022 JAII and rankings of Hepatology

In the RCA database, the 2022 JAII for Hepatology is 43.054, ranking 2" among 101 core journals in the
field of gastroenterology and hepatology included in the RCA, with a total of 1169100 citations (2/101)
and a total of 27154 articles (2/101) (Figure 2). For more information on Hepatology, please visit:
https:/ /www.referencecitationanalysis.com/Searchjournal.

2022 JAII and rankings of Gastroenterology

In the RCA database, the 2022 JAII for Gastroenterology is 37.170, ranking 3" among 101 core journals in
the field of gastroenterology and hepatology included in the RCA, with a total of 1711173 citations
(1/101) and a total of 46037 articles (1/101) (Figure 3). For more information on Gastroenterology, please
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SEMINARS IN LIVER DISEASE
. e Category Rank: Gastroenterology & Hepatology
Liver Disease

Total View: 19 (2/101)

Journal Article Influence Index: 48.014 (1/101)
Total Citations: 83641 (28/101)

Cited by in F6Publishing: 73076 (26/101)

Total Articles: 1742 (50/101)
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Peer-Reviewed Journal: Yes
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DOI: 10.3748/wjg.v28.i37.5383 Copyright ©The Author(s) 2022.

Figure 1 2022 Journal Article Influence Index and rankings of Seminars in Liver Disease. The image of the journal cover is originally from the home
page of the journal: https://www.thieme.in/seminars-in-liver-disease.
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Category Rank: Gastroenterology & Hepatology
Total View: 10 (3/101)

Journal Article Influence Index: 43.054 (2/101)
Total Citations: 1169100 (2/101)

Cited by in F6Publishing: 1041533 (2/101)
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Peer-Reviewed Journal: Yes
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DOI: 10.3748/wjg.v28.i37.5383 Copyright ©The Author(s) 2022.

Figure 2 2022 Journal Article Influence Index and rankings of Hepatology. The image of the journal cover is originally from the home page of the
journal: https://aasldpubs.onlinelibrary.wiley.com/journal/15273350.

...................... GASTROENTEROLOGY
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DOI: 10.3748/wjg.v28.i37.5383 Copyright ©The Author(s) 2022.

Figure 3 2022 Journal Article Influence Index and rankings of Gastroenterology. The image of the journal cover is originally from the home page of
the journal: https://www.gastrojournal.org/.

visit: https:/ /www .referencecitationanalysis.com/SearchJournal.

2022 JAII and rankings of Gut

In the RCA database, the 2022 JAII for Gut is 36.751, ranking 4™ among 101 core journals in the field of
gastroenterology and hepatology included in the RCA, with a total of 914769 citations (3/101) and a
total of 24891 articles (3/101) (Figure 4). For more information on Gut, please visit: https://www.
referencecitationanalysis.com/SearchJournal.
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| GUT
. Category Rank: Gastroenterology & Hepatology
§ Total View: 2 (57/101)
Journal Article Influence Index: 36.751 (4/101)
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Figure 4 2022 Journal Article Influence Index and rankings of Gut. The image of the journal cover is originally from the home page of the journal:

http://gut.bmj.com/.
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2022 JAII and rankings of Nature Reviews Gastroenterology & Hepatology

In the RCA database, the 2022 JAII for Nature Reviews Gastroenterology & Hepatology is 35.473, ranking 5%
among 101 core journals in the field of gastroenterology and hepatology included in the RCA, with a
total of 100601 citations (24/101) and a total of 2836 articles (40/101) (Figure 5). For more information on
Nature Reviews Gastroenterology & Hepatology, please visit: https:/ /www.referencecitationanalysis.com
/SearchJournal.

2022 JAII and rankings of Gut Microbes

In the RCA database, the 2022 JAII for Gut Microbes is 31.557, ranking 6* among 101 core journals in the
field of gastroenterology and hepatology included in the RCA, with a total of 38720 citations (41/101)
and a total of 1227 articles (64/101) (Figure 6). For more information on Gut Microbes, please visit:
https:/ /www.referencecitationanalysis.com/SearchJournal.

2022 JAII and rankings of Alimentary Pharmacology & Therapeutics

In the RCA database, the 2022 JAII for Alimentary Pharmacology & Therapeutics is 28.725, ranking 7*
among 101 core journals in the field of gastroenterology and hepatology included in the RCA, with a
total of 323707 citations (10/101) and a total of 11269 articles (13/101) (Figure 7). For more information
on Alimentary Pharmacology & Therapeutics, please visit: https:/ /www.referencecitationanalysis.com
/SearchJournal.

2022 JAII and rankings of Journal of Hepatology

In the RCA database, the 2022 JAII for Journal of Hepatology is 28.725, ranking 8" among 101 core journals
in the field of gastroenterology and hepatology included in the RCA, with a total of 556699 citations
(4/101) and a total of 19575 articles (7/101) (Figure 8). For more information on Journal of Hepatology,
please visit: https:/ /www.referencecitationanalysis.com/SearchJournal.

2022 JAII and rankings of Best Practice & Research Clinical Gastroenterology

In the RCA database, the 2022 JAII for Best Practice & Research Clinical Gastroenterology is 28.428, ranking
9" among 101 core journals in the field of gastroenterology and hepatology included in the RCA, with a
total of 44917 citations (36/101) and a total of 1580 articles (54/101) (Figure 9). For more information on
Best Practice & Research Clinical Gastroenterology, please visit: https:/ /www.referencecitationanalysis.com
/SearchJournal.

2022 JAIl and rankings of Diseases of the Colon & Rectum

In the RCA database, the 2022 JAII for Diseases of the Colon & Rectum is 26.946, ranking 10" among 101
core journals in the field of gastroenterology and hepatology included in the RCA, with a total of 344714
citations (9/101) and a total of 12793 articles (10/101) (Figure 10). For more information on Diseases of the
Colon & Rectum, please visit: https:/ /www.referencecitationanalysis.com/Search]Journal.

2022 JAII and rankings of Liver Transplantation

In the RCA database, the 2022 JAII for Liver Transplantation is 26.872, ranking 11* among 101 core
journals in the field of gastroenterology and hepatology included in the RCA, with a total of 159891
citations (18/101) and a total of 5950 articles (25/101) (Figure 11). For more information on Liver
Transplantation, please visit: https:/ /www.referencecitationanalysis.com/SearchJournal.
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DOI: 10.3748/wjg.v28.i37.5383 Copyright ©The Author(s) 2022.

Figure 5 2022 Journal Article Influence Index and rankings of Nature Reviews Gastroenterology & Hepatology. The image of the journal cover
is originally from the home page of the journal: https://www.nature.com/nrgastro/.
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Journal Article Influence Index: 31.557 (6/101)
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DOI: 10.3748/wjg.v28.i37.5383 Copyright ©The Author(s) 2022.

Figure 6 2022 Journal Article Influence Index and rankings of Gut Microbes. The image of the journal cover is originally from the home page of the
journal: http://www.tandfonline.com/kgmi.

ALIMENTARY PHARMACOLOGY
& THERAPEUTICS

Category Rank: Gastroenterology & Hepatology
Total View: 1 (68/101)

Journal Article Influence Index: 28.725 (7/101)
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Cited by in F6Publishing: 288471 (7/101)
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Peer-Reviewed Journal: Yes

DOI: 10.3748/wjg.v28.i37.5383 Copyright ©The Author(s) 2022.

Figure 7 2022 Journal Article Influence Index and rankings of Alimentary Pharmacology & Therapeutics. The image of the journal cover is
originally from the home page of the journal: https://onlinelibrary.wiley.com/journal/13652036.

2022 JAII and rankings of Gastric Cancer

In the RCA database, the 2022 JAII for Gastric Cancer is 24.105, ranking 12" among 101 core journals in
the field of gastroenterology and hepatology included in the RCA, with a total of 45558 citations
(35/101) and a total of 1890 articles (49/101) (Figure 12). For more information on Gastric Cancer, please
visit: https:/ /www.referencecitationanalysis.com/Searchjournal.
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Figure 8 2022 Journal Article Influence Index and rankings of Journal of Hepatology. The image of the journal cover is originally from the home page
of the journal: https://www.sciencedirect.com/journal/journal-of-hepatology.

BEST PRACTICE & RESEARCH CLINICAL
GASTROENTEROLOGY

Category Rank: Gastroenterology & Hepatology
Total View: 1 (66/101)

Journal Article Influence Index: 28.428 (9/101)
Total Citations: 44917 (36/101)

Cited by in F6Publishing: 35508 (37/101)

Total Articles: 1580 (54/101)

Number of Years: 23 (43/101)

Peer-Reviewed Journal: Yes

DOI: 10.3748/wjg.v28.i37.5383 Copyright ©The Author(s) 2022.

Figure 9 2022 Journal Article Influence Index and rankings of Best Practice & Research Clinical Gastroenterology. The image of the journal
cover is originally from the home page of the journal: http://www.sciencedirect.com/science/journal/15216918.
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Peer-Reviewed Journal: Yes

DOI: 10.3748/wjg.v28.i37.5383 Copyright ©The Author(s) 2022.

Figure 10 2022 Journal Article Influence Index and rankings of Diseases of the Colon & Rectum. The image of the journal cover is originally from
the home page of the journal: https://journals.lww.com/dcrjournal/pages/default.aspx.

2022 JAII and rankings of The American Journal of Gastroenterology

In the RCA database, the 2022 JAII for The American Journal of Gastroenterology is 23.563, ranking 13*
among 101 core journals in the field of gastroenterology and hepatology included in the RCA, with a
total of 476726 citations (5/101) and a total of 20232 articles (6/101) (Figure 13). For more information on
The American Journal of Gastroenterology, please visit: https:/ /www.referencecitationanalysis.com
/SearchJournal.
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Figure 11 2022 Journal Article Influence Index and rankings of Liver Transplantation. The image of the journal cover is originally from the home
page of the journal: https://aasldpubs.onlinelibrary.wiley.com/journal/15276473.
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DOI: 10.3748/wjg.v28.i37.5383 Copyright ©The Author(s) 2022.

Figure 12 2022 Journal Article Influence Index and rankings of Gastric Cancer. The image of the journal cover is originally from the home page of the
journal: https://link.springer.com/journal/10120.
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DOI: 10.3748/wjg.v28.i37.5383 Copyright ©The Author(s) 2022.

Figure 13 2022 Journal Article Influence Index and rankings of the American Journal of Gastroenterology. The image of the journal cover is
originally from the home page of the journal: https://journals.lww.com/ajg/pages/default.aspx.

2022 JAII and rankings of Lancet Gastroenterology & Hepatology

In the RCA database, the 2022 JAII for Lancet Gastroenterology & Hepatology is 23.470, ranking 14" among
101 core journals in the field of gastroenterology and hepatology included in the RCA, with a total of
30276 citations (48/101) and a total of 1290 articles (63/101) (Figure 14). For more information on Lancet
Gastroenterology & Hepatology, please visit: https:/ /www.referencecitationanalysis.com/Searchjournal.
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Figure 14 2022 Journal Article Influence Index and rankings of Lancet Gastroenterology & Hepatology. The image of the journal cover is
originally from the home page of the journal: https://www.thelancet.com/journals/langas/home.

2022 JAII and rankings of Journal of Gastroenterology

In the RCA database, the 2022 JAII for Journal of Gastroenterology is 22.837, ranking 15" among 101 core
journals in the field of gastroenterology and hepatology included in the RCA, with a total of 110941
citations (22/101) and a total of 4858 articles (28/101) (Figure 15). For more information on Journal of
Gastroenterology, please visit: https:/ /www.referencecitationanalysis.com/SearchJournal.

2022 JAII and rankings of Neurogastroenterology and Motility

In the RCA database, the 2022 JAII for Neurogastroenterology and Motility is 22.335, ranking 16" among
101 core journals in the field of gastroenterology and hepatology included in the RCA, with a total of
93695 citations (26/101) and a total of 4195 articles (30/101) (Figure 16). For more information on
Neurogastroenterology and Motility, please visit: https:/ /www.referencecitationanalysis.com/Search-
Journal.

2022 JAII and rankings of Clinical Gastroenterology and Hepatology

In the RCA database, the 2022 JAII for Clinical Gastroenterology and Hepatology is 22.295, ranking 17*
among 101 core journals in the field of gastroenterology and hepatology included in the RCA, with a
total of 223108 citations (13/101) and a total of 10007 articles (17/101) (Figure 17). For more information
on Clinical Gastroenterology and Hepatology, please visit: https:/ /www.referencecitationanalysis.com
/SearchJournal.

2022 JAII and rankings of World Journal of Gastroenterology

In the RCA database, the 2022 JAII for World Journal of Gastroenterology is 21.914, ranking 18* among 101
core journals in the field of gastroenterology and hepatology included in the RCA, with a total of 471463
citations (4/101) and a total of 21514 articles (5/101) (Figure 18). For more information on World Journal
of Gastroenterology, please visit: https:/ /www.referencecitationanalysis.com/00000009.

2022 JAII and rankings of American Journal of Physiology-Gastrointestinal and Liver Physiology

In the RCA database, the 2022 JAII for American Journal of Physiology-Gastrointestinal and Liver Physiology
is 21.406, ranking 19" among 101 core journals in the field of gastroenterology and hepatology included
in the RCA, with a total of 230179 citations (11/101) and a total of 10753 articles (14/101) (Figure 19). For
more information on American Journal of Physiology-Gastrointestinal and Liver Physiology, please visit:
https:/ /www .referencecitationanalysis.com/SearchJournal.

2022 JAII and rankings of Journal of Gastrointestinal Surgery

In the RCA database, the 2022 JAII for Journal of Gastrointestinal Surgery is 20.714, ranking 20" among 101
core journals in the field of gastroenterology and hepatology included in the RCA, with a total of 138742
citations (20/101) and a total of 6698 articles (22/101) (Figure 20). For more information on Journal of
Gastrointestinal Surgery, please visit: https:/ /www.referencecitationanalysis.com/SearchJournal.

RCA’S MISSION

The mission of RCA is to provide a high quality academic article evaluation service platform for various
categories. At present, there are many evaluation methods for academic articles, but their calculation
methods are complicated. The RCA is a new method of evaluating the quality of academic articles,
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DOI: 10.3748/wjg.v28.i37.5383 Copyright ©The Author(s) 2022.

Figure 15 2022 Journal Article Influence Index and rankings of Journal of Gastroenterology. The image of the journal cover is originally from the
home page of the journal: https:/link.springer.com/journal/535.
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DOI: 10.3748/wjg.v28.i37.5383 Copyright ©The Author(s) 2022.

Figure 16 2022 Journal Article Influence Index and rankings of Neurogastroenterology and Motility. The image of the journal cover is originally
from the home page of the journal: https://onlinelibrary.wiley.com/journal/13652982.
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DOI: 10.3748/wjg.v28.i37.5383 Copyright ©The Author(s) 2022.

Figure 17 2022 Journal Article Influence Index and rankings of Clinical Gastroenterology and Hepatology. The image of the journal cover is
originally from the home page of the journal: http://www.sciencedirect.com/science/journal/15423565.

which allows academic evaluation of journals, scholars, institutions, drugs, medical devices, and
publishers based on the JAII of each article in the citation analysis database, thus greatly enriching the
academic evaluation systems across different disciplines and guiding the healthy development of the
academic community[2].

Buisnidenge WIG | https:/ /www.wijgnet.com 5391 October 7,2022 | Volume?28 | Issue37 |


https://link.springer.com/journal/535
https://onlinelibrary.wiley.com/journal/13652982
http://www.sciencedirect.com/science/journal/15423565

Wang JL et al. RCA announces the 2022 JAII of 101 journals in gastroenterology and hepatology
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DOI: 10.3748/wjg.v28.i37.5383 Copyright ©The Author(s) 2022.

Figure 18 2022 Journal Article Influence Index and rankings of World Journal of Gastroenterology. The image of the journal cover is originally
from the home page of the journal: http://www.wjgnet.com/1007-9327/index.htm.
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Figure 19 2022 Journal Article Influence Index and rankings of American Journal of Physiology-Gastrointestinal and Liver Physiology.
The image of the journal cover is originally from the home page of the journal: https://journals.physiology.org/journal/ajpgi.
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Figure 20 2022 Journal Article Influence Index and rankings of Journal of Gastrointestinal Surgery. The image of the journal cover is originally
from the home page of the journal: https:/link.springer.com/journal/11605.

OPENNESS AND TRANSPARENCY OF RCA EVALUATION

RCA is unique in its objective, impartial, fair, and transparent release of citation analysis data of
important academic journals to authors and readers, including evaluation data, evaluation indices,
evaluation methods, and evaluation results, in order to ensure the reliability of academic evaluation[2].
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CALCULATION METHOD FOR 2022 JAIl

The 2022 JAII, calculated as Total citations/Total articles, is not a 2-year or 5-year average of citations,
but is an average of citations for all articles since the journal was assigned its DOI number. Article types
are not only limited to original articles and review articles, but for all types of articles. In this way, it is a
more objective, fair, and transparent calculation of the academic influence index of an academic journal.
Furthermore, the journal list itself is evaluated dynamically, its bibliographic metrics being updated
daily, including total number of articles, total citations, and JAII[2].

EVALUATION PROCESS OF RCA JOURNALS

The journals included in the RCA core journal list need to undergo three rounds of strict evaluation. The
evaluation process is as follows[2]:

First-round evaluation: Verify the basic information on the journal, including Journal Name,
Abbreviated Title, Print ISSN, Online ISSN, Language, Category, Peer-Reviewed Journal, Ownership,
Publisher, Journal Website, Editorial Board Members, Submit a Manuscript, and Indexed by.

Second-round evaluation: Verify the activity of the journal, including Total Articles, Total Citations,
Cited by in F6Publishing, and the JAII

Third-round evaluation: Based on the reliability of journal information, the activity of publication data,
whether the journal is a peer-reviewed journal or not, and JAII, the editorial team evaluates every
journal, makes the decision to accept or reject the journal, and creates a list of core journals by discipline.
The function of the list of core academic journals is to classify journals according to categories and rank
them according to various bibliometrics, including Total Views, JAII, Total Citations, Cited by in
F6Publishing, Total Articles, and Number of Years.

INCLUSION PRINCIPLES OF RCA JOURNAL

The RCA editorial team of Baishideng conducted three rounds of rigorous evaluation on core journals in
gastroenterology and hepatology. The resultant RCA core journal list for the field of gastroenterology
and hepatology includes a total of 101 journals, among which the highest 2022 JAII is 48.014 and the
lowest JAII is 3.900, the highest total number of citations is 1711173 and the lowest is 698, and the
highest total number of articles is 46037 and the lowest is 133. The RCA core journal list does not include
any journals with a JAII lower than 3.0. We implement dynamic evaluation inclusively for the RCA core
journal list. Evaluation is initiated once an RCA-nonincluded journal receives a JAII over 3.0. Similarly, if
a journal included in the RCA core journal list receives a JAII lower than 3.0, it will be excluded[2]. The
RCA core journal list is designed by publishers, scientific editors, and engineers for use by readers,
authors, and editorial offices, and is free-of-charge to users.

Upon completion of the three rounds of rigorous evaluation on core journals in gastroenterology and
hepatology by the RCA editorial team, all data in each journal are organized for public consumption
according to category rank, including the 2022 JAII, total citations, cited by in F6Publishing, total
articles, and the 2021 Journal Impact Factor™. All information in each journal, including Journal Name,
Print ISSN, Online ISSN, Language, Free Access, Peer-Reviewed Journal, Ownership, Publisher, Journal
Website, Editorial Board Members, Submit a Manuscript, and Indexed by are made available in RCA.
Moreover, the citations of each journal can be then ranked in RCA by the Impact Index Per Article, Cited
by in Crossref, and Cited by in F6Publishing parameters. Results analysis available for each journal
includes Year Published Analysis, Article Type Analysis, Journal Title Analysis, and Category Analysis.
The references of each journal are also refined by Year Published and Article Type. Each reference’s
citation information is displayed, including PMID, DOI, Cited by in Crossref, Impact Index Per Article,
RCA, and Track Full Text[2].

CONCLUSION

The ultimate purpose of RCA is to provide an open, objective, fair, and reliable academic evaluation
service platform for readers, authors, and journal editors. The RCA journal academic evaluation service
platform is designed and actively maintained to address the needs of authors to select reliable journals
for submission, readers to select high-quality literature for reading, and editors to track their own
journal citation performance. The RCA core journal list itself will serve as a useful Find-a-Journal tool.
Any interested party is welcome to use this journal list and recommend it to their peers.
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Abstract

The discovery of hepatitis C has been a landmark in public health as it brought
the opportunity to save millions of lives through the diagnosis, prevention and
cure of the disease. The combined work of three researchers, Alter H, Houghton
M and Rice C, which set the basis for the diagnosis, treatment and prevention of
hepatitis C apart from laying the ground work for a new approach to study
infections in general and developing new antiviral agents. This is a story of a
transfusion-associated infection. A series of clinical studies demonstrated the
existence of an infectious agent associated with hepatitis. That was followed by
the identification of what was later known to be the hepatitis C virus (HCV) and
the development of diagnostic tests. It all preceded the full molecular identi-
fication and demonstration of a causal effect. Finally it ended up with the
development and discovery of a new class of therapeutic drugs, the direct acting
antivirals, which are now used not only to cure the disease but most probably, to
eliminate the problem. This work started with Dr Alter H who demonstrated that
a new virus was responsible for the majority of post-transfusion hepatitis
followed by Houghton M who cloned the virus and developed the blood test to
identify those cases that carried the virus. Finally, the work of Rice C
demonstrated that a cloned HCV produced after applying molecular biology
techniques could cause long-standing infection and cause the same disease as the
one observed in humans.

Key Words: Hepatitis C; Nobel prize; Discovery; Diagnosis; Treatment; Elimination;
World Health Organization initiative
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Core Tip: The discovery of hepatitis C has been a landmark in public health as it brought the opportunity to
save millions of lives through the diagnosis, prevention and cure of a disease that was perhaps noticed
5000 years ago. It was through the combined work of three researchers, Alter H, Houghton M and Rice C,
which set the basis for the diagnosis, treatment and prevention of hepatitis C apart from laying the ground
work for a new approach to study infections in general and developing new antiviral agents.
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INTRODUCTION

“The methodological studies of transfusion-associated hepatitis by Harvey ]. Alter demonstrated that an unknown
virus was a common cause of chronic hepatitis. Michael Houghton used an untested strategy to isolate the genome
of the new virus that was named Hepatitis C virus. Charles M. Rice provided the final evidence showing that
Hepatitis C virus alone could cause hepatitis.” Nobel Prize assembly, 2020[1].

THE DISCOVERY OF HEPATITIS C VIRUS WAS A LANDMARK IN PUBLIC HEALTH

The prolonged campaign to discover and treat the various causes of viral hepatitis is a major medical
success story as it brought about the opportunity to save thousands of lives through the diagnosis,
prevention and cure of the disease, sparing lives that would be lost to chronic hepatitis C and its
complications. It was through the combined work of three researchers starting with Dr Alter H working
at National Institutes of Health (NIH) who demonstrated that a new virus was responsible for the
majority of post-transfusion hepatitis. That was followed by Houghton M who cloned the virus and
developed the blood test to identify those cases that carried the virus. And finally, Rice C demonstrated
that a cloned hepatitis C virus (HCV), produced after applying molecular biology techniques (a virion),
could cause long-standing infection and cause the same disease as the one observed in humans|[2]. These
scientific breakthroughs enabled the World Health Organization (WHO) to set the, once unthinkable,
goal for HCV elimination by 2030[3]. The implications of this work are not limited to hepatitis C as the
new diagnostic techniques and methods of drug development may be applicable to other viral
pathogens. Furthermore, the complete new approach to treatment based on the study and new
knowledge of the HCV genetics and lifecycle together with the molecular biology approach attacking
many targets directly (in the HCV lifecycle) i.e., protease inhibitors, polymerase inhibitors and NS5A
inhibitors[4-6], the former being the most successful prodrug developed and currently used in the WHO
policy for world elimination of hepatitis C aimed at either[6,7], virion processing, RNA replication and
virion assembly in the liver cell[6,8].

For those of us who grew up in the hepatology field when non-A non-B hepatitis (what a strange
name!) was a common topic of discussion in the clinic and the laboratory, the award of the Nobel prize
for the discovery of HCV in 2020 marked a fitting end to a long saga. This is the second Nobel prize
awarded to investigators in viral hepatitis recognizing the major advances in this field of clinical and
laboratory research [the first Nobel prize was awarded to Blumberg B in 1976 for the discovery of
hepatitis B virus (HBV)][9]. Initially viral hepatitis was regarded as an epidemic disease which was a
major problem in congregated settings such as residential schools and military establishments. It
became a major issue in time of war when epidemics reduced the effectiveness of armies in the field.
Much important early research was funded by the military. Only later did it become apparent that
chronic viral hepatitis could lead to cirrhosis and hepatocellular carcinoma (HCC). Many millions of
people were infected making it one of the leading causes of morbidity and mortality in some parts of the
world. In the early 2000’s it was estimated that chronic viral hepatitis was responsible for over one
million deaths annually[10]. The development of vaccines for hepatitis B and effective anti-viral therapy
for hepatitis B and C have been dramatically effective and offer the prospect of banishing these diseases
to the sidelines of human history.
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BRIEF HISTORY OF HEPATITIS

The hepatitis problem was perhaps noticed 5000 years ago when epidemics of jaundice were attributed
to a devil called “Ahhazu” by the Sumerians[11] and many years later were described by Hippocrates in
the 5™ century BC in his book “Epidemics”. They were particular noted in armies during time of war,
hence the term “campaign jaundice”. The cause of jaundice was not understood and up till the out-
break of the second world war many clinicians accepted Virchow’s theory that a mucous plug at the
mouth of the common bile duct caused “catarrhal jaundice”[12]. The large number of hepatitis cases and
the impact it had on battle readiness acted as a major stimulus to understanding hepatitis. Most of the
subsequent advances in knowledge were described in the British and American literature. Up until D-
day in 1944 the British army was mainly engaged in fighting in the Mediterranean theatre. Hepatitis,
with malaria and venereal disease were the three most important medical conditions afflicting the
troops there[13]. On the other side of the Atlantic ocean, 28585 United States servicemen developed
jaundice after receiving the yellow fever vaccine[14]. Clinical, epidemiological and transmission studies
established that there were two distinct forms of hepatitis, characterized as infectious or serum hepatitis.
Infectious hepatitis was transmitted by the fecal-oral route whereas serum hepatitis was transmitted by
injection or blood products[15].

Stokes and Neff of the United States Army Medical Corps had been using concentrated gamma
globulin to prevent or attenuate measles infection. Despite several thousand treatments they recorded
no cases of hepatitis[16]. They reasoned that there may be neutralizing antibodies in gamma globulin
prepared from large pools of adult plasma and suggested that gamma globulin could be useful in the
treatment of viral hepatitis. The hypothesis was tested when there was a large epidemic of hepatitis in a
summer camp for boys and girls in September 1944. There was sufficient gamma globulin to treat 45
children, who were compared to 246 controls. Hepatitis was subsequently documented in 16% (7/45)
treated compared to (70%) 172/246 controls. None of those treated developed clinical jaundice thus
demonstrating that gamma globulin could prevent or attenuate infectious hepatitis[17]. Many of the
subsequent transmission studies on viral hepatitis of questionable procedures were performed in the
Willowbrook State School in New York for children with mental disorders which had a major problem
with endemic infectious hepatitis[15]. The investigators clearly demonstrated two types of hepatitis,
with different incubation periods and no cross-immunity, subsequently proven to be hepatitis A and
hepatitis B. The ethics of that program have since been questioned[18].

The problem of hepatitis continued up until modern times when many cases of un-explained jaundice
continued to puzzle clinicians until some 51 years ago when Holland, Schmidt, Purcell, Walsh and Alter
began to study what was called “Transfusion-associated hepatitis” in 1969[19]. It would take some 20
years more until the infectious agent, HCV, was discovered[20]. Those of us who grew up in the
hepatology field when non-A non-B hepatitis was a common topic for discussion in clinical meetings
and on the wards remember the cases of unexplained post-transfusion hepatitis. In addition there were
many cases of “nosocomial” hepatitis[21] and cryptogenic hepatitis and a lack of diagnostic tests. The
journey to unravel this problem took another 39 years, 14 years from the identification of non-A non-B
hepatitis to the discovery of the HCV and 25 years from the discovery of HCV in 1989 to the approval of
one of the most prescribed direct acting antiviral agents (DAA) Sofosbuvir in 2013 for the treatment of
hepatitis C[22]. In all, those 39 years don’t seem too bad now when we look at the progress made from
those early clinical and epidemiologic studies by Alter and others up to the incredibly creative and
imaginative pharmacological approach to therapy involving the design of DAA that inhibit HCV
infection by blocking viral assembly and replication at the present time[22].

Currently, it is estimated, that there are more than 71 million people around the world infected with
HCV. Complications of end-stage liver disease due to hepatitis C make it one of the world’s most
important causes of death with 400000 cases a year[23]. It is well-known that HCV can cause chronic
hepatitis C, a silent but progressive condition which may progress to cirrhosis and HCC over decades.
Hepatitis C is transmitted by the parenteral route. As blood products for transfusion have become
increasingly safe due to effective viral testing, the main route of transmission in most countries is
through intravenous drug use. Eradication of hepatitis C requires effective harm reduction strategies for
intravenous drug use in addition to antiviral therapy[7,20].

Interest in this problem (now known as hepatitis C) was renewed almost 70 years ago when there was
a high incidence of chronic hepatitis after blood transfusions or use of blood products. At that time it
was impossible to know who of the donors carried the disease. In 1960, Alter[24] started his search for
the “source” of post-transfusion hepatitis having previously worked with Blumberg B with whom he
had observed a “precipitin line ... that stained intensely red” in a reaction between blood from a patient
with hemophilia and blood from an Australian aborigine which they called initially the “Australia
antigen”. That was later identified as the surface protein of the HBV (HBsAg). Blumberg continued his
research on the Australia antigen to establish the link with HBV for which he won the Nobel prize in
Medicine in 1976[11]. In his studies, Alter[19] found that even if hepatitis B contaminated blood was
excluded from use most post-transfusional hepatitis remained. He tested the blood supplies for the
presence of suspected known viruses and followed up patients who developed hepatitis after receiving
a blood transfusion and found that an incredible high number of cases could not be explained. Alter[19]
and other researchers suspected there was another infectious agent. In 1978, Alter[24] demonstrated that
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plasma from those patients with post-transfusion hepatitis could infect chimpanzees who developed
clinical and laboratory signs of hepatitis suggesting that the cause of that liver inflammation was
infectious. Further studies by Alter[24] showed that the causative agent had characteristics of a virus.
The next goal was the search for the virus which took lots of effort and time i.e., years! Nevertheless
Alter[19] had learnt from Blumberg to work with tenacity and perseverance to carry on with his work.
Robert Purcell and Steve Feinstone at the NIH[19] and Alfred Prince in New York noted that most cases
of post-transfusion hepatitis were HBsAg negative and hepatitis A virus negative[11]. At that time they
started calling it non-A non-B hepatitis (NANBH)[11]. Another important step was the observation that
infectivity titers in chimps studied by Purcell were almost identical to the genomic titers in a patient
with severe acute NANBH studied by Alter[19]. Alter[19] worked with the assumption that genetic
material would be present in pools of DNA sequences isolated from those animals infected with
hepatitis, and on the other hand that serum from humans with this form of hepatitis would have
specific antibodies against that virus that would bind to some proteins or viral particles and could then
be used to identify those samples with the virus. Together with Purcell he attempted every serological
approach known at the time to identify the virus without success.

In 1989, Houghton[25] at Chiron Laboratories in California (now part of Novartis) tried a combination
of molecular biology and immunology methods. They extracted nucleic acid from plasma and cloned it
in an expression vector (GT11) creating a phage expression library. This technique enabled them to
identify the first epitope characteristic of the HCV envelope in 1989[11]. They later named it HCV.
Houghton rapidly came up with the idea of developing immunoassays to detect antibodies to protein
products of those clones establishing a blood test for HCV which he evaluated using Alter’s blood
samples’ collection at NIH[26]. They correctly identified all samples which were thought to be infected
with the virus as well as all negative controls. This was a major milestone for medicine and public
health. It allowed blood banks to screen all blood supplies resulting in an immediate and dramatic drop
in the incidence of post-transfusion hepatitis.

At this point there was another crucial question, that is whether this virus could reproduce infection
if inoculated into an experimental model, hence probing that the now called HCV was the causative
agent of the formerly known NANBH. Rice C a researcher at the University of Washington who had
been working with molecular virology of Flavivirus[22] focused on dissecting HCV gene expression
using blood from infected chimpanzees to introduce DNA fragments into bacteria to express individual
protein fragments. Those products were then screened with the antiviral antibodies until they could
isolate one positive clone. The positive clone encoded a sequence that was very similar to sequences of
the virus family of flaviviruses. Next, Rice started investigating what was needed for the molecularly
cloned HCV to be reproduced in vitro. In 1996, he and his group identified the conserved 3’-terminal
region of the HCV genomic RNA which was previously unknown[27], and was crucial for recovery of
infectious HCV cDNA clones. However, initially they could not produce infection when injected into
the liver of animals speculating that there could be some inactivating random mutations in the genome
produced during the replication of the virus[28]. That meant that some individual clones may be
defective. He sequenced many clones and compared them with each other and found that some of these
clones contained potentially inactivating mutations which he thought could be removed with genetic
engineering[29]. He later combined that repaired viral genome with the 3’-end of the genomic RNA
hoping he would obtain a functional virus. When he injected this genome into the liver of chimpanzees
clinical signs of hepatitis ensued and there was virus present in the blood producing now the evidence
that the clone of the HCV could produce the disease associated with hepatitis infection[22,30]. That was
a very important advance because the development of HCV replicons provided a live HCV system in
the laboratory where viral replication, pathogenesis and evolution in culture could be studied in a
viable in vitro replication system[22]. Later on newer constructs were obtained with higher replicative
ability in vitro[22]. This was another milestone. Within 1 year of the cloning of HCV the nucleotide
sequence of the entire viral genome was determined and the agent was characterized as a single-
stranded positive-sense RNA virus of about 9600 nucleotides in length[2,31]. The advent of functional
replicons also enabled the assay development for antiviral drug development which made the search for
effective anti-viral drugs much easier[22]. Another collaborator of Rice, Ralf Bartenschlager, a molecular
biologist who had previously worked with HBV, successfully replicated HCV genomic RNA in a human
hepatoma cell line Huh7[32]. Confirmatory reports from various groups worldwide all corroborated
that replicons were robust in vitro replication (subgenomic HCV replication system) systems that set the
basis for production of infectious virus particles in cell cultures[22,32]. That improved the HCV RNA
replicon system model was used in collaboration with Michael Sofia to design the new DAA[22]. One of
those developed, DAA PSI-7797 (Sofosbuvir), had a very effective antiviral effect with broader genotype
coverage and fewer side effects on a shorter duration treatment[11,22]. This prodrug enters the
hepatocyte readily where it is metabolized to produce a triphosphate derivative which is a potent viral
replication inhibitor[20,22]. It has just recently been announced that it can cure up to 95% of patients
infected with HCV[33]. Different prodrugs were tested in genotype-specific cell lines that have been
used in preclinical studies to select and validate novel targets for HCV. Those included NS3-4A protease
inhibitors, nucleoside analogue viral polymerase inhibitors, non-nucleoside inhibitors of the viral RNA
polymerase, NS5A inhibitors, host targeted agents (HTA), cyclophilin inhibitors and a cellular miRNA
antagonist[4]. The discovery of over 30 new DAAs and HTAs revolutionized the treatment of chronic
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HCVI8]. The swift development of interferon-free protocols using DAA monotherapy or the combined
administration of two or three DAAs or HT As, administered for 8-12 and up to 24 wk, led to sustained
virological response (SVR) rates between 90% and 100%[8,33,34].

With the widespread use of DAAs many countries are now reporting a reduction in mortality
associated with chronic hepatitis C and it’s complications such as liver cirrhosis and HCC[3]. A strategy
of “treatment as prevention” has been proposed with the aim of reducing the population prevalence,
interrupting the chain of viral transmission and ultimately leading to elimination of HCV infection[11,
20], although patients with HCV infection with cirrhosis or decompensated liver disease present special
challenges such as post-SVR complications including HCV reinfection, HCC risk, residual HCC which
should be addressed by early detection and treatment, combination and multiple DAA therapy
avoiding the use of protease inhibitors and risk reduction counseling[7,34]. As epidemiologists,
infectious diseases and liver specialists analyze the natural history, epidemiology and public health
figures, world experts have proposed a rationale towards hepatitis C elimination based on infection
control and disease elimination and eradication[7,20].

ELIMINATION OF HEPATITIS C

Viral hepatitis is a global health burden affecting 325 million people globally of which 71 million have
hepatitis C with 1.5 million infections occurring per year and 542316 global HCV related deaths[3,20]. In
2016, the WHO set the Global health sector strategy for viral hepatitis proposing to eliminate viral
hepatitis as a public health problem by 2030[3]. That is a 90% reduction in incidence and a 65%
reduction in mortality by 2030 and a new guidance was released in June 2021[35]. These targets are
achievable with the tools now at our disposal as demonstrated for hepatitis B in Taiwan[36] and
hepatitis C in Egypt[37]. The main global strategies are to increase HCV testing, improve clinical
education of providers, utilize simple models for HCV care and provide universal access to antiviral
treatment at affordable cost. While there have been technical, geographic and policy limitations such as
limited funding, lack of transparency and high in-country process, fragmented procurement, HCV
diagnostics inefficiencies[3] and most recently the severe acute respiratory syndrome coronavirus 2
pandemic to mention a few there have been many examples around the globe showing that the goals
are feasible[35]. In Egypt the cost of hepatitis C antiviral therapy fell from $1650 to $85 United States
dollars between 2015 and 2018. A nationwide screening and treatment program identified 1.15 million
infected individuals. By September 2019 over 1.05 million had commenced treatment with sustained
virological clearance rates of 98.8%[37]. In spite of those challenges mentioned above, the future of
mankind looks promising as millions of people will have the chance of a life free of hepatitis virus.

CONCLUSION

We have summarized the contributions of several groups of medical researchers starting with Dr Alter
H who demonstrated that a new virus was responsible for the majority of post-transfusion hepatitis
followed by Houghton M who cloned the virus and developed the blood test to identify those cases that
carried the virus. That was continued with the work of Rice C that demonstrated that a cloned HCV
produced after applying molecular biology techniques could produce long-standing infection and cause
the same disease in animals as the one observed in humans[2] (Figure 1). That is a milestone not only in
the diagnosis, treatment and prevention of hepatitis C, but in the approach to study infections in general
apart from contributing to the understanding of the role genetic and environmental factors play in the
development of this infection. In all, that set the basis for the production of new antivirals which are
central for hepatitis C control and elimination. Of note, the cloning of HCV in 1989 was a remarkable
accomplishment that has not only saved a large number of human lives but also demonstrated the
power of molecular biology in unearthing new infectious agents. The discovery of HCV, the first virus
ever discovered by molecular cloning technology, with its accompanying development of new method-
ologies such as new generation sequencing and new generation diagnostic automated systems[38], is
also a landmark in public health. The discovery of HCV provides the opportunity to save thousands of
lives through prevention and now, cure of the disease, which would otherwise be lost to chronic
hepatitis C and its complications.
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Figure 1 Timeline of the events leading and following the discovery of the hepatitis C virus. DAAs: Direct-acting antivirals; HCV: Hepatitis C virus;
WHO: World Health Organization.
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Abstract

Gastrointestinal cancer (GIC) is the most common cancer with a poor prognosis.
Currently, surgery is the main treatment for GIC. However, the high rate of
postoperative recurrence leads to a low five-year survival rate. In recent years,
immunotherapy has received much attention. As the only immunotherapy drugs
approved by the Food and Drug Administration (FDA), immune checkpoint
blockade (ICB) drugs have great potential in cancer therapy. Nevertheless, the
efficacy of ICB treatment is greatly limited by the low immunogenicity and
immunosuppressive microenvironment of GIC. Therefore, the targets of immuno-
therapy have expanded from ICB to increasing tumor immunogenicity, increasing
the recruitment and maturation of immune cells and reducing the proportion of
inhibitory immune cells, such as M2-like macrophages, regulatory T cells and
myeloid-derived suppressor cells. Moreover, with the development of nanotech-
nology, a variety of nanoparticles have been approved by the FDA for clinical
therapy, so novel nanodrug delivery systems have become a research focus for
anticancer therapy. In this review, we summarize recent advances in the appli-
cation of immunotherapy-based nanoparticles in GICs, such as gastric cancer,
hepatocellular carcinoma, colorectal cancer and pancreatic cancer, and described
the existing challenges and future trends.
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Core Tip: Recently, immunotherapy has received substantial attention. Although there are several Food and
Drug Administration-approved immune checkpoint blockade (ICB) drugs, the efficacy remains limited,
and the response rate is less than 20%. Because gastrointestinal cancer (GIC) is a group of immunosup-
pressive cancers, the efficacy of ICB treatment is also limited. Therefore, enhancing the immunogenicity
of GIC or reversing the immunosuppressive microenvironment of GIC have become potential approaches
for GIC immunotherapy. There are many studies on nanoparticle-based cancer therapy. However, there are
only a few studies on immunotherapy-based nanoparticles in GIC. Here, we summarize recent advances in
the application of immunotherapy-based nanoparticles in GIC and present our thoughts about this topic.

Citation: Ding YN, Xue M, Tang QS, Wang LJ, Ding HY, Li H, Gao CC, Yu WP. Immunotherapy-based novel
nanoparticles in the treatment of gastrointestinal cancer: Trends and challenges. World J Gastroenterol 2022;
28(37): 5403-5419

URL: https://www.wjgnet.com/1007-9327/full/v28/i37/5403.htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i37.5403

INTRODUCTION

Gastrointestinal cancer (GIC) has been among the most commonly diagnosed cancers in recent decades
[1-3]. In recent reports, the incidence and mortality rates have gradually decreased for gastric cancer
(GQ), hepatocellular carcinoma (HCC) and esophageal cancer in China; in contrast, the rates for
colorectal cancer (CRC) have increased[4]. Regardless of the changes in the incidence and mortality rates
of GIC, the disease has greatly affected the quality of life of many individuals.

Similar to other types of cancer, GIC has several therapies available. As the most conventional means
of cancer treatment, surgery, chemotherapy and radiotherapy play important roles. Although
traditional therapies effectively prolong survival for patients with GIC, there are still many drawbacks
that cannot be ignored[5]. Surgery, especially minimally invasive surgery and radiotherapy, can
effectively shrink the tumor and even make the local tumor disappear; chemotherapy can be
administered systematically to kill cancer cells[6-8]. However, these treatments cannot prevent
recurrence. Moreover, for GICs, the side effects of radiotherapy and chemotherapy on the digestive
system seriously affect the quality of life of patients and cannot be ignored[9-11]. To improve the
therapeutic effect and reduce the occurrence of adverse reactions, clinicians often try a variety of
therapeutic combinations to achieve complementary advantages[12,13].

With progress in the concept of cancer treatment and the development of diagnosis and treatment
technology, various precision treatment methods, such as targeted therapy, photodynamic therapy
(PDT), photothermal therapy (PTT) and immunotherapy, have emerged as new sources of hope for
patients[14-19]. Some scholars believe that the characteristics of the GIC immune microenvironment are
related to the high mortality of patients with GIC; therefore, treatments that target the GIC immune
microenvironment are gradually being recognized[20]. As one of the therapeutic methods that targets
the cancer immune microenvironment, immune checkpoint blockade (ICB) treatment has achieved great
success in clinical practice, laying a good foundation for the development of cancer immunotherapy[21].

Recently, a variety of nanobased drugs (such as Eligard[22], Marqibo[23], Onivyde[24], Doxil[25],
Abraxane[26], Ontak[27] and Nanotherm[28]) have been widely used in clinical practice due to several
characteristics, including their low toxicity, long circulation and passive targeting ability[29,30].
However, most of the nanobased drugs mentioned above are liposomes. In addition to liposomes, there
are also other types of nanoparticles that possess the same potential for clinical translation. Similar to
liposomes, small extracellular vesicles and cell membrane vesicles also have lipid bilayers, and they
have better biocompatibility than liposomes due to their origin[31-34]. Furthermore, due to their simple
production process and high drug loading efficiency, polymersomes are also considered candidate
nanoparticles for clinical translation[35-37]. There are also many kinds of novel nanoparticles, such as
gold nanoparticles, manganese dioxide nanoparticles, upconversion nanoparticles (UCNPs), metal
organic framework nanoparticles and mesoporous silica nanoparticles (MSNPs), which can also play
important roles in different diseases or cancers through their own characteristics[38-42]. Here, among
the GICs, we focus on GC, HCC, CRC and pancreatic cancer and summarize the application trends of
immunotherapy-based novel nanoparticles in these cancers as well as the challenges and opportunities
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in the future.

IMMUNOTHERAPY-BASED NOVEL NANOPARTICLES IN GC

GC remains one of the most common causes of cancer-related death globally. Although a variety of
treatments have been developed, the main treatment for GC is still surgery or endoscopic resection. The
probability of patients experiencing recurrence after surgery is approximately 60%[43]. Currently, the
median overall survival time with fluoropyrimidine-based combination chemotherapy is less than one
year. In general, the overall clinical therapeutic effect of GC is not satisfactory[44,45]. In addition,
immunotherapy for GC will become an important treatment option in the future, and nanoparticles, as
highly efficient drug carriers, have played an important role in clinical practice[46-48]. Whether the
combination of immunotherapy and nanoparticles can produce improved therapeutic effects is also
worth examining.

Immune checkpoint inhibitors (ICIs), such as anti-programmed death receptor-1 (anti-PD-1) antibody
and anti-programmed death receptor-ligand 1 (anti-PD-L1) antibody, can effectively block the PD-
1/PD-L1 pathway and enhance the anticancer immune response[49]. Based on ICI treatment, Xu et al
[50] prepared a novel nanoparticle named docetaxel (DOC)-PEG-PCL-monoclonal antibody (mAb) NP,
which contained DOC as the chemotherapeutic drug and conjugated PD-L1 mAb on the surface of the
nanoparticle. This nanodrug delivery system (NDDS) can effectively improve drug delivery efficiency
and the solubility of hydrophobic drugs such as DOC. In addition, the system can target PD-L1-positive
GC cells, exhibiting clinical translation potential. Recently, scientists found that a gradually acquired
heritable de novo methylation program inhibited T-cell proliferation and clonal diversity during PD-1
blockade therapy[51]. Inspired by this study, Hu et al[52] designed copolymers loaded with the
epigenetic agent 5-Aza-20-deoxycytidine (DAC), and an anti-PD-1 antibody was conjugated to the
surface of the nanoparticles. The nanoparticles increased the stability of DAC and improved the
therapeutic effect of ICI treatment in vivo.

Due to the characteristics of the cancer immune microenvironment, T-cell infiltration in GC patients is
insufficient, which limits the effect of ICB treatment in GC[53]. Guo et al[54] constructed an NDDS
named HMONP®IR820/Pt-NPs, which coencapsulated platinum nanoparticles (chemo-prodrugs) and
IR820 (photosensitizer) into hollow mesoporous organosilica nanoparticles. IR820-mediated PDT can
lead to the release of oxidative mitochondrial DNA (mitoDNA). In addition, this oxidative process can
oxidize Pt(0) to cytotoxic Pt(Il), which can lead to the dysfunction of nuclear DNA (nDNA). The dual
damage of mitoDNA and nDNA can activate the c-GAS/stimulator of interferon genes (STING)
pathway, which can directly stimulate innate immunity and increase the infiltration of CD8" T cells,
thus improving the efficacy of immunotherapy for GC.

Multiple studies have confirmed that tumor-associated macrophages (TAMs) are also involved in the
composition of the tumor immune microenvironment. Moreover, M2-like macrophages can inhibit
tumor immunity and promote tumor immune escape[55,56]. Zhang et al[57]'s group designed a novel
human serum albumin (HSA)-Au(Ill) thiosemicarbazone agent nanoparticle delivery system for
chemotherapy and immunotherapy in GC. This NDDS can simultaneously directly kill GC cells and
polarize TAMs into M1-like macrophages, providing a new immunotherapy strategy for clinical
translation.

The majority of cancer patients are often unable to activate adequate levels of anticancer immunity,
whereas therapeutic tumor vaccines can help patients proactively generate adequate anticancer immune
responses against tumor-specific antigens (TSAs) and tumor-associated antigens[58]. Among the
different types of tumor vaccines, dendritic cell (DC)-based tumor vaccines have been explored in
clinical experiments[59,60]. Kohnepoushi et al[61] prepared poly(lactic-co-glycolic) acid nanoparticles to
protect the human gastric tumor antigen against proteolytic enzymes. In addition, nanoparticles that
contain human gastric tumor antigen can facilitate DC maturation and further enhance the efficacy of
DC vaccines in clinical practice.

In addition to ICB treatment and other therapies that can improve the cancer immune microenvir-
onment, immunoadjuvants can act as a potential adjunctive therapy to stimulate anticancer immunity
[62,63]. Zhang et al[64] developed a gold nanoshell-based NDDS that can convert near-infrared (NIR)
light into thermal energy, enabling PTT. Moreover, high temperature can also break thiol bonds to
release gene therapy agents and oligooxynucleotides that contain cytosine-guanine (CpG) motifs (which
are also known as immunoadjuvants). This study designed a novel NDDS combined with hyperthermia,
gene therapy and immunotherapy, which exhibited encouraging anticancer efficacy against GC in vitro
and in vivo (Table 1).

IMMUNOTHERAPY-BASED NOVEL NANOPARTICLES IN HCC

Primary liver cancer is among the most commonly diagnosed cancers, most of which are HCC[65,66].
Due to the high infection rate of hepatitis B virus, the incidence of HCC in China remains high[67].
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Table 1 Overview of inmunotherapy-based novel nanoparticles in the treatment of gastric cancer [PubMed Search (immunotherapy)

AND (nanoparticle) AND (gastric cancer)]

. Drugs or active The main involvement
Type of nanoparticle Treatment strategy . . . Ref.
substance involved of immune cells
Copolymers ICIs, chemotherapy DOC, PD-L1 mAb T cells Xu et al[50]
Copolymers ICIs, epigenetic treatment DAC, nivolumab PD1'CD8" TILs Hu et al[52]
Hollow mesoporous Dual-damage to nDNA and mitoDNA Platinum, IR820 CD8" T cells, DCs Guo et al[54]
organosilica nanoparticles  activates the c-GAS/STING pathway to
stimulate innate immunity
HSA nanoparticles Targeted chemotherapy and immuno- Au(IIl) thiosemicarbazone =~ TAMs Zhang et al[57]
therapy agent
Polymers DC vaccine Human gastric tumor DCs Kohnepoushi et al
antigens [61]
Gold nanoshell Gene therapy, hyperthermia and immuno- ~ HER-2 targeted siRNA, DCs, T cells Zhang et al[64]
adjuvants therapy gold, CpG

ICIs: Immune checkpoint inhibitors; DOC: Docetaxel; PD-L1: Programmed cell death ligand 1; mAb: Monoclonal antibody; DAC: 5-Aza-20-deoxycytidine;
TILs: Tumor-infiltrating T cells; DCs: Dendritic cells; HSA: Human serum albumin; TAMs: Tumor-associated macrophages; HER-2: Human epidermal
growth factor receptor-2; CpG: Cytosine-guanine.

Surgical resection of the liver is the main treatment for HCC. However, the prognosis after surgery is
still poor. Recently, the development of molecular targeted therapy and immunotherapy for HCC has
gained recognition in clinical studies[68]. Moreover, NDDSs can improve the efficiency of drug delivery
into the tumor area and reduce side effects[69-71]. At present, a large number of studies using immuno-
therapy-based NDDSs have shown great potential for clinical translation.

ICB treatment has also emerged as a new option for advanced HCC[72]. However, ICB treatment
alone has limited efficacy against HCC. Therefore, how to combine other kinds of therapies to improve
the efficiency of ICB treatment has become a new academic topic. For example, Food and Drug
Administration (FDA)-approved sorafenib-experienced patients used ipilimumab (anti-CTLA-4)
combined with nivolumab (anti-PD-1) in March 2020[73]. In the last two decades, scientists have found
that chemotherapeutic drugs, radiotherapy, PDT and some other treatments can induce immunogenic
cell death (ICD), which can lead to the release of TSAs and increase tumor antigenicity[74]. Hence, ICD
can improve the efficacy of ICB treatment by increasing tumor immunogenicity. According to the
therapeutic strategies mentioned above, Xu et al[75] designed a cyclic arginine-glycine-aspartic acid
peptide-modified self-assembling polymer-based NDDS. Cancer cells were damaged by PDT and
chemotherapy, while induced ICD and enhanced tumor immunogenicity provided a suitable immune
microenvironment for ICB treatment. Previous studies found that a lack of the p53 tumor suppressor
gene leads to tumorigenesis and drug resistance[76-78]. With the development of research on the p53
tumor suppressor gene, an increasing body of evidence indicates that the p53 protein plays an
important role in anticancer immunity by regulating the cancer immune microenvironment[79-81].
Furthermore, a recent study suggested that ICD induced by cytotoxic agents, such as chemotherapy
drugs, may be involved in the activation of the p53 pathway[82]. Xiao et al[83] developed a novel lipid-
polymer hybrid nanoplatform for mRNA delivery that can induce the expression of p53, effectively
reprogramming the immune microenvironment of HCC. Moreover, combination with anti-PD-1 therapy
can reverse the inhibitory immune microenvironment of HCC. To solve the problem of HCC recurrence
after surgery, Li et al[84] designed a bionic NDDS consisting of MSNPs loaded with anti-PD-L1 and
sorafenib and coated with platelet membranes at the surface of the MSNPs. This NDDS can target
wounds and generate potent anti-HCC immunity, providing a new therapeutic idea for preventing
recurrence in postsurgery HCC patients.

As we mentioned before, chemotherapy-based ICD can cause cancer cells to be more easily
recognized by the immune system. However, the effect of single-drug-mediated ICD is very limited.
Some studies have attempted to enhance the effect of ICD by combining two different ICD inducers to
solve this problem. Yu et al[85] evaluated the potential of icaritin as an ICD inducer and utilized NDDS
to deliver low doses of icaritin and doxorubicin simultaneously to the tumor area. This NDDS can
reprogram the immune microenvironment and induce satisfactory anti-HCC effects. Furthermore,
NDDS can lower the dose of chemotherapy to reduce the side effects.

TAMs play a major role in the immunosuppressive microenvironment of HCC[86]. Wang et al[87]
screened chemokine C-C motif ligand (CCL)2 and CCL5 as two major chemokines responsible for the
polarization of M2-like macrophages and designed a CCL2 and CCL5 dual-target lipid nanoparticle
system. The combination of TAMs targeting lipid nanoparticles with ICB treatment achieved long-term
survival in HCC mice. Similarly, as a common feature of the tumor microenvironment, hypoxia is also
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common in HCC. Hypoxia can lead to radioresistance and the formation of an immunosuppressive
microenvironment, including the accumulation of TAMs and depletion of effector T cells, which are
closely related to the occurrence and development of cancer[88-90]. Dai et al[91] synthesized polydo-
pamine-nanoparticle-stabilized oxygen microcapsules that can deliver oxygen to the tumor region and
rapidly increase the concentration of oxygen. In this study, oxygen microcapsules increased HCC
sensitivity to radiotherapy and polarized M2-like macrophages into M1-like macrophages, consequently
activating anti-HCC immunity. In addition to conventional immune cells, liver sinusoidal endothelial
cells (LSECs) can also play a significant role in immunosuppressive regulation[92]. Yu et al[93] designed
a simvastatin-loaded NDDS to target LSECs in HCC patients. This NDDS can reduce the capillarization
of LSECs to improve the stromal microenvironment and recruit natural killer T cells to inhibit tumor
progression.

Cationic lipid nanoparticles have been suggested to be suitable delivery vectors for RNA, and several
messenger RNA vaccines are based on lipid nanotechnology that was approved by the FDA during the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic[94-97]. Zhang et al[98]
developed a total HCC-derived RNA-loaded lipid nanoparticle vaccine to target DCs and activate
anticancer immunity (Figure 1 and Table 2).

IMMUNOTHERAPY-BASED NOVEL NANOPARTICLES IN CRC

CRC is the third leading cause of cancer-related deaths globally[99]. CRC is the only cancer that can be
reduced by screening. Most CRC patients can be screened by flexible sigmoidoscopy or guaiac-based
fecal occult blood tests[100]. However, approximately 25% of CRC patients are at stage 4, and the 5-year
survival rate is only 11%[101,102]. To improve the survival rate of advanced CRC patients, immuno-
therapy and nanoparticle-based drug delivery systems have become the focus of basic and clinical
research for the past few years[103-105].

Similar to GC and HCC, ICB treatment is more widely used in CRC patients, but its curative effect is
extremely limited, especially for mismatch repair-proficient/ microsatellite stability /microsatellite
instability-low CRC patients[106]. As we reported earlier, ICB treatment combined with ICD can
achieve a “1 + 1 > 2” effect. A similar treatment strategy has also been applied in CRC research. For
example, Yuan et al[107] utilized the ability of PDT to induce ICD and developed a photosensitive
NDDS combined with ICB treatment that can enhance the response rate of anti-PD-L1 therapy in CRC.
Zhu et al[108] also designed an oxaliplatin prodrug-conjugated photosensitive NDDS that can be
stimulated by the NIR-II window (1000-1700 nm) for PTT, which is a proven to induce ICD. Moreover,
oxaliplatin, a chemotherapy drug, is also known as an ICD inducer. This novel NDDS can induce ICD
through both PTT and chemotherapy, which may provide a promising immunotherapy strategy for
advanced CRC treatment. Shikonin (SK), a major active ingredient isolated from traditional Chinese
medicine, has also been proven to induce ICD. Li et al[109] designed a versatile nanoparticle that can
deliver knockdown siRNA for both the ICD inducer SK and PD-L1, which presents potential for CRC
immunotherapy. Recently, ferroptosis was discovered as a nonapoptotic form of regulated cell death
[110]. In addition, Duan et al[111]'s group proved that dihydroartemisinin (DHA), as a reactive oxygen
species (ROS)-producing drug and ferroptosis inducer, can also induce ICD to potentiate anticancer
immunity. Therefore, the same research group developed a Zn-pyrophosphate core-shell NDDS
codeliver DHA and pyropheophorbide-iron (pyro-Fe). Glutathione and other thiol-based reductants in
cancer cells can reduce Pyro-Fe™ to Pyro-Fe", which can catalyze the decomposition of DHA to induce
ICD and ferroptosis. This novel NDDS overcame the deficiency of iron in solid tumors, enhanced the
ability of DHA to induce ferroptosis and ICD, and increased the infiltration of CD8"T cells in CRC.

In addition to actively increasing the immunogenicity of CRC, stimulating immune cells can also
activate anti-CRC immunity. Immune cells can be activated by stimulating toll-like receptors (TLRs),
such as DCs and macrophages. Several TLR agonists have been approved by the FDA. However, none
are currently approved for CRC treatment. The major problem for TLR agonists is the small size of the
drugs, which allows the drugs to spread rapidly from the administration site and cause severe systemic
side effects (Figure 2)[112]. Fortunately, nanoparticle-based delivery systems can solve this problem.
Bahmani et al[113] prepared a platelet membrane-coated nanoparticle loaded with the TLR7 agonist
R848. This biomimetic NDDS enhanced the retention of the drug in the tumor and effectively stimulated
the maturation of DCs, resulting in complete tumor eradication in a murine model of CRC.

Notably, long noncoding RNAs (IncRNAs) have recently been reported to be involved in the
formation of the immunosuppressive cancer microenvironment and have become a potential immuno-
therapy target[114-116]. Liu et al[117] designed a bioscaffold loaded with a IncRNA-targeting
biomimetic NDDS that modulated the cancer immune microenvironment against CRC recurrence after
surgery. The biomimetic NDDS coated with a CRC membrane, which provides NDDS with a tumor-
homing capacity and carries TSAs into the tumor area, promotes the maturation of DCs. Moreover, a
plasmid-encoding short hairpin RNA against Pvt]l was encapsulated inside the NDDS to enhance ICD
and ameliorate granulocytic-myeloid-derived suppressor cell (G-MDSC)-mediated immunosup-
pression. This work provides a new perspective for NDDS-based IncRNA-targeted immunotherapy.
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Table 2 Overview of Inmunotherapy-based novel nanoparticles in the treatment of hepatocellular carcinoma [PubMed Search

(immunotherapy) AND (nanoparticle) AND (hepatocellular carcinoma)]

Type of nanoparticle

The main involvement of
immune cells

Drugs or active

substance involved Ref.

Treatment strategy

Nano-micelles

Polymers

MSNPs
Copolymers

Lipid nanoparticle
Microcapsules
Copolymers

LNPs

ICD, chemotherapy, PDT PTX, TPABDTO CTLs, MDSCs, Tregs, DCs Xu et al[75]

P53 gene reprograms the immune P53 mRNA T cells, NK cells Xiao et al[83]
microenvironment

Anti-angiogenic drugs, ICIs Sorafenib, PD-L1 antibody T cells Li et al[84]
ICD, chemotherapy Icaritin, DOX T cells, DCs Yu et al[85]
CCL2 and CCLS5 dual-target BisCCL2/5i mRNA TAMs Wang et al[87]
Improving hypoxia Oxygen TAMs Dai et al[91]
Mitigates LSEC capillarization Simvastatin NKT cells Yu et al[93]
Antigen specific vaccine Tumor-derived RNA T cells, DCs Zhang et al[98]

ICD: Immunogenic cell death; PDT: Photodynamic therapy; CTLs: Cytotoxic T lymphocytes; PTX: Paclitaxel; MDSCs: Myeloid-derived suppressor cells;
DCs: Denderitic cells; CCL2: Chemokine C-C motif ligand 2; CCL5: Chemokine C-C motif ligand 5; DOX: Doxorubicin; PD-L1: Programmed cell death
ligand 1; NK cells: Natural killer cells; TAMs: Tumor-associated macrophages; Tregs: Regulatory T lymphocytes; MSNPs: Mesoporous silica nanoparticles;
LSEC: Liver sinusoidal endothelial cells; LNPs: Lipid nanoparticles; NKT: Natural killer T.
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In recent years, as an important component of the immunosuppressive cancer microenvironment,
MDSCs have also been identified as potential targets for cancer immunotherapy. Additionally, recent
studies reported that MDSCs could be selectively enlarged because of the enrichment of Fusobacterium
nucleatum (Fn) in CRC tissue, resulting in a cancer immunosuppressive microenvironment[118-121].
Dong et al[122] proposed a phage-based antibacterial system that used the broad-spectrum antibacterial
effect of silver nanoparticles (AgNPs) for antibacterial activity and then transported phage M13 into the
tumor and utilized the recognition mechanism of phages to selectively kill Fn, thus preventing the
recruitment of MDSCs. In addition, phages are highly immunogenic and can directly stimulate the
maturation of DCs and promote the activation of M1-like macrophages, significantly enhancing the anti-
CRC immune response.

Over the years, CRC vaccines have been a focus of scientific research. Zhang et al[123] designed an in
situ cancer vaccine. They reported a supramolecular assembled programmable immune activation
nanomedicine (PIAN) that can produce strong and durable anticancer immunity in situ. PIAN entered
the tumor area through enhanced permeability and retention (EPR) after tail vein injection and was then
disassembled by the high ROS within the tumor tissue. The release of poly-[(N-2-hydroxyethyl)-
aspartamide]-Pt(IV)/beta-cyclodextrin simultaneously mediated tumor cell death and antigen release.
In addition, CpG/polyamidoamine (CpG/PAMAM) captured the released antigen and entered the
tumor draining lymph node to stimulate DC maturation, thus activating anti-CRC-specific immunity.
This excellent work provides a new idea for designing nanomedicine-based programmable in situ
cancer vaccines for cancer immunotherapy (Table 3).

IMMUNOTHERAPY-BASED NOVEL NANOPARTICLES IN PANCREATIC CANCER

As one of the most aggressive and fatal cancers, pancreatic cancer has been the leading cause of cancer-
related deaths worldwide in the last few decades[124,125]. Most patients experience no obvious
symptoms during the development of the disease. Therefore, it is difficult to diagnose the disease in the
early stage, and patients often miss the optimal treatment time after they have been diagnosed with
pancreatic cancer. Moreover, the majority of patients eventually relapse, even if they receive potentially
radical treatment[126]. In contrast to other malignant tumors, stromal hyperplasia is the main feature of
the pancreatic cancer microenvironment[127]. As a result, pancreatic cancer does not have a sufficient
blood supply, so antiangiogenic drugs are not suitable for pancreatic cancer[128]. In addition, the tumor
stroma of pancreatic cancer acts as a natural physical barrier between the tumor tissue and the body’s
immune system, which also limits the application of immunotherapy[129,130]. Until now, most phase I
and II clinical trials of immunotherapy in pancreatic cancer have failed. Interestingly, ICB treatment
combined with chemotherapy and/or radiotherapy has shown encouraging clinical efficacy[131]. In
recent years, with the continuous development of nanotechnology, scientists have proposed a variety of
nanodelivery systems aimed at the unique pathological characteristics of pancreatic cancer. They
attempted to utilize NDDSs to achieve synergistic therapy and improve the tumor microenvironment to
reverse the current situation of pancreatic cancer[132].
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Table 3 Overview of Inmunotherapy-based novel nanoparticles in the treatment of colorectal cancer [PubMed Search (immunotherapy)

AND (nanoparticle) AND (colorectal cancer)]

The main
Type of nanoparticle Treatment strategy Drugs or active substance involved involvement of Ref.
immune cells
Copolymers PDT induces HIF-1a Photosensitizer, PD-L1 antibody DCs, CD8'T cells, Yuan et al[107]
expression, leading to the memory T cells
upregulation of PD-L1
expression, ICIs
Polymeric nanoparticle PTT, chemotherapy, ICD PBOXA, donor-spacer-acceptor-spacer-donor DCs, T cells, CTLs Zhu et al[108]
type fluorophore
Copolymers ICD, ICIs SK, PD-L1 knockdown siRNA DCs, TAMs, Tregs, T Li et al[109]
cells
Polymers ICD, ferroptosis DHA DCs, T cells Duan et al[111]
Platelet membrane-coated TLRY7 treatment R848 DCs Bahmani ef al
nanoparticle [113]
Liposomes with cell ICD, chemotherapy, Oxaliplatin, shPvtl DCs, MDSCs, CD8*T Liu et al[117]
membrane IncRNA-targeting therapy cells
Silver nanoparticles Anti-Fn Phage M13 MDSCs, DCs, TAMs Dong et al[122]
Supramolecular assembled  In-situ cancer vaccine, ICD PPCD, CpG/PAMAM DCs, CD8'T cells Zhang et al[123]

programmable immune
activation nanomedicine

ICIs: Immune checkpoint inhibitors; HIF-1a: Hypoxia-inducible factor 1a; PDT: Photodynamic therapy; PTT: Photothermal therapy; ICD: Immunogenic cell
death; PD-L1: Programmed cell death ligand 1; PBOXA: Oxaliplatin prodrug; SK: Shikonin, DHA: Dihydroartemisinin; TLR: Toll-like receptor; shPvt1:
Short hair-pinned RNA against Pvtl; Fn: Fusobacterium nucleatum; PPCD: Poly-[(N-2-hydroxyethyl)-aspartamide]-Pt(IV)/beta-cyclodextrin; PAMAM:
Polyamidoamine; MDSCs: Myeloid-derived suppressor cells; DCs: Dendritic cells; CTLs: Cytotoxic T lymphocytes; TAMs: Tumor-associated macrophages;

Tregs: Regulatory T lymphocytes; MDSCs: Myeloid-derived suppressor cells.
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As we mentioned above, the tumor stroma of pancreatic cancer limits the efficacy of immunotherapy.
Wang et al[133] reported a pH-responsive clustered nanoparticle (iCluster) loaded with both siPD-L1
and transforming growth factor-p (TGF-p) receptor inhibitors (LY2157299). iCluster can deliver siPD-L1
and LY2157299 to tumor blood vessels and then release small PAMAM at acidic tumor extracellular pH
(pH,). Therefore, siPD-L1 can penetrate into tumor tissue as deeply as possible to activate anticancer
immunity, and a TGF-B receptor inhibitor can reduce the barrier function of the tumor stroma to help
more drugs penetrate into the tumor tissue, further promoting the activation of anticancer immunity.
Similarly, Yu et al[134] designed a size-adjustable nanoparticle consisting of IR780 containing the
thermosensitive ICB drug (BMS-202) conjugated to HSA-BMS. Under mild hyperthermia therapy, this
novel nanoparticle releases the small HSA-BMS into the tumor site and relieves the immunosuppressive
environment to normalize immunity. In recent years, some studies have reported that RNA interference
(RNAIi) has emerged as a better agent for inducing anticancer immunity than antibodies or small
molecules in vivo[135]. PLGA polymers have been proven to be a potentially excellent siRNA delivery
vector exhibiting low toxicity, sustained release and the EPR effect[136,137]. Jung et al[138] developed a
poly(lactic-co-glycolic) acid (PLGA)-based siRNA nanoparticle named siPD-L1°PLGA. siPD-L1°PLGA
increased the infiltration of CD8* T cells and significantly inhibited tumor growth.

The poor immunogenicity and excessive immunosuppressive cancer microenvironment of pancreatic
cancer result in a lack of adequate antigen-presenting cells in the tumor microenvironment. Lorkowski
et al[139] reported a dual-immunostimulatory nanoparticle that was simultaneously loaded with a
STING agonist and TLR4 agonist. These dual-immunostimulatory nanoparticles can be taken up by DCs
in the tumor site to significantly increase the number of mature DCs and activate anticancer immunity
in pancreatic cancer. Theoretically, cancer immunosuppressive cells mainly include TAMs, MDSCs and
regulatory T cells (Tregs). Recent studies have shown that MDSCs are the major inhibitory immune cells
in the immunosuppressive microenvironment of pancreatic cancer[140]. A previous study found that
low-molecular-weight heparin-D-a-tocopheryl (LMWH) could significantly inhibit G-MDSC recruit-
ment[141]. Therefore, Lu et al[142] designed a paclitaxel-loaded 3-aminophenylboronic acid-modified
LMWH-based nanoparticle. This novel LMWH-based nanoparticle can inhibit the recruitment of
MDSCs and weaken the immunosuppressive state.

Pyroptosis is a mode of programmed cell death[143]. Recent studies have shown that pyrophosis can
induce powerful anticancer immunity[144-146]. However, pyrophosis is usually induced by chemo-
therapeutic drugs, which limits the applications of pyrophosis in drug-resistant tumors[147]. Ding et al
[148] designed biodegradable K3ZrF7:Yb/Er UCNPs (ZrNPs) as self-therapeutic agents and pyrophosis
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Figure 1 Tumor vaccine and tumor immunotherapy. Total tumor RNA was extracted and mixed with an immune adjuvant to formulate tumor vaccine.
Tumor antigen was expressed and presented or cross-presented to Th and Tc cells by antigen presenting cells in lymph node to generate specific anti-tumor
response. Citation: Zhang Y, Xie F, Yin Y, Zhang Q, Jin H, Wu Y, Pang L, Li J, Gao J. Immunotherapy of Tumor RNA-Loaded Lipid Nanoparticles Against
Hepatocellular Carcinoma. Int J Nanomedicine 2021; 16: 1553-1564. Copyright ©The Authors 2011. Published by Dove Medical Press. The authors have obtained
the permission for figure using from the Dove Medical Press Publishing Group (Supplementary material). Ab: Antibody; Ag: Antigen; BCR: B cell receptor; TCR: T-cell
receptor; MHC: Major histocompatibility complex; PRR: Pattern recognition receptors; Th1/2: T helper type 1/2; CTL: Cytotoxic T-lymphocyte; CTLA4: Cytotoxic T-
lymphocyte-associated protein 4; Treg: Regulatory T cell; DC: Dendritic cell; NK: Natural killer cell; MDSC: Mmyeloid-derived suppressor cell; ADCC: Antibody-
dependent cellular cytotoxicity; CDC: Complement-dependent cytotoxicity; SIRPa: Signal regulatory protein a; LILRB1: Leukocyte immunoglobulin like receptor B1;
TIM-3: T-cell immunoglobulin and mucin domain-3; PD1: Programmed cell death protein 1; PD-L1: Programmed death-ligand 1; IL-2: Interleukin-2; IFNy: Interferon y;
KIR: Killer cell immunoglobulin-like receptor; NKG2D: Natural killer group 2 member D.
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inducers for the first time. ZrNP can lead to osmotic pressure disorder and further result in an increase
in ROS, the activation of caspase-1 protein, the cleavage of gasdermin, the maturation of interleukin-1p,
and ultimately cytolysis. ZrNP-induced pyrophosis can lead to DC maturation and activate effector
memory T cells, as well as inhibit tumor growth and metastasis.

Gemcitabine is among the most effective FDA-approved chemotherapy drugs to prolong survival in
patients with pancreatic cancer. However, the immunosuppressive cancer microenvironment, especially
the presence of TAMs, significantly weakens the efficacy of gemcitabine. It has even been reported that
gemcitabine can induce an increase in TAMs and promote the establishment of a tumor-suppressive
immune microenvironment, which further increases gemcitabine drug resistance[149]. Furthermore,
gemcitabine can even induce an increase in TAMs and promote the establishment of an immunosup-
pressive tumor microenvironment, which further leads to gemcitabine drug resistance[150]. Thus, Wang
et al[151] developed a biomimetic nanoparticle named PG’KMCM consisting of gemcitabine-loaded
PLGA nanoparticles coated with stable M2-like macrophage targeting peptides (M2pep). Pancreatic
cancer cell membranes can deliver PGZKMCM to pancreatic cancer and target M2-like macrophages by
M2pep to reprogram TAMs and reverse gemcitabine drug resistance. Cao et al[152] also considered
TAMs to be a therapeutic target and reported a reduction-responsive RNAi NDDS to regulate the
function of TAMSs and reprogram tumor lipid metabolism. On the one hand, this novel NDDS can block
the activity of monoacylglycerol lipase (MGLL) by MGLL siRNA to reduce the production of free fatty
acids and thus cut off the tumor’s nutrition supply. On the other hand, MGLL blockade may lead to the
accumulation of 2-arachidonoylglycerol, which can be secreted into the cancer microenvironment and
activate the endocannabinoid receptor-2 (CB-2), which can transform TAMs into M2-like macrophages.
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Figure 2 Altering an immunosuppressive tumor microenvironment into a pro-inflammatory microenvironment with the use of toll-like
receptor agonists. Citation: Haegebaert RMS, Kempers M, Ceelen W, Lentacker |, Remaut K. Nanoparticle mediated targeting of toll-like receptors to treat
colorectal cancer. Eur J Pharm Biopharm 2022; 172: 16-30. Copyright ©The Authors 2022. Published by Elsevier. The authors have obtained the permission for
figure using from the Elsevier Publishing Group (Supplementary material). Treg: T regulatory cell; MDSCs: Myeloid-derived suppressor cells; CAF: Cancer-associated
fibroblast; Th1: T-helper 1; CD8" T cells: Cytotoxic T cells; NK: Natural killer; TLR: Toll-like receptor.

Therefore, they prepared CB-2 siRNA to block CB-2 expression, preventing the transition of M2-like
macrophages. The dual-RNAi NDDS developed in this research shows significant enhancement of the
immunological environment in pancreatic cancer.

PTT has achieved satisfactory results in animal experiments, but it is difficult to apply widely in the
clinic. The main reason is poor light penetration. It is harder to achieve the desired therapeutic effect for
pancreatic cancer due to the depth of pancreatic cancer and the presence of the tumor stroma. To solve
this conundrum, Wang et al[153] proposed magnetic resonance imaging (MRI)-guided interventional
PTT (IPTT). They designed an iron oxide-based nanoparticle loaded with indocyanine green for PTT
and imiquimod (IMQ) as an immunostimulant. IPTT can induce in situ cancer vaccination, which can be
amplified by IMQ. In addition, iron oxide is a widely used MRI contrast agent. A recent study reported
that iron oxide can modulate the cancer microenvironment by transforming M2-like macrophages into
M1-like macrophages[154]. Overall, these novel iron oxide-based nanoparticles can improve therapeutic
effects by directly killing cancer cells and activating the long-lasting immune effect by in situ vaccination
and regulation of the immune microenvironment (Table 4).

FUTURE DIRECTIONS

In recent years, the increased development of immunotherapy has provided hope to patients with
advanced cancer. Several ICB drugs have been approved by the FDA for clinical application in cancer
treatment. However, due to the immunosuppressive microenvironment, only approximately 20% of
patients can benefit from ICB treatment. In addition to ICB treatment, some conventional therapies, such
as chemotherapy and radiotherapy, are also closely related to the immunosuppressive tumor microen-
vironment. The facts we mentioned above also exist in GIC. Therefore, we believe that in addition to
ICB treatment, we should focus on reversing the immunosuppressive microenvironment in the future.
Moreover, advances in nanotechnology have made drug delivery more efficient, allowing us to deliver
drugs at specific times and locations based on the characteristics of the cancer and the drugs. We
wondered whether the combination of nanotechnology and immunotherapy could achieve satisfactory
therapeutic efficacy in GIC. Here, we summarize recent advances in immunotherapy-based novel
nanoparticles in the treatment of GIC.

Since GC, HCC and CRC share similar tumor immune microenvironments, we will discuss the
application of immunotherapy-based nanoparticles in these three kinds of GICs in the following
paragraphs. Due to the limited monotherapy effect of ICB treatment, nanoparticles, as drug delivery
vehicles, cannot significantly improve the therapeutic effect of ICB treatment. Thus, basically all ICB-
based nanoparticles are combined with other therapeutic strategies. ICB treatment can reverse tumor
immune escape from T cells. However, the low immunogenicity of the tumor results in insufficient T-
cell infiltration in the tumor tissue. Hence, most studies have attempted to promote the therapeutic
effect of ICB-based nanoparticles by inducing ICD.

ICD can increase tumor immunogenicity, but similar to ICB treatment, the immune-stimulating effect
of ICD is limited. To amplify the ICD effect, some studies utilized the drug-loading capacity of
nanoparticles and adopted a combination of multiple ICD inducers to enhance the immune response.
Even so, we still do not recommend the combination of multiple ICD inducers to promote anticancer
immunity. On the one hand, this strategy does not solve the problem of insufficient T-cell infiltration; on
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Table 4 Overview of Inmunotherapy-based novel nanoparticles in the treatment of pancreatic cancer [PubMed Search (immunotherapy)

AND (nanoparticle) AND (pancreatic cancer)]

Type of nanoparticle

Treatment strategy

Drugs or active substance The main involvement of

involved

immune cells

Ref.

Clustered nanoparticle

HAS-Liposomes

ICls, TGF-P receptor inhibitors

ICD, ICIs, PTT

LY2157299, siPD-L1

BMS-202, IR780

T cells

DCs, CTLs, T cells

Wang et al[133]

Yu et al[134]

Copolymers ICIs siPD-L1 CDS8'T cells, NK cells Jung et al[138]

LNPs STING and TLR4 therapy STING agonist, R4 agonist DCs, Tregs, TAMs Lorkowski et al[139]

Micellar nanoparticle Inhibit G-MDSCs recruitment, LMWH, PTX G-MDSC, CD8'T cells, CD4'T Lu et al[142]
chemotherapy cells

UCNPs Pyroptosis K3ZrF7:Yb/Er UCNPs DCs, memory T cells Ding et al[148]

Cancer cell membrane with ~ ICIs, M2-macrophages targeting M2pep, TAAs, PD-L1 TAMs, CD8'T cells Wang et al[151]

copolymers antibody

PDSA-based nanoplatform Suppression of FFAs, repolar- siMGLL, siCB-2 TAMs Cao et al[152]
ization of TAMs

Copolymers PTT, immunotherapy ICG, IMQ, IONs TAMs, CD8'T cells, CD4*'T Wang et al[153]

cells, CDA'T cells
IONs Repolarization of TAMs Ferumoxytol TAMs Zanganeh et al[154]

ICIs: Immune checkpoint inhibitors; PD-L1: Programmed cell death ligand 1; TGF-B: Transforming growth factor-p; ICD: Immunogenic cell death; DCs:
Dendritic cells; STING: Stimulator of interferon genes; LMWH: Low molecular weight heparin; MDSCs: Myeloid-derived suppressor cells; G-MDSCs:
Granulocytic myeloid-derived suppressor cells; UCNPs: Upconversion nanoparticles; M2pep: Peptides targeting M2-like macrophages; TAAs: Tumor-
associated antigens; PDSA: Poly (disulfide amide); FFAs: Free fatty acids; siMGLL: MGLL siRNA; siCB-2: CB-2 siRNA; ICG Indocyanine green; IMQ:
Imiquimod; IONs: Iron oxide nanoparticles; PTX: Paclitaxel; PTT: Photothermal therapy; TAMs: Tumor-associated macrophages; Tregs: Regulatory T
lymphocytes; TLR: Toll-like receptor.

the other hand, ICD inducers themselves can directly kill tumor cells. It is difficult to determine whether
tumor inhibition is due to cytotoxicity or ICD-induced anticancer immunity.

Compared with ICD and ICB treatment, we believe that reprogramming the immunosuppressive
tumor microenvironment by targeting inhibitory immune cells (e.g., TAMs, Tregs and MDSCs) will be a
revolutionary breakthrough in cancer immunotherapy in the future. Recently, many studies have
attempted to successfully reprogram the tumor immune microenvironment by polarizing M2-like
macrophages into M1-like macrophages. However, few reports have designed NDDSs to target Tregs
and MDSCs in the tumor microenvironment. Therefore, it is of great significance to develop NDDSs for
Tregs and MDSCs. In addition, the relationship between the intestinal flora and the immunosuppressive
microenvironment of CRC also deserves future attention.

TLR agonists have also emerged as a promising treatment for cancer immunotherapy. However, due
to the lack of targeting of TLR agonists, free TLR agonists often lead to serious systemic side effects.
Therefore, it is necessary to deliver TLR agonists by nanoparticles. Numerous TLR agonists have been
proven to be effective in stimulating anticancer immunity. In addition, combination therapies of TLR
agonists with other immunotherapies are also anticipated. However, how to deliver TLR agonists to the
tumor site stably and accurately and reduce serious systemic side effects are still problems that need
prompt solutions.

With the successful large-scale clinical application of SARS-CoV-2 mRNA vaccines, research on
cancer vaccines is also imminent. Due to the high heterogeneity of cancer, RNA vaccines are the best
option. However, RNA is highly unstable. Liposomes, as mature NDDSs, can prepare cancer vaccines
by encapsulating RNA. In addition, to improve the vaccine effect, NDDSs can be encapsulated with
immune adjuvants to promote immune activation. RNA-based cancer vaccines, as a personalized cancer
treatment strategy, can effectively improve anticancer immunity.

Next, we will discuss the application of immunotherapy-based nanoparticles in pancreatic cancer.
Pancreatic cancer has several characteristics that are not found in other kinds of GICs, including the
following: (1) Pancreatic cancer is surrounded by a tumor stroma, resulting in a physical barrier that
isolates pancreatic cancer from the surrounding immune microenvironment; (2) Due to the anatomic
position of the pancreas, pancreatic cancer is located deep in the abdominal cavity and therefore is not
sensitive to PDT and PTT; and (3) Unlike other GICs, pancreatic cancer lacks blood supply and can
adapt to nutrient deficiency and in a long-term hypoxic state.

To pass through the physical barrier of pancreatic cancer, size-adjusted NDDSs are the best option.
Due to the deep location of pancreatic cancer, PTT has limited efficacy. Inspired by a previous study, we
believe that IPTT and interventional PDT can be widely applied in the treatment of pancreatic cancer.
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Additionally, interventional light-mediated therapy can be extended to GC, esophageal cancer and
CRC, as well as HCC.

Compared with GC, HCC and CRC, pancreatic cancer has a similar immunosuppressive microenvir-
onment, and the immunosuppressive situation is even worse. Most of the treatment strategies
mentioned in GC, HCC and CRC can also be applied in pancreatic cancer. In previous reports, immuno-
therapy-based nanoparticles mainly used liposomes and copolymer nanoparticles, which are chemical
synthesis products. Therefore, the nanoparticles can be designed according to demand. To increase
biocompatibility and deliver tumor antigens, some literature has used tumor cell membranes to prepare
biomimetic NDDSs, which have also achieved good results. In addition to the abovementioned
nanoparticles, we particularly recommend small extracellular vesicles (also known as exosomes) as
immunotherapy-based nanoparticles. First, exosomes are naturally nanosized. Second, similar to cell
membrane vesicles, exosomes derived from tumor cells can carry tumor antigens. Third, exosomes can
use surface modification to achieve biological functions, such as targeting. Last, exosomes have a certain
drug delivery capacity. Thus, exosomes are potential immunotherapy-based nanoparticles for GIC that
have not been reported in previous studies.

CONCLUSION

GIC is a common tumor worldwide. The immune microenvironments of GC, HCC, CRC and pancreatic
cancer have similarities and differences. There are still many mechanisms of immune escape in GIC that
are not well understood. Therefore, we need an in-depth understanding of the characteristics of each
kind of GIC to take advantage of its characteristics and design immunotherapy-based nanoparticles.
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Abstract

BACKGROUND

Colorectal cancer (CRC) is one of the most common malignant tumors worldwide.
The identification of novel diagnostic and prognostic biomarkers for CRC is a key
research imperative. Immunohistochemical analysis has revealed high expression
of centromere protein K (CENPK) in CRC. However, the role of CENPK in the
progression of CRC is not well characterized.

AIM
To evaluate the effects of knockdown of CENPK and overexpression of Cullin 4A
(CUL4A) in RKO and HCT116 cells.

METHODS

Human colon cancer samples were collected and tested using a human gene
expression chip. We identified CENPK as a potential oncogene for CRC based on
bioinformatics analysis. In vitro experiments verified the function of this gene. We
investigated the expression of CENPK in RKO and HCT116 cells using
quantitative polymerase chain reaction (qPCR), western blot, and flow cytometry.
The effect of short hairpin RNA (shRNA) virus-infected RKO cells on tumor
growth was evaluated in vivo using quantitative analysis of fluorescence imaging.
To evaluate the effects of knockdown of CENPK and overexpression of CUL4A in
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RKO and HCT116 cells, we performed a series of in vitro experiments, using qPCR, western blot,
MTT assay, and flow cytometry.

RESULTS

We demonstrated overexpression of CENPK in human colon cancer samples. CENPK was an
independent risk factor in patients with CRC. The downstream genes FBX32, CUL4A, and Yes-
associated protein isoform 1 were examined to evaluate the regulatory action of CENPK in RKO
cells. Significantly delayed xenograft tumor emergence, slower growth rate, and lower final tumor
weight and volume were observed in the CENPK short hairpin RNA virus infected group
compared with the CENPK negative control group. The CENPK gene interference inhibited the
proliferation of RKO cells in vitro and in vivo. The lentivirus-mediated shRNA interference of
CENPK inhibited the proliferation of RKO and HCT116 colon cancer cells, with overexpression of
the CUL4A.

CONCLUSION
We indicated a potential role of CENPK in promoting tumor proliferation, and it may be a novel
diagnostic and prognostic biomarker for CRC.

Key Words: Colorectal cancer; Centromere protein K; Bioinformatics analysis; Lentivirus-mediated short
hairpin RNA interference; Cullin 4A

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: High expression of centromere protein K (CENPK) in colorectal cancer (CRC) was found by
immunohistochemistry. We demonstrated overexpression of CENPK in human colon cancer samples.
CENPK was an independent risk factor in patients with CRC. Our findings indicate a potential role of
CENPK in promoting tumor proliferation. CENPK may serve as a novel diagnostic and prognostic
biomarker in patients with CRC.

Citation: Li X, Han YR, Xuefeng X, Ma YX, Xing GS, Yang ZW, Zhang Z, Shi L, Wu XL. Lentivirus-mediated
short hairpin RNA interference of CENPK inhibits growth of colorectal cancer cells with overexpression of Cullin
4A. World J Gastroenterol 2022; 28(37): 5420-5443

URL: https://www.wjgnet.com/1007-9327/full/v28/i37/5420.htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i137.5420

INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer in the Western Hemisphere, and the incidence
increases with age. RNA interference has been developed to silence genes of interest. Short hairpin RNA
(shRNA) expression vectors are useful in gene silencing[1]. The shRNA-mediated silencing of MASTL
expression in colon cancer cells induced cell cycle arrest and apoptosis in vitro and xenograft-tumor
growth in vivo[2]. Emerging studies have suggested that shRNAs play a crucial role in CRC tumori-
genesis and progression[3]. Inducible gene knockdown systems based on lentivirus-mediated gene
transfer were developed to regulate colon cancer progression[1]. This property of the sShARNA system
offers unique applications to study gene function in animals that cannot be achieved using knockout
technologies[4]. Although lentivirus vectors have been used for several years, the use of Tet-on lentiviral
vectors expressing shRNA as a therapeutic tool for CRC has not been clearly explored[5].

The role of centromere protein K (CENPK) in cancer is an emerging research hotspot. CENPK is
overexpressed in several tumor types, and it promotes tumor progression. Research on the role of
CENPK in the progression of hepatocellular carcinoma (HCC) has shown that CENPK knockdown
significantly inhibits proliferation, migration, invasion, and epithelial-mesenchymal transition in HCC
cells[6]. The expression of CENPK has been silenced and promoted via lentivirus-mediated transfection
with shRNA sequences in differentiated thyroid carcinomas, such as two pore channel 1 and FTC-133
cells[7]. CENPK is specifically upregulated in ovarian cancer tissues and cell lines, and its overex-
pression is associated with a poor prognosis in patients with ovarian cancer[8]. Overexpression of
CENPK promotes expression of oncogenic cell cycle regulators[9]. However, there has been little
research on the role of CENPK in the progression of CRC.

The ubiquitin ligase Cullin 4A (CUL4A) is highly expressed in CRC. CUL4A promotes proliferation
and inhibits apoptosis of CRC cells by regulating the Hippo pathway[10]. CUL4A significantly
promotes the migration of CRC cells in vitro, which suggests that CUL4A acts as an oncogene in CRC
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and may become a potential therapeutic target[11]. Therefore, CUL4A expression positively correlates
with the prognosis of CRC[12]. Despite extensive fundamental studies, the role of CUL4A expression
and lentivirus-mediated transfection with shRNA for CENPK in CRC is not clear. The present study
identified CENPK as a novel proto-oncogene in CRC. Increased CENPK levels were found in CRC
specimens and negatively correlated with survival rate. Knockdown of CENPK in RKO and HCT116
CRC cells induced apoptosis and suppressed cell proliferation and xenograft tumor formation.
Lentivirus-mediated transfection with shRNA for CENPK and CUL4A overexpression played major
regulatory roles in CRC.

MATERIALS AND METHODS

Patient information and immunohistochemistry

Fourteen patients with CRC were enrolled from 2016 to 2019, and five tumor-adjacent normal tissues
were taken from an area > 10 cm away from the primary neoplasm. The median age of the patients was
59 years (range: 49-68 years) at the time of surgery, and the median follow-up was 31 mo postoper-
atively (range: 25-37 mo). The Ethics Committee of The Affiliated Hospital of Inner Mongolia Medical
University approved the study. Written informed consent was obtained from all patients.

The expression and localization of CENPK protein in 14 cancerous and five noncancerous tissue
samples were detected using immunohistochemistry. An antibody against CENPK (26208-1-AP, 1:100;
SIGMA) was used for analysis. Vulcan Fast Red Chromogen kit 2 staining was performed for 15-20 min
to stop the reaction until 3,3-diaminobenzidine staining was performed to obtain a yellow color to
complete the reaction. The staining intensity and positive rate of cytosolic and membrane staining of the
antibody (0/1+/2+/3+) in the cancer and adjacent tissue (epithelium) were interpreted. The intensity of
the staining score was 0 (negative), 1 (weak), 2 (middle), and 3 (strong). The positive rate of staining was
as follows: 0 (negative), 1 (1%-25%), 2 (26%-50%), 3 (51%-75%), and 4 (76%-100%).

Primeview human gene expression array of PathArray™
Gene expression in a human colon cancer tissue chip (C06161) was detected. The sample was divided
into male (age < 57 years) and female (age > 57 years) groups by T stage, N stage, pathological grade,
and clinical stage. For the chip assay, total RNA was extracted from tissue using the TRIzol method and
measured using a Nanodrop 2000. Qualified samples were used in the chip experiment. The quality
checking standard was 1.7 < A260/A280 < 2.2 on Thermo NanoDrop 2000 and RNA integrity number
(RIN) 2 7.0 and 285/18S > 0.7 on the Agilent 2100 Bioanalyzer. The quality check results are shown in
Table 1. The human gene expression chip type was GeneChip PrimeView Human (100 format, 902487;
Affymetrix). Chip hybridization was performed in a GeneChip Hybridization Oven 645 ChIP, washing
and dyeing were performed using a GeneChip Fluidics Station 450, and ChIP scanning was performed
using a GeneChip Scanner 3000. The reagent used was a GeneChip Hybridization Wash and Stain Kit.
For the chip detection, gradient dilution of poly-A RNA controls was prepared to synthesize the first-
chain cDNA and second-chain cDNA, and then cRNA of synthetic markers was synthesized via
transcription in vitro, which was followed by cRNA purification and quantification to obtain cRNA
fragment markers. The expression analysis of the CENPK gene in human colon cancer tissue in the chip
(C06161) and clinical data are shown in Table 2. A statistical analysis of CRC tissue chips was
performed.

Cell culture

The human CRC cell lines RKO and HCT 116 were cultured in RPMI 1640 medium (Invitrogen) supple-
mented with 10% fetal bovine serum (FBS) (Corning) and 1% penicillin and streptomycin solution
(Corning) at 37 °C with 5% CO,[13].

Quantitative polymerase chain reaction

Total RNA was extracted from RKO cells with TRIzol reagent (Thermo Fisher Scientific). A 1-mg RNA
sample was reverse transcribed into first-strand cDNA using the Revert Aid First Strand cDNA
Synthesis kit (Thermo Fisher Scientific). Quantitative polymerase chain reaction (qPCR) was performed
using the Tag-Man Gene Expression assay (Thermo Fisher Scientific) on an Mx3000P real-time PCR
system (Agilent Technologies). The primer pairs were designed and synthesized by Sangon Biotech
(GAPDH: Forward, TGACTTCAACAGCGACACCCA and reverse, CACCCTGTTGCTGTAGCCAAA;
CENPK: Forward, ATGGTACTGTCCACTAAGGAGTC and reverse, TGTTCATCCAACCACCGTTGT).
The mRNA levels were normalized to the internal reference gene GAPDH, with the mRNA relative
expression calculated using the 2**“method.

Western blot analysis
After protein extraction from RKO cells, the protein concentrations of different groups were quantified
using a commercial BCA kit. Electrophoresis was performed for 2 h at 4 °C and 300 mA, and the protein
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Table 1 Quality check results

Thermo NanoDrop 2000 2100 result

Order number Sample number Sample name Results
Concentration (ng/pL) A260/A280 RIN 28S/18S

1 Y9148-1 NC 739.969 1.951 10 21 Pass

2 Y9148-2 NC 688.748 1.979 10 21 Pass

3 Y9148-3 NC 668.435 1.944 10 19 Pass

4 Y9149-1 KD 676.797 1.93 10 17 Pass

5 Y9149-2 KD 697.671 1.958 10 17 Pass

6 Y9149-3 KD 678.338 1.971 10 17 Pass

NC: RKO cells infected with centromere protein K negative control virus; KD: RKO cells with centromere protein K gene short hairpin RNA virus

infection.

Table 2 Clustering of clinical data

Number

Variable Group 1 Group 2

1

2

3

Age (yr) <57 >57
Sex Male Female
T stage T1/2/3 T4

N metastasis NO N1/2
Pathological grade 1/2 3

Clinical stage I/11 /v

JBaishideng®

was transferred to polyvinylidene fluoride (PVDF) membranes (IPVH00010; Millipore) for immunos-
taining. The PVDF membranes were incubated in TBST solution containing 5% skimmed milk at room
temperature for 1 h. The antibodies were diluted in the blocking solution and then incubated with the
PVDF membranes for 2 h at room temperature. The antibodies applied in the present study included
those against Yes-associated protein isoform 1 (YAP1) (ab52771; Abcam), CENPK (ab13939; Abcam),
CULA4A (ab92554; Abcam), F-box protein 32 (FBX32) (ab168372; Abcam), X chromosome-linked inhibitor
of apoptosis (XIAP) (ab28151; Abcam), heat shock protein 90 family class A member 1 (HSP90AAT1)
(4877; Cell Signaling Technology), class III-tubulin (TUBB3) (#5568; Abcam), and mitogen-activated
protein kinase kinase kinase 7 (MAP3K7) (ab109526; Abcam). After primary antibody incubation, the
membranes were washed three times with TBST (10 min each) and incubated with the secondary
antibodies mouse immunoglobulin G (IgG) (1:2000, sc-2005; Santa Cruz Biotechnology) and rabbit IgG
(1:2000, sc-2004; Santa Cruz Biotechnology) at room temperature for 2 h. The Pierce ECL Western
Blotting Substrate kit (Thermo) was used for X-ray photography.

Establishment and examination of a tumor model

The Ethics Committee of The Affiliated Hospital of Inner Mongolia Medical University approved the
study. RKO cells with sufficient logarithmic growth were digested with trypsin and suspended in
culture medium with the final cell density adjusted to 2.0 x 107/mL. To establish the tumor model, 4.0 x
10° cells were subcutaneously injected into mice. The tumor size and animal body weight were
measured 5-20 d later. The tumor volume was calculated as /6 x L x W x W, where L represents the
long diameter, and W and W represent the short diameter. Cancer progression was imaged at 10 d after
tumor formation (animals were fasted for 1 d in advance to reduce fluorescence interference) with
intraperitoneal injection of 10 pL/g D-luciferin (Bench Mark 15 mg/mL) into mice. After anesthesia by
intraperitoneal injection of 10 pL/g pentobarbital solution (BM 7 mg/mL), the mice underwent imaging
examination, quantitative analysis, and total fluorescence examination to determine the CENPK
function in vivo. After imaging, the experimental animals were killed with an overdose of 2% sodium
pentobarbital (0.5 mL) and were in a complete coma before removal of the cervical spine to confirm
death. Animals were dissected with medical scissors and tweezers to observe the lungs, liver, and other
organs and tissues, which were removed for imaging to observe biological changes and measure the
fluorescence.
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Construction and packaging of lentiviral vectors

293T cells for lentivirus packaging were cultured in Dulbecco’s modified Eagle’s medium supplemented
with 10% FBS. The scramble order for the RNAi negative control was TTCTCCGAACGTGTCACGT.
Vector enzyme digestion products were obtained for agarose gel electrophoresis to recover bands of
interest. The framework of the viral vector was constructed, and single-strand primers were syn-
thesized. Double-stranded DNA was formed by annealing the primer to the vector. After trans-
formation, the bacterial colonies were assessed by PCR. Identified positive carbendazim transformants
were inoculated into Luria-Bertani (LB) liquid medium containing an appropriate amount of antibiotics,
and an appropriate amount of bacterial solution was incubated at 37 °C for 12-16 h. The incubated
bacterial solution was transferred to 10 mL LB liquid medium containing the corresponding antibiotics
for culture at 37 °C overnight. The plasmid was extracted with the small medium-lift kit from Tiangen,
and the qualified plasmid was extracted for the following experiments.

Lentiviral infection

The lentivirus-infected HCT116 cells are shown in Table 3. RKO and HCT 116 cells (2 x 10° cell/mL)
were cultured in RPMI 1640 medium containing 10% FBS with polybrene in six-well plates. The
following experimental groups were used: (1) Cells (RKO or HCT 116 cells) infected with CENPK
negative control virus [NC (KD)]; (2) Cells with lentivirus-mediated shRNA interference of CENPK
(KD); (3) Cells with overexpression and negative control virus interference [NC (OE)]; (4) Cells virally
infected with CUL4A (OE); (5) Cells with shRNA interference of CENPK and overexpression of negative
control virus [KD + NC (OE)]; and (6) Cells with lentivirus-mediated shRNA interference of CENPK
and CUL4A (KD + OE).

For the lentiviral infection, media for adherent cell inoculation and viral infection were used at a 1:1
ratio in 96-well plates. The culture medium was replaced, and the optimal amount of virus was added
for the infection. The most appropriate time point after infection was selected for the replacement of
conventional medium and continued culture, 8-12 h after infection. When fluorescently labeled
lentiviral infection occurred, the green fluorescent protein reporter signal was observed by fluorescence
microscopy 72 h after infection. After infection efficiency reached 80%, 0.5 mL of puromycin was used
for cell function experiments. Western blot and qPCR analysis were performed to confirm the
knockdown of CENPK.

Detection of cell growth

The proliferation potential of RKO and HCT 116 cells was analyzed by cell growth curve and MTT
assay. For the cell growth curve assay, RKO and HCT 116 cells of different groups [shCtrl and
shCENPK or NC, NC (KD), NC (OE), OE, KD + NC (OE), and KD + OE] were collected, replated in 24-
well plates at 2000 cells/well, and cultured at 37 °C in a 5% CO, incubator for 5 d. Beginning on day 2,
the optical absorption value of each group was checked once daily and the number of fluorescent cells
calculated. A growth curve was drawn to show cell proliferation.

For the MTT assay, RKO and HCT 116 cells were replated in 24-well plates at 2000 cells/well and
cultured at 37 °C in a 5% CO, incubator for 24 h. Subsequently, 20 pL MTT (5 mg/mL) was added to the
wells. After incubation for 4 h, reactions were stopped with 100 pL DMSO. After shaking for 2-5 min,
the OD value at 490/570 nm was determined (M2009PR, Tecan Infinite).

Apoptosis detection

Apoptosis was analyzed by flow cytometry (fluorescence-activated cell sorting; FACS) with a
commercial Annexin V-APC kit (88-8007, eBioscience). RKO and HCT 116 cells of each group were
collected after washing in 1 x binding buffer, and centrifuged at 1300 rpm for 3 min. After centrifu-
gation, the cell suspension was prepared by adding 200 pL of 1 x binding buffer. Subsequently, 10 pL of
Annexin V-APC staining solution was added to the suspension. After incubation in the dark at room
temperature for 10-15 min, 400 pL of 1 x binding buffer was added to the cell suspension, and FACS
was conducted for apoptosis detection.

Caspase 3/7 detection

Caspases 3/7 were detected in RKO and HCT 116 cells using a commercial Caspase-Glo3/7 detection
kit (G8091, Promega). For the preparation of Caspase-Glo reaction solution, 10 mL of caspase-Glo3/7
buffer was added and vortexed until the dissolve of substrates. After collection and counting, the RKO
and HCT 116 cells at a final density of 10* cells/well were replated in 96-well plates, and an empty
control group containing culture medium without RKO or HCT 116 cells was established. Next, 100 pL
of Caspase-Glo reaction solution was added to each well and shaken for 30 min at 500 rpm at room
temperature for 2 h. The signal strength was measured using a microplate reader (M2009PR, Tecan
Infinite).

PathScan® array detection

RKO cells were incubated with 1 mL of 1 x cell lysis buffer (Cell Signaling Technology) containing 1
mmol/L PMSF on ice for 2 min. Then, 100 pL of blocking solution was added to RKO cells with the cell
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Table 3 Lentiviral-infected HCT 116 cells

Virus number Experimental group Virus titer Virus infection dose
psc3741 NC (KD) 2.0E + 08 TU/mL 10.00 pL
LVpGCSIL-004PSC45249-1 KD 3.0E + 08 TU/mL 6.67 pL

KL9688-21 NC (OE) 4.0E + 8 TU/mL 5.00 pL

LVKL6733-2 OE 2.0E + 08 TU/mL 10.00 pL
LVpGCSIL-004PSC45249-1+ KL9688-21 KD+NC (OE) 3.0E + 08 + 2E + 8 TU/mL 3.33 +5.00 uL
LVpGCSIL-004PSC45249-1+ LVKL6733-2 KD+OE 3.0E + 08 + 2E + 8 TU/mL 3.33 +5.00 uL

NC: HCT 116 cells infected with centromere protein K negative control virus; KD: HCT 116 cells with centromere protein K gene short hairpin RNA virus
infection; OE: HCT 116 cells virally infected with Cullin 4A.

Jaishideng®

lysate samples shaken at room temperature for 15 min. After incubation at room temperature for 2 h, the
cell lysate samples were washed with 1 x cleaning solution on a horizontal shaker for 5 min. After three
washes, 75 pL of 1 x antibody was added to the cell lysate samples and incubated on a horizontal shaker
for 1 h. Then, 75 pL of 1 x HRP-linked streptavidin solution was added, followed by incubation on a
horizontal shaker for 1 h. 1 x array cleaning solution was added to the cell lysate samples, which were
then washed on a horizontal shaking bed four times (5 min each). The slides were placed in 1 x cleaning
solution and then in exposure liquid (9 mL deionized water + 0.5 mL lumiGlo + 0.5 mL hydrogen
peroxide) for 1-2 s, followed by observation with a chemiluminescence imaging system (ChemiScope
5300; Clinx Science Instruments).

Statistical analysis

Statistical analyses were performed using SPSS version 19.0 (IBM Corp.). Data are presented as the
mean * SD. Data comparing two samples were analyzed using student’s t-test. Comparisons of datasets
containing > 3 groups were evaluated by one-way repeated-measures ANOVA followed by the
Bonferroni post hoc test. Gene expression of cancer and noncancer tissue groups was evaluated by the
Mann-Whitney U test. P < 0.05 was considered to indicate a significant difference.

RESULTS

Lentivirus infection for inducing CENPK knockdown

For lentiviral infection marked with antibiotic resistance genes, the antibiotics (such as puromycin) were
used to screen cells after 72 h, and the infection efficiency was approximately 80% for fluorescence
labeled lentivirus infection (Figure 1A). CENPK knockdown efficiency in RKO cells in the KD group
reached 86.1% compared to the NC group (23.4%) (Figure 1B). This analysis revealed the genes related
to tumor cell proliferation and invasion. The genes that inhibited tumor cell proliferation or tumor
invasion were selected, together with the target genes of concern, to develop a gene relationship
network diagram. This analysis suggested that CENPK affected the proliferation and invasion of cells
by acting on YWHAZ and BMI1, which affected the performance of downstream genes. The gene
interaction network diagram shows a network of interaction relationships between molecules within a
determined functional region. Different shapes represent genes, proteins, and chemicals in the network
maps (Figure 1C).

Screening of target genes CENPK by chip detection

The original quality evaluation for the quality control data and the remaining data meeting the filter
standards, including significant difference analysis and functional analysis of differential genes, was
used to evaluate the tumor occurrence, development, metastasis, and other molecular mechanisms
using chip information analysis for target screening and drug design. Figure 2A shows the signal
strength distribution of the entire chip probes. Better signal intensity distribution curves of different
samples indicated higher reliability of the chip experiment. The average Z score of all samples within
one signal strength range was < 2, which supported the reliability of all chip results meeting the
continuing analysis criteria. Figure 2B shows the distribution of the relative logarithmic signal strength
for all chips. Closer distribution of the relative logarithmic signal strength box diagram indicated better
repeatability of the data. The median Z score for all samples was < 2, which indicated good repeatability
of the chip experiments in the project that met the continued analysis criteria. The Pearson correlation
coefficient distribution diagram shows the level of correlation of the signal strength between all chips,
where each lattice represents the degree of correlation between two samples corresponding to the
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Figure 1 Centromere protein K affects the proliferation and invasion of colorectal cancer cells by acting on downstream genes. A:
Morphology of RKO cells in NC and KD groups before and after lentivirus infection as well as infection efficiency assessed using fluorescence microscopy (x 100
magnification); B: Relative expression level of centromere protein K by quantitative polymerase chain reaction in NC and KD groups; C: Gene interaction network
diagram. Genes, proteins, and chemicals are represented by different shapes; color labeling of molecules is shown in the illustration. NC: RKO cells infected with
centromere protein K negative control virus; KD: RKO cells with lentivirus-mediated short hairpin RNA interference of centromere protein K; CENPK: Centromere

protein K.
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ordinate and transverse (Figure 2C). The group sample gene expression patterns were typically similar
and demonstrated a high correlation coefficient, as shown in red in the correlation coefficient distri-
bution diagram. The gene expression pattern difference between groups demonstrated a low correlation
coefficient, which is shown in blue in the correlation coefficient distribution diagram. The correlation
coefficient in the KD and NC groups was > 0.99, which indicated a high similarity of gene expression in
the same group. The intergroup correlation coefficient was significantly lower than the group
correlation coefficient, which indicated a large difference between groups that met the continuing
analysis standard.

From the PCA score chart (Figure 2D), there was an obvious sample aggregation trend in the PC1 and
PC2 dimensions in the KD and NC groups and an obvious intergroup separation trend, which indicated
similar samples and significant differences between groups that met the standard of the continuing
analysis. The cross ordinate of each point in Figure 2E represents the signal strength of a probe group in
the NC and KD groups. The parallel green solid line is the reference line difference, and the points in the
interval within the reference line represent the probe group without a significant change. The red point
outside the interval represents the relatively elevated probe group in the KD group, and the green point
represents the relatively elevated probe group in the NC group. A volcano graph was drawn using gene
expression differences (fold change) and false discovery rate (FDR) tests between the two samples to
show the significant differences between the two samples (Figure 2F). Thermal mapping of KD and NC
samples was performed using the differential expression spectrum of genes screened by |fold change |
> 1.5 and FDR < 0.05 (Figure 2G). Figure 2H shows the significant enrichment of differentially expressed
genes in the classical pathway. The orange notation indicates an activated pathway (Z > 0); the blue
label indicates inhibition of the pathway (Z < 0); shades of orange and blue (or absolute Z values)
represent the degree of activation or inhibition (Z > 2 represents a significant activation and standard,
and Z < -2 denotes significant suppression); and the ratio represents the ratio of the difference of the
gene number in this signaling pathway to all genes contained in the pathway. G1/S checkpoint
regulation was activated in the cell cycle, and Z was 2.236.
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Figure 2 Screening of target genes by chip detection. A: Signal strength distribution curve diagram, with the cross coordinates representing the probe
signal strength range and the longitudinal coordinates representing the number of probe sets within the signal strength range; B: Relative line ram of the logarithmic
signal strength, with the horizontal coordinate representing the sample name, the vertical coordinate indicating the relative logarithmic signal strength, the red line in
the middle representing the average of the relative logarithmic signal strength of all samples, and the upper and lower horizontal lines representing the 90%
confidence interval. The upper and lower edges represent the upper and lower quartiles, and the black line in the middle represents the median; C: Distribution
diagram of the Pearson correlation coefficient among samples. The correlation coefficient indicates a positive correlation of the expression mode of genes in two
subjects, and a negative value indicates an expression mode with a negative correlation. As the absolute value of the correlation coefficient approaches 1.0, the
correlation increases; D: Principal component analysis. Red dots represent normal purpose cells with centromere protein K (CENPK) gene short hairpin RNA virus
infection (KD) samples, and green dots represent normal purpose cells infected with CENPK negative control virus (NC) samples; E: Scatter diagram. The cross
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coordinate represents the NC group, and the vertical coordinate represents the KD group; F: Volcano map, where the cross coordinate is a difference multiple (the
logarithmic change in the bottom 2); longitudinal significance false discovery rate (FDR) (of the difference in the bottom 10 Logarithmic change); significantly different
genes screened by |fold change| = 1.5 and FDR < 0.05 in red, and other genes with no significant difference in gray; G: Cluster analysis results. Each column
represents a sample, and each row represents a differentially expressed gene; H: Statistics for the classical pathway enrichment analysis. The transverse coordinate
is the path name and the longitudinal significance level of enrichment (negative logarithmic transformation in the bottom 10).
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G1/S checkpoint regulation was significantly activated. Red represents significant upregulation, and
green represents the genes. Figure 3A shows the changing trend of gene expression in the pathway,
which provided the basis for the study of the molecular mechanisms involved in the changes between
sample groups. The upstream regulator network diagram (Figure 3B) shows the interaction between
upstream regulators and downstream molecules that were directly associated in the dataset. Let-7
significantly suppressed SOX9 mRNA levels, and consistent trends were observed between let-7 and
signal sequence receptor 1. Figure 3C shows the significant enrichment of differentially expressed genes
in disease and function. According to the internal algorithms and standards of IPA, Z > 2 denoted
significant activation of the disease or function, and Z < -2 indicated significant suppression of the
disease or function. Significantly activated diseases or functions included morbidity or mortality (Z =
4.216) and organismal death (Z = 4.164). Significantly suppressed diseases or functions included
infection by human immunodeficiency virus 1 (Z = -3.335) and viral infection (Z = -3.2) (Figure 3D). The
network contains all the differentially expressed genes associated with the specified disease or function,
and demonstrates possible interactions and changes in expression trends between genes based on the
ingenuity knowledge base (Figure 3E). The top ranked regulatory network in this regulatory effect
analysis suggested that the dataset was inhibitory due to the regulator miR-8 in the binding of tumor
cell lines and the proliferation of stem cells via BMI1, COMMD3-BMI1, HMGB1, and YAP1 (Figure 3F).
The network of interactions between molecules of a disease or function-related relationship is shown in
Figure 3G.

ti%ased on the above biological analysis, we speculated that CENPK was more likely to function in
CRC by regulating the expression of the above-mentioned genes. Therefore, these genes were selected
for western blot validation. Western blot analyses and qPCR showed that expression of FBX32 was
upregulated, and CUL4A and YAP1 were downregulated (Figures 4A-D). Taken together, these results
suggested that CENPK played a role in CRC by regulating FBX32, CUL4A, YAPI, and other genes in
RKO cells.

High expression of CENPK in CRC

The expression of CENPK in CRC tissue was measured using immunohistochemistry to detect target
protein expression and localization in tissue cells. Expression of CENPK was higher in cancerous than in
paracancerous tissues (Figure 5A). Positive expression of CENPK in the cancerous and noncancerous
tissues exhibited a differential multiple of 2.61, which was a significant difference (Figure 5B).
Expression and proportional statistics of the CENPK gene in cancerous and noncancerous tissue are
shown in Table 4.

CENPK gene expression in cancerous and noncancerous tissues is shown in Table 5. The differential
expression of CENPK gene in cancerous and noncancerous tissues was analyzed using the Mann-
Whitney U test. The significantly higher expression of CENPK in cancerous than in noncancerous
tissues (P < 0.05) supports CENPK as an effective diagnostic marker for CRC. The expression and
proportion of CENPK genes in cancerous tissues are shown in Table 6. The CENPK gene expression in
different types of clinical experiment, including sex, age, T stage, and N metastases, was analyzed to
compare its low expression and high expression. Expression of CENPK gene in cancerous tissue differed
significantly according to T stage, N stage, and clinical stage, which suggested that CENPK expression
was associated with these pathological indicators. The correlation between CENPK expression and
clinical data (T stage, N stage, and clinical stage) in cancerous tissues was examined using Spearman’s
test, and the potential role of these clinical data in the development of CRC was examined (Table 7).
Expression of the CENPK gene in cancerous tissues was positively correlated with T stage, N stage, and
clinical stage, which suggested that low CENPK expression in the early stage of cancer gradually
increased with the disease course.

shRNA lentivirus infects RKO cells and inhibits the growth of tumor cells

RKO cells infected by viruses were subcutaneously injected into nude mice for analysis of tumor growth
conditions (Figure 6). RKO cells were infected with lentivirus, and there was no significant cell death,
especially in the NC group, which was comparable to the control group. In contrast, the infection
efficiency reached approximately 80% in the KD group (Figure 6A). The infection efficiency in the target
screening experiment was > 90% in the KD group. Therefore, the good cell conditions and qualified
infection efficiency up to 80% were used for downstream testing. Here, RKO cells were injected
subcutaneously into the nude mice to analyze the tumor growth conditions and detect the infection
efficiency of RKO cells. Based on the PCR results, CENPK gene knockdown efficiency in RKO cells
reached 83.2% in the KD group compared to the NC group. The tumor status (the tumor formed and

WJG | https://www.wjgnet.com 5428 October 7,2022 | Volume?28 | Issue37 |



Li X et al. Effect of CENPK on CRC

Table 4 Expression and proportional statistics of the centromere protein K gene in cancerous and noncancerous tissue by

immunohistochemical staining.

Case group
- X P value
Cancerous tissues Noncancerous tissue
Higher expression 4 5 0.008
Lower expression 10 0

Table 5 Tissue type group * gene expression group using the Mann-Whitney U test

CENPK gene expression group

Total P value
Low expression High expression
Tissue type group Cancerous tissues 146 160 306
Noncancerous tissue 27 1 28 0.000
Total 173 161 334

CENPK: Centromere protein K.

Table 6 Clinical data * gene expression group analysis using the Mann-Whitney U test

CENPK gene expression group

Total P value
Low expression High expression

Sex Male 88 103 191 0.460
Female 58 57 115

Total 146 160 306

Age <57 75 82 157 0.983
>57 71 78 149

Total 146 160 306

T stage T1/2/3 108 98 206 0.018
T4 38 62 100

Total 146 160 306

N metastasis NO 117 108 225 0.012
N1/2 29 52 81

Total 146 160 306

Pathological grade 1/2 111 114 225 0.130
3 29 45 74

Total 140 159 299

Clinical stage I/11 116 108 224 0.019
I/ 1V 30 52 82

Total 146 160 306

CENPK: Centromere protein K.

JBaishideng®

size) was good 1 d after subcutaneous injection. Over 20 d, the tumors gradually decreased and even
disappeared in the KD group, but they persisted in the NC group (Figure 6C). Tumors in mice were
analyzed using live imaging. The total fluorescence expression volume in ten nude mice in the KD and
NC groups was measured via quantitative analysis of fluorescence (Figures 6D and 6E). Total
fluorescence expression in the region was significantly decreased in the KD group compared to the NC
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Figure 3 Centromere protein K functions in colon cancer by regulating the expression of related genes. A: Trend of molecules in the experimental
results in the classical pathway; B: Upstream regulator network diagram (the orange line indicates consistent activation of upstream regulators and genes, the blue line
indicates consistent upstream regulators and gene inhibition, the yellow line indicates inconsistent expression trends between upstream regulators and genes, and the
gray line indicates that there is no prediction information related to the expression state in the dataset); C: Analysis and statistics of disease and functional enrichment
(the transverse coordinate is the path name and the longitudinal coordinate is significance level of enrichment (negative logarithmic transformation in the bottom 10);
D: Disease and functional heatmap of the effect of disease and functional changes at gene expression levels; E: Activation and inhibition relationship between genes
and disease or function; F: Interplay between genes and regulators and function in the dataset; G: Network of interaction relationships between molecules of a disease
or function-related relationship. TGF-p: Transforming growth factor beta; FOXO: Forkhead box O; SMAD: Suppressor of mothers against decapentaplegic; MDM:
Mouse double minute; ATM: Ataxia telangiectasia mutated; ATR: Ataxia telangiectasia and Rad3 related; PAK: p21 activated kinases; NS: Non-structural; MAX: MYC
associated factor X; c-MYC: Cellular myelocytomatosis oncogene; SCF: Stem cell factor; INK: CDKN2A, cyclin dependent kinase inhibitor 2A; BMI 1: BMI1 proto-
oncogene; GSK: Guanosine kinase; CDK: Cyclin-dependent kinase; NRG: Neuregulin; EBP1: ErbB3-binding protein 1; SIN3A: Suppressor interacting 3a; SUV39H1:
SUV39H1 histone lysine methyltransferase; DP-1: Dodeca-satellite-binding protein 1; E2F: Early region 2 binding factor; RB: Retinoblastoma; HDAC: Histone
deacetylase; CD44: Cluster of differentiation-44; DDX18: DEAD-box helicase 18; HMGA: High mobility group A; MAD2L1: Mitotic arrest deficient 2 like 1; MCM: Mei-
mini-chromosome maintenance; PLAGL: Pleiomorphic adenoma gene-like; SOX: SRY-box transcription factor; SSR: Signal sequence receptor subunit; YAP1: Yes1
associated transcriptional regulator; CCNE2: Cyclin E2; COMMD3: COMM domain containing 3.

group (Figure 6H). Tumor weight and volume were significantly decreased in the KD group compared
to the NC group (P < 0.05) (Figures 6F and 6G). Therefore, lentiviral infection of RKO cells inhibited the
growth of tumor cells in vivo.

Effect of CENPK on proliferation of RKO cells

Expression of CENPK gene in CRC cells is shown in Figure 7A, and the target gene expression
abundance was relatively low. Based on the mRNA level, the CENPK gene reduction efficiency was
examined using qPCR. Expression of the CENPK gene in RKO and HCT116 cells in the experimental
group was inhibited after 3 d of shRNA lentivirus infection (Figures 7B and 7C). Target reduction of
foreign proteins due to CENPK gene expression was detected using western blot, which showed that
shCENPK had a significant knockdown effect on the exogenous expression of CENPK gene at the
protein level in 293T cells (Figure 7D). Endogenous protein expression of CENPK showed that
shCENPK had a significant knockdown effect on endogenous CENPK expression at the protein level in
RKO cells (Figure 7D). Endogenous expression of CENPK was knocked down at the protein level in
HCT116 cells (Figure 7D).

After 3 d of shRNA lentivirus infection, 1500 cells were seeded in 96-well plates. The effect of CENPK
on cell proliferation via Celigo detection showed that proliferation of RKO cells was significantly
inhibited in the experimental group. Celigo continuous detection for 5 d suggested that the CENPK
gene was significantly associated with RKO and HCT116 cell proliferation (Figures 7E-I). To examine
the effects of gene reduction on cell proliferation after 3 d of shRNA lentivirus infection, the cells were
seeded in 96-well plates. After 5 d, the proliferation rate of RKO and HCT116 cells in the experimental
group was significantly inhibited, which suggests a significant correlation between CENPK gene and
RKO and HCT116 cell proliferation (Figure 7G). Detection of the effect of CENPK gene reduction on
apoptosis using FACS showed that after 5 d of shRNA lentivirus infection, RKO and HCT116 cells in the
experimental group increased significantly, which suggested that the CENPK gene was significantly
related to apoptosis of RKO and HCT116 cells (Figure 7], Supplementary Figures 1 and 2). Based on the
detection of CENPK for apoptosis, caspase 3/7 activity was increased after 3 d of shRNA lentivirus
infection in the experimental group, which suggested that CENPK gene was significantly related to
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Figure 4 Centromere protein K plays a role by regulating F-box protein 32, Cullin 4A, Yes-associated protein isoform 1, and other genes
in RKO cells. A: Downstream gene (Yes-associated protein isoform 1, centromere protein K, Cullin 4A, F-box protein 32, X chromosome-linked inhibitor of
apoptosis, heat shock protein 90 alpha family class A member 1, class lll-tubulin, and mitogen-activated protein kinase kinase kinase 7) testing using western blot
analysis in NC and KD groups; B-D: Relative gene expression detected using quantitative polymerase chain reaction in NC and KD groups. F-box protein 32 was
upregulated, while Cullin 4A and Yes-associated protein isoform 1 were downregulated. FBX32: F-box protein 32; YAP1: Yes-associated protein isoform 1; CENPK:
Centromere protein K; CUL4A: Cullin 4A; XIAP: X chromosome-linked inhibitor of apoptosis; HSP90AA1: Heat shock protein 90 alpha family class A member 1;
TUBB3: Class Ill-tubulin; MAP3K?7: Mitogen-activated protein kinase kinase kinase 7; BUB3: BUB3 mitotic checkpoint protein; EEA1: Early endosomal antigen 1;
PCYT1A: Phosphate cytidylyltransferase 1A; TMPO: Thymopoietin; HNRNPD: Heterogeneous nuclear ribonucleoprotein D; PRNP: Prion protein; PPP3CA: Protein
phosphatase 3 catalytic subunit alpha; MAD2L1: Mitotic arrest deficient 2 like 1; PHF6: PHD finger protein 6; CENPA: Centromere protein A; TRAF1: TNF receptor
associated factor 1; CALD1: Caldesmon 1; PTPMT1: Protein tyrosine phosphatase mitochondrial 1; CCT5: Chaperonin containing TCP1 subunit 5; CAMK2D:
Calcium/calmodulin dependent protein kinase Il delta; MRFAP1L1: Morf4 family associated protein 1 like 1; ILF3: Interleukin enhancer binding factor 3; CDKN2D:
Cyclin dependent kinase inhibitor 2D; SRPK2: SRSF protein kinase 2; PRPF4B: Pre-mRNA processing factor 4B; PPIA: Peptidylprolyl isomerase A; BMI1: BMI1
proto-oncogene; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase. NC: RKO cells infected with CENPK negative control virus; KD: RKO cells with lentivirus-
mediated short hairpin RNA interference of CENPK.

apoptosis of RKO and HCT116 cells (Figure 71). Therefore, CENPK gene inhibited proliferation of RKO
cells. After RNAi of the CENPK gene in RKO cells, associated genes in the signaling pathway were
detected using PathScan. The protein expression levels in the p-ERK1/2, p-Statl, p-Stat3, p-Akt (Serd73),
p-HSP27, p-p70 S6 kinase, p-PRAS40, and p-p38 signaling pathways were significantly different (P <
0.05) (Figure 7K).

Inhibition of RKO and HCT116 cells by abrogation of CENPK and overexpression of CUL4A

Lentivirus-mediated shRNA interference of CENPK in HCT116 cells and RKO cells was observed
(Figure 8). The control and target lentivirus-infected cells (HCT116 cells and RKO cells) were observed
after 72 h under a microscope, and cell infection efficiency reached > 80%, and the cell state was normal.
The effects of CENPK gene reduction and CUL4A gene overexpression on HCT 116 and RKO cell prolif-
eration using Celigo detection are shown in Figures 9A-D. At 3 d after lentiviral infection, the number of
HCT 116 cells was 1000, and the number of RKO cells was 2000. After 5 d, the KD group exhibited
slower cell proliferation compared to the NC (KD) group. Cell proliferation increased rapidly in the KD
+ OE and NC (OE) groups compared to the KD + NC (OE) and OE groups in HCT 116 cells (Figures 8A
and 8B, Supplementary Figures 3 and 4) and RKO cells (Figures 6C and 6D). HCT 116 and RKO cell
proliferation was measured using the MTT assay (Figures 9E-H). Cell proliferation increased slowly in
the KD group compared to the NC (KD) group, but it increased rapidly in the OE group compared to
the NC (OE) group. However, RKO cell proliferation was not consistently increased in the KD + OE
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Figure 5 Expression of centromere protein K in colon cancer tissue and noncancerous tissue detected using immunohistochemistry. A:
Centromere protein K (CENPK) expression in cancerous (a1-a14) and noncancerous tissue (a15-a19) using immunohistochemistry (Scale bar: 500 pm) with
VULCAN FAST RED CHROMOGEN kit 2; B: Positive expression of CENPK in cancerous and noncancerous tissues. CENPK: Centromere protein K.
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Figure 6 Analysis of tumor growth in nude mice subcutaneously injected with lentivirus-infected RKO cells. A: Control lentivirus-infected RKO
cells, RKO cells infected with centromere protein K (CENPK) negative control virus (NC), and RKO cells with CENPK gene short hairpin RNA virus infection (KD);
puromycin-screened cells in the NC and KD groups; and RKO cells in the NC and KD groups before inoculation are shown (x 100 magnification). On the left and right
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are bright field and fluorescence images, respectively; B: Real-time polymerase chain reaction detection of CENPK mRNA expression in RKO cells; C: Tumor status
in nude mice subcutaneously injected with lentivirus-infected RKO cells in the NC and KD groups. D: Isoflurane gas anesthesia was applied for live imaging under a
live imager in the NC group; E: Isoflurane gas anesthesia was applied for live imaging under a live imager in the KD group; F: Tumor volume of lentivirus-infected
RKO cells examined in nude mice in the NC and KD groups; G: Tumor weight of lentivirus-infected RKO cells were examined in nude mice in the NC and KD groups;
H: Regional total fluorescence expression in the NC and KD groups. 2P < 0.05, compared with RKO cells infected with centromere protein K negative control virus.
CENPK: Centromere protein K; NC: RKO cells infected with centromere protein K negative control virus; KD: RKO cells with lentivirus-mediated short hairpin RNA
interference of centromere protein K.
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group compared with the KD + NC (OE) group, and HCT 116 cell proliferation was obviously increased
in the KD + OE group. HCT 116 and RKO cell apoptosis was induced by CENPK gene reduction and
CULA4A gene overexpression; therefore, caspase 3/7 activity and apoptotic cells were measured after
lentiviral infection for 5 d. Based on the findings for HCT 116 and RKO cells shown in Figure 91, caspase
3/7 activity and apoptotic cells were increased in the KD group compared to the NC (KD) group.
Caspase 3/7 activity did not change significantly in the OE group, and apoptotic cells did not change
significantly compared with the NC (OE) group. Similar to the KD + NC (OE) group, the KD + OE
groups exhibited decreased caspase 3/7 activity and apoptosis. HCT 116 and RKO cell apoptosis via
CENPK gene reduction and CUL4A gene overexpression was detected using FACS (Figure 9K,
Supplementary Figures 5 and 6). HCT 116 and RKO cell apoptosis was increased significantly in the KD
group (P < 0.01) compared to the NC (KD) group. Apoptosis was decreased significantly in the KD + OE
group (P < 0.01) compared to the KD + NC (OE) group. However, no significant change in apoptosis
occurred in the OE group. The FLAG protein level after CUL4A overexpression was detected using
western blot (Figure 9]). The proliferation rate in the OE group compared to the NC group after CUL4A
overexpression in HCT116 and RKO cells was detected by FLAG. These results suggested that
lentivirus-mediated shRNA interference of CENPK inhibited the proliferation of RKO and HCT116
cells, and overexpression of the CUL4A gene reversed this effect in RKO and HCT 116 cells with
CENPK gene knockdown.

DISCUSSION

CRC is one of the most common malignant tumors. Increasing evidence suggests that CENPK plays a
key role in promoting carcinogenesis[14]. To the best of our knowledge, this study is the first to clarify
the clinical value of CENPK in human CRC tissues. However, the underlying mechanism is largely
unknown. The expression of CENPK in CRC tissues was quantified using western blot and quantitative
real-time PCR. CENPK was highly expressed in CRC tissue and positively correlated with large tumor
size and advanced tumor stage. CENPK was found to be frequently downregulated in CRC primary
tumor samples compared to adjacent normal tissues, using bioinformatics analysis and experiments in
vivo. Expression of the CENPK gene was significantly different in cancerous and noncancerous tissues,
which supports the use of CENPK for diagnosis of CRC and patient selection for therapy. Tissue chip
detection showed that CENPK expression was associated with pathological indicators, such as T stage,
N stage, and clinical stage. This confirmed the low level of CENPK expression in early cancer and
increasing expression during the course of the disease. We used in vitro and in vivo models to
demonstrate that lentivirus-mediated shRNA interference of CENPK regulated the proliferation of CRC
cells. The CENPK gene may affect the expression of a series of downstream genes by acting on YWHAZ
and BMI1, which affect cell proliferation and invasion. Therefore, CENPK gene functions in the
progression of CRC by altering the expression of CUL4A, CENPK, XIAP, FBX32, YAP1, MAP3K?7,
TUBB3, and HSP90AA1. Western blot analysis showed that FBX32 was upregulated and CUL4A and
YAP1 were downregulated.

YAP1 is an effector of the Hippo pathway, which is critical for regulating organ size, cell prolif-
eration, and tumor growth in mammals[15]. Research on YAP1 expression in CRC tissues showed the
effect of silencing expression of the YAP1 gene on the proliferation and invasion of SW620 CRC cells
[16]. Another study showed that FBX32 and the mRNA levels of several proteasome-related genes were
significantly upregulated by methionine limitation[17]. Moreover, CUL4A is highly expressed in colon
cancer and promotes the proliferation and inhibits the apoptosis of colon cancer cells by regulating the
Hippo pathway[10]. Therefore, the mechanism of the effect of CUL4A expression on cell proliferation
and apoptosis in CRC by regulating the CENPK pathway was further investigated.

Lentivirus-mediated shRNA interference of CENPK was successfully and stably induced in RKO
cells, which lays a foundation for further study of the role of the CENPK gene in the carcinogenesis and
progression of CRC. With regard to therapeutic options for CRC, increased CENPK expression inhibited
CRC cell proliferation and induced apoptosis of RKO cells with lentiviral infection, which suggests that
CENPK inhibits CRC progression. A xenograft mouse model also confirmed the tumor-suppressive
function of CENPK. We used RKO cells with lentiviral infection to control these processes and inhibit
tumor growth. Specifically, we found that the CENPK gene regulated tumor growth, and the total
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Figure 7 Effects of centromere protein K on proliferation of RKO cells. A: Expression of the centromere protein K (CENPK) gene in colon cancer cells;
B and C: CENPK mRNA level reduction in RKO and HCT116 cells; D: Exogenous expression of CENPK protein in RKO cells (a), 293T cells (b), and HCT116 cells
(c); E and F: Effects of CENPK gene reduction on RKO cell proliferation by Celigo detection; G: Effects of CENPK gene reduction on RKO and HCT116 cell
proliferation detected by MTT assay; H: Effects of CENPK gene reduction on HCT116 cell proliferation by Celigo detection; I: Effects of CENPK gene reduction on
RKO and HCT116 cell apoptosis by caspases 3/7 detection; J: Effects of CENPK gene reduction on RKO and HCT116 cell apoptosis by FACS detection; K:
Chemiluminescence analysis in the shCtrl and shCENPK groups. 2P < 0.01, compared with shCtrl; °P < 0.05, shCtrl compared to the short hairpin RNA lentivirus
treatment group; °P < 0.01, shCtrl compared to the short hairpin RNA lentivirus treatment group. CENPK: Centromere protein K.
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fluorescence in the tumor was significantly decreased compared to the controls. We analyzed whether
lentivirus-mediated shRNA interference of CENPK was involved in cell proliferation and apoptosis. The
results indicated that interference with the CENPK gene inhibited RKO cell proliferation. Taken
together, these findings support the hypothesis that lentivirus-mediated shRNA suppresses CENPK
expression via lentivirus epigenetically. Overexpression of CENPK has been observed in various tumor
types[8,18,19].

CULA4A plays a critical role in cellular proliferation and tumor invasion[20,21]. In vitro experiments
were performed to verify the function of the CUL4A gene. To investigate whether CUL4A gene was
involved in CENPK-induced CRC cell proliferation, we performed rescue experiments, which indicated
that knockdown of CENPK and overexpression of CUL4A partially rescued proliferation in RKO and
HCT116 cells. These findings support the hypothesis that interference with the CENPK gene inhibits
RKO and HCT116 cell proliferation. Overexpression of CUL4A had a response effect on RKO and HCT
116 cells.

The functional effects of CUL4A proteins on their targets have been well characterized and are
involved in the proliferation of cancer cells[22]. CUL4A may be a prognostic marker of precancerous
lesions and a potential therapeutic target in cancer[23]. Consistent with these reports, overexpression of
CUL4A was observed in 20 pairs of CRC tissues, and knockdown of CUL4A inhibited cell proliferation.
A previous study showed that CUL4A was highly expressed in CRC and promoted proliferation and
inhibited apoptosis of CRC cells by regulating the Hippo pathway[10]. Our study demonstrated that
restoration of CUL4A expression suppressed CRC cell proliferation. These results indicate that CUL4A
acts as a tumor suppressor in CRC. It has been found that high CUL4A protein expression is an
independent prognostic marker in CRC[12].

CONCLUSION

Our study demonstrated that overexpression of CUL4A led to CRC tumorigenesis, and knockdown of
the CENPK gene affected CRC progression and development in target cells. To the best of our
knowledge, this study is the first to investigate CUL4A protein expression and its potential interference
with CENPK gene interactions in CRC. We demonstrated the critical role of the CUL4A gene in the
progression of CRC. However, due to the complexity of shRNA biological function, further analysis is
required to achieve a more comprehensive understanding of CRC diagnosis and therapy.
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Table 7 Correlation between centromere protein K gene expression and clinical data in cancerous tissues

Gene expression T stage N metastasis Pathological grade
Gene expression Correlation coefficient 1.000 0.135 0.143 0.135
Significance (two-tailed) 0.000 0.018 0.012 0.018
T stage Correlation coefficient 0.135 1.000 0.000 0.000
Significance (two-tailed) 0.018 0.000 0.000 0.000
N metastasis Correlation coefficient 0.143 0.000 1.000 0.000
Significance (two-tailed) 0.012 0.000 0.000 0.000
Pathological grade Correlation coefficient 0.135 0.000 0.000 1.000
Significance (two-tailed) 0.018 0.000 0.000 0.000
HCT 116 cell RKO cell

NC (KD)

KD

NC (OE)

OE

KD + NC (OE)

KD + OE

oy
N2 [
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Figure 8 Lentivirus-mediated short hairpin RNA interference of centromere protein K in HCT116 and RKO cells. Bright field (left) and
fluorescence images (right) are shown. NC: RKO or HCT 116 cells infected with centromere protein K negative control virus; KD: RKO or HCT 116 cells with
centromere protein K gene short hairpin RNA virus infection; OE: RKO or HCT 116 cells virally infected with Cullin 4A.
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Figure 9 Inhibition of RKO and HCT116 colon cancer cells by abrogation of centromere protein K and overexpression of Cullin 4A. A and
B: Effects of centromere protein K (CENPK) knockdown and Cullin 4A (CUL4A) overexpression on HCT116 cell proliferation detected by Celigo assay; C and D:
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Effects of CENPK knockdown and CUL4A overexpression on RKO cell proliferation detected by Celigo assay; E and F: Effects of CENPK knockdown and CUL4A
overexpression on HCT116 cell proliferation detected by MTT assay; G and H: Effects of CENPK knockdown and CUL4A overexpression on RKO cell proliferation
detected by MTT assay; I: HCT116 and RKO cell apoptosis after CENPK knockdown and CUL4A overexpression detected by caspases 3/7; J: FLAG protein
expression levels after CUL4A overexpression detected using western blot; K: HCT116 and RKO cell apoptosis. °P < 0.01, shCtrl compared to short hairpin RNA
lentivirus treatment group. NC: RKO or HCT 116 cells infected with centromere protein K negative control virus; KD: RKO or HCT 116 cells with centromere protein K
gene short hairpin RNA virus infection; OE: RKO or HCT 116 cells virally infected with Cullin 4A.

Jaishideng®

ARTICLE HIGHLIGHTS

Research background

Colorectal cancer (CRC) is one of the most common malignant tumors worldwide. Immunohisto-
chemistry has found high expression of centromere protein (CENPK) in CRC. However, the role of
CENPK in the progression of CRC is not well characterized.

Research motivation

To explore the role of Cullin (CUL)4A expression and lentivirus-mediated transfection with short
hairpin RNA (shRNA) for CENPK in CRC.

Research objectives
We performed a series of in vitro experiments, such as quantitative polymerase chain reaction (qPCR),

western blot, MTT assay, and flow cytometry, to evaluate the knockdown behavior of CENPK and
overexpression of CUL4A in RKO and HCT 116 CRC cells.

Research methods

We identified CENPK as a potential new oncogene for CRC based on bioinformatics analysis. In vitro
experiments verified the function of this gene. We investigated the expression of CENPK in RKO and
HCT 116 cells using virus infection and analyzed datasets from qPCR, western blot, and flow cytometry.
The effect of RKO cells infected with virus on tumor growth was evaluated in vivo using quantitative
analysis of fluorescence imaging.

Research results

The downstream genes FBX32, CUL4A, and YAP1 were examined to evaluate the regulatory action of
CENPK in RKO cells. Significantly delayed xenograft emergence, slower growth, and lower final tumor
weight and volume were observed in the RKO and HCT 116 with lentivirus-mediated shRNA
interference of CENPK. Interference of CENPK inhibited the proliferation rate of RKO cells in vitro and
in vivo. The shRNA interference of CENPK inhibited the proliferation of RKO and HCT 116 cells, and
overexpression of CUL4A gene responded to RKO and HCT 116 cells with CENPK silencing.

Research conclusions
Our findings indicate a potential role of CENPK in promoting tumor proliferation, and it may serve as a
novel diagnostic and prognostic biomarker in patients with CRC.

Research perspectives

An investigation for lentivirus-mediated transfection with shRNA for CENPK and overexpression of
CUL4A demonstrated major regulatory roles in CRC. Further analysis is required to achieve a more
comprehensive understanding of CRC diagnosis and therapy.
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Abstract

BACKGROUND

Metabolic associated fatty liver disease (MAFLD) is associated with complications
and mortality in patients with coronavirus disease 2019 (COVID-19). However,
there are no prognostic scores aimed to evaluate the risk of severe disease speci-
fically in patients with MAFLD, despite its high prevalence. Lactate dehydro-
genase, aspartate aminotransferase and alanine aminotransferase have been used
as markers of liver damage. Therefore, we propose an index based on lactate
dehydrogenase, aspartate aminotransferase and alanine aminotransferase for the
prediction of complications and mortality in patients with MAFLD and COVID-
19.

AIM
To evaluate the prognostic performance of an index based on lactate dehydro-
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genase and transaminases (aspartate aminotransferase/alanine aminotransferase) in patients with
COVID-19 and MAFLD [liver fibrosis and nutrition (LNF)-COVID-19 index].

METHODS

In this retrospective cohort study, two cohorts from two different tertiary centers were included.
The first was the derivation cohort to obtain the score cutoffs, and the second was the validation
cohort. We included hospitalized patients with severe COVID-19 and MAFLD. Liver steatosis was
evaluated by computed tomography scan. Area under the receiver operating characteristic (ROC)
curve analysis and survival analysis were used.

RESULTS

In the derivation cohort, 44.6% had MAFLD; ROC curve analysis yielded a LEN-COVID-19 index
> 1.67 as the best cutoff, with a sensitivity of 78%, specificity of 63%, negative predictive value of
91% and an area under the ROC curve of 0.77. In the multivariate analysis, the LEN-COVID-19
index > 1.67 was independently associated with the development of acute kidney injury (odds
ratio: 1.8, 95% confidence interval: 1.3-2.5, P < 0.001), orotracheal intubation (odds ratio: 1.9, 95%
confidence interval: 1.4-2.4, P < 0.001), and death (odds ratio: 2.86, 95% confidence interval: 1.6-4.5,
P <0.001) in both cohorts.

CONCLUSION
LEN-COVID-19 index has a good performance to predict prognosis in patients with MAFLD and
COVID-19, which could be useful for the MAFLD population.

Key Words: COVID-19; Metabolic associated fatty liver disease; Lactate dehydrogenase; Transaminases;
Prognosis; Nonalcoholic fatty liver disease

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The liver fibrosis and nutrition-coronavirus disease 2019 (LFN-COVID-19) index that includes
lactate dehydrogenase and transaminases is a new prognostic index for patients with metabolic associated
fatty liver disease and COVID-19; it was developed to specifically predict adverse clinical outcomes,
including mortality, in this population with both conditions. The variables included in this index allow an
easy, quick and reliable risk assessment in this population with simple markers, allowing for broad
implementation.

Citation: Macias-Rodriguez RU, Solis-Ortega AA, Ornelas-Arroyo VJ, Ruiz-Margain A, Gonzalez-Huezo MS,
Urdiales-Moran NA, Roman-Calleja BM, Mayorquin-Aguilar JM, Gonzalez-Regueiro JA, Campos-Murguia A,
Toledo-Coronado IV, Chapa-Ibargiiengoitia M, Valencia-Pefia B, Martinez-Cabrera CF, Flores-Garcia NC.
Prognostic performance of an index based on lactic dehydrogenase and transaminases for patients with liver
steatosis and COVID-19. World J Gastroenterol 2022; 28(37): 5444-5456

URL: https://www.wjgnet.com/1007-9327/full/v28/i37/5444 htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i37.5444

INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic (coronavirus disease
2019, COVID-19) still affects the entire world. As of June 15, 2022, 536720870 people have been infected,
of whom 6312601 have died[1].

Different risk factors associated with the development of complications and mortality in patients with
COVID-19 have been identified, including age > 60 years, the presence of cirrhosis, diabetes, immuno-
deficiencies, obesity, cardiovascular disease, chronic kidney disease and chronic obstructive pulmonary
disease, among others[2-4]. Metabolic dysfunction associated fatty liver disease (MAFLD), regarded as
the hepatic manifestation of metabolic syndrome, has a controversial role in the prognosis of patients
with COVID-19. Some studies have reported a poor prognosis in patients with MAFLD, while others
have only showed this finding when fibrosis was present. This could be explained by a more
pronounced baseline systemic inflammatory profile and activation of the immune response in patients

with liver fibrosis, which contributes to increased inflammation when SARS-CoV-2 infection is added[5,
6].
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Acute respiratory distress syndrome is the major complication in patients with severe COVID-19;
other complications such as cardiac or cardiovascular, renal and secondary infections may occur[7].
These patients, mainly those admitted to the intensive care unit, may present with laboratory
abnormalities, such as leukopenia, lymphopenia (< 800 mm?® at admission), elevated prothrombin time,
elevated serum levels of D-dimer (> 1000 ng/mL), elevated inflammatory markers (ferritin > 300 pug/L),
elevated lactate dehydrogenase (LDH), elevated liver enzymes, elevated creatine phosphokinase (twice
the upper limit of normal) and elevated troponin I[7-9].

In patients with pneumonia associated with SARS-CoV-2 infection, high LDH levels correlate with
lung damage, severe disease and mortality at day 30[10-13]. In the study by Yan et al[14], LDH (> 365
U/L), lymphocyte count (< 14.7%) and C-reactive protein (> 41.2 mg/L) were identified as the three
laboratory abnormalities that predicted mortality risk with 90% accuracy, which represented a simple
way to promptly recognize severe illness.

Likewise, in patients with acute liver injury (non-COVID-19 related), an increase in LDH levels has
been reported, secondary to endothelial damage induced by macrophages during acute inflammation,
conditioning microcirculation alterations and hypoxia. Thus, it has been suggested that LDH may have
a discriminatory role in identifying the etiology of liver damage. As a marker of damage due to liver
ischemia, it must be taken into account that LDH has a shorter half-life. Therefore, a faster fall occurs
when the damage disappears, and it has been suggested as a parameter to monitor the evolution of
patients with acute liver injury. The ubiquitous nature of LHD in the human body makes it a
nonspecific but sensitive biomarker, which in the context of organ damage can provide information
with diagnostic and prognostic potential. In the same way, increase in alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and the AST/ALT ratio has been associated to adverse clinical
outcomes including mortality in patients with COVID-19[10-13,15].

Identifying factors associated with poor prognosis that may be related to a pathophysiological
mechanism is ideal in patients with COVID-19 since those patients at risk of progressing to a severe
illness could be identified promptly. Therefore, measures could be taken to influence the outcomes of
those patients. In this sense, having a prognostic index specific for patients with MAFLD who develop
COVID-19 may be useful to identify individuals at risk of developing adverse clinical outcomes.

Therefore, the aim of this study was to evaluate the performance of a prognostic index based on LDH,
AST and ALT in patients with MAFLD and COVID-19 and its association with the development of
adverse clinical outcomes and mortality.

MATERIALS AND METHODS

This was a retrospective cohort study performed at two third-level hospitals in Mexico, (INCMNSZ and
ISSEMYM) from March 2020 to July 2020, during the first phase of the COVID-19 pandemic and before
steroids became a standard of care for severe COVID-19. The study was carried out according to the
Declaration of Helsinki and was approved by the institutional Ethics Committee, ref. No. 3777).

Validation process

This study consisted of two phases. Phase 1, a derivation/training cohort, (its methods are described
below) used to create and evaluate the newly proposed prognostic index. This cohort was derived from
a tertiary care center hospital in Mexico City (INCMNSZ). Phase 2, the validation cohort aimed to
evaluate the diagnostic performance of the proposed index in patients with COVID-19 and liver
steatosis at a different center. This cohort was derived from a tertiary care center hospital in Toluca, in
the center of Mexico (ISSEMYM).

Patients

All patients admitted during the period of study, > 18 years of age, either sex and with a confirmed
diagnosis of SARS-CoV-2 infection by RT-PCR and with severe disease (pneumonia + respiratory rate >
30/respiratory distress/SaO, < 90%), were included in the study[19]. Patients without an adequate
follow-up were excluded from the analysis (e.g., those requiring referral to another hospital, those with
insufficient information in the clinical records, efc). Follow-up and evaluation of the clinical outcomes
were conducted through revision of electronic clinical records.

Biochemical tests

Upon admission, a blood sample was drawn for determination of the following tests: complete blood
count, glucose, creatinine, electrolytes, ferritin, C-reactive protein, LDH, liver chemistry, creatine
phosphokinase, arterial blood gases, D-dimer, troponin I and fibrinogen. HIV (human Immunodefi-
ciency virus) and viral hepatitis panel (HCV and HBV) were performed in all participants. All the tests
met the quality standards from our central laboratory, accredited by the College of American
Pathologists.
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Computed tomography scan

In order to evaluate the severity of pulmonary involvement, all patients underwent a pulmonary
computed tomography scan, where a portion of the liver was also evaluated for the presence of
steatosis. The methodology was previously described from our group[16]. Briefly, an expert radiologist
blinded to the patient’s clinical status evaluated computed tomography scans to detect liver steatosis,
according to the following criteria: (1) Attenuation coefficient < 40 Hounsfield units in the liver
(segments VII and VIII); and (2) Attenuation coefficient > 10 Hounsfield units between the splenic and
liver parenchyma.

Estimation of the LFN-COVID-19 index
The liver fibrosis and nutrition (LNF)-COVID-19 index was calculated according to the following
formula:

LEN-COVID-19 index = (AST/ALT) x (LDH/LDH__y).

Where AST/ALT ratio included transaminase levels expressed in U/L and was multiplied by the
times above the upper limit of normal value for LDH (U/L). The final value was included in the
statistical analysis for characterization of clinical outcomes.

Statistical analysis

Sample size estimation considered a hypothetical area under the receiver operating characteristic curve
(AUROC) of 0.8 for LFN-COVID-19 index and 0.7 as null hypothesis. Considering an alpha error of 0.05
and beta 0.20 and a negative/positive ratio of 1/1, estimation yielded 81 negative/positive cases (162
patients in total).

Normality of the data was evaluated with Kolmogorov-Smirnov test. Data was presented as mean *
standard deviation, median (P25-P75) or absolute frequencies. Comparisons between the groups were
made through Mann-Whitney U or Student’s t test. ROC curve analysis was performed to obtain the
best cutoff from the LEN-COVID-19 index for mortality, through the Youden index as well as
sensitivity, specificity, positive and negative predictive values and likelihood ratios.

Clinical outcomes were evaluated by logistic regression and a time-dependent survival analysis,
including Kaplan-Meier and Cox regression (Cox proportional-hazards model) for 28-d mortality and
general mortality. Statistical analysis was carried out with the statistics software SPSS version 20.0 (IBM,
Armonk, NY, United States) and ROC analysis with MedCalc Statistical Software version 19.4.1
(MedCalc Software Ltd, Ostend, Belgium).

RESULTS

In the validation cohort a total of 457 patients were included in the final analysis (Figure 1), after
excluding those without an adequate follow-up, those with computed tomography scan issues (artifacts,
unable to evaluate liver or spleen tissue, post-surgical changes) or those with known autoimmune liver
diseases, HIV, hepatitis C or B chronic infection or cancer.

Participant’s characteristics

General characteristics of the study population, with and without MAFLD are presented in Table 1.
Mean age in the total population was 50.4 + 13.3 years, most of the patients were male (65.2%), and the
mean body mass index (BMI) was 30.1 + 5.6 kg/m? In general, in the group of patients with MAFLD
there was a higher prevalence of overweight and obese patients, they were younger than those without
MAFLD, and they had a higher prevalence of diabetes and metabolic syndrome.

Biochemical tests

Biochemical tests related to proinflammatory status, such as LDH, creatine phosphokinase, lymphocytes
and neutrophil /lymphocyte ratio, were higher in the MAFLD group, as well as liver chemistry
abnormalities, glucose, triglycerides and prognostic scores (SOFA: sequential organ failure assessment;).

Index diagnostic performance
In the group of patients with MAFLD, diagnostic yield of the LFN-COVID-19 index [(AST/ALT) x
(LDH/LDHy, )] was investigated through the AUROC analysis to determine the prognostic value of the
index as a prognostic marker in patients with COVID-19. Characteristics related to diagnostic yield of
the LEN-COVID-19 index are shown in Table 2. According to Youden’s index, the best cutoff value of
the LEN-COVID-19 index for mortality in patients with MAFLD was > 1.67. This cutoff value showed
an AUROC of 0.77 [95% confidence interval (CI): 0.709-0.823, P < 0.0001], with a sensitivity of 78.7% and
specificity of 63.8% (Figure 2A). In general, the AUROC in this group of patients was better than in
patients without MAFLD (AUROC: 0.703, 95%CI: 0.647-0.755, P < 0.0001) (Figure 2B).

Table 3 shows the characteristics of patients with MAFLD according to the LFN-COVID-19 index.
Similitudes in both groups regarding metabolic syndrome and BMI were observed, while other
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Table 1 Baseline characteristics of the total population and according to metabolic associated fatty liver disease presence

Characteristics All, n = 457 No MAFLD, n = 253 MAFLD, n = 204 P value
Demographic features
Sex as male/female, % 65.2/34.8 63.6/36.4 67.2/32.8 0.432
Agein yr 50.4+13.3 52.4+14.0 47.8+11.8 < 0.0001
BMI in kg/m? 30.1+5.6 287+49 31.8+58 < 0.0001
Comorbidities, n (%)
Malnutrition 10 (2.8) 7 (3.4) 3(1.9) <0.0001
Normal weight 49 (13.6) 43 (21.0) 6(3.9)
Overweight 136 (37.9) 82 (40.0) 54 (35.1)
Obesity G1 110 (30.6) 51 (24.9) 59 (38.3)
Obesity G2 36 (10.0) 16 (7.8) 20 (13.0)
Obesity G3 18 (5.0) 6(2.9) 12 (7.8)
T2DM 107 (23.5) 47 (18.7) 60 (29.6) 0.006
Hypertension 122 (26.8) 60 (23.8) 62 (30.5) 0.107
Chronic kidney disease 8 (1.8) 6 (2.4) 2 (1.0) 0.225
Pulmonary obstructive disease 4(0.9) 1(0.4) 3 (1.5) 0.235
Autoimmune disease 6 (1.3) 3(1.2) 3 (1.5) 0.551
Immunosuppression 3(0.7) 3(1.2) 0(0) 0.169
Metabolic syndrome 155 (36.0) 61 (25.5) 94 (49.0) <0.0001
Prognostic scores
qSOFA 1(0-1) 1(0-1) 1(0-1) 0.800
SOFA 2 (1-2) 2(1-2) 2 (1-2) 0.034
NEWS 6.7+23 6.6+£23 6.8+22 0.190
PSI/PORT 62 (50-80) 62 (50-82) 61 (49-77) 0.316
SMART COP 3 (2-4) 3 (2-4) 3 (2-4) 0.091
Biochemical values
CRP, ref: 0-1 mg/dL 13.2 (6.6-20.7) 13.1 (6.6-20.0) 13.7 (6.2-21.5) 0.286
Ferritin, ref: 11.0-306.8 ng/mL 747.8 + 665.0 717.2 £ 662.0 784.0 £ 668.0 0.290
D-dimer, ref: 0-500 ng/mL 707 (426-1146) 699 (413-1138) 721 (451-1182) 0.418
LDH, ref: 120-246 U/L 388 + 160 374 149 406 +173 0.032
Troponin, ref: <15 pg/mL 4.7 (3.2-8.2) 4.7 (3.1-10.4) 4.6 (3.2-7.1) 0.525
CPK, ref: 30-233 U/L 110 (59-242) 98 (55-210) 133 (66-311) 0.006
Bilirubin, ref: 0/3-1 mg/dL 0.68 £ 0.49 0.66 + 0.54 0.69 + 0.43 0.593
ALT, ref: 7-52 U/L 37.5 (25.0-56.0) 33.0 (23.8-54.7) 41.0 (28.0-59.0) 0.004
AST, ref: 13-39 U/L 42.0 (30.0-62.0) 40.0 (29.0-58.0) 43.9 (32.9-64.3) 0.051
Globulins, ref: 1.9-3.7 g/dL 32+04 32+04 32+04 0.560
Albumin, ref: 3.5-5.7 g/dL 3.7+04 3.6+04 37+04 0.051
ALP, ref: 34-104 U/L 86 (70-111) 86 (70-113) 85 (69-109) 0.505
Creatinine, ref: 0.6-1.2 mg/dL 0.9 (0.8-1.1) 0.9 (0.8-1.1) 0.9 (0.7-1.1) 0.877
Glucose, ref: 70-99 mg/dL 116 (102-144) 110 (99-131) 124 (105-184) <0.0001
Leukocytes, ref: 4-12 x 10°/pL 7.6 (5.6-10.0) 7.2 (5.4-9.8) 7.9 (5.7-10.3) 0.191
Lymphocytes, ref: 1-3.9 x 10%/pL 881.6 +509.0 835.0 £352.0 938.0 + 649.0 0.043
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Platelets, ref: 150-450 K/uL 239 + 88 248 + 95 227 £78 0.012
25 (HO) vitamin D, ref: 30-100 ng/mL 21.5£8.0 21.6 £8.1 21.5+£8.0 0.917
Triglycerides, ref: <150 mg/dL 159 + 85 155 + 60 165 110 0.264

CT scan results, pulmonary involvement

Mild, <20% 91 (20.0) 51 (20.3) 40 (19.6) 0.281
Moderate, 20%-50% 172 (37.8) 102 (40.6) 70 (34.3)

Severe, > 50% 192 (42.2) 98 (39.0) 94 (46.1)

Treatment, n (%)

Antibiotics 402 (88.4) 228 (90.8) 174 (85.3) 0.096
Antimalarials 132 (28.9) 72 (28.5) 60 (29.4) 0.823
Tocilizumab 51 (11.2) 26 (10.3) 25 (12.3) 0.504
Remdesivir 9(2.0) 7 (2.8) 2(1.0) 0.152
Pa02/FiO2 ratio 233.9+£109.9 239.0+£91.0 227.0+£130.0 0.011
Neutrophil /lymphocyte ratio 7.0 (4.4-11.6) 7.2 (4.5-12.0) 6.7 (4.0-10.8) 0.860
Days between the beginning of symptoms 82+44 8.6+4.6 78+4.0 0.110

and hospitalization

BMI: Body mass index; T2DM: Type 2 diabetes mellitus; q-SOFA: Quick sequential organ failure assessment; SOFA: Sequential organ failure assessment;
NEWS: National early warning score; PSI/PORT: Pneumonia severity index; CRP: C-reactive protein; LDH: Lactate dehydrogenase; CPK: Creatine
phosphokinase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; CT: Computed tomography; MAFLD:

Metabolic associated fatty liver disease; PaO2/FiO2 ratio: Ratio of arterial oxygen partial pressure to fractional inspired oxygen.

Table 2 Diagnostic yield of the LFN-COVID-19 index in patients with metabolic associated fatty liver disease

Diagnostic yield

Sensitivity 0.787 (0.643-0.893)

Specificity 0.638 (0.563-0.709)

Positive predictive value, % 0.360 (0.273-0.468)

Negative predictive value, % 0.910 (0.855-0.960)

+ Likelihood ratio 2.18 (1.70-2.80)

- Likelihood ratio 0.33 (0.20-0.60)

AUROC 0.770 (0.709-0.823), P < 0.0001

Youden index

0.4257

AUROC: Area under the receiver operating characteristic.
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variables including age, prognostic scores, and biomarkers related to proinflammatory and
prothrombotic status, severe COVID-19 (PaO,/FiO, < 100 mmHg), orotracheal intubation and other
clinical outcomes, including mortality, were higher in the > 1.67 group.

Prognostic performance

In order to determine if the LEN-COVID-19 index was independently associated with the presence of
acute kidney injury or orotracheal intubation during hospitalization, a logistic regression was
performed, observing that a value of > 1.67 was associated to adverse clinical outcomes, independently
of metabolic factors, severity scores and demographic variables (Table 4).

A marker of mortality was studied by a 28-d Kaplan-Meier survival analysis (Figure 3), observing
that patients with a value > 1.67 have a lower survival than those with a value < 1.67 (P < 0.001). The
influence of other variables on mortality was evaluated through univariate and multivariate Cox
proportional hazard analysis. Table 5 summarized the variables that were significant in the univariate
analysis, with the results subjected to the multivariate analysis where the variables that were
independently associated with mortality were the LFN-COVID-19 index, the neutrophil/lymphocyte
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Table 3 Characteristics and outcomes in patients with metabolic associated fatty liver disease according to the LFN-COVID-19 index

<1.67,n=115 >1.67,n=89 P value
Demographic features
Sex as male/female, % 63.5/36.5 71.9/28.1 0.203
Age inyr 46+10 50+12 0.011
BMI in kg/m? 31.1+48 325+6.9 0.111
Prognostic scores
qSOFA 1(0-1) 1(1-1) 0.007
SOFA 2 (1-2) 2(2-3) 0.004
NEWS 7 (5-8) 7 (6-9) 0.035
PSI/PORT 56 (47-69) 66 (53-85) <0.0001
SMART COP 3 (2-4) 4 (3-4) 0.012
Biochemical values
CRP, ref: 0-1 mg/dL 8.5 (4.2-18.1) 17.2 (11.6-23.8) <0.0001
Ferritin, ref: 11.0-306.8 ng/mL 503 (266-970) 795 (412-1114) 0.003
D-dimer, ref: 0-500 ng/mL 587 (399-962) 967 (606-1549) <0.0001
LDH, ref: 120-246 p/L 312+ 86 529 +180 <0.0001
Troponin, ref: <15 pg/mL 3.7 (2.9-5.7) 6.1 (3.8-10.9) <0.0001
CPK, ref: 30-223 n/L 107 (58-222) 190 (78-414) 0.001
Bilirubin, ref: 0/3-1 mg/dL 0.62 +0.30 0.78 £ 0.54 0.017
ALT, ref: 7-52 U/L 43.2 (31.0-61.2) 37.0 (26.3-52.8) 0.026
AST, ref: 13-39 U/L 38.3 (27.8-52.2) 52.4 (42.0-73.7) <0.0001
Globulins, ref: 1.9-3.7 g/dL 3.22+0.39 3.29+043 0.259
Albumin, ref: 3.5-5.7 g/dL 3.90 £0.42 3.50 + 0.40 <0.0001
ALP, ref: 34-104 p/L 85 (70-109) 85 (67-110.5) 0.786
Creatinine, ref: 0.6-1.2 mg/dL 0.85 (0.69-1.00) 0.95 (0.79-1.16) 0.005
Glucose, ref: 70-99 mg/dL 118 (102-180) 135 (114-187) 0.03
Leukocytes, ref: 4-12 x 10°/pL 7.6 (5.6-9.9) 8.3 (6.3-10.8) 0.089
Lymphocytes, ref: 1-3.9 x 10%/pL 937 (693-1210) 715 (510-967) <0.0001
Platelets, ref: 150-450 K/pL 228 +78 226 +79 0.827
25 (HO) vitamin D, ref: 30-100 ng/mL 219+78 209+83 0.488
Triglycerides, ref: <150 mg/dL 151 (118-187) 137 (111-184) 0.13
PaO2/FiO2 ratio 240 (161-287) 159 (96-245) <0.0001
Neutrophil/lymphocyte ratio 5.9 (3.5:9.9) 9.6 (6.4-13.7) <0.0001
Other, n (%)
Metabolic syndrome 49.0 (46.2) 45.0 (52.3) 0.401
Severe COVID-19, PaO,/FiO, < 100 mmHg 982 23 (26.7) <0.0001
Orotracheal intubation 13 (11.3) 36 (40.9) <0.0001
Acute kidney injury 11 (11) 26 (34.7) <0.0001
Thrombotic event 1(1.0) 2(27) 0.576
Death 6(5.3) 25 (29.8) <0.0001
Days between the beginning of symptoms and hospit- 7.2 +3.4 8.6+4.9 0.027

alization
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Length of hospital stay in days 7 (4-10) 8 (6-10) 0.131
Days in ICU 7 (5-12) 12 (6-13) 0.395
Days between ICU requirement and death 7 (6-7) 5(3-7) 0.203

BMI: Body mass index; q-SOFA: Quick-sequential organ failure assessment; SOFA: Sequential organ failure assessment; NEWS: National early warning
score; PSI/PORT: Pneumonia severity index; CRP: C-reactive protein; LDH: Lactate dehydrogenase; CPK: Creatine phosphokinase; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; COVID-19: Coronavirus disease 2019; ICU: Intensive care unit;

Pa02/FiO2 ratio: Ratio of arterial oxygen partial pressure to fractional inspired oxygen.

Table 4 Logistic regression analysis to evaluate the association between LFN-COVID-19 index and clinical outcomes

Orotracheal intubation Acute kidney injury

OR 95%Cl B coefficient P value OR 95%Cl B coefficient Pvalue
LEN-COVID-19 index 1900  1.481-2.437 0.642 0.000 1849  1.366-2.504 0.615 0.000
Sex 0.605  0.288-1.271 -0.502 0.185 0280  0.103-0.765 -1.272 0.013
Age 0966  0.939-0.993 -0.035 0.015 1.021  0.988-1.054 0.021 0.209
BMI 1.054  0.997-1.114 0.053 0.061 1.085  1.011-1.164 0.081 0.023

OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; COVID-19: Coronavirus disease 2019.

Table 5 Cox proportional hazard multivariate analysis for mortality in patients with metabolic associated fatty liver disease according to

the LFN-COVID-19 index

OR B coefficient P value 95%Cl
LFN-COVID-19 index 0.241 -1.422 0.013 0.079-0.741
Pa0,/FiO, ratio 1.000 0.000 0.877 0.996-1.004
Neutrophil/lymphocyte ratio 1.043 0.042 0.030 1.004-1.083
Creatine phosphokinase 1.001 0.001 0.340 0.999-1.002
Body mass index in kg/m? 1.093 0.089 0.002 1.033-1.157

OR: Odds ratio; CI: Confidence interval; COVID-19: Coronavirus disease 2019; PaO2/FiO2 ratio: Ratio of arterial oxygen partial pressure to fractional

inspired oxygen.

ratio and BMIL.
In this analysis, a LEN-COVID-19 index > 1.67 was associated independently to other variables of
mortality, including severity markers, prognostic scores and general characteristics (Figure 4).

Validation cohort

From the 697 patients included in the validation cohort, 104 had MAFLD (15.0%). In general, patients
with MAFLD were younger and had higher degrees of obesity and mild abnormalities in liver
chemistry (Supplementary Table 1). The MAFLD group was further analyzed according to the LFN-
COVID-19 index, finding higher levels of C-reactive protein and D-dimer in the group > 1.67, with little
changes in the rest of the variables (Supplementary Table 2). Interestingly, mechanical intubation and
clinical outcomes including mortality, were more frequent in the > 1.67 group, as was found in the
initial cohort (Supplementary Table 3). These same findings in another cohort and in a different hospital
highlight the validity of the LEN-COVID-19 index.

DISCUSSION

MAFLD is currently the main etiology of chronic liver disease in the world. The main associated risk
factors are obesity, type 2 diabetes, dyslipidemia and metabolic syndrome, all factors with a growing
incidence. Both risk factors for MAFLD and MAFLD itself have also been shown to have prognostic
value in COVID-19, associating their presence with higher severity and mortality. However, it remains

Bishidengs WIG | https://www.wjgnet.com 5451 October 7,2022 | Volume28 | Issue37 |


https://f6publishing.blob.core.windows.net/283c0101-35c9-445c-911b-1e90fee6428b/WJG-28-5444-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/283c0101-35c9-445c-911b-1e90fee6428b/WJG-28-5444-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/283c0101-35c9-445c-911b-1e90fee6428b/WJG-28-5444-supplementary-material.pdf

Macias-Rodriguez RU et al. Prognosis in MAFLD and COVID-19

Derivation cohort Validation cohort
March-July 2020 March-July 2020
INCMNSZ ISSEMYM
A 4 4
n=555 COVID records n=715

Patients excluded

n=2

Inadequate follow up
CT scans artifacts, unable to evaluate liver or spleen tissue n=6
Autoimmune liver diseases, n=10

HIV, hepatitis B or C chronic infection or cancer

{ n=457 H

Patients included H n=697 J

DOI: 10.3748/wjg.v28.i37.5444 Copyright ©The Author(s) 2022.

Figure 1 Flowchart of participants in both cohorts. COVID: Coronavirus disease 2019; CT: Computed tomography; HIV: Human Immunodeficiency virus.
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Figure 2 Area under the receiver operating characteristic curve for the LFN-coronavirus disease 2019 index to predict mortality. A: Patients
with metabolic associated fatty liver disease and coronavirus disease 2019; B: Patients without metabolic associated fatty liver disease and coronavirus disease
2019. MAFLD: Metabolic associated fatty liver disease; COVID-19: Coronavirus disease 2019; LFN: Liver fibrosis and nutrition.

controversial whether all patients within the spectrum of MAFLD have a worse prognosis or only those
who, in addition to steatosis, have fibrosis[16].

Evidence pointing to MAFLD as a prognostic factor emerged from different studies around the
world. A retrospective study in patients with COVID-19 found an association of MAFLD with higher
intensive care unit admittance (OR: 2.3, 95%ClI: 1.27-4.17), mechanical ventilation (2.08, 95%CI: 1.2-3.6)
and in patients with cirrhosis with higher mortality (12.5, 95%CI: 2.16-72.5)[6]. In a cohort study in
patients with COVID-19 and chronic liver disease (42% MAFLD), the authors observed a relative risk of
2.8 (95%CI: 1.9-4.0) for death in this group of patients, regardless of age, race, BMI, presence of
hypertension or diabetes[12]. Another study conducted in Zhejiang, China found that hospitalized
COVID-19 patients who had MAFLD with fibrosis (evaluated through FIB-4 and NFS - nonalcoholic
fatty liver disease fibrosis score) were at increased risk of severe disease, regardless of other
comorbidities[5]. Lastly, a study conducted by Lucifora et al[17] showed that patients with COVID-19
and MAFLD had a higher prevalence of alterations in the liver biochemistry test as well as a longer viral
clearance time compared with patients without MAFLD.
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Mortality in in patients with MAFLD
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Figure 3 Kaplan-Meier curve for 28-d mortality according to the LFN-coronavirus disease 2019 index. MAFLD: Metabolic associated fatty liver
disease; COVID-19: Coronavirus disease 2019; LFN: Liver fibrosis and nutrition.
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Figure 4 Adjusted mortality analysis (Cox regression) for 28-d mortality according to LFN-coronavirus disease 2019 index. COVID-19:
Coronavirus disease 2019; LFN: Liver fibrosis and nutrition.

Considering the evidence mentioned above, it is possible that the synergism between the baseline
proinflammatory state of patients with MAFLD together with the body’s inflammatory response to
COVID-19 could be the pathophysiological support that explains greater severity and worse prognosis
in these patients. Another important component in multiorgan damage in COVID-19, is the state of
hypoxemia, cell death and hypoperfusion reflected by biomarkers such as LDH, which correlates
positively with worse clinical outcomes (including mortality). Although it is not specific for liver
damage, it can be a sensitive and dynamic marker of hypoxic tissue damage due to its short half-life,
together with other well-known markers of liver damage, such as AST, ALT and the AST/ALT ratio[10].

Due to the link between MAFLD and COVID-19 and the higher risk of mortality and adverse clinical
outcomes, we conceived a prognostic index intended to be used in patients with MAFLD, including
variables reflecting the pathophysiology of liver damage, mainly hepatocyte cell death induced by the
factors previously mentioned, and associating it with hard clinical outcomes, including mortality[18].
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The LFN-COVID-19 index includes the AST/ALT ratio as well as LDH levels normalized by the
laboratory’s upper limit of normal, facilitating the implementation of the index by non-restricting its
usefulness to a specific cutoff value (AST, ALT or LDH). This overcomes the problem of regional
variations in laboratory values. The use of this index has potential implications in clinical practice
establishing a prognosis of patients. On the other hand, the simplicity of the index allows easy
calculation and includes widely available, cheap and reliable laboratory tests.

In the present study, we found a good diagnostic performance of the LFN-COVID-19 index in hospit-
alized patients with MAFLD and COVID-19. In the ROC curve analysis, a cutoff value of > 1.67 was
associated with adverse clinical outcomes including the need for mechanical ventilation, acute kidney
injury and higher mortality. This was reproduced in the validation cohort performed at a different
center finding this cutoff point as the best for predicting these outcomes[19].

An interesting finding was that there were no differences in the days of stay in the intensive care unit
based on this cutoff point. The same length of stay in the intensive care unit could be explained by the
severity of the disease, where those with an index below 1.67 were discharged from the critical care area
earlier and those with an index above 1.67 present earlier mortality.

Among the weaknesses of this study was the fact that the diagnosis of hepatic steatosis was made
with computed tomography. However, given the high risk of transmission of SARS-CoV-2 to healthcare
workers, this safer approach was chosen in order to reduce the exposure involved in carrying out a
study such as transient hepatic elastography or magnetic resonance imaging requiring more time to
perform it. Another aspect to highlight is that patients with COVID-19 usually present with elevated
transaminases and LDH from multifactorial causes. Nevertheless, both biomarkers have been widely
used as markers of hepatocyte cell death and may reflect liver damage occurring during SARS-CoV-2
infection and exacerbated in patients with MAFLD.

This study has several strengths. The sample size was adequate and sufficient due to the fact that the
study was carried out in a center fully converted for the care of COVID-19 patients and included the
general population in a country with a highest prevalence of MAFLD and a genetic profile that
predisposes the population to the development of metabolic diseases such as type 2 diabetes mellitus,
obesity and metabolic syndrome. In addition, we included an external validation cohort, where the
results were replicated, enhancing the validity of the LEN-COVID-19 index.

CONCLUSION

Based on the findings of this study, we propose a new prognostic index based on markers of liver
damage and severity in patients with MAFLD and COVID-19, which can be used in clinical practice to
stratify the risk of adverse outcomes in MAFLD patients. Timely actions to reduce the associated
morbidity and mortality in this population could be achieved through the implementation of this index.

ARTICLE HIGHLIGHTS

Research background

This article was conceived considering the high prevalence of metabolic associated fatty liver disease
(MAFLD) in the general population amid the coronavirus disease 2019 (COVID-19) pandemic and the
risk of these patients in clinical settings with limited resources.

Research motivation

The growing evidence showing worse clinical outcomes in patients with metabolic diseases and
COVID-19, including those with fatty liver disease, and the lack of a specific index to specifically stratify
patients with both conditions motivated the creation of an index capable of discriminating those
patients with an unfavorable outcome.

Research objectives

To evaluate the diagnostic yield of the liver fibrosis and nutrition (LNF)-COVID-19 index (includes
lactate dehydrogenase, aspartate aminotransferase and alanine aminotransferase values), to predict
adverse clinical outcomes, including mortality, in patients with both COVID-19 and MAFLD.

Research methods

Data from a derivation cohort, including patients admitted with a diagnosis of severe COVID-19 and
meeting the MAFLD criteria identified the best LFN-COVID-19 index cutoff value for risk stratification.
The results were evaluated using a validation cohort.
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Research results

The LEN-COVID-19 index with a cutoff point > 1.67 was associated with higher mortality (P < 0.001)
with an area under the curve of 0.77 (95% confidence interval: 0.709-0.823), sensitivity of 78.7% and
specificity of 63.8%. It was independently associated with worse outcomes such as higher mortality,
intubation rate and acute kidney injury in both cohorts.

Research conclusions

The LFN-COVID-19 index with a cutoff point > 1.67 showed good discrimination capability in patients
with severe COVID-19 and MAFLD, identifying patients with an unfavorable prognosis associated with
the need for mechanical ventilation, acute kidney injury and higher mortality.

Research perspectives

The use of this prognostic index will allow timely identification of patients with MAFLD and COVID-19
at higher risk of adverse clinical outcomes, leading to better therapeutic decision-making and resource
allocation.
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Abstract

BACKGROUND

Gastrointestinal stromal tumors (GISTs) with a diameter of < 2 cm are called small
GISTs. Currently, endoscopic ultrasound (EUS) is widely used as a regular follow-
up method for GISTs, which can also provide a preliminary basis for judging the
malignancy potential of lesions. However, there are no studies on the accuracy of
EUS to assess the malignant potential of small GISTs.

AIM

To evaluate the efficacy of EUS in the diagnosis and risk assessment of small
GISTs.

METHODS

We collected data from patients with small GISTs who were admitted to
Shengjing Hospital of China Medical University between October 2014 and July
2019. The accurate diagnosis and risk classifications of patients were based on the
pathological assessment according to the modified National Institute of Health
criteria after endoscopic resection or laparoscopic surgery. Preoperative EUS
features (marginal irregularity, cystic changes, homogeneity, ulceration, and
strong echogenic foci) were retrospectively analyzed. The assessment results
based on EUS features were compared with the pathological features.

RESULTS

A total of 256 patients (69 men and 187 women) were enrolled. Pathological
results included 232, 16, 7, and 1 very low-, low-, intermediate-, and high-risk
cases, respectively. The most frequent tumor location was the gastric fundus
(78.1%), and mitoses were calculated as > 5/50 high power field in 8 (3.1%)
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patients. Marginal irregularity, ulceration, strong echo foci, and heterogeneity were detected in 1
(0.4%), 2 (0.8%), 22 (8.6%), and 67 (65.1%) patients, respectively. However, cystic changes were not
detected. Tumor size was positively correlated with the mitotic index (P < 0.001). Receiver
operating curve analysis identified 1.48 cm as the best cut-off value to predict malignant potential
(95% confidence interval: 0.824-0.956). EUS heterogeneity with tumor diameters > 1.48 cm was
associated with higher risk classification (P < 0.05).

CONCLUSION

Small GISTs (diameters > 1.48 cm) with positive EUS features should receive intensive surveillance
or undergo endoscopic surgery. EUS and dissection are efficient diagnostic and therapeutic
approaches for small GISTs.

Key Words: Gastrointestinal stromal tumors; Endoscopic ultrasound; Diagnosis; Risk classification

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Endoscopic ultrasound (EUS) has been the recommended follow-up method for small
gastrointestinal stromal tumors (GISTs); however, it is not clear whether positive EUS features can predict
the malignant potential of small GISTs. Besides, undergoing close follow-up is an economic and mental
burden on patients with small GISTs. This study illustrates an optimal cut-off value for the tumor size
(1.48 cm) of small GISTs and uses heterogeneity to evaluate risk prediction. Overall, small GISTs with
diameters > 1.48 cm with positive EUS features should receive more intensive follow-up or undergo
endoscopic surgery.

Citation: Ge QC, Wu YF, Liu ZM, Wang Z, Wang S, Liu X, Ge N, Guo JT, Sun SY. Efficacy of endoscopic
ultrasound in the evaluation of small gastrointestinal stromal tumors. World J Gastroenterol 2022; 28(37): 5457-
5468

URL: https://www.wjgnet.com/1007-9327/full/v28/i37/5457 .htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i37.5457

INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are the most common mesenchy-derived tumors of the
gastrointestinal tract[1,2]. They occur most frequently in the stomach, accounting for approximately 60%
of all cases[3,4]. Most GISTs contain mutations that activate the c-kit or platelet-derived growth factor
receptor a gene[5,6]. The golden standard for the diagnosis of GISTs relies on pathological features
assessed by methods, such as hematoxylin and eosin (H&E) and immunohistochemical staining.
Currently, the risk classification of GISTs is mainly based on the National Institute of Health (NIH) 2008
(modified) or Fletcher criteria[7,8], which include tumor size (2, 5, and 10 cm), mitotic index, primary
tumor sites, and tumor rupture.

GISTs with a diameter of <2 cm are called small GISTs[9]. Currently, the management of small GISTs
is controversial. There is no consensus on the treatment of GIST with a diameter of < 2 cm in the latest
guidelines of the National Comprehensive Cancer Network (NCCN) (United States), European Society
for Medical Oncology (ESMO), and Chinese Society of Clinical Oncology (CSCO)[10-12]. Most small
GISTs are discovered incidentally during regular endoscopic scanning, and they are now easier to be
detected than before using endoscopic ultrasound (EUS). EUS has been the widely recommended
surveillance method for small GISTs. In addition, EUS elastography, contrast-enhanced EUS, and EUS-
guided fine needle aspiration and biopsy (EUS-FNA/FNB) have further improved their diagnostic
accuracy[13-16]. Furthermore, EUS features have been used in some studies to predict the risk degree of
GISTs[17-19]. However, the management of small GISTs remains controversial, and endoscopic
resection via endoscopic submucosal dissection (ESD) or endoscopic full-thickness resection (EFTR) is
not recommended as a routine treatment. Conversely, no study has focused on the positive EUS features
for determining the degree of risk for small GISTs. Therefore, in this study, we aimed to identify the
efficiency of EUS in the risk assessment and safety of endoscopic dissection for small GISTs.
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MATERIALS AND METHODS

Patients

Data on consecutive patients with pathologically confirmed GISTs who were admitted to Shengjing
Hospital of China Medical University between September 2014 and July 2019 were collected. The study
included patients who underwent endoscopic resection and were pathologically or genotypically
diagnosed with GISTs with a diameter of < 2 cm. All the patients underwent preoperative EUS
examination. Patients with other sarcomatous malignancies and/or with incomplete data were
excluded. This study was approved by the Institutional Review Board and the Ethics Committee of
China Medical University (No. 2022PS009K), and all the patients provided informed consent to
participate in the study.

EUS examination

Linear EUS (EG3870UT; Pentax, Tokyo, Japan) was used for the examination. Two experienced
endoscopists, who were blinded to the pathological results of these lesions, retrospectively evaluated
the characteristics of the EUS images to determine whether there were positive features, including
irregular borders, cystic changes, ulcerations, strong echogenic foci, heterogeneity, and the presence of
an exogenous type of development (Figures 1 and 2). According to the NCCN guidelines, one or more
positive EUS features indicate the malignant potential of small GISTs.

Endoscopic resection procedure

The equipment and accessories used during the endoscopic procedure included a standard single-
channel gastroscope (EG29-i10, Pentax, Tokyo, Japan) and a transparent cap. Triangle- (TT knife,
Olympus Corporation, Tokyo, Japan) and insulation- tipped knifes (IT knife, Olympus Corporation,
Tokyo, Japan) were used for the dissection and resection of tumors. During the procedure, hot biopsy
forceps (FD-410LR, Olympus Corporation, Tokyo, Japan) were used for hemostasis. Metal clips (Boston
Resolution™, Boston, United States) and an over-the-scope clips (OTSC) (Ovesco Endoscopy GmbH,
Tuebingen, Germany) were used for the closure of defects.

All endoscopic resections were performed by skilled gastroenterologists, following the standard
endoscopic treatment regimen. All procedures were performed using propofol sedation under
continuous cardiorespiratory monitoring. Ligation-assisted endoscopic resection, ESD, and EFTR were
performed to resect gastric GISTs.

Pathological examination

All resected GIST specimens were routinely processed using a standard surgical pathology protocol
after overnight fixation in 10% neutral buffered formalin solution. The details of the tumor site, size,
shape, surface color, and consistency were documented by a surgical pathologist. Conventional
immunochemistry with a panel of antibodies, such as CD117 (c-kit), CD34, Dog-1, S-100, and smooth
muscle actin, was used to support the histopathological diagnosis of GIST. Based on the modified NIH

criteria, patients with GISTs were divided into very low-, low-, intermediate-, and high-risk groups
(Table 1).

Follow-up strategy

All the patients were routinely followed-up with conventional endoscopic surveillance at 1, 3, 6, and 12
mo after resection. This was followed by annual abdominal computed tomography (CT) for 3 years to
rule out recurrence and metastasis. If no residual tumor or tumor recurrence was observed, endoscopic
examinations were performed once every 2 years. The follow-up period was up to October 2020. If
residual tumor or tumor recurrence was detected, endoscopic resection or surgery could be performed.

Statistical analysis

Data processing was performed using the SPSS statistical software (SPSS 23.0, Chicago, IL, United
States). Continuous data are expressed as the mean * SD, and categorical data are displayed as number (
n) or percentage (%). The accuracy of the diagnostic test was evaluated by sensitivity, specificity, false
negative and positive rates, positive and negative likelihood ratios, and Youden’s index. The Chi-square
test was applied for intergroup comparisons. A receiver operating characteristic (ROC) curve was
performed to determine the optimal tumor diameter for predicting malignant potential. Lesions with
positive EUS features or mitoses more than 5/50 high power field (HPF) were defined as true positives.
P value < 0.05 was considered statistically significant.

RESULTS

Clinical and pathological features of small gastric GISTs
A total of 256 patients, including 69 men (27%) and 187 women (73%), were enrolled in the study
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Table 1 The modified National Institute of Health risk classification of small Gastrointestinal stromal tumors

Risk classification Tumor diameter (d/cm) Mitotic count (number/50 HPF)
Very-low D<2 Mitotic <5

Intermediate D<2 5 < mitotic <10

High D<2 Mitotic > 10

HPF: High power field.
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Figure 1 Endoscopic ultrasound imaging features were consistent with the postoperative pathological results. A: A lesion with a diameter of
approximately 1.2 cm was observed in the gastric antrum using an endoscope; B: Heterogeneity was observed as a characteristic of endoscopic ultrasound (EUS)
imaging; C: Gastric stromal tumor (intermediate risk). The spindle of the tumor cells is arranged in sheets and bundles with nuclear division of approximately 8-9/50
high power field. Immunohistochemistry: CD117 (+); CD34 (-); Desmin (-); Dog1 (+); Ki-67 (35%+); smooth muscle actin (+); and S-100 (-); D: A lesion with a diameter
of approximately 0.6 cm was observed in the gastric fundus using an endoscope; E: EUS images were characterized by a hypoechoic mass in the muscularis propria;
F: Gastric stromal tumor (very low risk). The spindle of the tumor cells is arranged in spindle and bundles without obvious nuclear division. Inmunohistochemistry:
CD117 (+); CD34 (-); Desmin (-); Dog1 (+); Ki-67 (< 1%#+); smooth muscle actin (-); and S-100 ().

(Table 2), with an average age of 57.4 + 8.6 years. The most frequent locations of the tumors were the
gastric fundus (78.1%) and body (17.2%), and the average diameter of all lesions was 1.05 cm (range,
0.30-2.00 cm). These patients were eventually diagnosed with GISTs mainly based on pathological
standards, such as H&E and immunohistochemistry staining. According to the modified NIH criterion,
mitoses were calculated as > 5/50 HPF and < 5/50 HPF in 8 (3.1%) and 248 (96.9%) patients,
respectively. The patients’ features in the EUS images are shown in Table 2, illustrating that 67 (65.1%)
and 22 (8.6%) cases were identified with heterogenous and hyperechoic foci, respectively. However, a
lobular border and ulceration were detected in only 3 cases (1.2%).

ROC curve analysis

To determine a suitable cut-off value for predicting the higher risk potential of small GISTs, aggressive
biological behaviors were expanded to mitoses more than 5/50 HPF. Lesions with mitoses more than
5/50 HPF were defined as true positives. A tumor diameter of 1.48 cm was finally identified as the
optimal cut-off value, with the area under the curve (AUC) being 0.89 (95% confidence interval:
0.824-0.956; P < 0.001) (Figure 3A), a sensitivity of 0.875, and a specificity of 0.828 (Figure 3B).
Subsequently, 208 and 48 patients were classified into groups with tumor size < 1.48 cm and > 1.48 cm,
respectively. The comparison of the clinicopathological characteristics between the two groups is
presented in Table 3. In the > 1.48 cm group, a higher percentage of patients had more than 5 mitotic
indexes/50 HPFs compared to those in the < 1.48 cm group (14.58% vs 0.48%, P < 0.001). Moreover,
patients with larger tumor diameter tended to display positive EUS features (56.25% vs 31.25%, P =
0.002).
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Table 2 Clinicopathological characteristics of the patients

Characteristics Cases (n = 256)
Age (year) 574+8.6
Sex, n (%)

Male 69 (27.0)
Female 187 (73.0)
Tumor location, n (%)

Cardia 6(2.3)
Fundus 200 (78.1)
Body 44 (17.2)
Antrum 6(2.4)
Endoscopic resection, n (%)

ESD 136 (53.1)
EFTR 120 (46.9)
Tumor size (cm), n (%)

<148 208 (81.3)
>1.48 48 (18.7)
Mitotic index (/50HPF), n (%)

<5 248 (96.9)
>5 8 (3.1)
Modified NIH classification, n (%)

Very-low 232 (90.6)
Low 16 (6.3)
Intermediate 7(2.7)
High 1(0.4)
Positive EUS features, n (%)

Heterogenous 67 (65.1)
Hyperechoic foci 22 (8.6)
Lobular border 1(0.4)
Ulceration 2(0.8)

ESD: Endoscopic submucosal dissection; EFTR: Endoscopic full-thickness resection; EUS: Endoscopic ultrasound; HPF: High power field; NIH: National

Institute of Health.
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Comparison of non-low-risk and low-risk GISTs in terms of EUS features

We compared the consistency of positive EUS features and pathological risk classification of small
GISTs, and found that intermediate- and very low-risk cases presented with heterogeneous (Figure 1A-
C) and hypoechoic (Figure 1D-F) EUS findings, respectively. This suggests that EUS imaging features
were consistent with the postoperative pathological results. However, some cases showed that EUS
imaging features were inconsistent with the postoperative pathological results [intermediate-risk case
with hypoechoic mass (Figure 2A-C) and very-low-risk case with strong echogenic foci (Figure 2D-F)].
To further identify the efficiency of positive EUS features in the risk assessment of small GISTs, we
divided these patients into non-low-risk and low-risk groups (Table 4). Five of eight patients with non-
low-risk GISTs (62.5%) and 62 of 248 patients with low-risk GISTs (25%) had heterogeneous features.
There was a significant difference (P = 0.031) in the heterogeneous features between low- and high-
grade risk GISTs. However, there was no statistical difference in hyperechoic foci and ulceration
between low- and high-grade risk GISTs. Hyperechoic foci were found in 0 of 8 (0%) and 22 of 248
(8.87%) non-low- and low-risk groups, respectively. The ulcerative appearance was found in 0 of 8 (0%)
and 2 of 248 (0.8%) non-low- and low-risk groups, respectively. Furthermore, other positive EUS
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Table 3 Comparisons of clinicopathological and endoscopic ultrasonographic features between < 1.48 cm and > 1.48 cm groups

Tumor size
Characteristic

<1.48 cm group > 1.48 cm group P value
Age (year) 57.3+8.6 582+84 0.49
Sex 0.368
Men 59 10
Women 149 38
Tumor location 0.01
Fundus 168 32
Body 34 10
Antrum 4 2
Cardia 2 4
Mitotic index (/50 HPFs) <0.001
<5 207 41
>5 1 7
Positive EUS features' 0.002
Yes 65 23
No 143 23

!Marginal irregularity, cystic changes, ulcers, strong echo foci, and heterogeneity. EUS: Endoscopic ultrasound; HPF: High power field.

Table 4 Comparisons of positive endoscopic ultrasonographic features between the pathologically non-low-risk group and low-risk

group

Risk classification
Positive EUS features

Intermediate/high Very low/low P value
Heterogeneous 0.031
Yes 5 62
No 3 186
Hyperechoic foci NS
Yes 0 22
No 8 226
Ulcers NS
Yes 0 2
No 8 246

EUS: Endoscopic ultrasound; NS: No significant.

features, such as marginal irregularity and cystic changes, were not detected in small GISTs.

DISCUSSION

The incidence of GIST ranges from 6 to 22 cases per 10° individuals per year[20,21], while that of small
GISTs might be higher as more cases of asymptomatic small GISTs have been detected clinically due to
the growing popularity of endoscopy in the recent years. Currently, there is no consensus on whether
small GISTs (< 2 cm) require resection or yearly surveillance in the latest guidelines, including NCCN,
ESMO, and CSCO[10-12,22]. However, the ESMO recommends that resection should be the standard
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Figure 2 Endoscopic ultrasound imaging features were inconsistent with the postoperative pathological results. A: A lesion with a diameter of
approximately 2 cm was observed in the gastric fundus using an endoscope; B: Endoscopic ultrasound (EUS) images were characterized by a hypoechoic mass in
the muscularis propria; C: Gastric stromal tumor (intermediate risk). The spindle of the tumor cells is arranged in a spindle and braided pattern with nuclear division of
approximately 8/50 high power field. Immunohistochemistry: CD117 (+); CD34 (-); Desmin (-); Dog1 (+); Ki-67 (10%+); smooth muscle actin (-); and S-100 (-); D: A
lesion with a diameter of approximately 0.6 cm was observed in the gastric fundus using an endoscope; E: Strong echogenic foci and heterogeneity were observed as
characteristics of EUS imaging; F: Gastric stromal tumor (very low risk). The spindle of the tumor cells is arranged in spindle and bundles without obvious nuclear
division. Some tissues calcify. Immunohistochemistry: CD117 (+); CD34 (+); Desmin (-); Ki-67 (1%+); smooth muscle actin (+); and S-100 (-).

Optimal cut-off value

A ROC curve B
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> 0.3500 1 0.004 0.004
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0.4 0.6 0.8 1.0 > 1.650 0.625 0.892 0.517
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1-specificity > 1.850 0.25 0.948 0.198
> 1.950 0.25 0.956 0.206

DOI: 10.3748/wjg.v28.i37.5457 Copyright ©The Author(s) 2022.

Figure 3 Receiver operating characteristic curve. A: The receiver operating characteristic curve of the cut-off (1.48 cm); B: The optimal cut-off (1.48 cm)
with a sensitivity of 0.875 and a specificity of 0.828. ROC: Receiver operating characteristic; AUC: Area under the curve.

treatment for histologically confirmed small GISTs[21]. Small GISTs are generally considered to have a
low malignant potential, and few of them may progress to clinically relevant tumors. However, a
population-based study reviewed 378 patients with small GISTs found that approximately 11.4% of
small GISTs were accompanied by local progression or even distant metastasis when first diagnosed
and claimed that small GISTs might progress and become life-threatening, with a mortality of 12% at 5
years[23]. Additionally, some scholars believe that the conservative observational methods for small
GISTs can only evaluate whether the tumor diameter has increased, which will cause psychological
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burden and risk to patients as clinicians would only passively wait for the tumor size to increase before
performing surgical resection[24]. Therefore, it is critical to choose optimal approaches for accurately
evaluating the clinical features and providing risk suggestions for small GISTs before their progression.

EUS has been recommended as an optimal method for the diagnosis and follow-up of small GISTs,
while its efficacy in risk assessment of small GISTs is still not clear. The NCCN guidelines recommend
that conservative follow-up should be performed in small GISTs lacking high-risk EUS features
(marginal irregularity, cystic changes, ulcers, strong echo foci, and heterogeneity)[10]. Moreover, in
recent years, many studies have shown that EUS can provide a preliminary basis for assessing the
malignant potential of lesions. Palazzo et al[25] showed that EUS was reliable in predicting the
malignant potential of GISTs, including three most predictive EUS features (one or more of the
following: Irregular border, cystic changes, and lymph nodes with a malignant pattern) with a
sensitivity of 91% and a specificity of 88%[25]. Jeon et al[26] found that the best predictor of high-risk
GISTs was the combination of endoscopic and EUS features, including a tumor diameter > 3 cm,
irregular border, mucosal ulceration, and a non-oval shape[26]. Concerning small GISTs, Gao et al[18]
studied 69 patients suspected to have GISTs as indicated by EUS and concluded that the tumor size of >
9.5 mm was significantly correlated with tumor progression, which was of great value in predicting the
malignant potential of the GISTs[18]. Wang et al[27] examined 648 cases of small GISTs and concluded
that GISTs with a diameter of < 1.45 cm had an overall good prognosis; however, those with a diameter
>1.45 cm required intensive monitoring or had to undergo endoscopic surgery[27,28].

Our study enrolled a total of 256 patients who underwent ESD or EFTR during 2014-2019 in
Shengjing Hospital including 248 very low- or low-risk cases and 8 intermediate/high-risk cases based
on the modified NIH classification. We generated a ROC curve based on the potential malignancy
predictor (mitoses more than 5/50 HPF) to determine the optimal cut-off value of tumor size. A tumor
diameter of 1.48 cm was identified as the optimal cutoff value, with a sensitivity of 87.5%, a specificity of
82.8%, and an AUC of 0.89. Of all the 256 patients with small gastric GISTs included in our study, EUS
features for malignancy prediction were studied retrospectively. Heterogenous, hyperechoic foci,
lobular border, and ulceration were detected in 67 (65.1%), 22 (8.6%), 1 (0.4%) and 2 (0.8%) patients,
respectively. According to the optimal cut-off value, patients were subsequently divided into two
groups: < 1.48 cm and >1.48 cm. We identified that tumors with a diameter > 1.48 cm were more likely
to present positive EUS features (P = 0.002). To further identify whether positive EUS features can
predict the malignant potential of small GISTs, we compared EUS features between the non-low- and
low-risk groups. The results showed that there was a significant difference between the two groups
regarding the heterogeneity, which might suggest that patients with GISTs experiencing this EUS
feature should be followed-up more frequently while considering endoscopic surgery when regular
follow-up is not feasible or EUS-guided tissue acquisition for pathological assessment. However, there
was no statistical difference in hyperechoic foci and ulceration features between the two groups. We
believed that limited cases with these two EUS features might have resulted in a partial evaluation.
Therefore, a larger scale study is needed to further comprehensively evaluate the efficacy of EUS for the
risk prediction of small GISTs.

Other studies have shown that contrast-enhanced harmonic EUS and EUS-elastography can
distinguish GISTs from other submucosal tumors, but the risk grade of GISTs cannot be evaluated[14,
29]. Moreover, another study suggests that EUS-FNA /FNB can be used to obtain tissue for assessing the
malignancy risk of tumors[30]. However, for small GISTs, the diagnostic rate of EUS-FNA is low, and
due to the small size of the lesion and certain mobility limitations, puncturing the tumor is difficult and
the possibility of obtaining sufficient samples is low[31,32]. A study of 53 patients[33] showed that the
successful diagnostic rate of an adequate specimen was related to the lesion size: Only 71% of lesions
measuring < 20 mm had complications led by repeated needle puncture[34,35]. In contrast, with the
advance of endoscopic techniques, complete treatment has become possible via endoscopic surgery,
such as ESD and EFTR. ESD is currently the most widely used endoscopic treatment for resecting GISTs.
Studies have shown that ESD is safe and effective for treating GISTs that originate from the muscularis
propria layer, with a diameter <3 cm and without extra-gastrointestinal invasion or abdominal
metastasis[36-38]. The main adverse events of this technique are bleeding and perforation[39,40]. EFTR
is mainly suitable for patients whose lesions are located in the deep muscularis propria layer and are
closely connected to the serosal layer, in which metal clips, OTSCs, and other methods are used for
rapid closure of defects to prevent pneumoperitoneum and peritonitis. In this study, only one patient
treated with endoscopy developed delayed bleeding; however, the patient recovered well after
endoscopic hemostasis was performed. Furthermore, all patients who underwent endoscopic resection
had no recurrence or metastasis during a mean follow-up period of 40 mo (range, 15-72 mo), suggesting
that endoscopic surgery is feasible and safe for small GISTs.

This study had a few limitations. First, the results of this retrospective study may be affected by
selection bias. Second, the follow-up period was relatively short, which may result in missing cases of
recurrence. Third, limited samples may affect the comprehensive evaluation of positive EUS features for
risk classification. Therefore, multicenter randomized controlled trials should be conducted in the future
to enhance the robustness of these conclusions.

WJG | https://www.wjgnet.com 5464 October 7,2022 | Volume?28 | Issue37 |



Jaishideng®

Ge QC et al. EUS in the evaluation of small GISTs

CONCLUSION

In conclusion, partial EUS features, such as heterogeneity, can be applied to predict higher-risk small
GISTs with a diameter > 1.48 cm. These tumors with diameters > 1.48 cm should undergo more
intensive surveillance. Endoscopic surgery should be strongly recommended for small GISTs if regular
follow-up is infeasible for low recurrence rate and metastatic rate.

ARTICLE HIGHLIGHTS

Research background
Small gastrointestinal stromal tumors (GISTs) have a high incidence, and their prognosis and treatment
remain controversial.

Research motivation
Endoscopic ultrasound (EUS) plays a pivotal role in the diagnosis of GISTs, but its ability to assess the
prognosis of small GISTs remains to be explored.

Research objectives
To evaluate the efficacy of EUS in the diagnosis and risk assessment of small GISTs.

Research methods

We collected data from patients with small GISTs, the diagnosis and risk classifications of which were
based on the pathological assessment according to the modified National Institute of Health criteria
after endoscopic resection or laparoscopic surgery. The assessment results based on EUS features
(marginal irregularity, cystic changes, homogeneity, ulceration, and strong echogenic foci) were
compared with the pathological features.

Research results

A total of 256 patients (69 men and 187 women) were enrolled. Tumor size was positively correlated
with the mitotic index (P < 0.001). Receiver operating curve analysis identified 1.48 cm as the best cut-off
value to predict malignant potential (95% confidence interval: 0.824-0.956). EUS heterogeneity with
tumor diameters > 1.48 cm was associated with higher risk classification (P < 0.05).

Research conclusions

Small GISTs (diameters, > 1.48 cm) with positive EUS features should receive intensive surveillance or
undergo endoscopic surgery. EUS and dissection are efficient diagnostic and therapeutic approaches for
small GISTs.

Research perspectives
EUS provides reference evidence for the precise assessment and early risk assessment of small GISTs.
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Abstract

BACKGROUND
Efficient and practical methods for predicting the risk of malignancy in patients
with pancreatic cystic neoplasms (PCNs) are lacking.

AIM

To establish a nomogram-based online calculator for predicting the risk of
malignancy in patients with PCNs.

METHODS

In this study, the clinicopathological data of target patients in three medical
centers were analyzed. The independent sample t-test, Mann-Whitney U test or
chi-squared test were used as appropriate for statistical analysis. After univariable
and multivariable logistic regression analysis, five independent factors were
screened and incorporated to develop a calculator for predicting the risk of
malignancy. Finally, the concordance index (C-index), calibration, area under the
curve, decision curve analysis and clinical impact curves were used to evaluate
the performance of the calculator.

RESULTS

Enhanced mural nodules [odds ratio (OR): 4.314; 95% confidence interval (CI):
1.618-11.503, P = 0.003], tumor diameter = 40 mm (OR: 3.514; 95%CI: 1.138-10.849,
P = 0.029), main pancreatic duct dilatation (OR: 3.267; 95%CI: 1.230-8.678, P =
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0.018), preoperative neutrophil-to-lymphocyte ratio > 2.288 (OR: 2.702; 95%CI: 1.008-7.244, P =
0.048], and preoperative serum CA19-9 concentration = 34 U/mL (OR: 3.267; 95%Cl: 1.274-13.007,
P =0.018) were independent risk factors for a high risk of malignancy in patients with PCNs. In
the training cohort, the nomogram achieved a C-index of 0.824 for predicting the risk of
malignancy. The predictive ability of the model was then validated in an external cohort (C-index:
0.893). Compared with the risk factors identified in the relevant guidelines, the current model
showed better predictive performance and clinical utility.

CONCLUSION
The calculator demonstrates optimal predictive performance for identifying the risk of malig-
nancy, potentially yielding a personalized method for patient selection and decision-making in
clinical practice.

Key Words: Pancreatic cystic neoplasms; Risk of malignancy; Nomogram; Model; Prediction; Calculator

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A nomogram-based online calculator for predicting the risk of malignancy in patients with
pancreatic cystic neoplasms was developed. The calculator demonstrates optimal predictive performance
for identifying the risk of malignancy, potentially yielding a personalized method for patient selection and
decision-making in clinical practice.
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INTRODUCTION

Pancreatic cystic neoplasms (PCNs) are estimated to be present in 2%-45% of the general population[1-
3]. With rapid advancements in medical examination technologies over the past decades, the use of
these technologies in the identification of PCNs has dramatically increased. Moreover, PCNs are
frequently discovered in asymptomatic patients[4]. Consequently, centers with high volumes of patients
undergoing pancreatic surgery are evaluating an increasing number of PCNs cases annually. Never-
theless, how to properly manage patients with PCNs remains a topic of debate.

PCNs are usually divided into serous cystic neoplasms (SCNs), mucinous cystic neoplasms (MCNs),
intraductal papillary mucinous neoplasms (IPMNs) and other rare cystic lesions, such as solid pseudo-
papillary tumors (SPTs) and cystic neuroendocrine tumors (cNET) which show biological behavior
ranging from benign to malignant[5,6]. Moreover, the main controversy regarding the treatment of
PCNs is related to the inability to precisely determine their histopathological diagnosis without surgical
resection[7,8], thereby precluding the accurate identification of different subtypes of PCNs. Conse-
quently, clinicians are challenged to maintain a difficult balance between avoiding excessive surgical
treatment and keeping a malignant lesion under surveillance.

Although previous studies have focused on the identification of different types of PCNs[9-11], only a
few of these studies have emphasized the judgment or prediction of malignancy risk in PCNs. Thus,
identifying a method that can accurately and preoperatively predict the risk of malignancy in PCNs is of
great significance. Nomograms are effective statistical tools that enable the simultaneous consideration
of various factors for clinicians to visualize the malignant probability of a neoplasm, allowing the
formulation of an optimal therapeutic schedule. Nomogram possess other advantages including ease of
comprehension, user-friendliness and personalized evaluation[12]. Therefore, this study aimed to
establish a novel clinical online nomogram-based calculator to predict the risk of malignancy in PCNs.

MATERIALS AND METHODS

The clinical and pathological data of patients with PCNs who underwent surgery at the Department of
General Surgery in three medical centers between January 2015 and December 2021 were collected and
analyzed. Patients from the First Affiliated Hospital of Anhui Medical University and Second Affiliated
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Hospital of Anhui Medical University were set as the training cohort, while those from the First
Affiliated Hospital of the University of Science and Technology of China were set as the validation
cohort. All hospitals were high-volume surgical centers that employed similar therapeutic approaches
for PCNs. Pathological diagnosis was confirmed by postoperative specimen examinations by two
experienced pathologists. According to the histological classification of PCNs proposed by the World
Health Organization (2019) and the Baltimore consensus meeting, PCNs are classified as those with low-
or intermediate-grade dysplasia and those with high-grade dysplasia or invasive carcinomal13,14].
Patients from the three centers who met the following criteria were included: (1) Patients who
underwent surgical treatment and were confirmed as showing SCNs, IPMNs or MCNs in postoperative
pathological examinations; (2) Patients with complete clinical data, including medical history and
laboratory test data; and (3) Patients who underwent preoperative imaging examinations. The following
patients were excluded: (1) Patients who were pathologically confirmed as having other rare cystic
lesions such as SPTs and cNET; (2) Patients who were pathologically confirmed as having other
uncommon and undefined cystic tumors of the pancreas; and (3) Patients with a history of pancreatic
surgery, radiotherapy or chemotherapy. All clinical data were screened and collected in a computerized
database by a professional research assistant. In this study, patients were categorized as showing low-
risk (low- or intermediate-grade dysplasia) or high-risk (high-grade dysplasia or invasive carcinoma)
disease based on the pathological diagnosis. The appearance of high-risk disease was characterized as a
study endpoint. Figure 1 depicts a flowchart of patient enrollment and the inclusion process. This study
was conducted in accordance with the Declaration of Helsinki and was approved by the institutional
ethics committee (Quick-PJ2022-06-26). All included patients or their relatives provided written
informed consent before their data were analyzed.

Perioperative management

In accordance with the similar preoperative evaluation protocol at all centers, all patients were routinely
examined using blood tests, including routine blood counts and analysis of blood biochemistry,
hemostatic function, immunological markers and tumor markers. Moreover, all patients underwent at
least two preoperative imaging examinations through ultrasound (US), computed tomography (CT),
magnetic resonance imaging or 2-**F-fluoro-2-deoxy-d-glucose positron emission tomography-CT,
which provided information about the size, number, location and internal condition of the lesions.
Definitive planning of the procedure was performed according to the examination results and the
patient’s age, comorbidities and preferences.

Surgical procedures, including pancreatoduodenectomy, total pancreatectomy, partial pancre-
atectomy and distal pancreatectomy with or without splenic preservation, were performed depending
on the tumor location and characteristics. Experienced pancreatic surgeons performed all surgical
procedures. Meanwhile, the balance between the benefits of oncological clearance and the risks of
inadequate parenchymal preservation was carefully considered.

Normative and meticulous postoperative care including monitoring of vital signs, maintenance of
moderate tissue perfusion and support for nutritional needs was implemented for every patient at the
initial stage.

Statistical analysis

All data, including demographic data, preoperative imaging data and clinical and pathological data
were recorded in detail using a special recorder. Continuous variables were expressed as mean * SD for
normally distributed variables or median (interquartile range) for non-normally distributed variables
and statistical tests were used as appropriate (the independent sample t-test or the Mann-Whitney U
test). Categorical variables were expressed as numbers (1) and proportions (%) and compared appro-
priately via Fisher’s exact test or the chi-squared test. The cutoff values of continuous parameters were
derived from the Youden index[15]. Univariable logistic regression analysis was performed on the
training cohort to screen for risk factors associated with malignancy. On the basis of the univariable
analysis, multivariable logistic regression analysis was conducted using variables that had statistical
significance. A nomogram for the prediction of malignancy in patients with PCNs was developed based
on the multivariable logistic regression model. The performance of the nomogram was evaluated using
a concordance index (C-index) and calibration plots based on bootstrap validation method (n = 1000) to
reduce overfitting bias. The area under the curve (AUC) of the receiver operating characteristic (ROC)
curves and the quality indices such as sensitivity, specificity, accuracy, positive predictive value and
negative predictive value with the associated 95% confidence intervals (Cls) of the model applied to the
training and external validation cohorts were obtained. This allowed assessment of the predictive
efficiency of the model in comparison with those of the risk factors identified in the relevant guidelines.
The clinical usefulness of the nomogram was examined by determining the net benefit using decision
curve analysis (DCA)[16]. DCA can assess the utility of models for decision making by plotting net
benefit at a range of clinically reasonable risk thresholds. The predictive accuracy and clinical usefulness
of the nomogram were demonstrated by clinical impact curves. Based on the sensitivity, specificity and
predictive values, the optimal cutoff value was evaluated for accuracy. An online calculator for public
use was created through shinyapps.io by RStudio to facilitate the use of the model in clinical practice.
Statistical analyses were performed using R version 4.0.5 (http:/ /www.r-project.org/, R Development
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Figure 1 Flowchart of patient recruitment and diagnosis. AHMU: Anhui Medical University; USTC: University of Science and Technology of China.
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Core Team) and SPSS version 23.0 (SPSS Inc, Armonk, NY, United States. In this study, the packages
rms, nomogramFormula, DynNom and rmda were utilized for statistical analysis and figure drawing. A
two-tailed P value < 0.05 was considered significant.

RESULTS

Patient cohorts and clinicopathologic features

The clinicopathologic data of 1764 consecutive patients who underwent pancreatic surgery at the First
Affiliated Hospital of Anhui Medical University and the Second Affiliated Hospital of Anhui Medical
University between January 2015 and December 2021 were collected. Among them, 246 patients (13.9%)
who were pathologically confirmed as having IPMNs, MCNs or SCNs were classified as the initial
target population. Of these 246 patients, 59 (24.0%) who did not fulfill the inclusion criteria were
excluded, including 19 patients with incomplete clinical or imaging data, nine with a history of
pancreatic surgery, 25 with mixed pathological characteristics and 6 with a history of radiotherapy or
chemotherapy. Ultimately, 187 patients (76.0%) were included in the training cohort. Based on the same
criteria, an independent group consisting of 103 patients from the First Affiliated Hospital of University
of Science and Technology of China who were eligible for inclusion in the same period was included in
the present study and served as an external validation cohort. The two cohorts showed no significant
differences in baseline characteristics (P > 0.05; Tables 1 and 2).

Univariable and multivariable analysis in the training cohort

The results of the univariable and multivariable analyses of variables concerning malignancy in the
training cohort were listed in Table 3. The optimal cutoff values of the neutrophil-to-lymphocyte ratio
(NLR) was 2.288. Factors that significantly affected the risk of malignancy in the univariable analysis
were then included in the multivariable analysis, which demonstrated that the presence of enhanced
mural nodules [odds ratio (OR): 4.314; 95%CI: 1.618-11.503, P = 0.003], tumor diameter = 40 mm (OR:
3.514; 95%Cl: 1.138-10.849, P = 0.029), main pancreatic duct dilatation (OR: 3.267; 95%CI: 1.230-8.678, P
= 0.018), preoperative NLR = 2.288 (OR: 2.702; 95%CI: 1.008-7.244, P = 0.048) and preoperative serum
CA19-9 concentration = 34 U/mL (OR: 3.267; 95%CI: 1.274-13.007, P = 0.018) were independent risk
factors for a high risk of malignancy in patients with PCNss.

Development and evaluation of the predictive model

The factors that were proven to be related to a high risk of malignancy were utilized to establish a
nomogram for evaluating the probability of malignancy (Figure 2). The model obtained using this
approach showed good predictive capacity for estimating the risk of malignancy in patients with PCNs
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Table 1 Preoperative clinical characteristics of patients with pancreatic cystic neoplasms

Training cohort Validation cohort
Characteristics P value
n =187 (64.5%) n =103 (35.5%)
Sex 0.190
Male 126 (67.4) 77 (74.8)
Female 61 (32.6) 26 (25.2)
Age inyr 0.344
<60 123 (65.8) 62 (60.2)
260 64 (34.2) 41 (39.8)
BMI 23.25+3.37 23.00 £3.53 0.561
Weight loss 0.830
No 165 (88.2) 90 (87.4)
Yes 22 (11.8) 13 (12.6)
Alcohol 0.378
No 168 (89.8) 89 (86.4)
Yes 19 (10.2) 14 (13.6)
Symptomatic 0.602
No 74 (39.6) 44 (42.7)
Yes 113 (60.4) 59 (57.3)
NLR 0.510
<2288 134 (71.7) 70 (68.0)
22288 53 (28.3) 33 (32.0)
TB in pmol/L 0.763
<342 181 (96.8) 99 (96.1)
2342 6(3.2) 4(3.9)
CEA inng/mL 0.901
<5 175 (93.6%) 96 (96.0%)
>5 12 (6.4) 7 (7.0)
CA19-9in U/mL 0.135
<34 163 (87.2) 83 (80.6)
234 24 (12.8) 20 (19.4)
GGTinIU/L 0.287
<150 174 (93.0) 99 (96.1)
2150 13 (7.0) 4(3.9)
ALPin IU/L 0.556
<200 179 (95.7) 97 (94.2)
2200 8 (4.3) 6 (5.8)

ALP: Alkaline phosphatase; BMI: Body mass index; CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; GGT: y-glutamyl transpeptidase;
NLR: Neutrophil-to-lymphocyte; TB: Total bilirubin.
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(training cohort: C-index, 0.824; 95%CI: 0.735-0.914, vs validation cohort: C-index, 0.893; 95%CI:
0.823-0.963). The calibration plots demonstrated good consistency between the observed and predicted
probabilities in both the internal and external validations. Both predicted and reference curves were
approximately aligned which indicates good performance of the nomogram (Figure 3). Overall
performance was scored at 0.091 using Brier's score which measured the difference between observed

WJG | https://www.wjgnet.com 5473 October 7,2022 | Volume28 | Issue37 |



Jiang D et al. Malignant risk in patients with PCNs

Table 2 Preoperative imaging characteristics of patients with pancreatic cystic neoplasms

Training cohort Validation cohort
Characteristic Pvalue
n =187 (64.5%) n =103 (35.5%)
Tumor involve the head of pancreas 0.239
Yes 65 (34.8) 43 (41.7)
No 122 (65.2) 60 (58.3)
Bile duct dilation 0.106
No 174 (93.0) 90 (87.4)
Yes 13 (7.0) 13 (12.6)
Tumor size in mm 0.254
<40 158 (84.5) 92 (89.3)
240 29 (15.5) 11 (10.7)
Intratumoral septum 0.264
No 76 (40.6) 35 (34.0)
Yes 111 (59.4) 68 (66.0)
Cyst wall enhancement 0.244
No 118 (63.1) 72 (69.9)
Yes 69 (36.9) 31 (30.1)
Cyst wall thickening 0.709
No 178 (95.2) 97 (94.2)
Yes 9 (4.8) 6(5.8)
Enhanced mural nodules 0.126
No 148 (79.1) 89 (86.4)
Yes 39 (20.9) 14 (13.6)
Intracapsular calcification 0.117
No 162 (86.6) 82 (79.6)
Yes 25 (13.4) 21 (20.4)
Main pancreatic duct dilatation 0.419
No 122 (65.2) 72 (69.9)
Yes 65 (34.8) 31 (30.1)

and predicted values (values closer to 0 indicate better predictive ability). A calibration slope of 1.0 was
obtained to assess the agreement between observed and predicted values (values closer to 1.0 indicate
better performance)[17]. An online calculator for predicting the risk of malignancy was created and was
freely available at https:/ /ahmuptt.shinyapps.io/JDYX/.

Comparison of the performance of the nomogram and the risk factors identified in the relevant

guidelines

Using ROC analyses, the diagnostic performance of the nomogram established in this study was
compared with those of the risk factors identified in the relevant guidelines[6,18], including tumor
diameter > 40 mm, enhanced mural nodules and main pancreatic duct dilatation (Figure 4). In the
training cohort, the AUC values and 95%Cls of the nomogram and the three factors (tumor diameter >
40 mm, enhanced mural nodules and main pancreatic duct dilatation) were 0.824 (0.735-0.914), 0.619
(0.496-0.742), 0.692 (0.575-0.810) and 0.653 (0.540-0.766), respectively. In the validation cohort, these
values were 0.893 (0.823-0.963), 0.718 (0.560-0.876), 0.665 (0.506-0.824) and 0.672 (0.524-0.820),
respectively. In both cohorts, significant statistical differences were found between the nomogram and
the three factors (P < 0.05). The training cohort had an accuracy, sensitivity, specificity, positive
predictive value and negative predictive value of 0.829, 0.643, 0.862, 0.451 and 0.932, respectively. In the
validation cohort, these values were 0.925, 0.882, 0.826, 0.501 and 0.973, respectively. Thus, the
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Table 3 Univariable and multivariable logistic regression analyses of the risk factors for high risk of malignancy in patients with

pancreatic cystic neoplasms

Univariable analysis

Multivariable analysis

Variable OR comparisons

OR (95%CI) P value OR (95%Cl) Pvalue
Sex Female vs Male 2.383 (1.054-5.386) 0.037% 0.716 (0.232-2.213) 0.562
Ageinyr > 60 vs < 60 2.180 (0.967-4.915) 0.060
BMI 0.986 (0.874-1.111) 0.816
Weight loss Yes vs No 2.437 (0.861-6.897) 0.093
Alcohol Yes vs No 2.252 (0.741-6.845) 0.153
Symptomatic Yes vs No 1.774 (0.737-4.271) 0.201
Tumor involve the head of Yes vs No 1.148 (0.487-2.705) 0.753
pancreas
Bile duct dilation Yes vs No 1.788 (0.460-6.952) 0.402
Tumor diameter in mm 240 vs <40 4.094 (1.649-10.165) 0.002° 3.514 (1.138-10.849) 0.029*
Intratumoral septum Yes vs No 0.539 (0.240-1.211) 0.135
Cyst wall enhancement Yes vs No 1.127 (0.494-2.569) 0.777
Cyst wall thickening Yes vs No 1.670 (0.329-8.488) 0.536
Enhanced mural nodules Yes vs No 6.490 (2.746-15.342) <0.001" 4.314 (1.618-11.503) 0.003"
Intracapsular calcification Yes vs No 0.208 (0.027-1.606) 0.132
Main pancreatic duct dilatation Yes vs No 3.574 (1.558-8.201) 0.003" 3.267 (1.230-8.678) 0.018°
NLR 22288 vs <2288 3.077 (1.350-7.015) 0.008" 2.702 (1.008-7.244) 0.048"
TB in pmol/L 23420vs<34.2 6.240 (1.192-32.657) 0.030" 0.870 (0.050-15.020) 0.924
ALPinIU/L =200 vs < 200 9.420 (1.499-59.213) 0.017¢ 0.632 (0.064-6.285) 0.695
GGTinIU/L 2150 vs <150 2.925 (0.931-9.189) 0.066
CEA in ng/mL 250s<5 6.955 (2.060-23.477) 0.002" 3.798 (0.825-17.482) 0.087
CA199 in U/mL 234 vs <34 4.547 (1.750-11.816) 0.002° 3.267 (1.274-13.007) 0.018"
2P <0.05.

ALP: Alkaline phosphatase; BMI: Body mass index; CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; CI: Confidence interval; GGT: y-
glutamyl transpeptidase; NLR: Neutrophil-to-lymphocyte; OR: Odds ratio; TB: Total bilirubin.

nomogram showed high accuracy in predicting the risk of malignancy in patients with PCNs. When
considering the maximum Youden index value, the optimal cutoff value of the nomogram was 160.8 in
the ROC curve and the sensitivity and specificity for differentiating between high and low risk were
64.3% and 86.2%, respectively. This cut off value is used to categorize patients with total nomogram
score of < 160.8 points or > 160.8 points as either low- or high-risk group, respectively. In the training
cohort, DCA showed that using the nomogram to predict the risk of malignancy had a greater net
benefit than the other three factors when the threshold probability ranged from 0.2 to 1.0. In the
validation cohort, DCA showed that the nomogram had a greater net benefit when the threshold
probability ranged from 0.0 to 0.4 (Figure 5). Figure 6 depicts the number of high-risk patients (solid red
line) and the number of high-risk patients with the outcome (black dotted line) at different threshold
probabilities within a given population. In both the training and validation cohorts, the solid red and
black dotted lines show a great fit indicating that the model has remarkable predictive ability.

DISCUSSION

The increasing use of high-resolution cross-sectional imaging techniques has resulted in more frequent
detection of PCNs in recent years[19]. However, accurate prediction of the risk of malignancy of PCNs
as early as possible is of great value in developing more appropriate individualized treatment strategies.
In the current study, we developed and validated a preoperative clinical model that strongly predicted
the risk of high-grade dysplasia or invasive cancer in patients with PCNs.
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Figure 2 Nomogram for predicting risk of malignancy in the training cohort. NLR: Neutrophil-to-lymphocyte ratio.
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Figure 3 Calibration curves for predicting the risk of malignancy. The nomogram had concordance index values of 0.824 and 0.893 in the training and
validation cohort, respectively. A: Training cohort; B: Validation cohort.
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As shown in Tables 1 and 2, our study analyzed dozens of objective factors, and the findings
indicated that for patients with PCNs, lesions with enhanced mural nodules, tumor diameter > 40 mm,
main pancreatic duct dilatation, preoperative NLR > 2.288 and preoperative serum CA19-9 levels > 34
U/mL were significant independent predictors. These factors were combined with patients’ pre-
operative imaging and serological data to quantify the risk of malignancy concisely and spontaneously.
The sufficient statistical power of the model for predicting the risk of malignancy was verified based on
multiple validation methods. The C-index of the model in the validation cohort was 0.893 (0.823-0.963),
highlighting the ability of the model to distinguish low-risk disease from high-risk disease in a large
group of patients. In addition, we used an independent validation dataset that effectively decreased the
risk of overfitting the model to an individual dataset. The similarity between the C-index of the training
[0.824 (0.735-0.914)] and validation [0.893 (0.823-0.963)] cohorts suggested that this model was widely
applicable. In addition, a mobile-friendly online version of the nomogram was programmed to
eliminate the inconvenience of traditional nomograms in clinical use.

The latest guidelines, including the European evidence-based guidelines on PCNs and the Interna-
tional Association of Pancreatology guidelines of 2017, have described the management strategies for
different subtypes of PCNs in detail[6,18]. In addition, many published nomogram models for
predicting malignancy in patients with a specific subtype of PCNs, such as IPMNs, have been
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Figure 4 Receiver operating characteristic curve of the nomogram and other three risk factors identified in guidelines. A: Training cohort; B:
Validation cohort. AUC: Area under the curve.
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established to facilitate the preoperative prediction of malignant lesions[20-22]. Nevertheless, real-world
preoperative diagnosis of the different PCN subtypes remains difficult due to their similarities in both
clinical and imaging features. In particular, accurate diagnosis of pathological neoplasms and
preoperative assessments of the benign or malignant status of some lesions with atypical manifestations
are even more difficult[23]. Previous studies have reported differing probabilities for the accurate
preoperative identification of each subtype. Salvia et al[24] found that in 476 patients with PCNs, 78%
showed postoperative pathological examination results consistent with the preoperative diagnosis[24].
Furthermore, a multicenter study of 2251 patients in China showed that the preoperative diagnosis was
not always accurate for a specific subtype with a correct diagnosis rate of only 33%[25]. Meanwhile, the
risk factors proposed to be associated with malignant lesions in the guidelines lack universality,
efficiency and accuracy in clinical applications to a certain extent. In this study, a model with strong
practicability and high predictive efficiency was constructed by analyzing PCNs showing similar
clinical and imaging manifestations across subtypes. Therefore, this model can help clinicians predict
the risk of lesion malignancy when they are unable to accurately determine the PCN subtype or have
difficulties in confirming the nature of the tumor.

NLR was also included as a laboratory indicator in the nomogram. Researches have shown that
inflammation contributes to the occurrence and progression of tumors by releasing cytokines and other
inflammatory mediators[26,27]. NLR measurement can serve as a simple and convenient way to assess
the systemic inflammatory response and many recent studies have confirmed that inflammatory
markers play an important role in predicting benign and malignant PCNs[28-30]. In the current study, a
significant correlation was found between NLR and high-risk groups by multivariable analysis and the
cutoff value of NLR was calculated as 2.43 which was rarely studied and reported in previous studies.
We believe that neutrophils can recruit and activate inflammatory cells by producing cytokines and
chemokines thus acting on the tumor microenvironment. In addition, reactive oxygen species and
proteases produced by neutrophils can regulate tumor cell proliferation, angiogenesis and metastasis
[31]. Thus, an increase in NLR may indicate a macroscopic withdrawal of inflammatory and immune
responses in the local tumor microenvironment.

The nomogram was chosen to establish the model mainly because of its ability to assign risk probab-
ilities on a continuous scale as an individualized risk score, rather than simply dividing patients into
malignant and benign groups. This allows for additional risk stratification and may help patients and
doctors tailor treatment decisions based on patients” individual risks. In addition, as shown in Figure 2,
the nomogram showed that the model score for cases with serum CA19-9 levels = 34 U/mL (100 points)
was significantly higher than that for cases with an NLR of > 2.288 (61 points), suggesting that serum
CA19-9 levels > 34 U/mL increase the possibility of a malignant lesion significantly. Moreover, the
additive effect of several risk factors is important clinically. In this context, the patient-specific
quantitative estimation of risk is valuable. Therefore, in cases where benign and malignant PCNs cannot
be easily distinguished, clinicians can calculate the total nomogram scores using this predictive model.
We propose that surgical treatment should be considered as the first choice for patients with a total
nomogram score = 160.
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Figure 5 Decision curve analysis of the nomogram and other three risk factors identified in guidelines. The x-axis represents the threshold
probability and the y-axis represents the net benefit. In the training cohort, the nomogram adds more net benefit than the other three factors when the threshold
probability ranged from 0.2 to 1.0. In the validation cohort, the nomogram adds more net benefit than the other three factors when the threshold probability ranged
from 0.0 to 0.4. A: In the training cohort; B: In the validation cohort.
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In recent years, machine learning has rapidly developed as a tool with promising results and
improved usability[32]. Machine learning addresses many preexisting and novel medical challenges and
is widely discussed by researchers and practitioners alike. Machine learning algorithms have many
advantages, such as improved flexibility and scalability when compared with traditional statistical
methods. This makes machine learning advantageous for many tasks, including risk stratification,
diagnosis, classification and survival predictions. Another advantage of machine learning is the ability
to analyze diverse data types (e.g., demographic data, laboratory findings, imaging data and doctors'
free-text notes) and to incorporate them into predictions for disease risk, diagnosis, prognosis and
appropriate treatment[33]. Despite these advantages, the application of machine learning in healthcare
delivery also presents unique challenges, including the need for data pre-processing, model training
and refinement of the system with respect to the actual clinical problem. Also crucial are ethical consid-
erations which include medico-legal implications, doctors' understanding of machine learning tools, and
data privacy and security[34]. In summary, attempts can be made to refine the model further using
advanced machine learning in the future.

The present study had several limitations that merit discussion. First, endoscopic US (EUS) helps
identify PCNs with features that may indicate the need for surgical resection[6]. However, in our study,
only less than 10% of the patients underwent EUS. This may be attributable to the considerable interob-
server variation in EUS-based diagnoses. On the other hand, data on EUS-based differentiation between
benign and malignant PCNs are inconsistent[35,36]. Moreover, economic affordability is an important
consideration, especially for most patients from rural areas. Second, heterogeneity in pathological
diagnosis to determine the grade of dysplasia or malignancy and heterogeneity between different
imaging examinations may exist. Third, this was a retrospective study considering only patients who
underwent surgery which meant that it had inherent limitations resulting from potential selection
biases; prospective validation is therefore required to confirm the value of the findings.
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Figure 6 Clinical impact curves of the nomogram. At different threshold probabilities within a given population, the number of high-risk patients (solid red
line) and the number of high-risk patients with the outcome (black dotted line) are shown. In both training and validation cohort, the solid red line and black dotted line
show a great fit. A: In the training cohort; B: In the validation cohort.
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CONCLUSION

In conclusion, we developed and validated a novel online calculator using a nomogram based on widely
available data to predict the risk of malignancy in patients with PCNs dynamically. The calculator is
user-friendly, highly accurate and well validated. Clinicians can use it to alert patients at high risk of
malignancy at early stages and to design individual therapy for them.

ARTICLE HIGHLIGHTS

Research background
Efficient and practical methods for predicting the risk of malignancy in patients with pancreatic cystic
neoplasms (PCNs) are currently lacking.

Research motivation
Currently, there is no effective clinical prediction model for patients with PCNs and no large study has
been conducted to predict malignant risk.

Research objectives

The aim of this study was to identify the risk factors influencing the malignant risk of PCNs and
develop a prediction model that is useful for clinical surgeons when making decisions regarding
surgical interventions.
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Research methods

Data collected in three major medical centers were analyzed to identify independent risk parameters
and propose a calculator for patients with PCNs. A number of statistical indices, such as concordance
index, calibration curves, area under the curve, decision curve analysis, CIC and others were used to
evaluate the performance of the nomogram.

Research results

Five factors, including enhanced mural nodules, tumor diameter > 40 mm, main pancreatic duct
dilatation, preoperative neutrophil-to-lymphocyte ratio > 2.288 and preoperative serum CA19-9 concen-
tration > 34 U/mL were found to independently influencing the risk of malignancy. As a result, the
model we constructed has a greater predictive value than the factors identified in relevant guidelines.

Research conclusions
For the first time, a model was developed to predict the malignant risk of PCNs and an online calculator
was further established to guide decision-making,.

Research perspectives
More medical centers included, more data collection and application of “Artificial Intelligence”.
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Abstract

BACKGROUND

Upper gastrointestinal endoscopy is critical for esophageal squamous cell
carcinoma (ESCC) detection; however, endoscopists require long-term training to
avoid missing superficial lesions.

AIM
To develop a deep learning computer-assisted diagnosis (CAD) system for
endoscopic detection of superficial ESCC and investigate its application value.

METHODS

We configured the CAD system for white-light and narrow-band imaging modes
based on the YOLO v5 algorithm. A total of 4447 images from 837 patients and
1695 images from 323 patients were included in the training and testing datasets,
respectively. Two experts and two non-expert endoscopists reviewed the testing
dataset independently and with computer assistance. The diagnostic performance
was evaluated in terms of the area under the receiver operating characteristic
curve, accuracy, sensitivity, and specificity.

RESULTS

The area under the receiver operating characteristics curve, accuracy, sensitivity,
and specificity of the CAD system were 0.982 [95% confidence interval (CI): 0.969-
0.994], 92.9% (95%CI: 89.5%-95.2%), 91.9% (95%ClI: 87.4%-94.9%), and 94.7%
(95%CI: 89.0%-97.6%), respectively. The accuracy of CAD was significantly higher
than that of non-expert endoscopists (78.3%, P < 0.001 compared with CAD) and
comparable to that of expert endoscopists (91.0%, P = 0.129 compared with CAD).
After referring to the CAD results, the accuracy of the non-expert endoscopists
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significantly improved (88.2% vs 78.3%, P < 0.001). Lesions with Paris classification type 0-IIb were
more likely to be inaccurately identified by the CAD system.

CONCLUSION
The diagnostic performance of the CAD system is promising and may assist in improving detect-
ability, particularly for inexperienced endoscopists.

Key Words: Computer-aided diagnosis; Artificial intelligence; Deep learning; Esophageal squamous cell
carcinoma; Early detection of cancer; Upper gastrointestinal endoscopy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Esophageal squamous cell carcinoma (ESCC) poses a heavy burden to high-risk areas, and
screening using upper gastrointestinal endoscopy is an established strategy for early detection and
prognosis improvement. However, endoscopic detection of superficial-ESCC can be challenging and
depends greatly on operator experience. We developed and validated a novel computer-assisted diagnostic
system with a deep neural network algorithm to detect superficial ESCC using upper endoscopy with
white-light and narrow-band imaging. The system demonstrated high diagnostic accuracy, which is
comparable to that of expert endoscopists. The diagnostic performance of non-expert endoscopists was
significantly improved under the assistance of this system.

Citation: Meng QQ, Gao Y, Lin H, Wang TJ, Zhang YR, Feng J, Li ZS, Xin L, Wang LW. Application of an
artificial intelligence system for endoscopic diagnosis of superficial esophageal squamous cell carcinoma. World J
Gastroenterol 2022; 28(37): 5483-5493

URL: https://www.wjgnet.com/1007-9327/full/v28/i37/5483.htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i37.5483

INTRODUCTION

Esophageal cancer is the seventh most common and sixth most fatal malignancy[1], and esophageal
squamous cell carcinoma (ESCC) is the most prevalent histological type[2]. Screening high-risk po-
pulations using upper gastrointestinal endoscopy may facilitate early detection and treatment[3], and
markedly improve the prognosis of ESCC[4]. However, due to its subtlety and flat appearance under
white light imaging (WLI) or image-enhanced endoscopy, identification of early stage ESCC may be
especially difficult for inexperienced endoscopists[5-7]. A recent multicenter cohort study found that
6.4% of all esophageal cancers were missed during upper gastrointestinal endoscopy, which was
associated with poor survival[8].

In recent years, artificial intelligence (Al)-aided endoscopy has garnered attention, and several studies
have heralded this technique as a promising tool for improving the detection of early ESCC[9-12]. A
systematic review showed that the pooled sensitivity and specificity of Al for ESCC diagnosis were 0.95
and 0.92, respectively, and Al performed better than endoscopists, although the differences were not
statistically significant[13]. However, few computer-assisted diagnosis (CAD) systems for ESCC that
support WLI and narrow-band imaging (NBI) have been applied in clinical practice. We developed and
validated a novel CAD system with a deep neural network algorithm to detect superficial ESCC using
upper endoscopy with WLI and NBI. Moreover, we assessed its value for endoscopists with differing
experience levels of superficial ESCC detection and investigated the characteristics of lesions that were
inaccurately identified by the CAD system.

MATERIALS AND METHODS

Preparation of datasets for training and testing

Static and non-magnified WLI or NBI images used for CAD system training and testing for superficial
ESCC were retrospectively retrieved from endoscopic databases of four general hospitals in mainland
China between January 2016 and April 2019. For the training dataset, 1503 WLI images and 2100 NBI
images from 622 cases of superficial ESCC and high-grade intraepithelial neoplasia (HGIN), and 523
WLI images and 321 NBI images from 215 non-cancerous cases (including normal, esophagitis,
submucosal lesion, and leukoplakia) were obtained from the First Affiliated Hospital of Zhengzhou
University, Xingtai First Hospital, and Tangyin People's Hospital. For the independent testing dataset,
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577 WLI images and 793 NBI images from 209 cases of superficial ESCC and HGIN, and 209 WLI images
and 116 NBI images from 114 non-cancerous cases were obtained from Changhai Hospital. All images
were captured using an Olympus gastroscope (GIF-H260, GIF-H260Z, GIF-H290, GIF-Q260], or GIF-
HQ290; Olympus, Tokyo, Japan). Poor-quality images, including blurred images, and those with mucus
or foam that prevented adequate mucosal inspection were excluded from the study. The personal data
of the patients in the images were hidden. This study was approved by the ethics committee of
Shanghai Changhai Hospital (No. CHEC2019-002).

All superficial ESCC and HGIN images were obtained from patients who underwent subsequent
endoscopic submucosal dissection. Additionally, histologic results including margin status and invasion
depth of endoscopic submucosal dissection specimens were retrieved. Three experienced gastro-
intestinal (GI) pathologists conducted histological assessments. Histological images were first reviewed
by two independent pathologists who determined the final pathological result through diagnostic
consensus. In case of disagreement, images were reviewed by a third pathologist, and the final decision
was discussed. Non-cancerous images were confirmed by three experienced endoscopists (all with > 15
years of experience), before inclusion in training and testing datasets.

All images were annotated by the three endoscopists mentioned above. The first endoscopist
reviewed and marked the WLI and NBI images (margins of the lesion) using specific frames. The second
endoscopist reviewed the annotations of the first, and if in agreement, the annotation was completed.
Alternately, the images were reviewed by a third endoscopist, and the final decision was made in
unison. Paris classification subtypes of lesions were also recorded[14].

Development of the CAD system

CAD system development was based on the YOLO v5 deep-learning algorithm. YOLO v5 employs cross
stage partial network as the backbone for feature extraction and path aggregation network to generate a
feature pyramid network to perform feature aggregation and pass it to the prediction mode. YOLO v5
demonstrated increased efficiency and efficacy compared to previous versions. To improve network
accuracy, we modified the loss function of YOLO V5 and introduced the mapping distance of the aspect
ratio. The input of this network was esophageal images, and the output was an indicator frame that
captured the rectangular region of interest, together with the predicted quantitative level of confidence
for ESCC above the frame (Figure 1).

Testing of the CAD system

The diagnostic accuracy of the CAD system was validated using a previously established independent
testing dataset. To compare the performance of the CAD system with that of endoscopists and
investigate its added value, four endoscopists from Changhai Hospital were invited to review the
images in the testing dataset, independently and with the assistance from the CAD system. Two experts
(endoscopy experience > 10 years) and two non-expert endoscopists (endoscopy experience > 1 year but
< 5 years) participated. None were involved in the selection and annotation of images. All images in the
testing dataset, including 598 WLI and 817 NBI cancerous and 209 WLI and 116 NBI non-cancerous
images, were randomly sequenced, and all participating endoscopists independently reviewed the
images and made diagnoses within one day. After a washout period of one month, the images were
randomly re-sequenced, and endoscopists reviewed the images using the results of the CAD system as a
reference. Throughout the study, participating endoscopists were unaware of the correct endoscopic
and histologic diagnoses, their own performance, and the diagnostic accuracy of the CAD system.

Outcome measures

Primary outcome measures included the area under the receiver operating characteristic curve
(AUROC), accuracy, sensitivity, and specificity of the CAD system. Secondary outcome measures
included positive predictive value (PPV) and negative predictive value (NPV) of the CAD system;
diagnostic performance of participating endoscopists; and improvement in diagnostic accuracy,
sensitivity, and specificity in the expert and non-expert groups, after referring to the CAD system
results.

Statistical analysis

AUROC, accuracy, sensitivity, specificity, PPV, and NPV were calculated, and the binominal 95%
confidence intervals (CI) were estimated using the CAD-predicted confidence > 0.5, as the prespecified
criteria for testing positive. The Delong test was used to compare different AUROCs. A two-sided
McNemar test was used to compare differences in accuracy, sensitivity, and specificity. Differences in
more than three groups were compared using Cochran’s Q test. Additionally, the McNemar test was
used for post-hoc comparisons of P values adjusted using Bonferroni’s method. Pearson’s chi-squared
test, ¢ test, and Mann-Whitney U test were used wherever applicable. Superficial ESCC lesions with a
CAD-predicted confidence < 0.5 and an intersection over union (IoU) value < 0.45 were defined as
inaccurately identified. A P value < 0.05 was considered statistically significant. All statistical analyses
were performed using SPSS 26.0 (SPSS Inc., Chicago, IL, United States). The statistical methods of this
study were reviewed by XFY from Department of Health Statistics, Naval Medical University.
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Figure 1 The architecture of the computer-assisted diagnosis system. The input of this network was the esophageal images, and the output was an
indicator frame that captured the interest region, together with the predicted quantitative level of confidence for esophageal squamous cell carcinoma.

RESULTS

Characteristics of subjects and lesions in test dataset

Table 1 summarizes the characteristics of the patients and lesions in the testing dataset. For 209 cases of
superficial ESCC, the lesion size was 2.0 (1.2-4.0) cm and most (82.3%) were located in the middle
thoracic esophagus. Flat-type (0-IIb) lesions accounted for 53.6%, and most lesions involved < 25% of the
esophageal circumference. Regarding histologic depth of invasion, 165 Lesions (78.9%) were limited to
the lamina propria (LPM), 38 (18.2%) invaded the muscularis mucosa or superficial submucosa, and 6
(2.9%) extended beyond the superficial submucosa. Of the 114 non-cancerous cases, 23 were diagnosed
with gastroesophageal reflux disease, five were diagnosed with esophageal submucosal lesions, and 86
were judged to be normal on upper gastrointestinal endoscopy.

Diagnostic performance of the CAD system

The receiver operating characteristic (ROC) curve of the CAD system is shown in Figure 2. The AUROC
of the WLI, NBI, and combined modes were 0.970, 0.988, and 0.982, respectively. The AUROC of WLI,
NBI, and the combined mode did not differ significantly. The diagnostic performance measures of the
CAD system in the testing dataset are summarized in Table 2. In per-patient analysis, the accuracy,
sensitivity, specificity, PPV, and NPV of the CAD system were 92.9%, 91.9%, 94.7%, 97.0%, and 86.4%,
respectively. The accuracy (P < 0.001), sensitivity (P < 0.001), and specificity (P = 0.015) of the CAD
system were significantly different among the different imaging modes. In post-hoc comparisons, the
accuracy of the NBI (adjusted P < 0.001) and combined modes (adjusted P = 0.002) was significantly
higher than that of the WLI mode. Furthermore, the sensitivity of NBI (adjusted P < 0.001) and
combined modes (adjusted P = 0.014) was significantly higher than that of the WLI mode. No statist-
ically significant differences in specificity were found in post-hoc comparisons between the two imaging
modes. The results of the per-imaging analysis are presented in Table 2.

Comparison between the CAD system and endoscopists

Figure 3 compares the diagnostic performance of the CAD system under the combined WLI and NBI
modes, among endoscopists with different experience levels. The accuracy (91.0% vs 78.3%, P < 0.001),
sensitivity (90.0% vs 76.1%, P < 0.001), and specificity (93.0% vs 82.5%, P = 0.002) were significantly
higher for expert endoscopists than for non-expert endoscopists. The diagnostic performance of the
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Table 1 Characteristics of subjects and lesions involved in the testing dataset

Characteristics Values
Cancerous cases (1 = 209)

Age (yr), mean = SD 62072

Sex, Male/Female 158/51

Lesion location, Ce/Ut/Mt/Lt/ Ae 2/21/172/14/0
Lesion size (cm), median (Q1, Q3) 2.0 (1.2-4.0)
Paris classification, 0-1/1Ia/IIb/Ilc/Ila+IIc/IIT 6/43/112/26/20/2
Circumference, <1/4,1/4-1/2,1/2-3/4,>3/4 117/63/18/11
Depth of invasion, EP-LPM/MM-SM1/SM2 165/38/6
Non-Cancerous cases (1 = 114)

Age (yr), mean + SD 63.2+53

Sex, male/female 65/49
Endoscopic diagnosis, GERD/submucosal lesion/normal 23/5/86

SD: Standard deviation; Ce: Cervical esophagus; Ut: Upper thoracic esophagus; Mt: Middle thoracic esophagus; Lt: Lower thoracic esophagus; Ae,
Abdominal esophagus; Q1: Lower quartile; Q3: Upper quartile; EP-LPM: Epithelium or lamina propria; MM-SM1: Muscularis mucosa or submucosal

invasion < 200 pm; SM2: Submucosal invasion > 200 pm; GERD: Gastroesophageal reflux disease.

Table 2 Diagnostic performance of the computer-assisted diagnosis system in the testing dataset

Per-patient analysis Per-image analysis
Overall (%) WLI (%) NBI (%) Pvalue Overall (%) WLI (%) NBI (%) Pvalue

Accuracy (95%CI)
Sensitivity (95%CI)
Specificity (95%CI)
PPV (95%CI)

NPV (95%CI)

929 (895-952) 89.2(853-921) 947 (917967) <0001  87.5(85.9-89.0) 859 (833-881) 89.0(86.8-909) 0.156
91.9 (87.4-949) 88.0(829-918) 943(902:967) <0001 866 (34.7-883) 841 (80.8-86.8) 88.4(86.0-904) 0.067
94.7 (89.0-97.6) 912 (84.6-952)  95.6(90.1-98.1)  0.015 91.7 (88.2-943)  90.9 (86.2-94.1)  93.4 (87.0-96.8)  0.750
97.0 (93.5-98.6) 948 (90.8-972) 977 (943-989)  0.316 97.9 (96.9-985) 962 (94.2-97.6)  99.0(98.0-995)  0.004

864 (79.3-91.3)  80.6 (73.0-865) 901 (835-942)  0.099 61.1(56.6-65.4)  67.4 (61.7-72.6)  51.8 (44.8-58.8)  0.003

WLI: White-light imaging; NBI: Narrow-band imaging; PPV: Positive predictive value; NPV: Negative predictive value.
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CAD system was significantly higher than that of non-expert endoscopists (P < 0.001) and similar to that
of expert endoscopists.

Improvement after referring to CAD

Figure 4 depicts improved diagnostic performance of endoscopists for superficial ESCC after referring
to the results of the CAD system. The accuracy (88.2% vs 78.3%, P < 0.001), sensitivity (87.6% vs 76.1%, P
< 0.001), and specificity (89.5% vs 82.5%, P = 0.039) of the non-expert endoscopists were all significantly
improved after using the CAD system, whereas the diagnostic performances of expert endoscopists did
not differ significantly between the two stages. After referring to the CAD system, the accuracy (88.2%
v5 93.2%, P < 0.001) and sensitivity (87.6% vs 92.3%, P = 0.013) of the non-experts were still significantly
lower than those of the experts, while the disparities were markedly decreased. The specificity (89.5% vs
94.7%, P = 0.124) was similar between experts and non-experts after referring to the CAD.

Inaccurately identified lesions

Under the prespecified definition, 23 (11.0%) lesions were inaccurately identified. Table 3 compares the
characteristics of lesions with accurate and inaccurate identifications. The proportion of type 0-IIb
lesions was significantly higher in inaccurately identified lesions (73.9% vs 51.1%, P = 0.038), and the
proportion of lesions limited to the LPM was higher in the inaccurate identification group, although not
significantly so (91.3% vs 77.4%, P = 0.123).
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Table 3 Characteristics of lesions that were inaccurately identified by the computer-assisted diagnosis system

Characteristics Accurate identification (n = 186) Inaccurate identification (n = 23) Pvalue
Lesion location, 1 (%) 1.000
Ce 2(1.1) 0(0)

Ut 13 (7.0) 2(8.7)

Mt 152 (81.7) 20 (87.0)

Lt 19 (10.2) 1(4.3)

Lesion size (cm), median (Q1, Q3) 2.0 (1.1-4.0) 3 (1.5-3.0) 0.476
Paris classification, n (%) 0.038
Type 0-IIb 95 (51.1) 17 (73.9)

Other non-flat types 91 (48.9) 6(26.1)

Circumference, 1 (%) 0.591
<1/4 107 (57.4) 10 (43.5)

1/4-1/2 54 (29.0) 9 (39.1)

1/2-3/4 16 (8.6) 2(8.7)

>3/4 9(4.8) 2(8.7)

Depth of invasion, n (%) 0.123
EP-LPM 144 (77.4) 21 (91.3)

MM and deeper 42 (22.6) 2(8.7)

Ce: Cervical esophagus; Ut: Upper thoracic esophagus; Mt: Middle thoracic esophagus; Lt: Lower thoracic esophagus; Q1: Lower quantile; Q3: Upper
quantile; EP-LPM: Epithelium or lamina propria; MM: Muscularis mucosa.
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Figure 2 Receiver operating characteristic curve for the computer-assisted diagnosis system in the testing dataset. CAD: Computer-assisted
diagnosis; AUC: Area under the curve; WLI: White light imaging; NBI: Narrow-band imaging.

DISCUSSION

Upper gastrointestinal endoscopy is critical for screening and early diagnosis of ESCC. However, the
subtle endoscopic appearance of most superficial ESCC types is challenging for early detection and
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Figure 3 Comparison of diagnostic performances between the computer-assisted diagnosis system and endoscopists for superficial
esophageal squamous cell carcinoma. A: Accuracy; B: Sensitivity; C: Specificity. 2P < 0.05; °P < 0.01. CAD: Computer-assisted diagnosis.
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Figure 4 The improvements in the diagnostic performance of endoscopists after referring to the results of computer-assisted diagnosis
system. A: Accuracy; B: Sensitivity; C: Specificity. CAD: Computer-assisted diagnosis.

relies greatly on the skills and experience of endoscopists. Herein, we developed and validated a novel
deep-learning-based CAD system for the detection of superficial ESCC in the WLI and NBI modes of
upper gastrointestinal endoscopy. The AUROC, accuracy, sensitivity, and specificity of the CAD system
were 0.982, 92.9%, 91.9%, and 94.7%, respectively. The diagnostic performance was significantly
superior to that of non-experts and comparable to that of expert endoscopists. After referring to the
results of the CAD system, the detectability of non-expert endoscopists significantly improved, and
disparities between experts and non-experts markedly decreased. This system may assist in improving
the detectability of superficial ESCC, particularly for inexperienced endoscopists and in undeveloped
areas with limited resources.

Horie et al[9] developed a deep learning-based CAD system for superficial ESCC, with a sensitivity of
98% and low PPV of 40%. Zhao et al[15] developed an Al-based model for magnifying NBI images for
automated classification of intrapapillary capillary loops, with a mean diagnostic accuracy of 89.6%. In a
recent study by Guo et al[16], the authors developed a CAD system for real-time automated diagnosis of
precancerous lesions and ESCC based on endoscopic video datasets, which achieved a per-lesion
sensitivity of 100%. A systematic review by Visaggi et al[13] reported that the AUROC, sensitivity, and
specificity of Al in diagnosing ESCC were 0.97, 0.95, and 0.92, respectively. However, few existing
systems can support WLI and NBI, both of which are indispensable to the diagnosis of superficial ESCC
under the same algorithm framework. We developed the current system under the updated YOLO v5
algorithm network supporting WLI and NBI, and achieved an AUROC, accuracy, sensitivity, and
specificity of 0.982, 92.9%, 91.9%, and 94.7%, respectively, which was comparable to the best per-
formance reported in previous studies. Esophageal endoscopic imaging is affected by factors such as
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esophageal peristalsis, contraction, and imaging quality. Therefore, to supplement data by mimicking
the above influencing factors, we added undistorted imaging correction enhancement based on the
original data enhancement method of YOLO v5.

Superficial ESCC is difficult to inspect under WLI; however, NBI may significantly improve detect-
ability with similar sensitivity and higher specificity than Lugol chromoendoscopy[6]. This may explain
the demonstrated decrease in the accuracy and sensitivity of the CAD system, without NBI. Cai et al[10]
reported on a deep neural network (DNN)-based system that utilizes WLI with high accuracy and
sensitivity, for early ESCC detection. They subsequently developed a CAD-NBI system and found that
its accuracy (94.3% vs 89.5%, P = 0.028) and specificity (96.7% vs 83.1%, P < 0.001) were significantly
better than those of the CAD-WLI system[12]. By using CAD-WLI and CAD-NBI, endoscopists can
significantly improve their diagnostic efficacy. Taken together, we recommend the combined
implementation of NBI with other image-enhancing techniques for the detection of superficial ESCC,
even under the CAD system.

To assess the clinical application value of the CAD system, endoscopists of varying experience
reviewed the entire testing dataset independently and after referring to the diagnostic results of the
CAD system. During the independent review, non-expert endoscopists showed significantly lower
accuracy, sensitivity, and specificity than the experts, which highlighted the difficulty of novices in
detecting superficial ESCC and disparities in detectability among endoscopists. The diagnostic
performance of the non-experts significantly improved after referring to the CAD system. This suggests
that the results of the CAD system provide useful references for non-expert endoscopists and facilitate
further inspection and evaluation of potentially malignant lesions. The improved diagnostic
performance of non-experts remained unequal to that of the CAD system, suggesting that endoscopists
had made independent decisions, rather than relying completely on CAD. Similar results were reported
in previous studies[10,12,17]. In the current study, although the performance of non-experts was still
inferior to that of the experts after referring to the CAD system, the disparity markedly decreased. This
suggests that the CAD system can homogenize the performance of endoscopists by overcoming the
differences among endoscopists with different experience levels. In clinical practice, the usefulness of
high-definition and imaging-enhanced endoscopy may be jeopardized by the inadequate number of
highly trained endoscopists. In contrast, the CAD system does not require additional training and has
instead been found to improve the performance of non-expert endoscopists by approximating the level
of expertise. Thus, the CAD system may be especially useful in resource-limited areas, to improve the
quality of endoscopic services and patient outcomes.

To our knowledge, this is the first study to analyze the characteristics of inaccurately identified
lesions. We defined cases of inaccurate identification based on the predicted confidence and accuracy of
the location frame. Endoscopists should be aware that flat-type and earlier-stage lesions limited to the
LPM may be associated with an increased risk of inaccurate identification. To avoid a missed diagnosis
of superficial ESCC, we recommend the use of Lugol’s staining or magnifying endoscopy for flat-type
lesions that are difficult to distinguish even under CAD.

In clinical practice, the CAD system automatically captures images as endoscopists inspect the
esophagus, once integrated into an endoscopy workstation. Additionally, images frozen by endosco-
pists were input into the CAD system for analysis and detection of potential lesions. The CAD system
then address potential malignant lesions with an indicator frame and a predicted quantitative level of
confidence. Lesions with a predicted confidence > 0.5 are strongly suggested for further evaluation and
endoscopic biopsy. Other lesions may also be further evaluated or biopsied based on endoscopists’
discretion. The diagnostic accuracy for ESCC is significantly improved after referring to the CAD
system, particularly for non-expert endoscopists. Moreover, an updated CAD system that can process
real-time videos or images with suboptimal quality is in development and may further facilitate clinical
practice. In future, both endoscopists and patients may benefit from the increasing application of Al in
endoscopy.

Our study had several limitations. First, the number of included endoscopists was relatively small,
and the representation might be inadequate. Second, only still and non-magnified images were
included; thus, the identification of videos and types of intrapapillary capillary loops could not be
achieved. Third, the numbers and angles of lesions in NBI and WLI images were not identical in the
testing dataset, and biases may exist in the comparison of diagnostic performance among the different
modes of the CAD system.

CONCLUSION

We developed and validated a deep-learning CAD system, for the endoscopic detection of superficial
ESCC, that achieved a high diagnostic accuracy comparable to that of expert endoscopists and could
significantly improve the detecting ability of non-expert endoscopists.
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ARTICLE HIGHLIGHTS

Research background

Esophageal squamous cell carcinoma (ESCC) is a leading cause of cancer-related morbidity and
mortality worldwide. Upper gastrointestinal endoscopy is critical for ESCC detection; however,
endoscopists require long-term training to avoid missing superficial lesions. Artificial intelligence (AI)
has been increasingly investigated to assist endoscopic diagnosis.

Research motivation

Al has shown promising results for endoscopic diagnosis of superficial ESCC. However, few Al-based
computer-assisted diagnosis (CAD) systems for ESCC that support white-light and narrow-band
imaging have been applied in clinical practice.

Research objectives
We aimed to develop a CAD system for endoscopic detection of superficial ESCC and investigate its
application value.

Research methods

We configured the CAD system for white-light and narrow-band imaging modes based on the YOLO v5
algorithm. A total of 4447 images from 837 patients and 1695 images from 323 patients were included in
the training and testing datasets, respectively. Two experts and two non-expert endoscopists reviewed
the testing dataset independently and with computer assistance. The diagnostic performance was
evaluated in terms of the area under the receiver operating characteristic curve, accuracy, sensitivity,
and specificity.

Research results

The area under the receiver operating characteristics curve, accuracy, sensitivity, and specificity of the
CAD system were 0.982 [95% confidence interval (CI): 0.969-0.994], 92.9% (95%CI: 89.5%-95.2%), 91.9%
(95%Cl: 87.4%-94.9%), and 94.7% (95%CI: 89.0%-97.6%), respectively. The accuracy of CAD was
significantly higher than that of non-expert endoscopists (78.3%, P < 0.001 compared with CAD) and
comparable to that of expert endoscopists (91.0%, P = 0.129 compared with CAD). After referring to the
CAD results, the accuracy of the non-expert endoscopists significantly improved (88.2% vs 78.3%, P <
0.001).

Research conclusions
The diagnostic performance of the CAD system is promising and may assist in improving detectability,
particularly for inexperienced endoscopists.

Research perspectives
An updated CAD system that can process real-time videos or images with suboptimal quality is in
development. Randomized controlled trials are warranted to investigate the clinical pragmaticality.
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Abstract

BACKGROUND
Hepatitis E virus (HEV) is an emerging virus of global health concern. The seroprevalence rates
differ greatly according to geographic region and population group.

AIM
To analyze the seroprevalence of HEV in exposed (animal-related professions) and nonexposed
populations, as well as solid organ and hematopoietic stem cell transplant patients.

METHODS

Forestry workers (n = 93), hunters (n = 74), and veterinarians (n = 151) represented the exposed
population. The general population (n = 126) and pregnant women (n = 118) constituted the
control group. Transplant patients included liver transplant recipients (LTRs) (n = 83), kidney
transplant recipients (KTRs) (n = 43), and hematopoietic stem cell transplant recipients (HSCRs) (n
= 39). HEV immunoglobulin G antibodies were detected using the enzyme-linked immunosorbent
assay and confirmed by the immunoblot test.

RESULTS

The HEV seroprevalence significantly differed between groups: Veterinarians 15.2%, hunters
14.9%, forestry workers 6.5%, general population 7.1%, and pregnant women 1.7%. In transplant
patients, the seropositivity was highest in LTRs (19.3%), while in KTRs and HSCRs, the
seroprevalence was similar to the general population (6.9% and 5.1%, respectively). A significant
increase in seropositivity with age was observed from 2.9% in individuals less than 30 years to
23.5% in those older than 60 years. Sociodemographic characteristics (sex, educational level, area
of residence, and number of household members), eating habits (game meat, offal, and pork
products consumption), and environmental and housing conditions (drinking water supply, type
of water drainage/sewer, waste disposal, domestic animals) were not associated with HEV
seropositivity. However, individuals who reported a pet ownership were more often seropositive
compared to those who did not have pet animals (12.5% vs 7.0%).

CONCLUSION

The results of this study showed that individuals in professional contact with animals and LTRs
are at higher risk for HEV infection. In addition, age is a significant risk factor for HEV seropos-
itivity.

Key Words: Hepatitis E virus; Seroprevalence; Veterinarians; Hunters; Forestry workers; Transplant patients;
Croatia

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatitis E virus (HEV) is an emerging viral pathogen of public health concern. We analyzed the
epidemiological characteristics of HEV infection in different groups in Croatia. The highest seropre-
valence was reported in professionally exposed individuals such as veterinarians, hunters, and liver
transplant recipients. Seropositivity was similar in the general population, forestry workers, kidney
transplant patients, and hematopoietic stem cell transplant patients. The lowest seroprevalence was
recorded in pregnant women. A significant increase in seroprevalence with age was observed. Pet
ownership was also associated with HEV seropositivity. Sex, environmental and housing conditions, and
eating habits were not associated with HEV seroprevalence.
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INTRODUCTION

Hepatitis E virus (HEV) is an emerging viral pathogen of global health concern. It is a nonenveloped
RNA virus, a member of the Hepeviridae family, genus Orthohepevirus[1]. Along with hepatitis B and
hepatitis C virus (1.5 million new infections per year for each virus)[2,3], HEV is a major cause of viral
hepatitis worldwide with approximately 20 million documented infections annually, over three million
symptomatic cases, and 60-70000 fatal outcomes[4]. East and South Asia account for more than 60% of
all reported cases[5]. There are eight known HEV genotypes. HEV-1 and HEV-2 are confined to humans
and mainly cause infections in developing countries of tropical and subtropical regions[4-6]. HEV-3 and
HEV-4 have been isolated from humans and different animal species (pigs, wild boars, deer, rabbits,
goats, cows), primarily causing sporadic, autochthonous human infections in the developed world[5,7].
HEV-5 and HEV-6 have been restricted to wild boars only, while genotypes 7 and 8 have been isolated
in dromedary and Bactrian camels[7,8]. In low-income countries, the main mode of HEV transmission is
the fecal-oral route (contaminated drinking water, poor hygiene), whereas in more industrialized
countries people are getting infected through zoonotic transmission (uncooked or undercooked animal
products, mainly infected meat, and milk)[6,7]. Pigs are the main HEV animal reservoir. Almost 13% of
domestic pigs and 9.5% of wild boars are actively infected by HEV with 10% of commercial pork
products being HEV-RNA-positive[9]. Several other foods have also been proposed as a potential source
of HEV infection in humans, e.g., shellfish, mussels, and oysters[6]. One study found that HEV
maintains infectivity for up to 21 d at 37 °C and up to 28 d at usual room temperature[8]. The virus can
also be transmitted through blood transfusion, intravenous drug use, solid organ transplantation (SOT),
hemodialysis, or maternal-fetal interaction[5,7]. In most cases, HEV presents as a self-limiting acute
illness with low mortality rates (1%-2%) in immunocompetent individuals. However, genotypes 3, 4,
and 7 may induce chronic infection and subsequent cirrhosis in immunocompromised patients,
especially in SOT recipients, and human immunodeficiency virus-positive individuals[4]. Pregnant
women are more susceptible to rapid disease progression such as fulminant hepatic and extrahepatic
manifestations and obstetric complications leading to high mortality rates (15%-25%) compared to the
non-pregnant population[4,5]. Professionally exposed individuals (e.g., forestry workers, veterinarians,
hunters, farmers) are also at increased risk of getting infected by HEV. Detected HEV seroprevalence
rates in professionally exposed workers differ greatly between countries: Forestry workers (2.2%-31.0%)
[10-13], hunters (3.81%-22.2%)[13-15], and veterinarians (10.2%-43.7%)[16,17]. In the transplant popula-
tion, HEV seroprevalence rates were reportedly between 6.0% and 29.6%[18].

The seroepidemiological studies have shown that HEV is widespread in Croatia with seroprevalence
rates ranging from 2.7% in healthcare professionals to 24.4% in liver transplant patients and up to 43.5%
in hemodialysis patients[19,20]. However, only preliminary data are available on the HEV seropre-
valence in animal-related professions. The aim of this study was to analyze the HEV epidemiology in
different professionally exposed (animal-related) and nonexposed population groups in Croatia.

MATERIALS AND METHODS
Study participants

From October 2016 to September 2017, serum samples collected from Croatian residents were tested for
the presence of HEV immunoglobulin G (IgG) antibodies. Samples were obtained from different
exposed and nonexposed population groups. Forestry workers, hunters, and veterinarians represented
the exposed population. The general population and pregnant women constituted the control group. In
addition, from January 2021 to December 2021, a total of 165 serum samples were collected from SOT
recipients [liver transplant recipients (LTRs) and kidney transplant recipients (KTRs)] and
hematopoietic stem cell transplant recipients (HSCRs). None of the participants showed symptoms of
acute hepatitis or reported a recent febrile disease. The distribution of study participants according to
the population group is presented in Table 1.

Methods

HEV IgG antibodies were detected using a commercial enzyme-linked immunosorbent assay (ELISA)
based on recombinant antigens of HEV genotypes 1 and 3 (anti-hepatitis E virus IgG ELISA;
Euroimmun, Liibeck, Germany). Reactive samples were tested for the presence of HEV IgM antibodies
(anti-hepatitis E virus IgM ELISA; Euroimmun). Additionally, ELISA IgG-positive samples were
confirmed by a commercial immunoblot (IB) assay using highly purified recombinant HEV antigens:
O2N genotype 1/3, O2C genotype 1/3, O2M genotype 1, O3 genotype 1/3 (HEV Recomline; Mikrogen,
Neuried, Germany). IB-positive samples were further retested using a second assay (Euroline anti-
hepatitis E virus IgG, Euroimmun, Liibeck, Germany) based on the recombinant HEV genotypes 1-4
antigens (ORF2). For the IB, the manufacturer states a diagnostic sensitivity of 96.6% and specificity of
97.1% (Mikrogen) and 100% (Euroimmun).
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Population n Median age, yr IQR, yr
Exposed group

Hunters 74 55 41-60
Veterinarians 151 46 36-55.5
Forestry workers 93 43 31-51
Non-exposed group

General population 126 48 33-62
Pregnant women 118 31.5 29-35
Transplant patients

Liver transplant recipients 83 60 49-65.5
Kidney transplant recipients 43 52.5 42-62
Hematopoietic stem cell recipients 39 55 51-64

IQR: Interquartile range.

Table 2 Hepatitis E virus immunoglobulin G prevalence in exposed and nonexposed populations

Population group Tested, n (%) HEV IgG, n (%) 95%ClI P value
Hunters 74 11 (14.9) 8.2-14.2 0.003
Veterinarians 151 23 (15.2) 10.2-21.6

Forestry workers 93 6 (6.5) 2.7-12.8

General population 126 9(7.1) 3.3-13.1

Pregnant women 118 2(1.7) 0.2-5.9

Liver transplant recipients 83 16 (19.3) 11.4-29.4

Kidney transplant recipients 43 3(6.9) 1.5-19.1

Hematopoietic stem cell recipients 39 2(5.1) 0.6-7.3

CI: Confidence interval; HEV: Hepatitis E virus; IgG: Immunoglobulin G.

WIG |
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To identify potential risk factors that may be associated with HEV infection, for animal-related
professions (exposed group) and nonexposed group, data on demographic characteristics and potential
risk factors (eating habits, environmental and housing conditions, traveling history, and blood
transfusion) were collected using a questionnaire. The modified Health-Environment-Life Style
questionnaire created by the Andrija Stampar School of Public Health, School of Medicine, University of
Zagreb was used in the study.

Statistical analysis

The HEV IgG prevalence is presented as a percentage with 95% confidence intervals (Cls). Differences
in categorical variables between HEV seropositive and seronegative participants were tested using the
Fisher’s exact or Fisher-Freeman-Halton test. Odds ratio (OR) and relative risk (RR) were also
calculated. Variables with statistical significance in a bivariate analysis were analyzed in multivariate
regression analysis (binary logistic regression). P < 0.05 was considered statistically significant.
Statistical analysis was performed using MedCalc® Statistical Software version 20.022 (MedCalc
Software Ltd., Ostend, Belgium; https:/ /www.medcalc.org; 2021).

RESULTS

HEV IgG antibodies were detected in 72/727 (9.9%; 95%Cl: 7.8-12.3) participants: 40/278 (12.6%; 95%CI:
9.3-16.6) in the exposed group, 11/244 (4.3%; 95%CI: 2.3-7.3) in the nonexposed group, and 12/165
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Table 3 Hepatitis E virus immunoglobulin G prevalence according to sociodemographic characteristics

Characteristic Subjects’, n HEV IgG, n (%) 95%Cl Pvalue
Sex 0.065
Male 238 29 (10.9) 7.6-15.0

Female 282 22(7.2) 4.7-10.6

Age group in yr <0.001
<30 99 3(29) 0.8-7.6

30-39 147 11 (7.0) 3.8-11.7

40-49 94 5(5.1) 2.0-10.7

50-59 90 11 (10.9) 5.9-18.1

60 + 62 19 (23.5) 15.3-33.5

Area of residence 0.144
Rural 151 16 (9.6) 5.8-14.7

Suburban 54 11 (16.9) 9.3-27.4

Urban 255 24 (8.6) 5.7-12.3

Number of household members 0.301
<3 258 22 (7.9) 5.1-11.4

>3 177 21 (10.6) 6.9-15.5

Educational level 0.467
Primary school 58 5(7.9) 3.1-16.5

High school 254 25 (9.0) 6.0-12.7

1Subjects who filled a questionnaire.
CI: Confidence interval; HEV: Hepatitis E virus; IgG: Immunoglobulin G.

(12.7%; 95%Cl: 8.1-18.8) in transplant patients. None of the participants were HEV IgM-positive. There
were significant differences in the IgG seroprevalence rates among population groups (Table 2). In
animal-related professions, the seropositivity was higher (14.9% in hunters and 15.2% in veterinarians)
than in pregnant women (1.7%) and the general population (7.1%). Seroprevalence in transplant
populations was highest in LTR (19.3%), followed by KTR (6.9%) and HSCR (5.1%).

A significant increase in seroprevalence was observed according to age. Participants in the age group
60 + years and 50-59 years showed higher seropositivity rates (23.5% and 10.9%, respectively) compared
to younger age groups (2.9%-7.0%). There was no difference in HEV seroprevalence according to sex,
area of residence, number of household members, and educational level (Table 3). HEV seropositivity
did not differ regarding to the frequency of game meat, offal, and pork products consumption.
However, there was a difference in the seroprevalence rates according to the frequency of shellfish
consumption (Table 4).

Analyzing the environmental and housing conditions of the study participants and HEV seropos-
itivity (Table 5), no significant difference was found according to drinking water supply, type of water
drainage/sewer, and waste disposal. However, participants who reported having pet animals had a
higher seroprevalence rate compared to those who did not have pet animals (12.5% vs 7.0%). Travel
history as well as previous blood transfusion, surgical procedure, and tattoo/piercing were not
associated with HEV seroprevalence (Table 6).

Risk analysis showed that animal-related professions and liver transplant patients were more likely to
be HEV seropositive than other tested groups: Hunters OR = 3.873, 95%CI: 1.605-9.341; RR = 3.445,
95%ClI: 1.556-7.628; veterinarians OR = 3.985, 95%CI: 1.883-8.435; RR = 3.531, 95%CI: 1.771-7.038; LTRs
OR =5.058, 95%CI: 2.240-11.420; RR = 4.276, 95%CI: 2.068-8.839 (Table 7).

DISCUSSION

The zoonotic risk of HEV transmission is well established, while exact transmission routes remain to be
determined. The HEV seroprevalence rates vary greatly according to geographical region and study
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Table 4 Hepatitis E virus immunoglobulin G prevalence according to eating habits

Eating habits Subjects’, n HEV IgG, n (%) 95%Cl P value
Shellfish consumption 0.004
Never 60 15 (25.0) 14.4-37.0

Rarely 374 32 (8.6) 6.0-11.7

Once a month 16 2 (12.5) 2.7-34.4

Every week 2 0 (0) 0-84.1%

Game meat consumption 0.104
Never 20 1(5.0) 0.5-21.1

Rarely 324 30 (9.3) 6.5-12.8

Once a month 89 14 (15.7) 9.3-24.3

Every week 19 4(21.1) 7.6-42.6

Offal consumption (liver) 0.070
Never 25 0(0) 0-13.7

Rarely 296 29 (9.8) 6.8-13.6

Once a month 120 18 (15.0) 9.5-22.2

Every week 11 2(18.2) 4-46.7

Pork products consumption 0.216
No 204 18 (8.8) 5.5-13.3

Yes 249 31 (12.4) 8.8-17.0

1Subjects who filled a questionnaire.
%One-sided 97.5% confidence interval.
CI: Confidence interval; HEV: Hepatitis E virus; IgG: Immunoglobulin G.

cohorts. The proposed transmission routes linked to professional exposures include frequent contact
with the zoonotic HEV reservoirs, such as pigs and other wildlife species (mainly wild boar)[12].
Forestry workers, hunters, and veterinarians represented risk populations in this study. The HEV
seroprevalence was significantly higher in the exposed population (12.6%) compared to the nonexposed
population (4.3%). In the exposed group, seroprevalence was similar in the veterinarians (15.2%) and
hunters (14.9%), while it was lower in the forestry workers (6.5%).

HEV seropositivity in forestry workers included in this study was similar to the seroprevalence in the
Croatian general population (7.1%). Seroepidemiological studies conducted among forestry workers in
Europe showed seropositivity of 31% in France (2002-2003)[11] and 18% in Germany (Brandenburg,
2008)[21]. In more recent studies, HEV antibodies were detected in 2.2% of forest rangers from western
Poland (Poznan, 2014)[10], 5% of forestry workers from eastern Poland (Lubelskie Voivodship, 2014-
2015)[13], and 14% of forestry workers in Italy (Trentino-Alto Adige Region, 2014-2015)[12]. Although
forestry workers have been identified as being at risk of HEV infection in several studies, the French
study revealed for the first time that woodcutters are at a particularly high risk of infection. Among
woodcutters, 37.2% were found to be seropositive compared to game and fishing keepers/rangers and
silviculturists (20.0% and 24.8% seropositive, respectively)[11]. Close contact with wild boar stools in the
forest environment could be an additional source of HEV infection in this risk population.

HEV seropositivity in the Croatian hunters included (14.9%) was two times higher than that in the
general population. Two studies conducted among Polish hunters from 2010 to 2012 showed a HEV
seropositivity of 25%[22] and 22.2%, respectively[14]. A similar seroprevalence rate (25%) was detected
in Italian hunters from the Latium Region tested during the hunting season[23] and German hunters
(21%) from Central Germany tested in 2013[15]. By contrast, only 4.2% of hunters from nine Estonian
counties were seropositive to HEV in 2013[24] as well as 3.81% of Polish hunters from the Lubelskie
Voivodship (eastern Poland) tested from 2014 to 2015[13].

In 2009, serum samples were collected from participants of the National Veterinary Congress in
Helsinki. Finnish veterinarians commonly have HEV antibodies with a seroprevalence of 10.2%. The
highest seroprevalence rate of 17.8% was unexpectedly detected in small animal practitioners[17]. A
study from Norway in 2013 found IgG seroprevalence of 14%. When stratifying by work experience,
HEV seroprevalence in Norwegian veterinarians working with swine was more than two times higher
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Table 5 Hepatitis E virus immunoglobulin G prevalence according to environmental and housing conditions

Characteristics Subjects’, n (%) HEV IgG, n (%) 95%Cl Pvalue
Drinking water supply 0.694
Public water supply 431 43 (10.0) 74-13.1

Private water well 70 7 (10.0) 4.6-18.6

Bottled water 4 0(0) 0-60.2°

Others 4 1(25.0) 2.8-71.6

Type of water drainage/sewer 0.781
Public sewer 320 33 (10.3) 7.3-14

Septic tank 185 18 (9.7) 6.1-14.6

Others 4 0(0) 0-60.2°

Waste disposal 1.000
Public 501 51 (10.2) 7.8-13.1

Burning 5 0(0) 0-52.2°

Slurry 2 0(0) 0-84.1

Having pet animals 0.039
Yes 265 33 (12.5) 8.9-16.8

No 243 17 (7.0) 4.3-10.7

Having domestic animals 0.629
Yes 140 16 (11.4) 7.0-17.5

No 348 35 (10.1) 7.2-13.5

Rodent control in the basement 0.670
Yes 264 28 (10.6) 7.3-147

No 243 23 (9.5) 6.3-13.6

Storing food in the basement 0.346
Yes 122 15 (12.3) 7.4-19.0

No 385 36 (9.4) 6.7-12.6

1Subjects who filled a questionnaire.
%One-sided 97.5% confidence interval.
CI: Confidence interval; HEV: Hepatitis E virus; IgG: Immunoglobulin G.

compared to those who did not work with swine (22% vs 9%)[25]. Chinese studies conducted from 2003
to 2017 demonstrated high IgG seropositivity in veterinarians ranging from 26.7%[16] to 43.7%[26]. In
addition, a high seroprevalence rate of 23% was notified in swine veterinarians in the United States[27].

By contrast, a Thai study found no association between HEV seroprevalence and frequent direct
occupational pig contact[28]. A very low HEV seropositivity (2.6%) was found in Estonian veterinarians.
All antibody-positive veterinarians worked in small animal clinics and some of them were cat or dog
owners[29]. The majority of veterinarians included in this study are small animal practitioners and
showed seropositivity to HEV of 15.2%. In some countries, significant regional differences in the HEV
seroprevalence were observed. In Polish hunters, seroprevalence varied from 10% to 42.4%[14].

A recent meta-analysis of 14626 transplant recipients showed that anti-HEV seroprevalence ranges
from 6%-29.6%[18]. This wide HEV seroprevalence range reflects the differences in viral circulation
within different geographical regions and the impact of assays used in the particular study. In our
transplant cohort, LTRs showed the highest seroprevalence rate of 19.3%, and in the risk analysis for
HEV IgG seropositivity exhibited the highest OR of 5.058 among tested groups. This supports the
hypothesis that HEV in combination with other factors may promote chronic inflammation and even be
a cofactor in hepatocellular carcinoma occurrence leading to liver transplant candidacy[30]. Chronicity
of HEV infection is of emerging relevance in transplant recipients; however, there are still conflicting
viewpoints on the overall anti-HEV seroprevalence and rate of chronic HEV infection in immunocom-
promised patients[31].
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Table 6 Hepatitis E virus immunoglobulin G prevalence according to other potential risk factors

Characteristics Subjects’, n HEV IgG, n (%) 95%Cl Pvalue
Traveling abroad 0.621
Yes 119 11 (9.2) 5-15.4

No 369 40 (10.8) 8-14.3

Blood transfusion 0.120
Yes 44 8 (18.2) 9-31.4

No 410 41 (10) 7.4-132

Surgical procedure 0.570
Yes 230 23 (10) 6.6-14.4

No 223 26 (11.7) 7.9-16.4

Tattoo and piercing 0.540
Yes 72 6 (8.3) 3.6-16.4

No 378 43 (11.4) 8.5-14.9

1Subjects who filled a questionnaire.

CI: Confidence interval; HEV: Hepatitis E virus; IgG: Immunoglobulin G.

Table 7 Risk analysis for hepatitis E virus inmunoglobulin G seropositivity

Population group OR 95%Cl P value RR 95%Cl P value
General population Ref Ref

Hunters 3.873 1.605-9.341 0.002 3.445 1.556-7.628 0.002
Veterinarians 3.985 1.883-8.435 <0.001 3.531 1.771-7.038 <0.001
Forestry workers 1.529 0.549-4.261 0.416 1.495 0.569-3.929 0.414
Liver transplant recipients 5.058 2.240-11.420 <0.001 4.276 2.068-8.839 <0.001
Kidney transplant recipients 1.588 0.424-5.946 0.491 1.547 0.450-5.320 0.488
Hematopoietic stem cell recipients 1.145 0.244-5.373 0.863 1.137 0.262-4.938 0.863

CI: Confidence interval; OR: Odds ratio; RR: Relative risk.
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Several studies have found sex variations in HEV seropositivity, with males having higher seropos-
itivity compared to women[14,32]. This study found no significant difference in the seropositivity
between men (10.9%) and women (7.2%). Similarly, a German study found no sex differences in the
HEV seropositivity[15]. An increase in HEV seroprevalence with age, which is likely to reflect
cumulative exposure to HEV over time was observed in many studies[11,12,14,27]. In this study, the
highest seropositivity (23.5%) was observed in the age group 60 + years compared to 2.9%-10.9% in
other age groups. By contrast, one German study conducted in forestry workers did not find a statist-
ically significant association between seropositivity and age[21]. Similarly, no association of HEV
seroprevalence with age was observed in Norwegian veterinarians[25].

Working with a septic tank was identified as a strong risk factor for HEV infection in the Netherlands
[33]. Additionally, using a stream or well as a source of water has been identified as a risk factor for
HEV infection in some countries[34]. Similar to a previous Croatian study[35], in this study, we found
no difference in the HEV seroprevalence regarding the type of drainage/sewer, type of water supply,
and waste disposal.

Eating habits were associated with HEV seropositivity in some studies. Eating internal pig organs
more than twice a week was linked to a higher seroprevalence of anti-HEV IgG in a rural community in
Thailand[28]. In France, the presence of anti-HEV IgG was associated with the consumption of pork
meat, pork liver sausages, game meat, offal, and oysters[36]. The association between HEV
seroprevalence and consumption of stewed offal was also confirmed among Polish hunters[12]. In Italy,
many seropositive individuals reported consumption of raw or undercooked food, particularly shellfish
(mussels) and unbottled drinking water[37]. This study found no association between offal consumption
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and HEV seropositivity. Although participants who reported eating pork liver every week showed a
higher seroprevalence rate (18.2%) compared to those who did not eat or ate pork liver rarely (0%-
15.0%), this difference was not significant. In addition, there was no difference in the seropositivity
regarding pork meat and game meat consumption. Similar to our results, a German study showed that
wild boar meat consumption was not associated with HEV seroprevalence. However, HEV RNA was
detected in muscle specimens from wild boar, suggesting this is a possible HEV transmission route[15].
Surprisingly, there was a significant difference in the seroprevalence regarding shellfish consumption in
our study, with the highest seroprevalence in participants who reported to never eat shellfish. However,
due to a very small number in the tested subgroups regarding the frequency of shellfish consumption,
this limitation should be considered when interpreting the results.

In this study, a pet ownership was associated with HEV seroprevalence with a seropositivity rate of
12.5% in individuals who reported having a cat/dog compared to 7.0% in those who did not have pet
animals. Animal ownership, including both domestic and pet animals, was not found to be a risk factor
for HEV infection in a Jordanian study[38]. The use of a self-reported questionnaire in the study is a
limitation that should be addressed. In addition, data on the risk factors in the transplant patients were
not available.

CONCLUSION

The results of this study showed that individuals in professional contact with animals are at higher risk
for HEV infection. Identification of people at risk for HEV infection is essential to implement preventive
measures and educate these groups about modes of HEV transmission and prevention. Since immuno-
compromised populations such as SOT are at risk of chronic hepatitis E, such individuals should be
counseled regarding the risk of HEV before and after transplantation.

ARTICLE HIGHLIGHTS

Research background
Hepatitis E virus (HEV) seroprevalence rates differ greatly according to the geographic region and
population group.

Research motivation
Only preliminary data are available on the HEV seroprevalence in some population groups in Croatia.

Research objectives
To determine the HEV seroprevalence in different populations (animal-related professions, transplant
patients, general population).

Research methods
HEV immunoglobulin G antibodies were detected using an enzyme-linked immunosorbent assay.
Initially, reactive samples were confirmed by immunoblot test.

Research results

Significant differences in HEV seropositivity were observed among the population groups: Veterin-
arians 15.2%, hunters 14.9%, forestry workers 6.5%, general population 7.1%, pregnant women 1.7%,
liver transplant recipients 19.3%, kidney transplant recipients 6.9%, and hematopoietic stem cell
recipients 5.1%. Older age was a significant risk factor for HEV seropositivity. In addition, pet
ownership was associated with HEV seroprevalence. Sociodemographic characteristics, eating habits,
and environmental and housing conditions were not associated with the HEV seropositivity.

Research conclusions
Professional contact with animals and older age are significant risk factors for HEV infection.

Research perspectives

Further studies on a large sample of exposed and nonexposed population are needed to determine the
HEV RNA prevalence/seroprevalence and clinical significance of HEV infection in the Croatian
population.
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Abstract

BACKGROUND

Gastric submucosal arterial collaterals (GSAC) secondary to splenic artery
occlusion is an extraordinary rare and potentially life-threatening cause of acute
upper gastrointestinal bleeding. Here, we report a case of massive bleeding from
GSAC successfully treated by means of a multidisciplinary minimally invasive
approach.

CASE SUMMARY

A 60-year-old non-cirrhotic gentleman with a history of arterial hypertension was
admitted due to hematemesis. Emergent esophagogastroduodenoscopy revealed
pulsating and tortuous varicose shaped submucosal vessels in the gastric fundus
along with a small erosion overlying one of the vessels. In order to characterize
the fundic lesion, pre-operative emergent computed tomography-angiography
was performed showing splenic artery thrombosis (SAT) and tortuous arterial
structures arising from the left gastric artery and the left gastroepiploic artery in
the gastric fundus. GSAC was successfully treated by means of a minimally inva-
sive step-up approach consisting in endoscopic clipping followed by transcatheter
arterial embolization (TAE).
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CONCLUSION

This was a previously unreported case of bleeding GSAC secondary to SAT successfully managed
by means of a multidisciplinary minimally invasive approach consisting in endoscopic clipping for
the luminal bleeding control followed by elective TAE for the definitive treatment.

Key Words: Upper gastrointestinal bleeding; Non variceal upper gastrointestinal bleeding; Acute upper
gastrointestinal bleeding; Gastric submucosal arterial collaterals; Splenic artery thrombosis; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Gastric submucosal arterial collaterals (GSAC) secondary to splenic artery occlusion is an
extremely rare cause of severe non variceal upper gastrointestinal bleeding. Herein, we describe a
previously unreported case of massive bleeding from GSAC secondary to splenic artery thrombosis
effectively treated by endoscopic mechanical hemostasis followed by endovascular embolization.
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INTRODUCTION

Acute upper gastrointestinal bleeding (UGIB) is a common gastroenterological emergency associated
with significant morbidity and mortality. Reported hospitalization rate is 61-78 cases per 100.000 adults
per year[1-3], whereas estimated overall mortality is around 10%[4,5]. Peptic ulcers are the most
common cause of acute UGIB, followed by oesophageal varices, Mallory-Weiss syndrome and
neoplasms[1,3,4]. Acute UGIB caused by gastric submucosal arterial collaterals (GSAC) secondary to
splenic artery occlusion (SAO) is extremely rare, with only few cases reported worldwide up to date.
Herein, we describe a previously unreported case of bleeding GSAC secondary to splenic artery
thrombosis (SAT) successfully treated by means of endoscopic mechanical hemostasis followed by
endovascular embolization.

CASE PRESENTATION

Chief complaints

A 60-year-old non-cirrhotic gentleman was admitted to our dedicated bleed unit for severe anemia
(hemoglobin 4.8 g/dL on admission) and recent onset of hematemesis and melena with unstable
hemodynamic parameters.

History of present illness
One attack of hematemesis and two episodes of melena occurred two and 24 h prior to the hospital
admission, respectively.

History of past illness
The patient had a history of arterial hypertension. He denied any history of, or risk factors for, liver
disease, pancreatitis, abdominal trauma and hypercoagulable states.

Personal and family history
The patient denied personal and family history.

Physical examination

At admission, the patient was hemodynamically unstable (pulse of 110 bpm, blood pressure of 100/50
mmHg). He was afebrile, with respiratory rate of 15 rpm and oxygen saturation of 98%. His physical
examination was negative for any evidence of portal hypertension or other stigmata of chronic liver
disease. Abdominal examination revealed non-distended, non-tender abdomen with normoactive bowel
sounds. The digital rectal examination showed black terry feces.
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Laboratory examinations
Complete blood count revealed a hemoglobin level of 4.8 g/dL and hematocrit of 14.6%. All other
laboratoristic exams, including coagulation, liver and renal function tests, were within normal values.

Imaging examinations

Following high-dose intravenous proton pump inhibitor administration, blood transfusion and
hemodynamic stabilization, emergent esophagogastroduodenoscopy (EGD) under monitored
anaesthesia care was performed. A moderate amount of fresh blood within the stomach was noted and
fully aspirated. The retroflexion maneuver revealed varicose shaped pulsating and tortuous submucosal
vessels in the gastric fundus without active bleeding. A small erosion overlying one of the vessels
consistent with an area of recent healed rupture was noted (Figure 1). Given the absence of clinical or
laboratory signs of portal hypertension, we decided to perform emergent computed tomography-
angiography (CTA) in order to further characterize the fundic lesion and to look for signs of portal
hypertension. SAT and tortuous arterial structures emerging from the left gastric artery (LGA) and the
left gastroepiploic artery (LGEA) in the gastric fundus were showed. No signs of active bleeding were
observed (Figure 2).

Further hospital course

Given the high-risk of massive early rebleeding due to the presence of a small erosion overlying one of
the GSAC vessels, we decided to attempt therapeutic EGD in order to provide definitive treatment in a
more stable non-emergent setting. The patient was informed that in case of luminal bleeding control
failure, emergent transcatheter arterial embolization (TAE) would be performed by the pre-alerted
interventional radiologist. Immediately after the first endoclip application downstream to the mucosal
erosion, spurting bleeding started. Hemostasis was achieved by means of two endoclips placement
upstream to the mucosal defect. Finally, two endoclips were further prophylactically positioned
(Figure 3 and Video 1).

MULTIDISCIPLINARY EXPERT CONSULTATION

No rebleeding was observed following the endoscopic treatment. However, the patient refused
splenectomy for definitive treatment. Therefore, after multidisciplinary evaluation, involving GI
endoscopist, surgeon, diagnostic and interventional radiologist, a minimally-invasive approach with
elective TAE was planned.

FINAL DIAGNOSIS
Non variceal acute UGIB from GSAC secondary to SAT.

TREATMENT

Operative angiography showed SAT with multiple collateral arteries arising from the LGA and the
LGEA and projecting in the gastric fundus (Figure 4). Selective TAE of the LGA collaterals with trisacryl
gelatin microspheres (Embospheres, Guerbet Biomedical, Louvres, France) was effectively realized.

OUTCOME AND FOLLOW-UP

Post-operative stay was complicated by splenic infarction, responsive to conservative treatment
(Figure 5). The patient underwent hematology consultation and thrombophilic disorders were excluded.
No rebleeding occurred. The patient was discharged with stable haemoglobin value (9.1 g/dL) on post-
operative day 18. No rebleeding was observed at 12-mo follow-up.

DISCUSSION

GSAC are an extraordinary rare cause of massive UGIB. They are not related to portal hypertension,
resulting from either occlusion or congenital absence of the SA. SAO may be congenital, idiopathic, or
secondary to various conditions such as surgery, endovascular procedure, trauma and extrinsic
compression. In the case of SAO, in order to provide splenic blood supply, extensive collaterals may
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Figure 1 Emergent esophagogastroduodenoscopy: Retroflexed view of the gastric fundus showing varicose-shaped submucosal vessels
with a small erosion (arrow).

o
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Figure 2 Emergent computed tomography angiography: Axial view. A: Arterial phase showing complete splenic artery thrombosis (arrow); B: Arterial
phase curved-multiplanar reconstruction showing splenic artery collateral vessels (yellow arrows) with an arterial cluster at the gastric fundus (arrowhead) arising from
the left gastric artery (black arrow) and the left gastroepiploic artery (red arrow).

.
DOI: 10.3748/wjg.v28.i37.5506 Copyright ©The Author(s) 2022.

Figure 3 Therapeutic esophagogastroduodenoscopy. A: Spurting active bleeding of the gastric submucosal arterial collaterals after first endoclip
application; B: Successful mechanical hemostasis achievement.

arise from adjacent proximal patent arteries, such as the pancreatic, left gastric, gastroepiploic, and short
gastric arteries and pass through the gastric wall[6]. Collateral supply may be clinically asymptomatic or
may less frequently present with massive UGIB from erosion of GSAC.

The differential diagnosis of GSAC includes mainly isolated gastric varices (IGV). Gastric vascular
lesions due to collaterization of an occluded splenic artery may have a very similar endoscopic
appearance to IGV and can be easily misinterpreted on EGD. However, they are, as opposed to GSAC,
due to cirrhotic portal hypertension or splenic vein obstruction resulting in left-sided portal hyper-
tension[7,8]. Therefore, an accurate differential diagnosis between these two entities is crucial. Indeed,
endoscopic cyanoacrylate glue injection (ECGI), currently recommended as the first-line treatment for
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Figure 4 Operative angiography showing a cluster of collateral arterial vessels emerging from the left gastric artery (red arrow) and the
left gastroepiploic artery (yellow arrow) projecting into the gastric fundus. It also shows previously placed endoclips on the submucosal collateral
arteries of the gastric fundus without active contrast extravasation (arrowhead).

DOI: 10.3748/wjg.v28.i37.5506 Copyright ©The Author(s) 2022.

Figure 5 Post-operative computed tomography angiography: Axial view showing collateral arteries of the gastric fundus treated by
endoscopic clipping plus microspheres embolization (red arrow) and splenic infarction (yellow arrow).
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bleeding IGV[Y], is associated with a significant risk of systemic embolization and life-threatening
adverse events in case of direct arterial injection of cyanoacrylate[10-12]. Finally, fatal arterial embolic
complications in hepatolienogastric blood supply have been reported during ECGI to a non-variceal
bleeding source[13-16]. A high level of diagnostic certainty is thus required before proceeding with
ECGL

We performed a comprehensive literature search of PubMed/MEDLINE and EMBASE electronic
databases up to March 2022, identifying 10 case reports of GSAC secondary to SAO (Table 1).

In 1984, Spriggs[17] first reported a case of severe UGIB due to GSAC secondary to SA congenital
absence[17]. The diagnosis was made by arteriography and the treatment consisted in splenectomy
followed by partial gastrectomy due to rebleeding. Later on, a similar case was reported, effectively
treated by means of splenectomy after ligation of the LGA[18].

In 2000, Baron et al[19] reported a case of bleeding GSAC secondary to post-traumatic SAO. It was
diagnosed by operative angiography and successfully treated by splenectomy and partial gastric
devascularization[19]. Subsequently, Worthley and colleagues described a case of UGIB secondary to
SAOQO due to previous SA aneurysmectomy. As previously reported, it was managed by angiography
followed by splenectomy with ligation of the splenic vein and artery together with the left gastric and
short gastric arteries[20].

In 2004, Cyrany et al[21,22] illustrated the first case of massive UGIB from GSAC secondary to SAT
successfully managed endoscopically. Of interest, pre-operative diagnosis was made by endoscopy
only, and treatment consisted in ECGI alone. No rebleeding was observed. However, post-procedural
stay was complicated by the occurrence of splenic infarction, treated conservatively[21,22].

Later on, the first case of bleeding GSAC successfully treated by endovascular embolization alone
was reported by Mnatzakanian et al[23] Pre-operative accurate diagnosis was made by CTA followed by

WJG | https://www.wjgnet.com 5510 October 7,2022 | Volume?28 | Issue37 |



Martino A et al. Gastric submucosal arterial collaterals

Table 1 Summary of case reports reporting acute upper gastrointestinal bleeding from gastric submucosal arterial collaterals

secondary to occlusion or congenital absence of the splenic artery

Follow-
Case Ref. Agelsex Presentation SAO etiology Diagnosis  Treatment Major AEs Outcome up
(months)
1 Spriggs[17], 31/M Hematemesis ~ SA congenital Angiography  Splenectomy + partial Severe Alive-no -
1984 absence gastrectomy (dueto  respiratory  rebleeding
rebleeding) distress
2 Durrans et al 13/M Hematemesis ~ SA congenital Angiography  LGA ligation + None Alive-no -
[18], 1985 absence splenectomy rebleeding
3 Baronetal[19], 36/M Hematemesis  Blunt abdominal =~ Angiography Splenectomy + partial None Alive-no 18
2000 trauma gastric devascular- rebleeding
ization
4 Worthley etal  68/F Melena Iatrogenic(SA Angiography  Splenectomy + None Alive-no -
[20], 2003 aneurysmectomy) ligation of SV and SA rebleeding
with LGA and SGA
5 Cyrany ef al 59/M Hematemesis ~ SAT CTA + ECGI Splenic Alive-no 9
[21], 2004 and melena angiography infarction  rebleeding
6 Mnatzakanian  66/M Melena - CTA + TAE (coils and None Alive-no -
et al[23], 2008 angiography  pledgets) rebleeding
7 von Trotha etal 69/M - SAT CTA + ECGI + endoscopic Splenic Alive-no 6
[26], 2011 angiography  clipping + infarction  rebleeding
+ EUS splenectomy and SGA
collaterals dissection
8 Saddeknietal  23/F Hematemesis  Iatrogenic (SA CTA + TAE (coils) None Alive-no 8
[24], 2012 and melena ligation) angiography rebleeding
9 Arslan et al 52/M Hematemesis ~ SAT CTA - - Death -
[27], 2017
10 Al-Balas et al 49/M Hematemesis ~ SAT CTA + TAE (coils) + None Alive-no 18
[25], 2021 angiography  splenectomy and rebleeding
bleeding gastric
vessel ligation (due to
rebleeding)
11 Our case 60/M Hematemesis ~ SAT CTA + Endoscopic clipping + Splenic Alive-no 12
and melena angiography  TAE (microspheres)  infarction rebleeding

SAO: Splenic artery occlusion; AEs: Adverse events; SA: Splenic artery; LGA: Left gastric artery; SGA: Short gastric arteries; SAT: Splenic artery
thrombosis; CTA: Computed tomography angiography; ECGI: Endoscopic cyanoacrylate glue injection; TAE: Transcatheter arterial embolization; EUS:
Endoscopic ultrasound.

angiogram, in order to rule out IGV. No procedure-related major adverse events were observed[23].
Few years later, another case successfully managed in a very similar manner was described[24].
Conversely, Al-Balas et al[25] recently reported a case of bleeding GSAC initially managed via TEA and
subsequently requiring emergency laparotomy with ligation of a bleeding gastric vessel and
splenectomy due to severe rebleeding occurrence[25].

In 2011, von Trotha et al[26] reported a case of bleeding GSAC secondary to idiopathic SAT. GSAC
was endoscopically misdiagnosed as type 1 IGV and ECGI with subsequent clipping was performed in
order to control active bleeding. Of note, the authors did not clarify the choice for endoscopic clipping
adoption in the setting of supposed IGV. Furthermore, as previously reported by Cyrany and
colleagues, ECGI was complicated by splenic infarction. A proper diagnosis was subsequently made by
CTA and conventional angiography. Interestingly, endoscopic color doppler ultrasonography was
adopted to secure the diagnosis and laparoscopic splenectomy was finally provided for the definitive
treatment[26].

Up to date, one case only of fatal UGIB due to GSAC has been reported. In this istance, urgent EGD
failed to identify the source of bleeding. CTA examination was then performed showing GSAC due to
SAT, in the absence of active bleeding. However, after diagnosis, no treatment was provided and death
due to recurrent bleeding occurred[27].

Our case is the first report in which bleeding GSAC was effectively treated with endoscopic
mechanical hemostasis alone for the luminal bleeding control and subsequent elective TAE for the
definitive treatment. Given the absence of active bleeding and portal hypertension signs or history,
emergent CTA was performed prior to endoscopic treatment in order to properly characterize the
gastric vascular lesion. Following endoscopic treatment neither adverse events nor rebleeding signs
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occurred. The patient refused splenectomy with or without partial gastrectomy for the definitive
treatment. Thus, following multidisciplinary evaluation, elective TAE was planned and effectively
realized. Post-operative stay was complicated by splenic ischemia, effectively treated by conservative
medical treatment. In our case, the presumed etiology of GSAC was idiopathic SAT. Given the
formation of an extensive collateral pathway preserving the splenic perfusion, complete SAO likely
occurred gradually.

CONCLUSION

Gastroenterologists should be aware of this potentially life-threatening, albeit extraordinary rare, source
of massive upper gastrointestinal hemorrhage, in order to allow proper management. In our opinion,
endoscopic mechanical hemostasis seems to be a safe and effective method for the luminal bleeding
control across referral centers. Conversely, we may not recommend ECGI adoption given the potential
occurrence of fatal adverse events due to arterial embolization. CTA appears to be the best modality for
a prompt differential diagnosis, and should be performed in all UGIB patients with endoscopic evidence
of gastric varicose shaped submucosal vessels and no signs or history of portal hypertension. For the
definitive treatment of bleeding GSAC, either a minimally invasive approach with TAE or a standard
approach with splenectomy may be provided, taking into account patient preference and status.
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