
World Journal of
Gastroenterology

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World J Gastroenterol  2024 January 14; 30(2): 115-198

Published by Baishideng Publishing Group Inc



WJG https://www.wjgnet.com I January 14, 2024 Volume 30 Issue 2

World Journal of 

GastroenterologyW J G
Contents Weekly Volume 30 Number 2 January 14, 2024

REVIEW

Small nucleolar RNA and its potential role in the oncogenesis and development of colorectal cancer115

Lan YZ, Wu Z, Chen WJ, Fang ZX, Yu XN, Wu HT, Liu J

MINIREVIEWS

Hepatocardiorenal syndrome in liver cirrhosis: Recognition of a new entity?128

Wu HHL, Rakisheva A, Ponnusamy A, Chinnadurai R

Esophageal intramural pseudodiverticulosis137

Shintaku M

ORIGINAL ARTICLE

Retrospective Cohort Study

Long-term prognosis and its associated predictive factors in patients with eosinophilic gastroenteritis146

Li KW, Ruan GC, Liu S, Xu TM, Ma Y, Zhou WX, Liu W, Zhao PY, Du ZR, Li J, Li JN

Retrospective Study

Association of tumor budding with clinicopathological features and prognostic value in stage III-IV 
colorectal cancer

158

Luo YH, Yan ZC, Liu JY, Li XY, Yang M, Fan J, Huang B, Ma CG, Chang XN, Nie X

Automatic detection of small bowel lesions with different bleeding risks based on deep learning models170

Zhang RY, Qiang PP, Cai LJ, Li T, Qin Y, Zhang Y, Zhao YQ, Wang JP

Observational Study

Success of susceptibility-guided eradication of Helicobacter pylori in a region with high secondary clarith-
romycin and levofloxacin resistance rates

184

Wang YM, Chen MY, Chen J, Zhang XH, Feng Y, Han YX, Li YL

LETTER TO THE EDITOR

Gastric cancer immunotherapy: A scientometric and clinical trial review196

Du QC, Wang XY, Yu H



WJG https://www.wjgnet.com II January 14, 2024 Volume 30 Issue 2

World Journal of Gastroenterology
Contents

Weekly Volume 30 Number 2 January 14, 2024

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology, Matjaž Homan, MD, PhD, Associate Professor, 
Department of Gastroenterology, Hepatology and Nutrition, University Children’s Hospital, Faculty of Medicine, 
University of Ljubljana, Ljubljana 1000, Slovenia. matjaz.homan@kclj.si

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJG, World J Gastroenterol) is to provide scholars and readers 
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical 
research articles and communicate their research findings online. WJG mainly publishes articles reporting research 
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics 
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal 
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now abstracted and indexed in Science Citation Index Expanded (SCIE), MEDLINE, PubMed, PubMed 
Central, Scopus, Reference Citation Analysis, China Science and Technology Journal Database, and Superstar 
Journals Database. The 2023 edition of Journal Citation Reports® cites the 2022 impact factor (IF) for WJG as 4.3; 
Quartile category: Q2. The WJG’s CiteScore for 2021 is 8.3.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Hua-Ge Yu; Production Department Director: Xiang Li; Editorial Office Director: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastroenterology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1007-9327 (print) ISSN 2219-2840 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

October 1, 1995 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Weekly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski https://www.wjgnet.com/bpg/gerinfo/208

EXECUTIVE ASSOCIATE EDITORS-IN-CHIEF POLICY OF CO-AUTHORS

Xian-Jun Yu (Pancreatic Oncology), Jian-Gao Fan (Chronic Liver Disease), Hou-
Bao Liu (Biliary Tract Disease)

https://www.wjgnet.com/bpg/GerInfo/310

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http://www.wjgnet.com/1007-9327/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

January 14, 2024 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2024 Baishideng Publishing Group Inc https://www.f6publishing.com

PUBLISHING PARTNER PUBLISHING PARTNER's OFFICIAL WEBSITE

Shanghai Pancreatic Cancer Institute and Pancreatic Cancer Institute, Fudan 
University 
Biliary Tract Disease Institute, Fudan University

https://www.shca.org.cn 
https://www.zs-hospital.sh.cn

© 2024 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/bpg/GerInfo/310
http://www.wjgnet.com/1007-9327/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
https://www.shca.org.cn
https://www.zs-hospital.sh.cn
mailto:office@baishideng.com
https://www.wjgnet.com


WJG https://www.wjgnet.com 115 January 14, 2024 Volume 30 Issue 2

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2024 January 14; 30(2): 115-127

DOI: 10.3748/wjg.v30.i2.115 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

REVIEW

Small nucleolar RNA and its potential role in the oncogenesis and 
development of colorectal cancer

Yang-Zheng Lan, Zheng Wu, Wen-Jia Chen, Ze-Xuan Fang, Xin-Ning Yu, Hua-Tao Wu, Jing Liu

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Teramoto-Matsubara 
OT, Mexico

Received: November 20, 2023 
Peer-review started: November 20, 
2023 
First decision: December 11, 2023 
Revised: December 21, 2023 
Accepted: December 28, 2023 
Article in press: December 28, 2023 
Published online: January 14, 2024

Yang-Zheng Lan, Zheng Wu, Wen-Jia Chen, Ze-Xuan Fang, Jing Liu, The Breast Center, Cancer 
Hospital of Shantou University Medical College, Shantou 515041, Guangdong Province, China

Xin-Ning Yu, Hua-Tao Wu, Department of General Surgery, The First Affiliated Hospital of 
Shantou University Medical College, Shantou 515041, Guangdong Province, China

Corresponding author: Jing Liu, MD, PhD, Academic Research, Associate Professor, Research 
Scientist, Senior Scientist, The Breast Center, Cancer Hospital of Shantou University Medical 
College, No. 22 Xinling Road, Shantou 515041, Guangdong Province, China.  
jliu12@stu.edu.cn

Abstract
Small nucleolar RNAs (snoRNAs) represent a class of non-coding RNAs that play 
pivotal roles in post-transcriptional RNA processing and modification, thereby 
contributing significantly to the maintenance of cellular functions related to 
protein synthesis. SnoRNAs have been discovered to possess the ability to 
influence cell fate and alter disease progression, holding immense potential in 
controlling human diseases. It is suggested that the dysregulation of snoRNAs in 
cancer exhibits differential expression across various cancer types, stages, 
metastasis, treatment response and/or prognosis in patients. On the other hand, 
colorectal cancer (CRC), a prevalent malignancy of the digestive system, is charac-
terized by high incidence and mortality rates, ranking as the third most common 
cancer type. Recent research indicates that snoRNA dysregulation is associated 
with CRC, as snoRNA expression significantly differs between normal and 
cancerous conditions. Consequently, assessing snoRNA expression level and 
function holds promise for the prognosis and diagnosis of CRC. Nevertheless, 
current comprehension of the potential roles of snoRNAs in CRC remains limited. 
This review offers a comprehensive survey of the aberrant regulation of snoRNAs 
in CRC, providing valuable insights into the discovery of novel biomarkers, 
therapeutic targets, and potential tools for the diagnosis and treatment of CRC 
and furnishing critical cues for advancing research into CRC and the judicious 
selection of therapeutic targets.
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Core Tip: Small nucleolar RNAs (snoRNAs) play vital roles in post-transcriptional RNA processing, influencing the cell fate 
and diverse disease progression. Dysregulated snoRNAs in various cancers, including colorectal cancer (CRC), show 
promise for improving prognosis and diagnosis. Despite this potential, understanding of snoRNAs’ roles in CRC remains 
limited, warranting further research into their precise functions.

Citation: Lan YZ, Wu Z, Chen WJ, Fang ZX, Yu XN, Wu HT, Liu J. Small nucleolar RNA and its potential role in the oncogenesis 
and development of colorectal cancer. World J Gastroenterol 2024; 30(2): 115-127
URL: https://www.wjgnet.com/1007-9327/full/v30/i2/115.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i2.115

INTRODUCTION
For many years, small nucleolar RNAs (snoRNAs) have been considered one of the prime examples of non-coding RNAs 
(ncRNAs). They are small RNA molecules, typically consisting of 60 to 300 nucleotides, primarily located within the 
nucleolus of the cell[1,2]. The discovery of snoRNAs traces back to the late 1960s when researchers identified a group of 
distinct low-molecular-weight RNAs in the nucleoplasm and nucleolus of HeLa cells, in length ranging from 100 to 180 
base pairs[3]. However, due to technological limitations of the time, the exact nature and precise locations of these small 
RNAs remained largely unknown. It wasn’t until 1976 that scientists first identified a unique RNA in the cell nucleus, 
later named snoRNA U3[4], sparking further investigations into snoRNAs.

With the continuous development and application of transcription inhibitors and dynamic labeling techniques, 
snoRNAs were gradually confirmed to be stable products transcribed by RNA Polymerase II. In the study of mammals, 
frogs, and other organisms, researchers progressively unveiled the structural features of snoRNA expression, particularly 
variations like U3, revealing their close association with ribosomal RNA (rRNA)[1,5,6]. Then novel strategies and techno-
logies for analyzing snoRNAs emerged from studies of mRNA splicing[7]. Since then, extensive research has illuminated 
snoRNA’s primary role in modifying rRNA, which is its pivotal function to guarantee the proper assembly and 
functioning of ribosomes, the cellular machinery responsible for protein synthesis. Moreover, snoRNAs play a 
fundamental role in upholding cellular functions related to protein synthesis by actively engaging in the post-transcrip-
tional processing and modification of various RNA molecules[8,9].

However, investigations into the potential roles of snoRNAs in cancer began with a study reporting significant 
downregulation of snoRNA in meningiomas when compared to normal brain tissue[10]. Recent research has also shown 
differential expression of snoRNAs in various cancers, such as breast cancer and non-small cell lung cancer (NSCLC), in 
clinical samples and cell lines, indicating their potential diagnostic and prognostic value[11,12]. These findings 
underscore the differential expression of snoRNAs in healthy and tumor tissues as well as body fluids, suggesting that 
snoRNAs might have a broader role as major gene regulatory factors at both the transcriptional and epigenetic levels[13]. 
Aberrant snoRNA expression has been identified as a hallmark of tumorigenesis, suggesting that these RNAs play a more 
complex and diverse role in cellular gene regulation[14,15]. Furthermore, changes in snoRNA function and expression 
levels have been linked to various diseases, particularly cancers[16], highlighting the active and expanding research field 
exploring the roles of snoRNAs in disease onset and progression.

Colorectal cancer (CRC) is a global health concern, has emerged as the leading cause of digestive system cancer-related 
deaths, ranking third in new cancer cases and cancer-related deaths, posing a significant threat to human health and 
quality of life[17,18]. Patients with early-stage CRC often lack noticeable symptoms, with unspecific manifestations such 
as constipation, diarrhea, rectal bleeding, abdominal pain, fatigue, and weight loss emerging as the disease progresses
[19]. Unfortunately, these symptoms typically become apparent only in advanced stages, contributing to a dismal 5-year 
survival rate of approximately 14% for late-stage CRC patients. Shockingly, around 25% of CRC patients present with 
metastasis at the time of diagnosis[20]. Furthermore, roughly 50% of treated patients eventually experience metastasis 
during their lifetime[21,22]. The high mortality rate among CRC patients can be attributed primarily to its significant 
heterogeneity and proclivity for metastasis. The inherent characteristic poses a significant challenge to early diagnosis 
and treatment, because patients with CRC can be effectively cured if detected and treated in its early stages. Hence, early 
detection significantly reduces the mortality associated with CRC[23].

Until now, numerous established diagnostic approaches have contributed to the early management of CRC, thus 
enhancing patient prognosis. These methodologies encompass screening procedures such as fecal occult blood tests, fecal 
immunochemical tests, and fecal DNA testing[24]. Additionally, colonoscopies permit the direct sampling of irregular 
tissues or polyps[25]. Furthermore, blood-based biomarkers, such as carcinoembryonic antigen (CEA) and circulating 
tumor DNA, have emerged as non-invasive CRC screening techniques, with limitations regarding sensitivity and 
specificity[26,27]. Additionally, fecal DNA testing lacks comprehensive validation. Furthermore, concerns of a practical 
nature arise, including the risks associated with invasive colonoscopies, substantial financial outlays, and the need for 
skilled endoscopists, as well as patient compliance[28]. Hence, the development of innovative and efficient CRC 
diagnostic biomarkers holds paramount importance in facilitating early detection and mitigating CRC-related mortality. 
Researchers have identified leukocyte immunoglobulin-like receptor B2 (LILRB2) protein as a distinctive marker of CRC 
regarding diagnosis and therapeutics, facilitating early screening and precision treatment[29]. It is also shown that the 
combined assessment of the methylation status of SEPT9, SDC2, and ALX4 in plasma has the potential to enhance the 
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sensitivity of CRC detection[30]. Recent research has shed light on the significant association between snoRNA and CRC, 
delving into the potential role of snoRNAs in the onset and progression of CRC[31]. Aberrant expression or function of 
snoRNAs may be associated with the development and progression of CRC, which provides new clues for further 
research into the pathogenesis and treatment of CRC[2,32]. This article purposed to review the role and mechanisms of 
snoRNAs in the progression of CRC and explore their clinical applications in the diagnosis and prognosis of CRC.

DESCRIPTON OF SNORNA
Basic structure and biological function of snoRNA
SnoRNAs are a class of small ncRNAs with lengths ranging from 60 to 300 nucleotides, primarily named due to their 
localization within the nucleolus and typically playing a crucial role in the modification, maturation, and stability of 
rRNA by forming complexes with small nucleolar ribonucleoproteins (snoRNPs)[1,7]. Similar to other ncRNAs, snoRNAs 
lack translation functionality, but what sets them apart is their specific nucleotide sequences and spatial structures[33]. 
Based on distinct nucleotide motifs and secondary structures, snoRNAs are primarily categorized into C/D box snoRNAs 
and H/ACA box snoRNAs[34,35]. C/D box snoRNAs guide the 2’-O-methylation of specific nucleotides in the target 
RNA molecule by binding with four core proteins, namely nucleolar protein 56 (NOP56), NOP58, small nuclear ribonuc-
leoprotein 13 (SNU13), and a methyltransferase fibrillarin (FBL)[36,37], while H/ACA box snoRNAs associated with 
conserved proteins glycine arginine-rich protein 1 (GAR1), non-histone chromosome protein 2 (NHP2), NOP10, and 
dyskeratosis congenita 1 (DKC1) guide the conversion of specific uridine nucleotides to pseudouridine[38].

C/D box snoRNAs (SNORDs) are typically 60 nt to 90 nt long and consist of two concise sequence elements, the C box 
(5’RUGAUGA3’) situated at the 5’ end and the D box (5’CUGA3’) located at the 3’ end. They contain internal structures 
similar to the C and D boxes, referred to as box C’ and box D’, respectively, with 4-6 nucleotides of reverse comple-
mentary sequences at both ends, forming a single hairpin structure[39]. SNORDs act as recognition sites for specific 
proteins such as NOP56, NOP58, SNU13, and FBL. When these proteins directly bind to SNORDs, they form a scaffold-
like structure, enabling interactions with other proteins to execute various biological functions[40]. SNORDs are crucial 
for maintaining the structural stability of snoRNAs and their localization within the nucleolus, involving in the splicing 
and processing of rRNA precursors[41]. Most SNORDs contain an upstream segment of more than 21 nucleotides in the 
C/D box region, referred to as antisense snoRNA[42]. This segment has the ability to bind to target RNA through comple-
mentary base pairing. Antisense snoRNAs act as guide RNAs, directing the methylation of specific 2’-O-hydroxyl 
positions on target molecules, thereby facilitating 2’-O ribose methylation modifications at specific sites on rRNA[43].

H/ACA box snoRNAs (SNORAs) range from 120 nt to 140 nt and exhibit a typical secondary structure known as the 
“hairpin-hinge-hairpin-tail” structure. The hinge region consists of a single-stranded nucleic acid segment that acts as a 
bridge connecting two hairpin structures and both the hinge and tail regions contain conserved sequence elements 
known as the H box (5’ANANNA3’) and ACA box, respectively, with the ACA box usually located at the third 
nucleotides upstream from the 3’ end[44,45]. Due to the presence of the H box and ACA box, SNORAs can form a double-
hairpin structure, and within the pseudouridine pockets of these hairpins, there exists antisense snoRNA that binds to 
specific sites on target molecules[46]. When antisense snoRNA associates with core proteins, such as GAR1, NHP2, 
NOP10, and DKC1, it forms a homologous snoRNP complex, guiding the pseudouridylation modification of target RNA
[47]. In essence, the majority of SNORAs guide the pseudouridylation modification of specific sites within eukaryotic 
rRNA and snRNA, converting uridine into pseudouridine[48]. It is revealed that mammalian SNORAs share a similar H/
ACA motif with human telomerase RNA, suggesting that H/ACA-like structural domains may be associated with cell 
proliferation[49,50].

Additionally, small Cajal body-associated RNAs (scaRNAs) are more variable in length, representing a specific subset 
of snoRNAs[51]. ScaRNAs play critical roles within the Cajal bodies, small membraneless subcompartments in the cell 
nucleus, and are involved in regulating the modification of snRNAs and post-transcriptional regulation of RNA. 
Structurally, scaRNAs are similar to snoRNAs, and some scaRNAs contain both C/D box and H/ACA box sequences
[52]. Moreover, it has been identified a connection between dysregulated scaRNAs and the progression of certain cancers, 
including CRC. Notably, SCARNA12[53], SCARNA15[54], and SCARNA22[31] have been observed to have increased 
expression levels in CRC cell lines and clinical CRC tissue samples. However, there remains a limited understanding of 
their specific biological functions and the underlying molecular mechanisms within the context of CRC.

SnoRNAs participate in various biological processes, including the processing of rRNA[55], regulation of RNA splicing 
and translation[56], as well as responses to oxidative stress[57]. In essence, these post-transcriptional modifications are 
crucial for the production of efficient and accurate ribosomes, to maintain the intricate cellular functions associated with 
protein synthesis[58]. Over the past two decades, the understanding of the cellular functions of snoRNAs has significantly 
expanded, including the production of other regulatory RNAs involved in the regulation of gene expression (e.g., the 
production of piRNAs[59], the production of miRNAs by shearing of snoRNAs[60,61]), the modulation of mRNA 
abundance[62], and the regulation of translational efficiency[63]. There have been reports of orphan snoRNAs, but their 
functions and target actions remain unclear[64]. Therefore, traditional snoRNA classifications may not comprehensively 
encompass all the functions of snoRNAs (Figure 1).

Pathological importance of snoRNA
In normal physiological processes, snoRNAs stably exist by forming snoRNPs through interactions with specific proteins, 
and they subsequently participate in 2’-O-methylation or pseudouridylation of rRNA[35]. With the completion of the 
human genome sequencing and the advancement of high-throughput sequencing in the early 21st century, coupled with 
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Figure 1 Biosynthesis of small nucleolar RNAs. snoRNA: Small nucleolar RNA; snoRNP: Small nucleolar ribonucleoprotein; rRNA: Ribosomal RNA.

the deepening research in nucleic acids and proteomics, an increasing number of snoRNAs associated with diseases have 
been discovered. Currently, the focus of research is to gain a deeper understanding of the functions of snoRNAs under 
both normal and pathological conditions[65].

The first report of snoRNAs’ role in human diseases came with Prader-Willi syndrome, suggesting that snoRNA may 
have an important role in human diseases[66,67]. Subsequently, abnormal snoRNA expression has been reported in 
various human diseases, including congenital heart defects[68], neurodegenerative disorders[69], and cancers[70]. 
Researchers have observed a significant and pronounced alteration in the expression of snoRNAs in myocardial tissue 
affected by Tetralogy of Fallot, compared to healthy control myocardium, suggesting that snoRNA dysregulation might 
have an impact on development[68]. In mammals, especially in humans, approximately 90% of snoRNAs are encoded 
within introns, often associated with genes related to ribosome biogenesis[71]. This co-localization implies a coordinated 
expression designed to facilitate their collaborative functions.

Furthermore, it is revealed that SNORD113-1 suppresses the development of hepatocellular carcinoma (HCC). 
Compared to adjacent non-cancerous tissue, the expression of SNORD113-1 is significantly downregulated in HCC. 
Moreover, the decreased SNORD113-1 level is notably associated with adverse patient survival outcomes, indicating that 
SNORD113-1 plays an anti-cancer role in HCC as a potential diagnostic and therapeutic target for this condition[72]. 
Additionally, functionally aberrant snoRNAs may play a role in the onset and progression of malignant tumors in 
humans. For instance, SNORA42 has been shown to act as an oncogene in lung tumorigenesis[73]. Furthermore, 
snoRNAs (SNORD15A, SNORD15B, SNORD22, SNORD17, and SNORD87) and snoRNPs are frequently overexpressed 
in both mouse and human breast cancer and prostate cancer, demonstrating their association with tumorigenicity and 
highlighting the significant role of snoRNAs in regulating cancer biology[74].

As snoRNAs can be detected in both plasma and serum reliably, their levels in blood indicate various disease states 
and correlate with clinical pathological features, highlighting their applicability as potential disease biomarkers[31]. For 
instance, the expression level of SNORD33 in plasma was found to be correlated with the effectiveness of platinum-based 
drugs in patients with metastatic triple-negative breast cancer (TNBC), indicating that SNORD33’s expression holds 
promise as a potential biomarker for predicting the efficacy of platinum drugs in TNBC patients[75]. Furthermore, the 
elevated expression of SNORD52 in HCC is closely associated with poor clinical prognosis, which promotes HCC 
development by upregulating CDK1, thus enhancing the stability of the CDK1 protein, indicating that targeting the 
Upf1/SNORD52/CDK1 pathway has therapeutic potential for HCC treatment[76]. In addition, SNORA38B exhibits high 
expression in NSCLC tissues and cell lines, correlating with unfavorable prognosis. SNORA38B acts as an oncogene in 
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NSCLC, in part, by directly binding to E2F1 and regulating the GAB2/AKT/mTOR pathway[77].
To sum up, in the process of tumorigenesis, ribosomes, which serve as molecular factories for protein biosynthesis, are 

typically highly activated to meet the heightened raw material demands of proliferating cancer cells. SnoRNAs play the 
critical role in the maturation of ribosomes[5,6]. Consequently, alterations in snoRNA expression may have an extensive 
impact on the mechanisms of cancer development and pathological processes. However, current reports are primarily 
centered around snoRNA screening and validating their associations with diseases, with an incomplete understanding of 
their mechanisms, especially their roles in cellular signal transduction pathways.

PROGRESS OF SNORNA IN CRC
CRC is one of the most prevalent cancers in humans[19]. Currently, advances in cancer prevention, early detection, and 
treatment have led to a decrease in mortality rates associated with CRC. However, the 5-year survival rate for this disease 
still remains relatively low[78]. Despite the utilization of advanced therapeutic approaches including surgical resection, 
chemotherapy, and radiotherapy, there hasn’t been a notable improvement in the mortality rate of CRC patients, due to 
the resemblance of early-stage CRC to non-malignant intestinal conditions, a scarcity of distinctive symptoms, and the 
consequent delayed diagnoses[79]. Consequently, the absence of efficacious molecular biomarkers for early detection 
remains a substantial challenge in addressing CRC. Increasing evidence suggests that snoRNAs serve as key regulators of 
gene expression and RNA modification[58]. Defects in the functions of these molecules have become markers of tumori-
genesis and cancer development[74]. Differential expression of snoRNAs in CRC may hold diagnostic and prognostic 
value[80,81]. Therefore, a comprehensive understanding of the mechanisms by which aberrant snoRNAs contribute to the 
development of CRC is imperative and the involvement of snoRNAs in the progression of CRC is gaining importance as a 
reliable molecular biomarker (Table 1). It has the potential to greatly enhance early clinical diagnosis and improve 
prognosis for CRC patients.

H/ACA box snoRNAs
SNORA21: SNORA21 is a type of H/ACA box snoRNA with a length of 132 nt and its host gene is RPL23. Next-
generation sequencing results have suggested that SNORA21 could be a potential early detection and prognostic 
biomarker for NSCLC[93]. Whereafter, Yoshida et al[84] observed an upregulation in the expression levels of SNORA21 in 
both colorectal adenomas and CRC through a series of in vitro and in vivo experiments. Using CRISPR/Cas9-mediated 
manipulation of SNORA21 expression, they demonstrated its regulatory influence on multiple cancer-associated 
pathways, resulting in reduced cell proliferation and diminished invasion and migration capabilities. In summary, this 
substantiates the oncogenic function of SNORA21 in CRC, wherein it modulates the cell cycle, consequently inducing 
alterations in cell proliferation and tumor invasion. Furthermore, SNORA21 has demonstrated the capacity to stimulate 
the proliferation of CRC cells by influencing pivotal cancer-related pathways, including the Hippo and Wnt signaling 
pathways, and heightened levels of SNORA21 have exhibited a correlation with distant metastasis in the context of CRC. 
These findings underscore the pivotal role that snoRNAs may play in cancer biology and suggest SNORA21 as a potential 
target for CRC therapy[84].

SNORA24: SNORA24, a type of H/ACA box snoRNA, exhibits a length of 131 nt and originates from the host gene 
SNHG8. It is shown that SNORA24 is downregulated in HCC, and may be a tumor suppressor gene[94]. However, 
research indicates that SNORA24 is markedly upregulated in various cancers, including CRC. Overexpression of 
SNORA24 promotes cell proliferation and the growth of xenograft tumors by regulating the cell cycle process, partic-
ularly by facilitating the G1/S phase transition. Additionally, silencing SNORA24 induces substantial apoptosis within 
cells and modulates the stability of p53 protein through the proteasome degradation pathway[95]. These findings 
elucidate the mechanism by which SNORA24 exerts its oncogenic influence in CRC, in a p53-dependent manner, 
underscoring its potential utility as a biomarker and therapeutic target for patients with CRC[85].

SNORA42: SNORA42 belongs to the H/ACA box snoRNA, with a length of 134 nt, and its locus is TTC6. Research 
indicates that SNORA42 is highly expressed in NSCLC tissues and has been experimentally verified for its oncogenic 
function[73]. Soon, the study from another group suggests that SNORA24 may function as an oncogene in CRC, as its 
overexpression leads to enhanced cell proliferation, migration, invasion, anoikis resistance, as well as tumorigenicity. 
Notably, heightened SNORA42 expression levels have been linked to distant metastasis and unfavorable prognosis in 
individuals afflicted with CRC. Furthermore, available data indicates that the expression of SNORA42 can be used to 
identify high-risk patients with stage II CRC. Consequently, utilizing SNORA42 expression as a molecular biomarker 
holds promise in identifying high-risk CRC patients, particularly those with stage II CRC, for postoperative adjuvant 
therapy to improve prognosis[31].

SNORA71A: SNORA71A is a H/ACA box snoRNA with a total length of 134 nt, located at the genomic locus 
AL080249.26, and its host gene is SNHG17. The transcription of SNORA71A appears to be synchronized with that of 
SNHG17. It has been reported that SNHG17 exhibits upregulation in CRC tissues, implying a potential upregulation of 
SNORA71A in CRC as well[96]. Researchers conducted a comprehensive analysis of snoRNA expression profiles in CRC 
utilizing small RNA sequencing technology. The investigation revealed a substantial upregulation of SNORA71A in CRC 
tissues and cells. Furthermore, SNORA71A expression displayed a significant correlation with TNM staging and lymph 
node metastasis. It demonstrates both high sensitivity and specificity, making it a promising candidate as a biomarker for 
CRC. SNORA71A seems to play a role within the NF-κB signaling pathway and Toll-like receptor signaling pathway in 
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Table 1 Functions of small nucleolar RNAs in colorectal cancers

snoRNA Type Modification 
site

Length 
(nt)

Host 
gene Expression Mechanism Potential functions Ref.

SNORA5C H/ACA 18S:U1238; 
18S:U1625

137 TBRG4 Up-
regulation

Unknown Promote proliferation, and colony 
formation

[82]

SNORA15 H/ACA 18S:U1367 133 CCT6A Up-
regulation

Unknown Exert the oncogenic effect [83]

SNORA21 H/ACA 28S:U4401; 
28S:U4270

132 RPL23 Up-
regulation

Hippo signaling pathway, 
and Wnt signaling

Promote cell proliferation, and 
enhances tumor invasiveness

[84]

SNORA23 H/ACA 28S:U3737; 
28S:U4331

189 IPO7 Up-
regulation

Unknown Unproved [54]

SNORA24 H/ACA 18S:U863; 
18S:U609

131 SNHG8 Up-
regulation

P53 Promote G1/S phase transition, and 
cell proliferation

[54,
85]

SNORA41 H/ACA 18S:U1643 132 EEF1B2 Up-
regulation

Unknown Exert the oncogenic effect [83]

SNORA42 H/ACA 18S:U572; 
18S:U109

134 TTC6 Up-
regulation

Unknown Enhance cell proliferation, 
migration, invasion, anoikis 
resistance, and tumorigenicity

[31]

SNORA71A H/ACA 18S:U406 138 SNHG17 Up-
regulation

LBP, NF-kappaB, Toll-like 
receptor

Promote cell proliferation, 
migration and invasion

[54]

SNORD1C C/D 28S:G4362 78 SNHG16 Up-
regulation

Wnt/β-catenin pathway Promote cell proliferation, 
migration, invasion and enhance 
cancer cell stemness

[86,
87]

SNORD12B C/D 28S:G3878 91 ZFAS1 Up-
regulation

Unknown Promote tumorigenesis, prolif-
eration, and metastasis

[88]

SNORD12C C/D 28S:G3878 89 ZFAS1 Up-
regulation

ZFAS1-NOP58-
SNORD12C/78-
EIF4A3/LAMC2

Promote cell proliferation [13,
89]

SNORD14E C/D Unknown 85 HSPA8 Up-
regulation

Unknown Unproved [89]

SNORD15B C/D 28S:A3764 146 RPS3 Up-
regulation

Unknown Promote proliferation, and colony 
formation

[82]

SNORD17 C/D 28S:U3797 237 SNX5 Up-
regulation

Unknown Unproved [89]

SNORD33 C/D 18S:U1326 83 RPL13A Down-
regulation

Unknown Suppress cell anchorage [83]

SNORD44 C/D 18S:A166 63 GAS5 Down-
regulation

Caspase dependent 
pathway, PI3K/Akt

Inhibit tumor growth, and induce 
apoptosis

[90]

SNORD48 C/D 28S:C2279 64 SNHG32 Up-
regulation

Unknown Unproved [82]

SNORD50A C/D 28S:C2848; 
28S:G2863

75 SNHG5 Down-
regulation

Methylation of 28S rRNA 
gene, k-Ras

Promote tumor growth [91]

SNORD50B C/D Unknown 70 SNHG5 Down-
regulation

Methylation of 28S rRNA 
gene, k-Ras

Promote tumor growth [91]

SNORD57 C/D 18S:A99 72 NOP56 Up-
regulation

Unknown Unproved [92]

SNORD67 C/D U6:C60 111 CKAP5 Up-
regulation

Unknown Unproved [89]

SNORD76 C/D 28S:A2350 80 GAS5 Up-
regulation

Unknown Unproved [31]

SNORD78 C/D 28S:G4593 65 GAS5 Up-
regulation

ZFAS1-NOP58-
SNORD12C/78-
EIF4A3/LAMC2

Promote cell proliferation [13,
31]

SNORD126 C/D Unknown 77 CCNB1IP1 Up-
regulation

PI3K/Akt Promote cell growth [65]

SCARNA12 scaRNA U5:U46 270 PHB2 Up-
regulation

PI3K/Akt Promote proliferation and tumori-
genicity

[53]
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SCARNA15 scaRNA U2:U37 127 SNHG21 Up-
regulation

Unknown Unproved [54]

SCARNA22 scaRNA Unknown 125 NSD2 Up-
regulation

Unknown Unproved [31]

snoRNA: Small nucleolar RNA; scaRNA: Small Cajal body-associated RNAs; SNORDs: C/D box snoRNAs.

CRC, suggesting its involvement in the initiation and progression of CRC. And SNORA71A may be necessary for 
effective proliferation, migration, and invasion of CRC cells, as the results show that cell proliferation, migration, and 
invasion are significantly inhibited when SNORA71A is knocked down. These findings indicate the potential crucial role 
of SNORA71A in the malignant transformation, progression, or metastasis of CRC[54].

Other H/ACA box snoRNAs: In addition to the H/ACA box snoRNAs discussed above, there are several other H/ACA 
box snoRNAs that are closely associated with CRC. For instance, SNORA5C has been linked to promoting the prolif-
erative potential of CRC cells[82], while SNORA15 and SNORA41 have been implicated in the potential oncogenic effects 
in CRC[83]. Besides SNOR71A, Zhang et al[54] also reported the high abundance of SNORA23 related to CRC, without 
function evaluation. However, the specific molecular mechanisms and biological functions of these snoRNAs require 
further investigation.

C/D box snoRNAs
SNORD1C: SNORD1C is a C/D box snoRNA with a length of 78 nt, and its host gene is SNHG16. It is well-known that 
ALDH1+ tumor cells are typically characterized by heightened proliferation rates, enhanced self-renewal capabilities, and 
an increased potential for tumor formation in vivo, factors closely linked to cancer recurrence. Mannoor et al[97] found 
that SNORD1C exhibits elevated levels in ALDH1+ NSCLC cells in comparison to ALDH1- NSCLC cells, indicating the 
driving role of SNORD1C in NSCLC[97,98]. However, the precise role of SNORD1C in CRC remains a subject of ongoing 
investigation. Researchers have observed significant upregulation of SNORD1C in the serum of CRC patients, and this 
upregulation is associated with low tissue differentiation and high CEA expression. Therefore, the elevated expression of 
SNORD1C is closely linked to poor outcomes and prognosis in CRC patients[86]. Furthermore, subsequent studies found 
that knocking down SNORD1C in CRC cell lines led to reduced cell proliferation, colony formation, migration, and 
invasion, as well as promoting apoptosis. Besides, SNORD1C has been proved to augment cancer cell stemness within the 
context of CRC, acting through the Wnt/β-catenin pathway. In summary, the suppression of SNORD1C is shown to 
reduce Wnt/β-catenin pathway expression. These alterations collectively lead to reduced resistance to chemotherapy, 
ultimately hampering the progression of CRC, which strongly suggests the clinical potential of targeting this specific 
snoRNA in the treatment of CRC[87].

SNORD12B: SNORD12B is a type of C/D box snoRNA with a length of 91nt and it is hosted by the gene ZFAS1. To 
explore factors associated with tumor progression and metastasis, Xu et al[88] examined the role of noncoding RNAs in 
CRC and discovered 32 differentially expressed snoRNAs in metastatic and late-stage CRC tissues, with SNORD12B 
exhibiting significant upregulation compared to normal samples. Through correlation analysis, they found a significant 
correlation between SNORD12B and the expression of miRNAs and mRNAs, suggesting its potential role in regulating 
the expression of other RNAs. Interestingly, the upregulation of SNORD12B was positively associated with hypoxia, 
tumor metastasis, and upregulated genes in the pentose phosphate pathway, while it was negatively correlated with the 
expression of tumor suppressor genes. These findings imply that SNORD12B may be involved in diverse aspects related 
to the tumor occurrence, proliferation, and metastasis[88]. Additionally, its host gene, ZFAS1 is also involved in various 
human malignancies and associated with many aspects of carcinogenesis, including proliferation, invasion, metastasis, 
apoptosis, cell cycle regulation, and drug resistance. Besides, SNORD12, and SNORD12C, hosted by ZFAS1, has been also 
significantly overexpressed in various human malignant tumors, including CRC. This suggests the potential close 
association between ZFAS1 and its hosted snoRNAs, such as SNORD12B, potentially playing a pivotal role in the 
malignant evolution, progression, or metastasis of CRC[99].

SNORD44: SNORD44 is a C/D box snoRNA, with a length of 63 nt, located within the exon of the GAS5 gene[100]. 
Researchers assessed the expression levels of SNORD44 and GAS5 in CRC tissues using qRT-PCR and evaluated their 
correlation via Pearson correlation analysis. It is observed that both SNORD44 and GAS5 were expressed at low levels in 
CRC tissues compared to control samples. Additionally, a positive correlation between the expression of SNORD44 and 
GAS5 in tumor samples was detected. The SNORD44 did not regulate the expression of its host gene, GAS5, and vice 
versa. The researchers engineered an oncolytic adenovirus (SPDD-UG) to overexpress SNORD44 and GAS5, and 
demonstrated that SNORD44 and GAS5 exhibited anti-tumor effects in CRC cells, inhibiting cancer growth and inducing 
apoptosis[90]. It is indicated that SNORD44 exhibited downregulated expression in CRC tissues, and overexpressing 
SNORD44 inhibited the growth of CRC cells, suggesting that SNORD44 may function as a tumor suppressor in CRC and 
providing a promising direction for potential CRC therapeutic strategies.

SNORD57: SNORD57 is a C/D box snoRNA with a length of 72 nt, its host gene is NOP56, and its derivative piRNA piR-
54265 found in the 5′ end fragment of SNORD57. It is suggested that serum piR-54265 could serve as a biomarker for 
early detection and clinical monitoring of CRC[101,102]. After detecting SNORD57 and its derivative piRNA piR-54265 in 
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the serum of CRC patients, it is evident that SNORD57 exhibits a higher abundance in serum, thus rendering it a 
promising non-invasive biomarker for the early detection and clinical monitoring of CRC[92].

SNORD50A/B: SNORD50A, originating from the host gene SNHG5, is a C/D box snoRNA with a length of 75 nt. 
Similarly, SNORD50B, also derived from the host gene SNHG5, is a C/D box snoRNA with a length of 70 nt. Through a 
comparative analysis of tumor genomes and normal genomes, researchers have identified that the deletion frequency of 
SNORD50A and SNORD50B genes in various common cancers, including CRC, ranges from 10% to 40%. This deletion 
has been correlated with decreased survival rates in patients. It has been observed that SNORD50A and SNORD50B 
binds to K-Ras and inhibits K-Ras oncogenic function in various tumor types. Subsequent experiments have revealed that 
the absence of SNORD50A and SNORD50B in tumors augments the activities of K-Ras and its associated signaling 
pathway and an increased risk of tumorigenesis. These research findings suggest a potential synergistic interaction 
between mutations in the KRAS gene and the deletion of SNORD50A and SNORD50B in cancer[103]. Notably, KRAS 
plays a crucial role in the development, signaling, and proliferation of CRC. Mutations in the KRAS gene result in the 
permanent activation of the K-Ras protein, which is pivotal for tumor growth and heterogeneity[104]. Therefore, the loss 
of SNORD50A and SNORD50B may play a significant role in the pathogenesis of CRC, at least partially through 
interacting with KRAS gene mutations to promote tumorigenesis and progression, providing valuable insights into the 
mechanisms of CRC and offer new targets for potential therapeutic strategies.

SNORD12C/78: SNORD12C, arising from the host gene ZFAS1, is a C/D box snoRNA with a length of 89 nt. And 
SNORD78, originating from the host gene GAS5, is a C/D box snoRNA with a length of 65 nt. It is reported that 
SNORD12C/78 participate in a novel signaling pathway, ZFAS1-NOP58-SNORD12C/78-EIF4A3/LAMC2 axis, 
influencing the development and progression of CRC. This sheds light on new molecular mechanisms that underlie the 
regulation of CRC initiation and pathogenesis by ZFAS1. ZFAS1 assumes a critical oncogenic role in CRC, with its 
expression and function are indispensable for the development and maintenance of CRC cells and tissues. Mechanically, 
ZFAS1 recruits NOP58 as a scaffold protein to maintain the methylation function of SNORD12C and SNORD78, thereby 
facilitating the activities of SNORD12C and SNORD78 mediated 28S rRNA 2’-O-methylation at specific sites. This leads 
substantially heightened stability and translational activity of downstream target genes, such as EIF4A3, and LAMC2, 
ultimately fostering the proliferation of colon cancer cells. Inhibition of SNORD12C or SNORD78 results in diminished 2’-
O-methylation modifications under the regulation of ZFAS1, thereby suppressing the stability and translational activity 
of downstream target genes. Thus, this unveils fresh possibilities for the potential application of snoRNA and cellular 2’-
O-methylation-dependent translation networks in the prevention and treatment of CRC[13].

Other C/D box snoRNAs: In addition to the C/D box snoRNAs discussed above, several other C/D box snoRNAs have 
been show a close correlation with diverse characteristics of CRC. The elevated expression of SNORD15B[82] and 
SNORD126[65] has found to be associated with the proliferative potential of CRC cells. Conversely, reduced expression of 
SNORD33 can inhibit the anchoring function of CRC cells[83]. However, the potential roles of SNORD14E[89], SNORD17
[89], SNORD48[82], SNORD67[89], SNORD76[31], and others in CRC remain unclear, requiring further investigation to 
uncover their precise molecular mechanisms and biological functions.

CLINICAL PERSPECTIVES
CRC is a disease characterized by a multitude of genetic and epigenetic features[105,106], with its onset attributable to 
various intrinsic and extrinsic factors, including the accumulation of genetic mutations, susceptibility alleles associated 
with family history, and chronic or sustained inflammation[107]. Based on the source of mutations, CRC can be 
categorized into three types, sporadic (70%), hereditary (5%), and familial (25%). The pathogenic mechanisms leading to 
this condition may involve three types, namely chromosomal instability, microsatellite instability, and CpG island 
methylator phenotype[108,109]. While the molecular mechanisms of CRC have been extensively studied, there are still 
many details that remain unclear.

One of the primary reasons for the poor 5-year overall survival rate in CRC is late detection, missing the window for 
effective treatment[17]. Early diagnosis is the critical means of reducing mortality in CRC patients, and biomarker 
detection plays a pivotal role in early diagnosis[78]. Recently, the emergence of liquid biopsy techniques has brought new 
hope for early disease diagnosis. This method allows the detection of nucleic acids, peptides, proteins, and intact tumor 
cells in bodily fluids. Minimally invasive techniques like liquid biopsy are preferred for diagnosing and assessing patient 
prognosis, significantly improving clinical management in cancer patients[110,111]. SnoRNAs, due to their location 
within the nucleolus, are typically unaffected by hemolysis and remain relatively stable in the bloodstream as they form 
complexes with specific proteins. The application of high-quality microarrays and high-throughput sequencing has 
unequivocally demonstrated differential snoRNA expression in clinical samples and cell lines, implying diagnostic and 
prognostic potential in CRC[54,92]. While mounting evidence supports the functional role of snoRNAs in CRC 
development and their potential as biomarkers, there remains a paucity of research on their clinical significance and 
functional roles in CRC progression. Overall, snoRNAs possess advantages such as non-invasiveness, high sensitivity, 
and specificity, rendering them ideal biomarkers for early cancer screening and diagnosis in the current context. 
Moreover, they may exhibit functions akin to non-invasive biomarkers, resembling miRNAs[112,113].

Currently, the treatment for CRC primarily involves surgery, adjuvant chemotherapy, radiation therapy, and immuno-
therapy[21]. Given their abundance and detectability in both solid tumors and blood, snoRNAs may emerge as central 



Lan YZ et al. snoRNAs in CRC

WJG https://www.wjgnet.com 123 January 14, 2024 Volume 30 Issue 2

targets in cancer therapy[16]. Although current understanding of the molecular mechanisms of snoRNAs in tumori-
genesis remains limited, some of their characteristics make them ideal candidates for therapeutic interventions[114]. For 
instance, studies indicate that manipulating snoRNA expression, both in vitro and in vivo, can enhance the tumorigenic 
and invasive properties of CRC, suggesting that targeting snoRNA expression represents a novel approach for CRC 
prevention and treatment[31,84]. Furthermore, snoRNAs involved in transcriptional gene silencing pathways may offer 
high therapeutic benefits[115]. Moreover, certain snoRNAs seem to have the potential for protein binding or dependence 
on secondary structures, providing a novel means of therapeutic intervention[116], while oncolytic adenovirus vectors 
have gained extensive use in cancer therapy[117]. The vectors exhibit selective infectivity towards tumor cells, leading to 
oncolysis while causing minimal toxicity to normal tissues[118,119]. Some investigations have explored the deployment 
of oncolytic adenovirus vectors for delivering snoRNAs and their host genes for cancer treatment, demonstrating 
selective replicability and potential cytotoxicity in cancer cells[90].

Nonetheless, the primary obstacle to implementing snoRNA-based therapeutic strategies in cancer patients primarily 
arises from a dearth of understanding regarding their functional roles in tumorigenesis and their specific downstream 
gene targets or pathways. As technological limitations are surmounted, snoRNAs may emerge as potential targets for 
treatment. While this field appears to be in its nascent stages, it should be currently witnessing the potential of snoRNAs 
in cancer therapy. In the near future, it is useful to harness their potential successfully.

CONCLUSION
An increasing body of research on snoRNAs in CRC has expanded the understanding of their molecular mechanisms and 
biological processes[2]. Specifically, the dysregulation of snoRNA function appears to be closely associated with the onset 
and development of CRC[31]. However, the functional roles of the majority of snoRNAs in CRC remain uncertain. Their 
roles in cell signaling pathways, molecular mechanisms, and regulation, require further clarification, and more research is 
needed to delve into the snoRNAs present in CRC and their respective targets. As the knowledge of novel snoRNA 
functions deepens, research based on snoRNAs has the potential to reshape the landscape of tumor biology and genetics, 
possibly uncovering new pathways that drive CRC.

In summary, the study of snoRNAs in the context of CRC is a continually expanding field, and future discoveries may 
provide deeper insights into the disease, utilizing snoRNAs as therapeutic targets, as well as diagnostic and prognostic 
markers. Current literature underscores the role of snoRNA dysregulation in promoting CRC, emphasizing the 
significance of snoRNA regulation in CRC biology and clinical outcomes. Therefore, understanding the roles of snoRNAs 
may enhance our comprehension of CRC and potentially harness the robust potential of snoRNAs in the clinical 
diagnosis and treatment of CRC in the future.
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Abstract
Emerging evidence and perspectives have pointed towards the heart playing an 
important role in hepatorenal syndrome (HRS), outside of conventional under-
standing that liver cirrhosis is traditionally considered the sole origin of a cascade 
of pathophysiological mechanisms directly affecting the kidneys in this context. In 
the absence of established heart disease, cirrhotic cardiomyopathy may occur 
more frequently in those with liver cirrhosis and kidney disease. It is a specific 
form of cardiac dysfunction characterized by blunted contractile responsiveness 
to stress stimuli and altered diastolic relaxation with electrophysiological 
abnormalities. Despite the clinical description of these potential cardiac-related 
complications of the liver, the role of the heart has traditionally been an over-
looked aspect of circulatory dysfunction in HRS. Yet from a physiological sense, 
temporality (prior onset) of cardiorenal interactions in HRS and positive effects 
stemming from portosystemic shunting demonstrated an important role of the 
heart in the development and progression of kidney dysfunction in cirrhotic 
patients. In this review, we discuss current concepts surrounding how the heart 
may influence the development and progression of HRS, and the role of systemic 
inflammation and endothelial dysfunction causing circulatory dysfunction within 
this setting. The temporality of heart and kidney dysfunction in HRS will be 
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discussed. For a subgroup of patients who receive portosystemic shunting, the dynamics of cardiorenal interactions 
following treatment is reviewed. Continued research to determine the unknowns in this topic is anticipated, 
hopefully to further clarify the intricacies surrounding the liver-heart-kidney connection and improve strategies for 
management.

Key Words: Hepatorenal syndrome; Cardiorenal syndrome; Cirrhosis; Cardiac dysfunction; Circulatory dysfunction

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: There is emerging evidence to suggest that the heart plays an important role in advanced liver disease and 
contributes significantly to hepatorenal syndrome (HRS) progression. It is now increasingly agreed upon that circulatory 
dysfunction in HRS is at least in part due to cardiac impairment, which can exist prior to kidney dysfunction in cirrhotic 
patients who develop HRS. There are numerous pathophysiological mechanisms which may co-exist in both hepatorenal and 
cardiorenal syndrome pathways, and treatments which ameliorate kidney dysfunction in HRS are likely to also address the 
mechanisms which lie within this intricate hepatocardiorenal syndrome entity that is being postulated.

Citation: Wu HHL, Rakisheva A, Ponnusamy A, Chinnadurai R. Hepatocardiorenal syndrome in liver cirrhosis: Recognition of a new 
entity? World J Gastroenterol 2024; 30(2): 128-136
URL: https://www.wjgnet.com/1007-9327/full/v30/i2/128.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i2.128

INTRODUCTION
Hepatorenal syndrome (HRS) is a condition that occurs during decompensated liver disease defined by volume-
unresponsive kidney dysfunction in the absence of circulatory shock, identified structural kidney disease, and nephro-
toxins[1]. Our current understanding of the condition recognizes the liver as the centerpiece of various patho-
physiological processes which leads to multisystem failure[2,3]. A major characteristic feature of HRS which represents 
the liver-kidney connection is functional kidney failure due to portal hypertension and splanchnic arterial vasodilation, 
triggering a cascade of pathophysiologic events including maladaptive neurohormonal activation, which leads to intense 
renal vasoconstriction and subsequently urine sodium excretion[1-5]. This results in progressive kidney function decline 
and fluid overload.

Whilst there has been recognition on the negative impact of liver dysfunction upon the cardiovascular system, 
understanding the exact mechanisms which lead to this have not been fully established[6-8]. Ongoing advancement of 
laboratory technology and discovery of biomarkers certainly allowed for a more precise and closer monitoring of cardiac 
and circulatory function in HRS[9]. It is thought that cirrhotic cardiomyopathy occurs in HRS settings in the absence of 
previous cardiac co-morbidities because of blunted contractile responsiveness to stress stimuli and altered diastolic 
relaxation with electrophysiological abnormalities[10].

The former mainstream opinion in medicine views HRS and cardiorenal syndrome (CRS) as two separate conditions 
with distinct pathophysiological pathways. One with acute or chronic liver disease and the other with acute or chronic 
heart failure leading to kidney complications (in the case of CRS, acute or chronic kidney disease may also result in 
cardiac dysfunction)[11]. Evidence building from previous clinical observations is gradually pointing towards a 
significant relationship which connects between the liver, heart, and kidneys mechanistically in disease[12].

Throughout this review, we aim to explore the cardiac contribution towards circulatory changes and dysfunction in 
HRS, and whether there is indeed an undervalued element of CRS within the HRS pathway. We will also specifically 
explore the role of inflammation and endothelial dysfunction in the HRS pathway, given previous suggestions of its 
significance towards cardiorenal interactions in HRS. The temporality (prior onset) of cardiorenal interactions in HRS will 
be reviewed. With a substantial number of patients who may receive portosystemic shunting in advanced liver disease, 
we will also discuss the dynamics of cardiorenal interaction following treatment. Advancing our understanding in the 
intertwined relationship across the liver-heart-kidney connection is important to inform clinicians on the diagnostic and 
therapeutic implications within this complex setting.

The heart and its role in circulatory dysfunction in cirrhosis and HRS
Circulatory function in the early stages of cirrhotic liver disease is characterized by maintenance of its homeostasis 
through development of a hyperdynamic circulation[13]. This involves an increased cardiac output, heart rate and 
plasma volume. Because there is a normal or increased cardiac output in the initial phase of cirrhosis, general opinion 
considers the heart to be largely intact throughout the early disease processes[11,14]. The progression of circulatory 
dysfunction in cirrhosis is thought to be mainly led by systemic vascular resistance and arterial underfilling in the form of 
central hypovolemia[15]. It is now increasingly acknowledged that hemodynamic derangement typically occurs in later 
stages of cirrhosis because progressive decline in hemodynamic status in cardiac afterload is no longer responded to by 
an increase in cardiac output[11,14,15]. Previous longitudinal studies have demonstrated that baseline cardiac function 
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markers such as cardiac output and stroke volume were significantly lower in cirrhotic patients who subsequently 
developed HRS, and these markers further decreased with HRS progression[16].

What is significant in linking the pathophysiology that exist between the heart and liver and kidney dysfunction here is 
that neurohormonal activation is the cornerstone pathway which result in the development of both CRS and HRS[17,18]. 
In the case of CRS, numerous factors in cardiac dysfunction from a low cardiac output to diuretic treatment may result in 
heightened neurohormone levels and adverse consequences for the kidneys with their downstream[18]. Decline in 
estimated glomerular filtration rate and impairment in sodium and water excretion would be expected[19]. Furthermore, 
deterioration in the hemodynamics and function of the kidneys may occur with elevated right-sided cardiac pressure, 
leading to increased congestion in the kidney venous system[20]. The heart is a key driving factor for higher 
neurohormonal activity in later stages of cirrhosis progressing to HRS, considering abnormal cardiac output in the face of 
unaltered systemic vascular resistance[21,22]. This is supported by seminal results from a study by Krag et al[23], which 
found patients with cirrhosis who developed kidney failure during spontaneous bacterial peritonitis had a reduced 
cardiac output compared to those without kidney failure. Following treatment and resolution of spontaneous bacterial 
peritonitis, an even lower cardiac output was observed amongst patients with kidney failure. This is important to support 
the claim that abnormalities in cardiac inotropic and chronotropic function is an instrumental component of circulatory 
dysfunction in HRS, given current evidence point out irregulated neurohormonal activation as a key mechanism in HRS-
related cardiac dysfunction[17,18,23].

Nevertheless, there have been more recent observations that it is an increased cardiac output, rather than low cardiac 
output, that is the instigator for progression to HRS[9,24-26]. Using dobutamine stress echocardiography to monitor 
patients with cirrhosis, Koshy et al[25] indicated that it is not the hyperdynamic cardiac output at rest, but rather an 
inability to increment this cardiac output during periods of physiological stress such as where there is infection and 
hemodynamic stress, that predisposes to the development of HRS. They noted that an impaired cardiac reserve (defined 
by a change in cardiac reserve < 25% with low-dose dobutamine), was associated with a 4-fold risk of progressing to HRS
[25]. The investigators ultimately concluded that a hyperdynamic resting cardiac function may in fact represent patients 
encroaching on their resting state cardiac reserve[25]. This may have therapeutic implications because the use of β-
blockers in this patient group can be harmful. Further study is required before we can verify the pathophysiological 
claims from this stance more confidently.

Impact of inflammation and endothelial dysfunction towards hepatocardiorenal interactions
Whilst hemodynamic and neurohormonal dysregulation has been primarily thought of as the main pathways of HRS 
manifestation and circulatory dysfunction in HRS, there is increasing evidence to suggest that systemic inflammation and 
endothelial dysfunction have a major role in this scenario by triggering splanchnic arterial vasodilation and other 
pathways[11,27,28]. Inflammatory response and endothelial dysfunction also lead to derangements of other organs such 
as the heart in decompensated liver disease and HRS[18,27]. The pathophysiological hallmarks of liver cirrhosis are 
associated with inflammation. Increased macrophage activation, pro-inflammatory cytokines, systemic oxidative stress 
and activated circulating monocytes and neutrophils are observed in cirrhotic disease[18,27]. In decompensated liver 
disease, such as when spontaneous bacterial peritonitis is present, it has been described that the degree of inflammation 
and endothelial dysfunction correlates with the severity of hepatic, cardiac and kidney dysfunction[29]. Commonly it is 
bacterial infections which precipitate the progression to HRS. The development of an aggressive inflammatory response 
is stimulated by translocation of bacteria and pathogen-associated molecular patterns from the intestine[30]. Animal 
models of cirrhosis suggest these profound inflammatory responses, especially the build-up of oxidative stress and tumor 
necrosis factor-α, may result in β-receptor signaling alterations and cardiac systolic function impairment[31]. It has been 
demonstrated that serum levels of lipopolysaccharide-binding protein are independently associated with the severity of 
left ventricular diastolic dysfunction (LVDD)[32,33]. Lipopolysaccharide-binding protein is a marker of bacterial 
endotoxin exposure[32]. Coupled with convincing evidence demonstrating the instrumental role played by endothelial 
dysfunction in CRS, such observations are important to indicate that inflammation is a very plausible pathophysiological 
process linking the liver-heart-kidney connection together in HRS.

Temporality of heart and kidney dysfunction in HRS
It is logical to assume that cardiac dysfunction would precede the manifestations of HRS in cirrhosis here given the 
postulations of how cardiac dysfunction may mechanistically contribute towards kidney dysfunction in cirrhosis. The 
original observational study by Ruiz-del-Arbol et al[34] have found that cirrhotic patients who develop HRS already 
presented with clinical features of cardiac dysfunction in the form of low stroke volume, for example, prior to kidney 
function decline. In their cohort of patients, Ruiz-del-Arbol et al[34] noted that a low cardiac output and increased 
plasma-renin activity at baseline appeared to be the only independent predictors for HRS development. Krag et al[23] 
found that there were more patients with low cardiac index at baseline (defined as < 1.5 L/min/m2 measured by gated 
myocardial perfusion imaging) who developed HRS compared to those with higher cardiac index levels. Albeit 
significant additional cardiovascular stress during the procedure, the general direction of evidence have pointed towards 
liver transplantation reversing these aspects of cardiac dysfunction which are commonly observed in HRS, resulting in 
improved cardiac performance and restored hemodynamics post-transplantation[35,36]. These observations highlighted a 
temporal pattern of cardiac and kidney dysfunction in HRS, suggesting perhaps there is pathophysiological involvement 
of the heart in the manifestation of HRS and cardiac dysfunction is not simply just the consequence of a HRS-associated 
complication[23,37].
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Clinical and therapeutic implications of hepatocardiorenal interactions in HRS
Given there could be cardiac contribution towards a myriad of pathophysiological effects in HRS as outlined from our 
review, it would be prudent to systematically evaluate and monitor cardiac function in advanced liver disease patients, 
including for those without previously known cardiac impairment. In cirrhotic disease and early HRS, abnormalities in 
left ventricular systolic function is usually identified late and often only diagnosed when individuals display a blunted 
response during hemodynamic or pharmacologic stress[38]. Therefore, an abnormal left ventricular systolic function may 
be clinically utilized as a specific prognostic indicator to determine at-risk subgroups of cirrhotic patients who are at 
higher risk of developing HRS[16]. The advent of more recently developed imaging methods may allow for better identi-
fication of subclinical cardiac dysfunction in HRS. For one, 2-dimensional speckle-tracking echocardiography assesses left 
ventricular regional myocardial function and global longitudinal strain (GLS) through tracking natural acoustic markers 
such as speckles[39,40]. This technique is likely to be less dependent on cardiac preload or afterload in comparison to 
standard echocardiography. A previous study by Altekin et al[41] using 2-dimensional speckle-tracking echocardio-
graphy has revealed that a reduced longitudinal systolic function is common amongst cirrhosis patients despite a normal 
ejection fraction.

A very recent study by Danielsen et al[9] utilized magnetic resonance imaging to assess cardiac function and peripheral 
blood flow in patients across a spectrum of liver disease, including those with HRS. The investigators characterized renal 
blood flow in their study where despite a high cardiac output in patients with HRS, they demonstrated lower renal artery 
flow compared to non-HRS groups[9]. These findings indicate that even with a hyperdynamic resting cardiac output 
there was inadequate kidney perfusion in early stages of HRS triggered by activation of the renin-angiotensin-aldosterone 
system[9]. It confirms the pathophysiological link of cardiac dysfunction being manifested during periods of 
physiological stress in cirrhosis resulting in progression to HRS. Moreover, contrary to updated consensus guidance that 
GLS is a prognostically accurate marker of systolic dysfunction in subclinical myocardial dysfunction in HRS, this study 
by Danielsen et al[9] concluded no significant differences were found in GLS in HRS patients with different levels of 
cardiac output.

Although it remains debatable, diastolic dysfunction could be a useful marker for prognostication in cirrhotic 
cardiomyopathy and HRS, which is often overlooked compared to systolic dysfunction within the clinical setting[42-44]. 
Ruíz-del-Árbol et al[43] investigated LVDD and its relationship with circulatory function and prognosis in cirrhotic 
patients with portal hypertension and normal serum creatinine levels. Monitoring 80 patients prospectively with conven-
tional and tissue Doppler echocardiography as well as their systemic and hepatic hemodynamics and the activity of 
endogenous vasoactive systems, Ruíz-del-Árbol et al[43] noted 37 patients out of the 80 presenting with LVDD in which 
14 of these 37 patients went on to develop HRS. They concluded that patient survival was associated with the extent of 
LVDD, and LVDD occurs simultaneously with changes in cardiac structure and function and is associated with an 
impairment of effective arterial blood volume in cirrhosis. Ultimately, LVDD demonstrated to be a sensitive marker for 
progression from cirrhosis to HRS and mortality[43]. These conclusions were concurred in the study from Premkumar et 
al[44], where their group additionally found that the degree of LVDD is significantly associated with health-related 
quality of life outcomes in cirrhotic patients.

Whilst guidelines are constantly revised and optimized focusing on the utilization of serum pro-brain natriuretic 
peptide (pro-BNP) as a screening marker for acute and chronic heart failure, there is emerging discussions over the past 
decade on its clinical utility to project cirrhosis severity, the presence of cirrhotic cardiomyopathy, and HRS[45,46]. 
Kapoor et al[47] performed a prospective observational study for 53 cirrhosis patients who underwent 2-dimensional 
Doppler echocardiography, and had their serum pro-BNP and troponin T levels measured. This study showed that 
diastolic dysfunction is highly prevalent in cirrhotic patients (56.6% of cohort), and that serum pro-BNP as well as QTc 
intervals were also significantly raised in those with diastolic dysfunction[47]. Moreover, this group of patients were also 
more likely to progress to HRS, as well as developing other complications of cirrhosis such as spontaneous bacterial 
peritonitis and hepatic encephalopathy compared to those without cardiac dysfunction[47]. Overall, despite encouraging 
developments in research and updated findings, further studies are imperative to inform clinicians on which cardiac 
testing and imaging methods are cost-effective and clinically reliable to reflect cardiac function in cirrhosis and HRS.

Many patients with decompensated liver disease may receive transjugular intrahepatic shunting (TIPS) to treat portal 
hypertension[48,49]. The changes in hepatocardiorenal interactions following TIPS are of interest as immediately after the 
procedure, blood from the splanchnic bed and portal system is unloaded into the systemic circulation[48,49]. The 
kidney’s hemodynamic status is typically not affected unless there is change in the state of kidney perfusion with renal 
veins draining directly into the systemic circulation[50]. TIPS have shown efficacy on improving kidney function in 
patients across all stages of kidney status, where there is evidence of increased urinary sodium excretion indicative of 
improved kidney perfusion, and improved creatinine clearance[51]. Better kidney perfusion following TIPS is thought to 
be due to the mediating effects from cardiorenal interplay, which enhances cardiac inotropic function resulting in 
increased central blood volume and subsequently kidney perfusion[52]. Another positive effect which can result from 
TIPS to improve kidney function is its ability to improve endothelial function which follows the amelioration of systemic 
inflammation[53-55]. This is achieved from lowering pressures and shear stress in the portal system and preventing the 
intestinal translocation of bacteria[55]. More studies are needed to further distinguish the hepatocardiorenal interactions 
before TIPS and following TIPS in advanced liver disease.

In terms of other medical treatments, beyond its utility as a potent plasma and volume expander, the anti-inflam-
matory properties of albumin and its role in improving endothelial dysfunction during decompensated liver disease and 
HRS has further supported the notion that inflammation and endothelial dysfunction are key pathophysiological 
processes in the proposed hepatocardiorenal syndrome entity[56]. Rat studies have shown the infusion of albumin 
increases cardiac contractility through counteracting myocardial oxidative stress and inflammation[31]. It has been found 
that in spontaneous bacterial peritonitis, albumin instead of hydroxyethyl starch increased systemic vascular resistance 
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and the left ventricular stroke work index[57]. The incidence of HRS and mortality rate more than halved in cirrhotic 
patients with spontaneous bacterial peritonitis if albumin is added to antibiotic treatment[58].

The use of cardiac inotropes to reverse cardiac and kidney dysfunction in HRS have been considered. There are reports 
of successful use to reverse kidney dysfunction in refractory HRS, which indicates the contributive role of cardiorenal 
pathways within the HRS setting[59,60]. Otherwise, β-agonists have been thought of as being unsuitable in this setting, 
given there is downregulation of β-adrenergic receptors in cirrhosis[61,62]. It remains to be clarified what is the optimized 
strategy in prescribing cardiac inotrope therapy in HRS. There are other emerging treatment options with potential 
benefits in heart failure such as empagliflozin, urodilatin and urocortin which are currently investigated for use in HRS
[63-67]. Serelaxin, which is a recombinant human relaxin-2 with cardioprotective effects in acute heart failure, has been 
evaluated in a phase II randomized-controlled trial[67]. The investigators noted significantly improved kidney perfusion 
in patients with decompensated liver disease who were prescribed serelaxin compared to the control group.

It is concurred from the majority of published evidence that there is a positive long-term cardiac outlook for patients 
with HRS following liver transplantation[36]. An important factor would be the individual’s pre-existing cardiac status 
prior to transplantation, although cardiac dysfunction in cirrhosis does not appear to be linearly associated with severity 
of liver disease[43,68,69]. Whilst international consensus on an optimal strategy of assessing pre-transplant cardiac status 
remains desirable, it is now established that cirrhotic patients with cardiac risk factors selected for liver transplant should 
undergo a rigid evaluation for operative risk. There is significant cardiovascular stress associated with this major 
operation, particularly for those with pre-existing cardiac dysfunction due to cirrhosis, hence an accurate patient selection 
for liver transplantation and precise investigation for degree of cirrhotic cardiomyopathy is vital[70]. Pre-transplant 
screening for cirrhotic cardiomyopathy should be conducted independently of Child-Pugh or model for end-stage liver 
disease classifications. Results from electrocardiography may demonstrate early indications of cirrhotic cardiomyopathy 
in potential transplant candidates from the presence of QT interval prolongation. QT interval prolongation is considered 
the earliest sign of cirrhotic cardiomyopathy, with the prevalence of QT interval prolongation amongst cirrhotic patients 
shown to be reaching 60% in those with Child Pugh class C (compared with 25% in Child Pugh class A vs 51% in Child 
Pugh class B)[71,72]. Otherwise, the American Association for the Study of Liver Diseases currently recommends that it is 
mandatory for all liver transplant candidates to undergo transthoracic echocardiography as the minimum pre-transplant 
cardiac investigation[73].

Changes in cardiac preload and afterload due to fluid infusion and clamping of the hepatic vein would result in 
tremendous stress towards a post-transplant patient’s cardiovascular homeostasis, irrespective of pre-existing cardiac 
status[74]. Meticulous management to ensure appropriate responses in myocardial contractility is important, and prompt 
fluid management with cardiac monitoring through transesophageal echocardiography and/or pulmonary artery cathet-
erization are often required in the early post-transplant scenario[75]. There remains much uncertainty as to the optimal 
timing to restore to restore hemodynamics during the post-transplant phase, but it is expected that a progressive 
correction of portal hypertension and hyperdynamic status would ensue with a transplanted liver[76]. Previous studies 
have reported a high prevalence of post-transplant subtle, sub-clinical cardiac complications such as diastolic function 
deterioration and ventricular dysfunction[77,78]. Nevertheless, the prognostic ability of these events to predict short- and 
long-term cardiac and overall clinical outcomes remain in discussion due to a relative paucity of data currently. Further 
work to address this is needed.

CONCLUSION
Our historical understanding of HRS and the mechanisms affecting circulatory dysfunction is being challenged, with the 
emergence of data and hypotheses which consider the extent of the heart’s involvement and contributory role in cirrhosis 
and HRS. Although the impact of the heart in HRS may result in varying levels of disease severity and clinical present-
ations, it is now increasingly established that circulatory dysfunction in HRS is at least in part due to cardiac impairment; 
that cardiac dysfunction commonly exist prior to kidney dysfunction in cirrhotic patients who develop HRS; that 
numerous cardinal pathophysiological pathways such as neurohormonal activation, inflammation and endothelial 
dysfunction are interlinked between HRS and CRS; and that treatments which are known to improve kidney dysfunction 
in HRS may also address pathophysiological mechanisms within the liver-heart-kidney connection (Figure 1).

Despite our increased knowledge, insight and appreciation into the existence of a hepatocardiorenal syndrome entity, 
there are still many unknowns in this novel model that requires further investigation (Table 1). We are still not at a stage 
where there is clarity on defining the criteria of hepatocardiorenal syndrome or even cirrhotic cardiomyopathy itself. The 
cardiac and circulatory disturbances within the HRS definition which are discussed in our review could instead represent 
a hepatic form of CRS, for example. In this scenario, the liver affects the kidneys primarily via cardiorenal pathways. 
Addressing the unknowns in this topic would be challenging due to the current scarcity of data and importantly, given 
the pathophysiological interactions which occur in HRS and CRS are still not entirely understood. There should also be 
consideration on how other metabolic pathways (i.e., lipid and cholesterol metabolism) could potentially affect the liver-
heart-kidney connection, given prior evidence of these being risk factors for disease in each organ[79,80]. We anticipate 
research efforts to hopefully provide further answers on current knowledge gaps, and to optimize the diagnostic and 
treatment approach for this patient population.
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Table 1 Summary of current knowledge and remaining knowledge gaps within the liver-heart-kidney connection

What is currently known Remaining knowledge gaps

Pathophysiological mechanisms behind the onset and 
progression of HRS[1-5]

Exact timing and sequelae of cirrhotic cardiomyopathy in the setting of HRS[10-25]

Targeted prevention and interventional strategies to prevent the 
onset and terminate the progression of HRS[1-5]

Potential pathophysiological mechanisms that interlink the onset and progression of 
cardiac dysfunction in HRS[11,18,23,27-34,37]

Optimal screening markers and imaging modalities in the clinical setting to diagnose 
cardiac disease in cirrhosis and HRS, and to prognosticate outcomes[9,38-47]

How can specific interventions like volume expansion using albumin and TIPS improve 
HRS-associated cardiac dysfunctions?[31,48-58]

HRS: Hepatorenal syndrome; TIPS: Transjugular intrahepatic portosystemic shunt.

Figure 1 Potential pathophysiological mechanisms within the liver-heart-kidney connection. CO: Cardiac output; GFR: Glomerular filtration rate; 
LV: Left ventricle; RAS: Renin-angiotensin system; SV: Stroke volume; SVR: Systemic vascular resistance; TIN: Tubulointerstitial nephritis; HRS: Hepatorenal 
syndrome; TNF: Tumor necrosis factor; IL: Interleukin.
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Abstract
Esophageal intramural pseudodiverticulosis (EIPD) is a disease of unknown 
pathogenesis characterized by usually systemic, cystic dilatation of the excretory 
ducts of esophageal submucosal glands. In this article, I review the epidemiology, 
clinical manifestations, endoscopic findings, esophagographic findings, and 
histopathology of EIPD. I also discuss the etiology and possible pathogenesis of 
EIPD based on my experiences with this disease and a review of the literature. 
EIPD usually presents with dysphagia in middle-aged individuals. It is often 
complicated with secondary infections, most commonly candidiasis. On esopha-
gography, EIPD is delineated as small, multiple, flask-shaped outward projections 
within the esophageal wall. In recent years, EIPD has been mainly diagnosed by 
endoscopic findings of multiple, localized, small mucosal depressions. The orifices 
of the “pseudodiverticula” periodically open and close, and excrete mucus onto 
the mucosal surface. On histopathological examination, the luminal surface of 
dilated ducts in EIPD is covered by multilayered, hyperplastic epithelial cells, but 
myoepithelial cells in the glandular acini are well preserved. Treatment of EIPD is 
usually symptomatic therapy, and prevention of the infectious complications is 
important. The etiology and pathogenesis of EIPD are largely unknown, but 
functional abnormalities of autonomic nerve fibers innervating the esophageal 
glands likely play an important role, since the structures of the glands are 
basically preserved in this disease.

Key Words: Esophageal endoscopy; Esophageal intramural pseudodiverticulosis; 
Esophagography; Dysphagia
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Core Tip: Esophageal intramural pseudodiverticulosis (EIPD) is a rare disease in which the ducts of the esophageal glands 
become cystically dilated. Prolonged chronic inflammation can lead to esophageal stenosis, perforation, mediastinitis, and 
lung abscess. EIPD needs to be diagnosed at an early stage, and patients should be carefully observed and treated 
appropriately.
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INTRODUCTION
Esophageal intramural pseudodiverticulosis (EIPD) is a disease in which the excretory ducts of esophageal submucosal 
glands show systemic, cystic dilatation. On endoscopic examination, the orifices of the dilated ducts appear as multiple, 
small mucosal depressions resembling diverticula[1-4]. Chronic inflammation is a frequent complication, and prolonged 
inflammation results in esophageal stricture with impaired peristaltic movements, which leads to difficulty swallowing or 
impaction of food[2].

Although EIPD is a rare disease, it can have serious complications, such as esophageal perforation, mediastinitis, and 
lung abscess, if not adequately treated[5-8]. In this article, I review the epidemiology, clinical manifestations, charac-
teristic endoscopic findings, radiological findings, complications, and medical treatment of EIPD. I also discuss some 
hypotheses concerning its etiology and pathogenesis, based on my own experience and a review of the literature.

EPIDEMIOLOGY
Since the first clinicopathological report by Mendl et al[9], approximately 320 cases of EIPD have been recorded to date, 
mainly in Europe and the United States. EIPD affects men more commonly than women and occurs in all age groups, the 
peak incidence being between 50 and 70 years of age[10-12]. About 20 cases have also been reported in the pediatric 
population, the youngest patient being diagnosed at 37 d after birth[13]. In a survey of the literature, excluding 
conference proceeding abstracts, less than 60 cases of EIPD have been reported in Japan.

Many asymptomatic patients are incidentally found to have EIPD by endoscopic examination, and, even if detected, 
some patients do not wish to undergo treatment or observation because the subjective symptoms are usually mild or, in 
some cases, absent.

CLINICAL MANIFESTATIONS
The main symptom of EIPD is dysphagia of solid food, which is intermittent and unremarkable in the incipient stages. In 
many cases, dysphagia progresses slowly, and patients occasionally present for emergency endoscopy due to impaction 
of food or consult for a thorough endoscopic examination seeking the cause of their weight loss[14-18]. Other symptoms 
such as a feeling of congestion in the esophagus, chest pain, and hematemesis have been reported[5,19-21]. EIPD is 
usually diagnosed in individuals of middle age or older, and many patients have a history of heavy drinking or smoking
[7,22-25]. Some disorders, such as diabetes mellitus, gastroesophageal reflux disease (GERD), chronic lung diseases, 
alcoholic liver cirrhosis, esophageal cancer, and collagen-vascular diseases, have been reported as conditions predis-
posing patients to EIPD[1,23,26].

In pediatric cases, EIPD may manifest several years after surgery for esophageal atresia or tracheoesophageal fistula
[27,28]. There are also some reports of cases with underlying asthmatic bronchitis[29] and pediatric patients with siblings 
suffering from the same disease[30]. In some cases, EIPD presents with vomiting soon after birth and is followed by 
dysphagia of solid food and growth retardation. The symptoms are aggravated by disturbance of esophageal peristalsis 
or GERD in the period from approximately 5 years of age to adolescence[31-35]. In some pediatric patients, EIPD becomes 
apparent after repeated surgical interventions for esophageal hiatal hernia or GERD[36]. Cases of young patients 
diagnosed with EIPD after ingestion of corrosive substances have also been reported[28,37].

CLINICAL EXAMINATIONS
Endoscopic examination
Endoscopy of the esophagus has markedly advanced in recent years, and nowadays most cases of EIPD are diagnosed by 
endoscopic examination[23]. On endoscopy, EIPD is usually observed as multiple, diverticulum-like, small, localized 
mucosal depressions measuring approximately 1 mm to 4 mm in diameter (Figure 1A). Narrow band imaging (NBI) or 
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Figure 1 Endoscopic examination. A: White-light endoscopic image. Multiple small diverticulum-like depressions of the mucosa with a diameter of 1-4 mm are 
seen. Fujifilm EG-L600ZW; B: Blue laser imaging (BLI)-bright image. The light-brown depressions are longitudinally aligned on the green-colored mucosa. Fujifilm 
EG-L600ZW; C: White-light endoscopic image. The orifices of pseudodiverticula are covered with whitish, plaque-like material. Fujifilm EG-L600ZW; D: BLI-bright, 
medium magnifying image. The orifice of the pseudodiverticulum is surrounded by blood vessels arranged in an eyelash-like pattern. Fujifilm EG-L600ZW.

blue laser imaging (BLI) shows multiple small, light-brown spots that tend to be arranged longitudinally on the 
background mucosa, which is green (Figure 1B). Although the orifices of EIPD are often covered by inflammatory 
exudate produced by infection with Candida spp., the orifices become more clearly visible after washing away the 
adherent exudate (Figure 1C). In magnified images, the orifices of the dilated ducts of esophageal glands can be seen in 
the center of small depressions as pinhole-like, minute spots surrounded by an intraepithelial papillary loop of capillaries 
that resemble eyelashes[38] (Figure 1D).

Among the cases of EIPD, those in which many small “pseudodiverticula” are distributed along the entire length of the 
esophagus are called “diffuse EIPD”. In contrast, when the occurrence of multiple “pseudodiverticula” is limited to only 
a part of the esophagus, it is called “segmental EIPD”. Segmental EIPD can be easily overlooked, especially when it is not 
associated with esophageal stricture and the subjective symptoms are mild, but endoscopy with NBI or BLI improves the 
detection rate of the orifices of dilated ducts due to differences in the colors of the mucosa[23].

In 2011, the present author and colleagues reported for the first time that the mucosal orifices of dilated ducts in EIPD 
periodically open and close asynchronously with respiratory or peristaltic movements[19]. These movements were 
observed at intervals of approximately 2 min, and clear or white-colored mucus was discharged from the orifices onto the 
mucosal surface[19,38]. The opening and closing of the mucosal orifices typically starts a few minutes after insertion of 
the endoscope or after stimulation with air or water.

In EIPD patients complicated with severe Candida esophagitis, EIPD may be overlooked because the orifices of dilated 
ducts are covered by white plaques or inspissated mucus[11]. There are a few reports of EIPD complicated with severe 
candidiasis in which cystically dilated ducts coalesced to form a “sinus tract”-like structure in the submucosa[25,39,40]. In 
many cases of EIPD, inflammation involving the esophageal wall is prolonged, the mucosa is thickened by edema, and 
the mucosal vascular pattern becomes hardly discernible. Web-like constriction of the esophagus due to inflammatory 
changes may be occasionally observed[23]. Further progression of inflammation leads to esophageal stricture or disorders 
of peristaltic movements[10]. In one of our own cases, in which the patient suffered from GERD with Barrett esophagus, 
the lower portion of the esophagus was constricted[38]. However, according to many previously reported cases of EIPD, 
stenosis is mostly noted in the upper portion of the esophagus[1,23,41].
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Esophagography
A barium esophagogram shows characteristic, numerous, tiny, flask-shaped outpouching within the esophageal wall, 
when contrast medium flows into the “pseudodiverticula”[19,42]. These outpouchings correspond to cystic dilatation of 
the ducts of esophageal glands. When the esophagus is regionally narrowed, these outpouchings are often seen in the 
vicinity of the narrowed portion. Since the quality of endoscopic images was suboptimal in the past and magnifying 
endoscopes were not widely used until about 10 years ago, EIPD was mainly diagnosed by esophagography. However, 
infusion of contrast medium into the “pseudodiverticula” is difficult when the dilated ducts are filled with inflammatory 
exudates, desquamated epithelial cells, or inspissated mucus, or when the orifices of EIPD are very small[28,32,43]. EIPD 
that was not detected by esophagography is occasionally found at autopsy[3]. It takes time and sufficient knowledge of 
EIPD to obtain clear esophagographic images of the disease[21].

Computed tomography and esophageal manometry
When the inflammatory process complicating EIPD is prolonged, computed tomography (CT) shows thickening of the 
esophageal wall due to inflammatory exudation and fibrosis. Intramural air images reflecting dilatation of ducts are also 
observed[25,40,44,45]. Esophageal manometry may demonstrate decreased peristaltic movements, abnormal motility, and 
abnormal intraluminal pressure of the esophagus[46,47]. There are several reports of EIPD co-existing with motility 
disorders, such as achalasia[48,49] or “jackhammer esophagus”[50,51]. To select an appropriate treatment for EIPD, high-
resolution manometry is useful for evaluating esophageal peristalsis and sphincter function at the proximal and distal 
ends of the esophagus[46,47].

PATHOLOGICAL FINDINGS
Since EIPD is a disorder that is rarely treated surgically, pathological findings of the esophagus are often obtained only 
for autopsied cases or for patients who underwent surgical treatment due to complications or co-existing disorders, such 
as esophageal cancer. There are very few reports dealing with pathological findings of the esophagus in EIPD, especially 
in recent years[52].

The present author and colleagues reported the results of a histopathological and immunohistochemical study of 
ductal epithelial cells of the esophageal glands and their pathological changes in two operated cases of EIPD[52]. In the 
normal esophagus used as a control, the inner surface of the excretory ducts of esophageal gland was lined by simple 
cuboidal or columnar epithelium, and a single layer of cuboidal, basal cells was seen in the underlying layer. In EIPD, 
both the surface epithelial cells and basal cells of the ducts showed hyperplasia and stratification of varying degrees, and 
the ductal walls were thickened (Figure 2A). On immunohistochemical examination, whereas the surface epithelial cells 
were immunoreactive for cytokeratin 7 (CK7) and negative for CK5/6, basal cells showed the reverse pattern (CK7-
negative and CK5/6-positive). The nuclei of basal cells were immunoreactive for p63. The stratified squamous epithelium 
covering the mucosa of the esophagus was CK7-negative and clearly distinguished from the CK7-positive surface 
epithelium of the ducts[52]. The immunohistochemical profiles of epithelial cells described above were essentially 
unchanged in EIPD (Figure 2B). In the acinar portion of esophageal glands located in the submucosa, myoepithelial cells 
surrounding each acinus were well preserved. This finding supported the endoscopic findings that the orifices of ducts in 
EIPD periodically opened and closed, thereby discharging mucus onto the mucosal surface.

In the cases of EIPD with a long clinical course, inflammatory cells infiltrated into the periductal and periacinar regions 
of esophageal glands, and the ductal lumina were filled with inflammatory cells, desquamated epithelial cells, and 
mucus. Extensive periglandular fibrosis was often observed[3,21,28]. Acinar cells were infrequently replaced by 
squamous cells, thus forming a lesion analogous to the “necrotizing sialometaplasia” of minor salivary glands[52,53].

Esophageal biopsies usually reveal only non-specific, chronic inflammation, edema, and acanthosis of the surface 
epithelium[10,14]. Although EIPD cannot be diagnosed by biopsy, biopsy is performed to exclude candidiasis, eosino-
philic esophagitis, lymphocytic esophagitis, or esophageal cancer, and also to evaluate the degree of inflammatory 
changes[10].

ETIOLOGY AND PATHOGENESIS
Looking back at the history of the development of the disease concept of EIPD, a pathological condition in which the 
orifices of esophageal gland ducts are obstructed by inflammation, resulting in the formation of retention cysts that 
protrude into the esophageal lumen, had been described using the term “cystic esophagitis” in 1899 (according to Piazza 
and Palma[54]). The first description of EIPD was published in 1960 by Mendl et al[9], who detected an esophageal 
disease with a radiographic appearance resembling the Rokitansky-Aschoff’s sinus of the gallbladder. They described it 
as “intramural diverticulosis”[9]. Boyd et al[2], by examining autopsied cases, demonstrated that the disease was not 
“diverticulosis” but a cystic dilatation of the esophageal gland ducts and termed it “pseudodiverticulosis”. As mentioned 
previously, EIPD is not a mucosal prolapse or depression, such as seen in pseudodiverticulosis of the large intestine, but a 
dilatation of the esophageal gland ducts that disturbs mucus excretion. The term “EIPD” therefore does not reflect the 
true nature of the disease, and a more appropriate term may be needed, such as “systemic dilatation of esophageal gland 
ducts”.
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Figure 2 Pathological findings. A: Histology of esophageal intramural pseudodiverticulosis (hematoxylin-eosin stain). Many cystically dilated ducts of the 
esophageal glands are seen in the lamina propria mucosae and submucosa. Some of them are continuous with the superficial epithelium (arrow) (scale bar: 1 mm); 
B: Cytokeratin 7 (CK7) immunostaining. Epithelial cells lining the ducts are positive for CK7. The epithelium of the duct shows hyperplasia and stratification. The 
esophageal mucosal epithelium (upper part of the figure) is negative for CK7 (scale bar: 200 µm).

The etiology and pathogenesis of EIPD remain unknown. It has been generally assumed that the disease is an acquired 
condition and the neck portion of the ducts is obstructed by inflammatory changes, resulting in cystic dilatation due to an 
increased internal pressure[1,2]. However, Umlas and Sakhuja[3] found that the ducts are also slightly dilated in autopsy 
cases used as a normal control, and they stated that it is difficult to determine whether inflammation elicited the 
dilatation of ducts or the inflammation was only a secondary change caused by EIPD. They considered the esophageal 
stricture and Candida infection seen in EIPD patients to be secondary changes[3]. Candida infection of the oral cavity and 
pharynx is a common phenomenon that is found in 30% of normal individuals[55], and Candida infection frequently seen 
in EIPD patients is now considered a secondary infection rather than a causative agent of EIPD. Medeiros et al[4] found 
that the number of esophageal glands increased with aging and considered that periglandular chronic inflammation 
dilates the ducts and leads to the formation of a pseudodiverticulum. Kataoka et al[56] found that, among 27 autopsied 
cases, 15 cases (56%) showed slight dilatation of esophageal gland ducts. The two-thirds of the cases showing ductal 
dilatation had chronic inflammatory changes surrounding the glands, and the authors concluded that the changes that 
had been regarded to be an incipient change of EIPD were commonly seen in the general population[56]. They stated that 
EIPD is caused by chronic inflammation of the esophageal glands due to various causes, such as infection, GERD, and 
erosion, and that diabetes mellitus and an excessive ingestion of alcohol might accelerate the inflammation[56].

Candida, bacteria, and refluxing gastric juice or bile easily flow into the pseudodiverticula in EIPD through their dilated 
orifices. Excessive ingestion of alcohol, smoking, and diabetes mellitus accelerate inflammatory changes. Inflammatory 
changes cause retention and concentration of secreted mucus within the dilated ducts and further increase dilatation of 
the ducts[3,21,28].

The etiology and pathogenesis of EIPD remain obscure, but, as mentioned previously, the ducts and acini of 
esophageal glands in EIPD do not show significant structural differences in comparison with those of normal glands. I 
suspect that functional abnormalities of the autonomic nerve (vagal nerve) innervating the esophageal glands and 
regulating their function might play a role in the pathogenesis of EIPD. The functional disturbance of the autonomic 
nerve caused by inflammation or aging may affect the function of myoepithelial cells in the acini of esophageal glands 
and aggravate the pathological condition of EIPD.

Regarding pediatric cases of EIPD, Peters et al[57] observed the clinical course of a 5-year-old girl with EIPD for 16 
years and found that whereas the pseudodiverticula increased in number and became more pronounced, the patient did 
not develop any serious complications. Freud et al[36] compared the esophagographic findings obtained from one month 
after birth to 3 years of a male infant who developed severe vomiting immediately after birth and underwent repeated 
cardioplasty and dilatation of the esophagus, and stated that his EIPD gradually progressed. Solomon et al[13] reported a 
female infant who was born with pulmonary dysplasia and was diagnosed with EIPD on day 37 after birth, and 
presumed that her EIPD was a congenital disorder. A retrospective review of esophagograms from pediatric cases 
indicated that the number of pseudodiverticula and the sizes of their orifices increased as the children aged[34,57]. In 
recent years, the number of reported cases of pediatric EIPD has markedly decreased, making comparisons between EIPD 
in adults and that in the pediatric population more difficult. I suspect that EIPD in pediatric patients may have a different 
etiopathogenesis from that in adults, and they could actually be distinct entities.

COMPLICATIONS
EIPD, if not treated adequately, can lead to fibrosis of the esophageal mucosa and submucosa as a result of long-lasting, 
chronic esophagitis caused by infection or gastroesophageal reflux. The fibrosis subsequently causes esophageal stenosis 
or disturbance of the esophageal motility. Delay of diagnosis can lead to serious complications, such as intra-mediastinal 
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Figure 3 Narrow band imaging shows “epidermization”, which was widely spread in the middle esophagus 2.5 years after the first 
endoscopic examination. The extent of epidermization has not markedly changed over a 3-year period. Olympus GIF-XZ1200.

fistula due to progression of the inflammatory changes[26]. There are several reported cases of serious complications of 
EIPD as follows. For example, a case was reported in which the diagnosis of EIPD was not rendered despite the typical 
clinical findings, and the patient underwent unnecessary subtotal esophagectomy[58]. In another case, the patient 
underwent emergency operation because of esophageal perforation due to severe vomiting associated with EIPD[5]. 
Other cases include EIPD brought about esophageal perforation with mediastinal emphysema or abscess[6], EIPD 
associated with Mallory-Weiss syndrome[20], and a case in which the patient underwent esophagectomy due to 
esophageal stenosis[59]. Fatal cases of perforation due to EIPD[60] and the association of EIPD with esophageal cancer[61] 
have also been reported. Prolongation of the inflammatory changes, excessive intake of alcohol or smoking, and the 
presence of various underlying disorders are considered risk factors for the complications associated with EIPD[10,23].

During the observation period of a case of EIPD, my colleagues and I found “epidermization” of the mucosal 
squamous epithelium of the esophagus[62] (Figure 3). Although the etiology and pathogenesis of “epidermization” have 
not yet been clarified, it may arise during the repair of damage caused by inflammation[63-65]. Candida esophagitis had 
persisted for a long time in that case, and we considered that the “epidermization” occurred during the healing process
[62]. Since a few cases of esophageal cancer associated with “epidermization” have been reported[65,66], we are carefully 
following the patient. No significant changes have been found during the 3-year observation period.

TREATMENTS
EIPD is a benign condition, and its treatment is basically conservative, symptomatic therapy. However, to prevent 
prolongation of the clinical course of EIPD, inflammation associated with EIPD, which can be caused by various factors, 
including Candida infection and GERD, should be treated. It is also important to be aware of esophageal strictures, perfor-
ations, mediastinitis, and lung abscesses that can result from long-term chronic inflammation. Thus, EIPD requires early 
diagnosis, careful observation, and appropriate treatment. The following factors are worth noting regarding treatment for 
EIPD: (1) The weaning from the habit of heavy alcohol drinking or smoking is important; (2) For the complication of 
Candida infection, anti-fungal agents are effective[18,40,44,67,68]; (3) Endoscopic ballooning dilatation is effective when 
difficulty swallowing due to fibrosis of the esophageal wall develops, but multiple dilatation procedures are often 
required[17,24,45,69,70]. When the esophageal stenosis is mild, an endoscopic “bougie” procedure is effective and often 
improves symptoms[16,71]; (4) When EIPD is complicated with GERD, administration of drugs inhibiting the secretion of 
gastric acid, such as proton pump inhibitors or H2-receptor antagonists, is effective[18,22,24,45]. However, there are no 
established opinions regarding the dosage or duration of use for these drugs. If the patients are allergic to acid-secretion 
inhibitors, agents that increase the mucosal protective function are also effective[72]; (5) Isosorbide dinitrate, a smooth 
muscle relaxant, has been reported to improve symptoms due to strong contraction of the lower esophagus[47]. 
Inhalation of amyl nitrite is reported to have improved the symptoms in EIPD patients with the complication of 
esophageal achalasia[48]; (6) Corticosteroids may also alleviate the subjective symptoms of EIPD[56]; and (7) In Europe 
and the United States, swallowing therapy using inhaled corticosteroids has been studied in EIPD associated with eosino-
philic esophagitis[73-75].
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CONCLUSION
The etiopathogenesis and natural course of EIPD have not yet been elucidated, and only conservative treatments focusing 
on symptom management have been employed for patients. In the modern era, EIPD is mainly diagnosed via esophageal 
endoscopy. A better understanding of EIPD will improve differential diagnoses of this and other disorders, such as 
dysphagia or a feeling of congestion in the esophagus, and ultimately bring about the early diagnosis and appropriate 
treatment of EIPD, thereby preventing the development of serious complications.
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Abstract
BACKGROUND 
Eosinophilic gastroenteritis (EGE) is a chronic recurrent disease with abnormal 
eosinophilic infiltration in the gastrointestinal tract. Glucocorticoids remain the 
most common treatment method. However, disease relapse and glucocorticoid 
dependence remain notable problems. To date, few studies have illuminated the 
prognosis of EGE and risk factors for disease relapse.

AIM 
To describe the clinical characteristics of EGE and possible predictive factors for 
disease relapse based on long-term follow-up.

METHODS 
This was a retrospective cohort study of 55 patients diagnosed with EGE admitted 
to one medical center between 2013 and 2022. Clinical records were collected and 
analyzed. Kaplan-Meier curves and log-rank tests were conducted to reveal the 
risk factors for long-term relapse-free survival (RFS).
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RESULTS 
EGE showed a median onset age of 38 years and a slight female predominance (56.4%). The main clinical 
symptoms were abdominal pain (89.1%), diarrhea (61.8%), nausea (52.7%), distension (49.1%) and vomiting 
(47.3%). Forty-three (78.2%) patients received glucocorticoid treatment, and compared with patients without 
glucocorticoid treatments, they were more likely to have elevated serum immunoglobin E (IgE) (86.8% vs 50.0%, P 
= 0.022) and descending duodenal involvement (62.8% vs 27.3%, P = 0.046) at diagnosis. With a median follow-up 
of 67 mo, all patients survived, and 56.4% had at least one relapse. Six variables at baseline might have been 
associated with the overall RFS rate, including age at diagnosis < 40 years [hazard ratio (HR) 2.0408, 95% 
confidence interval (CI): 1.0082–4.1312, P = 0.044], body mass index (BMI) > 24 kg/m2 (HR 0.3922, 95%CI: 0.1916-
0.8027, P = 0.014), disease duration from symptom onset to diagnosis > 3.5 mo (HR 2.4725, 95%CI: 1.220-5.0110, P = 
0.011), vomiting (HR 3.1259, 95%CI: 1.5246-6.4093, P = 0.001), total serum IgE > 300 KU/L at diagnosis (HR 0.2773, 
95%CI: 0.1204-0.6384, P = 0.022) and glucocorticoid treatment (HR 6.1434, 95%CI: 2.8446-13.2676, P = 0.003).

CONCLUSION 
In patients with EGE, younger onset age, longer disease course, vomiting and glucocorticoid treatment were risk 
factors for disease relapse, whereas higher BMI and total IgE level at baseline were protective.

Key Words: Eosinophilic gastroenteritis; Prognosis; Relapse; Glucocorticoid; Glucocorticoid dependence
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Core Tip: Disease relapse has been a long-standing concern for patients with eosinophilic gastroenteritis (EGE). Limited 
evidence has shown that predicting the course of EGE is complex and related to many factors. There is an urgent need to 
understand the long-term prognosis of EGE. Therefore, we aimed to describe the features of Chinese EGE patients and 
construct a model to predict disease relapse based on baseline clinical characteristics.

Citation: Li KW, Ruan GC, Liu S, Xu TM, Ma Y, Zhou WX, Liu W, Zhao PY, Du ZR, Li J, Li JN. Long-term prognosis and its 
associated predictive factors in patients with eosinophilic gastroenteritis. World J Gastroenterol 2024; 30(2): 146-157
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INTRODUCTION
Eosinophilic gastroenteritis (EGE) is a rare chronic disease characterized by eosinophilic infiltration in the gastrointestinal 
(GI) tract. EGE was first described by Kaijser in 1937 and, in 1970 by Klein et al[1], was classified as mucosal, muscular 
and serosal types based on the depth of eosinophilic infiltration in the GI tract. The prevalence of EGE reported in 
Western countries is 5.1-8.4/100000[2,3]. However, racial differences have been found, and EGE is more commonly seen 
in Asians than in Caucasians[4]. Although the overall pathogenesis of EGE is complicated and still not fully understood, 
it is widely considered to be related to a Th2-mediated allergic response, in which several molecules are involved, such as 
interleukin (IL)-4, IL-5, IL-13 and eotaxin[5-7].

Glucocorticoid and diet therapy remain the classical treatments for EGE. A considerable number of patients can 
achieve clinical remission after initial treatment, although more have recurrent disease or even develop glucocorticoid 
dependence. However, there are few studies about the long-term prognosis of EGE, most of which were case reports or 
case series. Some studies have suggested that EGE is related to the Klein classification[8,9]. However, there is more 
evidence that predicting the course of EGE is complicated and attributed to many factors. To meet this urgent need, this 
study aimed to clarify the long-term prognosis of EGE patients and to explore the predictive factors for disease relapse.

MATERIALS AND METHODS
Patient selection
We retrospectively enrolled 55 patients with EGE who were diagnosed and hospitalized at Peking Union Medical College 
Hospital (PUMCH) between 2013 and 2022. EGE was defined by the criteria proposed by Talley et al[8], including GI 
symptoms, eosinophilic infiltration in one or more areas of GI biopsy specimens or ascites, and no evidence of other 
diseases that may lead to elevated eosinophils. Eosinophilic infiltration is defined as an eosinophil count > 20 per high-
power field (HPF) in gastric and/or duodenal biopsies or an eosinophil count > 10% of the total white blood cells in 
ascites. The inclusion criteria were as follows: (1) Age ≥ 18 years; (2) comprehensive evaluation of clinical features, 
endoscopic findings and histological examinations confirming the diagnosis of EGE; (3) at least 6 mo of follow-up; and (4) 
signed informed consent. Exclusion criteria included: (1) Age < 18 years; and (2) clear evidence of parasite infections, 
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inflammatory bowel diseases, high eosinophilia syndrome, connective tissue disease, malignant tumors, drug allergies 
and other diseases that could cause elevated eosinophil levels. Two experienced gastroenterologists (Li J and Li JN) 
reviewed the data and verified the EGE diagnosis.

The following baseline clinical data were collected from medical records: Age; sex; body mass index (BMI); duration 
from symptom onset to diagnosis; initial symptoms (e.g., abdominal pain, diarrhea, nausea, vomiting, distension, GI 
bleeding, weight loss, fever, and rash); complications (e.g., ascites and intestinal obstruction); comorbidities (e.g., Helico-
bacter pylori infection, hypertension, diabetes, and hepatitis B virus infection); allergic history (e.g., allergic rhinitis, 
asthma, and urticaria); laboratory test results (e.g. peripheral eosinophil count, hemoglobin, platelets, total serum 
immunoglobin E (IgE), high sensitivity C-reactive protein, erythrocyte sedimentation rate, antinuclear autoantibodies, 
antineutrophil cytoplasmic antibodies, and specific allergen tests); computed tomography features; and endoscopic 
findings.

All patients gave signed informed consent or oral consent, and the study was approved by the Institutional Review 
Board of Peking Union Medical College Hospital (Ethics approval number: I-23PJ1227).

Follow-up and classification
The treatment and outcome of each patient were reviewed from medical records and updated via outpatient services or 
telephone calls. During follow-up, disease relapse was defined as recurrence of GI symptoms with elevated peripheral 
blood eosinophil levels. Adverse outcomes include GI surgery or death due to EGE or its complications. Loss of follow-up 
was defined as failing to contact patients by telephone > 3 times on different days in a week. According to follow-up, 
patients were divided into two groups based on the status of disease relapse. In addition, according to the efficacy of 
glucocorticoid treatment, the cohort was classified into glucocorticoid-dependent and non-glucocorticoid-dependent 
groups. Glucocorticoid dependence was defined as the failure to reduce glucocorticoids to the equivalent dose of 
prednisone of 10 mg/d within 3 mo after moderate or full doses of glucocorticoid use or a relapse within 3 mo of drug 
withdrawal.

Statistical analysis
Continuous variables were expressed as the mean and standard deviation for those fitting a normal distribution and were 
tested by Student’s t test for the comparison analysis between groups. Medians and quartiles [M (Q1, Q3)] were used for 
those not fitting a normal distribution, and the comparison analysis was conducted by the Mann-Whitney U test. 
Categorical variables were reported as numbers and percentages and compared by Fisher’s exact test between the groups. 
Relapse-free survival (RFS) was calculated from the date when the patient was first diagnosed with EGE at PUMCH until 
the date of disease relapse or the last follow-up. We plotted the survival curves by the Kaplan-Meier method and further 
explored possible risk factors by log-rank analysis. Receiver operating characteristic curves were used to find proper 
cutoff values and transform continuous variables to categorical variables. A Cox proportional hazards model was used to 
assess the association of clinical variables with RFS. Only variables with significance (P < 0.05) in the univariate analysis 
were included in the multivariate model. A forest plot was used to show the hazard ratios (HRs) of predictive variables in 
the Cox regression model. A two-tailed P < 0.05 was considered significant. All analyses were performed with R (version 
4.1.2).

RESULTS
Clinical characteristics
This study enrolled 55 patients with long-term follow-up. Clinical characteristics are shown in Table 1. Patients had a 
median age of 38 years at diagnosis, and females (56.4%) were slightly predominant. The median time interval from 
symptom onset to diagnosis was 5 mo. The most common GI symptom was abdominal pain (89.1%), followed by 
diarrhea (61.8%), nausea (52.7%), distension (49.1%) and vomiting (47.3%). Weight loss was commonly seen (65.5%). 
Eighteen patients (32.7%) had a history of allergic diseases, including allergic rhinitis (18.2%), asthma (20.0%) and 
urticaria (3.6%). Nine (16.4%) and 15 (27.3%) patients complained of a history of food and drug allergies, respectively. The 
most common complications were ascites (30.2%) and intestinal obstruction (14.5%). Sixteen patients (16/50, 32.0%) had 
Helicobacter pylori infection simultaneously. Elevated initial eosinophil levels were observed in 47 patients (85.5%) at 
diagnosis [1.16 (0.67–3.91) eosinophils/μL]. Additionally, 38 patients (79.2%) had increased total IgE.

The most commonly affected site of the GI tract under endoscopy was the duodenum (74.1%), which mainly presented 
as hyperemia (57.4%), erosion (24.1%) and ulceration (9.3%). The descending duodenum (55.6%) was more commonly 
involved than the duodenal bulb (50.0%) and retrobulbar duodenum (29.6%). In upper GI tissue biopsies, more than 20 
eosinophils/HPF was considered to represent significant infiltration. In our cohort, 14 patients (25.5%) showed eosinophil 
infiltration in the stomach, and 30 (54.5%) showed eosinophil infiltration in the duodenum. Eight patients had a normal 
appearance on endoscopy examinations. Another important diagnostic procedure was the eosinophil count in ascites. Of 
the 17 patients complicated with ascites, 13 had accepted abdominocentesis and 10 (76.9%) of them had elevated 
eosinophils in ascites. However, three patients with elevated eosinophils in ascites had no elevated eosinophil infiltration 
in the gastric and duodenal biopsies, suggesting the need for increased ascites eosinophil counts to be included in the 
diagnostic criteria.

Twenty-eight patients (50.9%) were categorized into the mucosal type, nine (16.4%) into the muscular type and 18 
(32.7%) into the serosal type based on the Klein classification.
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Table 1 Clinical characteristics of eosinophilic gastroenteritis patients in this cohort, n (%)

All patients (N = 55)

Demographic characteristics Complications     ESR (mm/h)2 4.00 [2.00, 8.00]

Sex, female 31 (56.4)     Ascite 17 (30.9)         Elevated ESR (> 15) 7 (7/49, 14.3)

Age (yr)2 38.00 [25.50, 50.00]     Intestinal obstruction 8 (14.5)     CRP (mg/L)2 1.62 [0.84, 4.38]

BMI (kg/m2)1 23.28 ± 3.96 Comorbidities         Elevated hsCRP (> 3) 11 (11/53, 20.8)

    BMI > 24 21 (38.9)     Hp infection 16 (16/50, 32.0)     ANA (+) 8 (8/47, 17.0)

Clinical manifestations     HTN 8 (14.5)     ANCA (+) 4 (4/46, 8.7)

Disease duration (mo)2 5.00 [1.00, 30.00]     DM 3 (5.5)     Allergen test (+) 14 (14/28, 50.0)

Allergic history 18 (32.7)     HBV infection 4 (7.3)         Inhalant allergen 8 (8/25, 32.0)

    Allergic rhinitis 10 (18.2) Klein classification         Food allergen 8 (8/27, 29.6)

    Asthma 11 (20.0)     Mucosal type 28 (50.9) Endoscopy findings

    Urticaria 2 (3.6)     Muscular type 9 (16.4) Duodenum involvement 40 (40/54, 74.1)

Symptoms, n (%)     Serosal type 18 (32.7)     Bulb 27 (27/54, 50.0)

    Abdominal pain 49 (89.1) Laboratory tests     Post-bulb 16 (16/54, 29.6)

    Diarrhea 34 (61.8)     EOS (× 109/L)2 1.16 [0.67, 3.91]     Descending part 29 (29/54, 55.6)

    Nausea 29 (52.7)     Hb (g/L)1 138.36 ± 14.81     Hyperaemia 31 (31/54, 57.4)

    Vomiting 26 (47.3)     PLT (× 109/L)1 279.29 ± 81.84     Erosion 13 (13/54, 24.1)

    Distension 27 (49.1)     Alb (g/L)2 40.00 [37.00, 42.00]     Ulcer 5 (5/54, 9.3)

    GI bleeding 3 (5.5)     IgE (KU/L)2 152.00 [66.55, 
335.50]

Therapy

    Weight loss 36 (65.5)         > 60 38 (79.2)     Diet therapy 7 (12.7)

    Fever 4 (7.3)         > 300 13 (27.1)     Anti-allergic agents 7 (12.7)

    Rash 6 (10.9)              Immunosuppressors 3 (5.5)

1mean ± SD.
2Mean[Q1, Q3].
EGE: Eosinophilic gastroenteritis; BMI: Body mass index; GI: Bleeding: gastrointestinal bleeding; Hp: Helicobacter pylori; HTN: Hypertension; DM: Diabetes 
mellitus; HBV: Hepatitis B virus; EOS: Eosinophil count; Hb: Hemoglobin; PLT: Platelet; T-IgE: Total serum immunoglobin E; hsCRP: High sensitivity C 
reactive protein; ESR: Erythrocyte sedimentation rate; ANA: Antinuclear autoantibodies; ANCA: Anti-neutrophil cytoplasmic antibodies.

Treatments and outcomes
Forty-three patients (78.2%) were treated with glucocorticoids, and all showed a clinical response. Glucocorticoids were 
used for the initial therapy in 35 patients (81.4%), while the remaining eight initiated glucocorticoids during follow-up. 
Other treatments included dietary therapy (12.7%), antiallergic drugs (13.2%) and immunosuppressants (5.5%). Patients 
receiving glucocorticoid treatment, compared with those who did not, had a significantly higher proportion with elevated 
IgE (86.8% vs 50.0%, P = 0.022) at diagnosis and were more likely to have descending duodenal involvement (62.8% vs 
27.3%, P = 0.046) (Table 2, Supplementary Table 1). There were no significant differences observed between the two 
groups with regards to sex, disease duration, symptoms, Klein classification or the degree of eosinophil elevation and 
infiltration. Twenty-one patients (48.8%) were glucocorticoid dependent and had a significantly lower BMI (21.85 vs 24.51, 
P = 0.041). Additionally, duodenal ulcers were more frequently noted by endoscopy in glucocorticoid-dependent patients 
(19.0% vs 0.0%, P = 0.048).

Long-term prognosis and its predictive factors
With a median follow-up of 67 (21.5-89.0) mo, all patients survived, and disease relapse after diagnosis was observed in 
56.4% (31/55) of all patients and in 67.4% (29/43) of patients who were treated with glucocorticoids at diagnosis. The 
median RFS was 12 mo in EGE patients, and the incidences of RFS at 6, 12 and 24 mo were 63.4%, 48.4% and 46.1%, 
respectively (Figure 1). Patients with onset age < 40 years (HR 2.0408, 95%CI: 1.0082-4.1312, P = 0.044), a disease duration 
from symptom onset to diagnosis > 3.5 mo (HR 2.4725, 95%CI: 1.220-5.0110, P = 0.011), vomiting (HR 3.1259, 95%CI: 
1.5246-6.4093, P = 0.001) and glucocorticoid treatment (HR 6.1434, 95%CI: 2.8446-13.2676, P = 0.003) were observed to be 
more likely to suffer from disease relapse during follow-up, while BMI > 24 kg/m2 (HR 0.3922, 95%CI: 0.1916-0.8027, P = 
0.014) and baseline IgE level > 300 KU/L (HR 0.2773, 95%CI: 0.1204-0.6384, P = 0.022) tended to be protective factors for 
disease relapse (Figure 2). Multivariate analysis showed that higher BMI (HR 0.3206, 95%CI: 0.11-0.9347, P = 0.037) was 

https://f6publishing.blob.core.windows.net/904fcbd5-bf7a-436f-8032-d11fc1ab252d/WJG-30-146-supplementary-material.pdf
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Table 2 Clinical characteristics and intergroup comparisons

Non glucocorticoid 
treatment (n = 12)

Glucocorticoid 
treatment (n = 43)

P 
value

Non-glucocorticoid 
dependent (n = 22)

Glucocorticoid 
dependent (n = 21)

P 
value

Sex (female) 8 (66.7) 23 (53.5) 0.519 10 (45.5) 13 (61.9) 0.364

Age (yr)2 44.00 [27.75, 48.75] 36.00 [25.00, 50.00] 0.838 36.00 [26.00, 53.25] 36.00 [25.00, 48.00] 0.780

BMI (kg/m2)1 23.43 ± 2.84 23.24 (4.25) 0.888 24.51 (4.55) 21.85 (3.50) 0.041a

Disease duration 
(mo)

2.00 [1.00, 10.00] 7.00 [1.00, 41.00] 0.223 3.00 [1.00, 15.75] 11.00 [4.00, 60.00] 0.056b

Allergic history 2 (16.7) 16 (37.2) 0.298 8 (36.4) 8 (38.1) 1.000

Symptoms

    Abdominal pain 11 (91.7) 38 (88.4) 1.000 19 (86.4) 19 (90.5) 1.000

    Diarrhea 8 (66.7) 26 (60.5) 0.750 12 (54.5) 14 (66.7) 0.537

    Vomiting 3 (25.0) 23 (53.5) 0.108 12 (54.5) 11 (52.4) 1.000

    Weight loss 10 (83.3) 26 (60.5) 0.183 14 (63.6) 12 (57.1) 0.760

Hp infection 5 (5/11, 45.5) 11 (11/39, 28.2) 0.297 6 (6/20, 30.0) 5 (5/19, 26.3) 1.000

Klein classification

    Mucosal type 6 (50.0) 22 (51.2) 11 (50.0) 11 (52.4)

    Muscular type 2 (16.7) 7 (16.3) 2 (9.1) 5 (23.8)

    Serosal type 4 (33.3) 14 (32.6)

1.000

9 (40.9) 5 (23.8)

0.298

EOS (× 109/L)2 0.76 [0.51, 2.32] 1.48 [0.95, 4.00] 0.124 2.46 [1.13, 3.96] 1.01 [0.48, 3.99] 0.065b

IgE (KU/L)2 54.50 [23.77, 629.75] 166.00 [72.90, 298.00] 0.406 234.00 [118.00, 343.25] 118.00 [67.10,191.00] 0.082b

    Elevated IgE (> 
60)

5 (5/10, 50.0) 33 (33/36, 86.8) 0.022a 17 (17/20, 85.0) 16 (16/18, 88.9) 1.000

Duodenum 
involvement

7 (7/11, 63.6) 33 (33/43, 76.7) 0.448 15 (68.2) 18 (85.7) 0.281

    Bulb 5 (5/11, 45.5) 21 (21/43, 48.8) 1.000 9 (40.9) 13 (61.9) 0.227

    Post-bulb 1 (1/11, 9.1) 15 (15/43, 34.9) 0.144 11 (50.0) 4 (19.0) 0.055b

    Descending part 3 (3/11, 27.3) 27 (27/43, 62.8) 0.046a 12 (54.5) 15 (71.4) 0.347

Duodenum endoscopic features

    Hyperaemia 6 (6/11, 54.5) 25 (25/43, 58.1) 1.000 14 (63.6) 11 (52.4) 0.543

    Erosion 3 (3/11, 27.3) 10 (10/43, 23.3) 1.000 4 (18.2) 6 (28.6) 0.488

    Ulcer 1 (1/11, 9.1) 4 (4/43, 9.3) 1.000 0 (0.0) 4 (19.0) 0.048a

1mean ± SD.
2Mean[Q1, Q3].
aP < 0.05.
bP < 0.10.
Hp: Helicobacter pylori; EOS: Eosinophil count; IgE: Serum immunoglobin E; BMI: Body mass index.

independently significant for the prediction of less disease relapse (Table 3, Figure 3, Supplementary Table 2).

DISCUSSION
Establishing the long-term prognosis and predictive factors is valuable for clinical practice in EGE patients. This study 
conducted a median 67-mo follow-up and found that the median RFS was 12 mo, and the rates of RFS were quite high. 
Age at onset, BMI, disease duration from symptom onset to diagnosis, vomiting symptoms, serum level of IgE, and 
glucocorticoid treatment helped to predict disease prognosis. Higher BMI was independently significant for the 
prediction of less disease relapse based on multivariate analysis. These findings could facilitate the categorization of EGE 
patients into groups with different prognoses.

https://f6publishing.blob.core.windows.net/904fcbd5-bf7a-436f-8032-d11fc1ab252d/WJG-30-146-supplementary-material.pdf
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Table 3 Univariate and multivariate Cox analysis for disease relapse

Univariate analysis Multivariate analysis

HR (95%CI) P value Coef HR (95%CI) P value

Age (yr)

    > 40 1 0.044a 1 0.330

    ≤ 40 2.0408 (1.0082-4.1312) 0.6827 1.9791 (0.5013-7.8140)

BMI (kg/m2)

    ≤ 24 1 0.014a 1 0.037a

    > 24 0.3922 (0.1916-0.8027) -1.1375 0.3206 (0.11-0.9347)

Disease duration (mo)

    ≤ 3.5 1 0.011a 1 0.106

    > 3.5 2.4725 (1.2200-5.0110) 0.7447 2.1058 (0.8533-5.1968)

Vomiting

    No 1 0.001a 1 0.695

    Yes 3.1259 (1.5246-6.4093) 0.2677 1.3069 (0.3423-4.9904)

T-IgE (KU/L)

    ≤ 300 1 0.022a 1 0.233

    > 300 0.2773 (0.1204-0.6384) -0.7995 0.4496 (0.121-1.6699)

Glucocorticoid treatment

        No 1 0.003a 1 0.065b

        Yes 6.1434 (2.8446-13.2676) 1.4038 4.0705 (0.917-18.0689)

aP < 0.05.
bP < 0.10.
HR: Hazard ratio; coef: Coefficient; T-IgE: Total serum immunoglobin E; BMI: Body mass index.

Figure 1 Kaplan-Meier survival curve of the recurrence-free survival for all eosinophilic gastroenteritis patients (median relapse-free 
survival time: 12 mo). 6-mo, 1-year and 2-year relapse-free survival rate were 63.4%, 48.4% and 46.1% respectively.
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Figure 2 Kaplan-Meier survival curves according to different prognostic factors for disease relapse. Age < 40, body mass index (BMI) < 24, 
disease duration > 3.5 mo, vomiting, immunoglobin E (IgE) level < 300 KU/L, and glucocorticoid treatment showed a statistical difference between the relapse group 
and relapse-free group. Other variables included weight loss, Hp infection, IgE level > 60 KU/L, duodenal hyperaemia, Klein classification and anti-allergic drugs. A: 
Age, P = 0.044; B: BMI, P = 0.014; C: Disease duration, P = 0.011; D: Vomiting, P = 0.0011; E: Weight loss, P = 0.066; F: Helicobacter pylori infection, P = 0.790; G: 
T-IgE > 60, P = 0.370; H: T-IgE > 300, P = 0.022; I: Duodenal hyperaemia, P = 0.096; J: Klein classification, P = 0.280; K: Glucocorticoid, P = 0.0032; L: Anti-allergic 
drugs, P = 0.200.

Figure 3 Forest plot for hazard ratios for predictors included in the Cox regression model. BMI: Body mass index; T_IgE: Total serum 
immunoglobin E. aP < 0.05.
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Consistent with previous studies[2,10], our patients showed a median onset in the third decade of life and a slight 
predominance in women. The diagnosis of EGE has long been considered difficult. In 2021, the United States Food and 
Drug Administration indicated a prolonged diagnosis delay of 4-9 years, which was probably due to delays in referral, 
endoscopic procedures, and the absence of biopsy[11,12]. However, the median duration from symptom onset to 
diagnosis in our study was only 5 mo. The physician’s knowledge of EGE might have contributed to the earlier diagnosis 
of EGE in our medical center, which is a tertiary medical center and the national medical center for refractory and rare 
diseases.

A significant percentage of patients had a history of allergic diseases or positive results in allergen tests, which is also 
comparable with previous studies from 23.8% to 63%[9,13-15], indicating the association between allergy and EGE 
pathogenesis. Nonspecific GI symptoms, such as abdominal pain, diarrhea and vomiting, are the main manifestations of 
EGE. However, in our cohort, weight loss was another dominant symptom, with a frequency of 65.5%. Extraintestinal 
manifestations such as pancreatitis, cholecystitis or splenic hypofunction[16-18] were not observed in our study. 
Peripheral eosinophil count elevation was observed in 85.6% of our patients but was neither necessary for diagnosis nor 
significant for disease severity. The proportion reported varied from 10.9% to 85.7%[9,10,19,20].

Endoscopy is one of the most important measures for EGE diagnosis. As research has described, EGE can affect any 
part of the GI tract, from the esophagus to the colon and rectum, but the small intestine and antrum are commonly 
affected[8,14,15]. This also agrees with our observations, and in our cohort, the duodenum was mostly involved. Previous 
studies reported that 62%-92.2% of patients showed a normal endoscopic appearance due to the patchy distribution of 
EGE[14,19,21]. In our study, only 14.5% of the patients had normal endoscopies. However, this does not deny the 
necessity for biopsies because eosinophilic infiltration was also frequently seen in endoscopically normal parts during 
routine biopsies from the antrum and descending duodenum in our cohort. Meanwhile, the endoscopic features of the 
stomach were not used for further analysis because > 30% of patients had Helicobacter pylori infection, which resulted in 
unavoidable bias for the interpretation of the endoscopic findings in the stomach.

In 1990, Talley et al[8] reported a 40-patient cohort in the Mayo Clinic with distributions of 44%, 12% and 39% for the 
mucosal, muscular and serosal types, respectively, by the Klein classification. In 2010, Chang et al[13] reported 59 new 
cases in the Mayo Clinic and suggested a shifting trend toward the mucosal type (52/59). However, muscular and serosal 
types made up almost half of the cohort (16.4% and 32.7%) in our study. Following an inward–outward pathway, EGE is 
considered to start in the mucosal layer; thus, the serosal type represents a more advanced stage. This may reflect the 
selection bias of our study in that patients with more severe symptoms were more commonly seen and treated in our 
center.

By suppressing the transcription of chemokines and eosinophilic growth factors, such as IL-3, IL-5, and granu-
locyte–macrophage colony-stimulating factor, glucocorticoids remain the most commonly used treatment for EGE. In our 
center, most patients received an equivalent prednisone dose of 0.5-1.0 mg/kg/d as the initial medication, with dose 
tapering, and nearly all our patients treated with glucocorticoids showed a rapid clinical response. Alternative therapies 
include dietary therapy, antiallergic agents and immunosuppressants. Among them, dietary therapy and antiallergic 
therapy are often used together with glucocorticoids if patients have definite food allergies or are complicated with 
allergic diseases. Immunosuppressants are rarely used and are mainly used in cases of glucocorticoid dependence. 
Currently, the use of biologic agents, such as the anti-Siglec-8 antibody AK002[22], the anti-IL-5 antibody mepolizumab
[23] and the anti-IgE antibody omalizumab (OmAb)[24], is under investigation and has a partially positive effect in 
reducing GI symptoms and eosinophilic infiltration. These data may provide more options for treating EGE in the future.

Only a few studies have reported the long-term outcomes of EGE, and small sample sizes and short follow-up times 
limit the conclusions that can be drawn from these studies. Between 42% and 50% of patients had spontaneous remission 
and remained asymptomatic without specific treatment in previous studies[9,14]. Chambrun et al identified three 
different courses of EGE after a 15-year follow-up: single flare (42%), recurring course (37%) and continuous course (21%). 
They found that more patients with the serosal type had a single flare, and predominant mucosal disease presented 
mostly a continuous course[9]. Sato et al[25] proposed that the chronicity of coexisting allergic disorders may be 
associated with the chronicity of EGE. However, in our study, the Klein classification and history of allergic diseases did 
not present a significant difference for disease relapse or glucocorticoid dependence. In 2021, Havlichek et al[10] divided 
patients into two groups by four clinical characteristics at diagnosis: weight loss, hypoalbuminemia, serosa involvement, 
and anemia. Patients in the severe group, who had one of the four characteristics, had a higher risk of chronic disease. 
However, we did not observe these characteristics to be significant prognostic factors for EGE relapse, probably because 
they grouped patients with preidentified risk factors and then validated them, while we directly filtered baseline 
variables by log-rank tests and had a longer follow-up time. Grandinetti et al[26] also reported that an increasing number 
of involved GI segments was associated with disease relapse, indicating the importance of multiple biopsies regardless of 
endoscopic manifestations in suspected EGE patients.

Notably, we identified six possible prognostic factors for disease relapse in EGE. As expected by clinical experience, 
patients with a younger onset age are more likely to have disease relapse, and a longer delay of diagnosis may contribute 
to the recurrent course, which emphasizes the importance of early recognition and diagnosis of EGE. In our previous 
work, we suggested a diagnostic flowchart for patients suspected of having EGE, including several key steps for a quicker 
and more accurate diagnosis[27]. Vomiting is a newly identified factor for EGE prognosis in our study. It may be a 
nonspecific GI symptom caused by muscular involvement. Our study indicates that if a patient has vomiting as one of the 
initial symptoms, he may be at higher risk for disease relapse. Consistent with observations in clinical practice, elevated 
total serum IgE is a protective prognostic factor for EGE relapse. The cutoff value (300 KU/L) is four times higher than 
the upper limit of normal (60 KU/L) in our center. IgE is produced by activated B cells and binds to the Fcε receptor I 
(FcεRI) on eosinophils and mast cells, inducing their degranulation. It can be hypothesized that in patients with a 
markedly elevated baseline IgE level, their FcεRIs on eosinophils and mast cells may be saturated and thus unable to 
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function upon re-exposure to allergens. Glucocorticoid treatment is also a significant factor for disease relapse. Patients 
treated with glucocorticoids had a greater possibility of at least one relapse during our follow-up, which might be 
partially explained by their own greater disease burden with more involvement of the descending duodenum compared 
with patients without glucocorticoid treatment. The exact clinical value or pathogenesis needs to be validated and 
clarified in future studies.

For multivariate analysis, higher BMI was an independent protective factor for disease relapse in our study. However, 
from the survival analysis, we noticed that patients without weight loss were more likely to have a recurrent course, 
although the P value was not significant (0.066). This seems contradictory. Given the large proportion of patients with 
serosal involvement in our cohort, the measurement of BMI might have been affected by the large amount of ascites. 
While the effect of obesity on EGE has not been previously studied, several studies have pointed out that lower BMI in 
patients with eosinophilic esophagitis (EoE) might indicate more severe disease[28,29]. In addition to the possible 
association with EoE-induced dysphagia and thus malnutrition, studies found that this may be associated with tumor 
necrosis factor-α release from adipose tissue, which promotes a shifting trend from Th-2 to Th-1 responses[30]. The exact 
clinical value of obesity in EGE still needs further investigation.

Beyond the abovementioned limitations, there were some other limitations in our study. First, the findings were based 
on 55 patients from one medical center, which makes generalization difficult. Second, selection bias was also unavoidable 
because the patients were all hospitalized in one medical center. For example, there was a higher percentage of serosal 
type in this study. Third, the knowledge and clinical experience among different physicians during the long study period 
were variable, which directly affected the treatment decisions. Finally, the definition of disease relapse was mainly based 
on symptoms and did not include endoscopic and histological diagnostic criteria, which might have overestimated the 
relapse rate. Future prospective multicenter studies of EGE with confirmed and validated criteria of disease relapse 
should be conducted to fully address the clinical manifestations and long-term prognosis.

CONCLUSION
We have described the general clinical characteristics of Chinese EGE patients and their long-term outcomes and 
identified six baseline clinical variables that could predict prognosis.

ARTICLE HIGHLIGHTS
Research background
Eosinophilic gastroenteritis (EGE) is a rare, chronic and recurrent disease with abnormal eosinophilic infiltration in 
gastrointestinal tract. Disease relapse and glucocorticoid dependence remain notable problems.

Research motivation
Few studies had illuminated the prognosis of EGE and risk factors for disease relapse. By exploring prognostic factors by 
baseline clinical data, we may identify patients who are more vulnerable for disease relapse at diagnosis and offer them 
individualized treatment.

Research objectives
To describe the clinical characteristics of EGE and possible predictive factors for disease relapse based on long-term 
follow-up.

Research methods
This retrospective cohort study enrolled 55 EGE patients (2013-2022, Peking Union Medical College Hospital) and 
analyzed their clinical records. Kaplan-Meier analysis, Log-Rank test and Cox regression analysis were conducted to 
reveal the risk factors for long-term prognosis.

Research results
In our cohort, EGE showed a female predominance (56.4%) and its median onset age was 38 years old. Abdominal pain 
(89.1%) was most commonly seen. 78.2% of patients received glucocorticoid treatment in whom elevated serum immuno-
globin E (IgE) at diagnosis (86.8% vs 50.0%, P = 0.022) and descending duodenum involvement (62.8% vs 27.3%, P = 0.046) 
were more frequently seen. The median follow-up time was 67 mo, during which 31 patients (56.4%) suffered from at 
least one flares of disease relapse. Six prognostic factors were figured out, including age at diagnosis < 40 years (hazard 
ratio (HR) 2.0408, 95% confidence interval (CI): 1.0082-4.1312, P = 0.044), body mass index > 24 kg/m2 (HR 0.3922, 95%CI: 
0.1916-0.8027, P = 0.014), disease duration from symptom onset to diagnosis > 3.5 mo (HR 2.4725, 95%CI: 1.220-5.0110, P = 
0.011), vomiting (HR 3.1259, 95%CI: 1.5246-6.4093, P = 0.001), total serum IgE > 300 KU/L at diagnosis (HR 0.2773, 95%CI: 
0.1204-0.6384, P = 0.022) and glucocorticoid treatment (HR 6.1434, 95%CI: 2.8446-13.2676, P = 0.003).

Research conclusions
We identified younger onset age, longer disease course, vomiting and glucocorticoid treatment to be risk factors for 
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disease relapse, whereas higher body mass index and total-IgE level at baseline to be protective.

Research perspectives
In future research, we tend to conduct multi-center prospective study to verify and improve our prognostic model and 
further explore more accurate biomarkers for disease relapse based on serum proteomics and intestinal microbiomes.
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Abstract
BACKGROUND 
Tumor budding (TB) has emerged as a promising independent prognostic 
biomarker in colorectal cancer (CRC). The prognostic role of TB has been exten-
sively studied and currently affects clinical decision making in patients with stage 
I and II CRC. However, existing prognostic studies on TB in stage III CRC have 
been confined to small retrospective cohort studies. Consequently, this study 
investigated the correlation among TB categories, clinicopathological features, and 
prognosis in stage III-IV CRC to further enhance the precision and individual-
ization of treatment through refined prognostic risk stratification.

AIM 
To analyze the relationship between TB categories and clinicopathological charac-
teristics and assess their prognostic value in stage III-IV CRC to further refine the 
prognostic risk stratification of stage III-IV CRC.

METHODS 
The clinical data of 547 CRC patients were collected for this retrospective study. 
Infiltration at the front edge of the tumor buds was counted according to the 2016 
International Tumor Budding Consensus Conference guidelines.

RESULTS 
Multivariate Cox proportional hazards regression analysis demonstrated that 
chemotherapy (P = 0.004), clinical stage IV (P < 0.001), ≥ 4 regional lymph node 
metastases (P = 0.004), left-sided colonic cancer (P = 0.040), and Bd 2-3 (P = 0.002) 
were independent prognostic factors in patients with stage III-IV CRC. Moreover, 
the density of tumor infiltrating lymphocytes was higher in Bd 1 than in Bd 2-3, 
both in the tumor stroma and its invasive margin.

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v30.i2.158
mailto:niexiuyishi@126.com
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CONCLUSION 
TB has an independent predictive prognostic value in patients with stage III-IV CRC. It is recommended to 
complete the TB report of stage III-IV CRC cases in the standardized pathological report to further refine risk strati-
fication.

Key Words: Tumor budding; Tumor infiltrating lymphocytes; Colorectal cancer; Survival analysis; Prognosis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study included 547 colorectal cancer (CRC) patients. Tumor budding (TB) was evaluated independently by 
two pathologists and re-evaluated by a third pathologist when the results were inconsistent, ensuring a high level of 
reliability. The 2016 International Tumor Budding Consensus Conference recommendations were followed to evaluate TB in 
patients with stage III-IV CRC, thereby investigating its impact on patient prognosis. TB has predictive prognostic value for 
progression-free survival and overall survival in patients with stage III-IV CRC. It is recommended to complete the TB 
report of stage III-IV CRC cases in the standardized pathological report to further refine risk stratification.

Citation: Luo YH, Yan ZC, Liu JY, Li XY, Yang M, Fan J, Huang B, Ma CG, Chang XN, Nie X. Association of tumor budding with 
clinicopathological features and prognostic value in stage III-IV colorectal cancer. World J Gastroenterol 2024; 30(2): 158-169
URL: https://www.wjgnet.com/1007-9327/full/v30/i2/158.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i2.158

INTRODUCTION
Colorectal cancer (CRC) is the third most common malignant tumor in the world[1]. The occurrence and development of 
CRC represent a complex multifactorial process[2]. Despite significant advancements in medical technology both domest-
ically and internationally, the incidence of CRC has continued to rise in recent years. This trend can be attributed to 
improvements in people's living standards as well as changes in lifestyle and dietary habits. There were an estimated 1.93 
million new CRC cases diagnosed, and 0.94 million CRC-related deaths in 2020 worldwide. China is expected to have the 
highest estimated number of new CRC cases over the next 20 years. The number of new CRC cases is expected to increase 
from 0.56 million (2020) to 0.91 million (2040) in China[3].The tumor-node-metastasis (TNM) staging system published 
simultaneously by the Union for International Cancer Control and The American Joint Committee on Cancer (AJCC) 
remains a widely accepted standard for classifying malignant tumors[4]. The prognosis of patients with CRC is often 
influenced by the time gap between cancer detection and treatment initiation. Notably, even patients with identical stage 
of disease may exhibit diverse clinical outcomes, suggesting the limited predictive value of TNM stage in estimating CRC 
prognosis. Tumor budding (TB), defined as a single cancer cell of up to four cancer cells at the tumor invasive margin, has 
emerged as a promising independent prognostic biomarker in CRC[5].

TB reflects an invasive growth pattern with metastatic potential that plays a key role in the tumor microenvironment 
(TME) and epithelial-mesenchymal transition (EMT). The prognostic role of TB has been extensively studied and 
currently affects clinical decision making in patients with stage I and II CRC[6,7]. However, existing prognostic studies on 
TB in stage III CRC have been confined to small retrospective cohort studies. Consequently, this study investigated the 
correlation among TB categories, clinicopathological features, and prognosis in stage III-IV CRC to further enhance the 
precision and individualization of treatment through refined prognostic risk stratification.

Tumor-infiltrating lymphocytes (TILs) are a heterogeneous group of cells that leave the blood and migrate to the tumor 
regions with antigenic effects. They are also an important part of the TME and are generally considered to protect the host 
against tumor development. It also plays a vital role in inhibiting cancer cell invasion and distant metastasis[8]. The 
interaction between TB and the immune system is known as the attack-defense model[9]. TB reflects an aggressive 
disease phenotype; however, TILs can regulate immune function and improve the body's ability to kill tumors. Therefore, 
in our study, we also discussed the relationship between TB and TILs based on the idea that the combination of TB and 
TILs can effectively predict the prognosis of stage III-IV CRC patients and analyzed the changes in TILs in cases of 
different TB levels to preliminarily explore the correlation between TB and the immune microenvironment.

MATERIALS AND METHODS
We retrospectively analyzed the medical records and clinical data of 838 patients with stage III-IV resectable CRC 
pathologically diagnosed at Union Hospital, Tongji Medical College of Huazhong University of Science and Technology 
(Wuhan City, Hubei Province, China) from January 1, 2015, to December 31, 2018 (Figure 1). A total of 547 patients with 
CRC were enrolled, and their TB categories and clinicopathological features were analyzed.

https://www.wjgnet.com/1007-9327/full/v30/i2/158.htm
https://dx.doi.org/10.3748/wjg.v30.i2.158
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Figure 1 Study design and flow diagram. CRC: Colorectal cancer.

The primary objective of this study was to investigate the relationship between TB and progression-free survival (PFS), 
defined as the time from the beginning of radical surgery to relapse or death, whichever occurred first. The secondary 
objective was to determine the association between TB and overall survival (OS), defined as the time from the start of 
radical surgery until death from any cause. The survival time and prognosis of the patients were followed up until the 
end of the study. The follow-up period was 61 mo. This study was approved by the review committee of the affiliated 
institution of Tongji Medical College of Huazhong University of Science and Technology (2018-S377), and consent was 
obtained from all patients participating in the study.

TB assessment
TB was assessed on scanned hematoxylin and eosin (H&E)-stained tissue sample slides (Union Hospital, Wuhan, China) 
and scored at medium power (10 × to 20 × magnification) in a single hotspot field area normalized to 0.785 mm2 at the 
invasive front according to the 2016 International TB Consensus Conference (ITBCC 2016). TB was defined as a single 
tumor cell or a cell cluster of up to four tumor cells at the invasive margin. Tumor buds were counted independently by 
two pathologists (Yue-Hao Luo and Zhe-Cheng Yan), and any discrepancies were resolved by a third expert (Xiao-Na 
Chang). The TB scoring categories were Bd 1 (0-4 buds: Low), Bd 2 (5-9 buds: Intermediate), and Bd 3 (≥ 10 buds: High).

Statistical analysis
All statistical analyses were performed using the statistical software SPSS version 27.0, with two-sided statistical testing, 
and P < 0.05 was considered statistically significant. Clinicopathological features and KRAS, NRAS, BRAF mutation status 
of the patients were descriptively analyzed. The χ2 test (or Fisher’s exact test, if appropriate) was used to evaluate the 
relationship between the TB categories and clinicopathological features. Spearman correlation analysis was used to 
evaluate the consistency between the TB categories evaluated by the two pathologists (Figure 2). Kaplan-Meier survival 
analysis was used to compare PFS and OS between patients with TB and those with other clinicopathological features. 
Cox proportional hazard regression models were used to estimate hazard ratios (HRs) and 95% confidence interval (CI). 
The association of baseline parameters with PFS and OS was first examined using univariate Cox analysis, and variables 
with P < 0.05 were entered into a Cox regression multivariate model. After normal distribution detection of TILs in the 
tumor stroma and at the TB of the tumor invasion front was conducted, it was found that both groups of data were 
biased. The Mann-Whitney U test was used to evaluate the relationship between TILs in the tumor stroma and TILs at TB 
of the tumor invasion front with Bd 1 and Bd 2-3, respectively.

RESULTS
Patient characteristics
The clinical data of 838 CRC patients were retrospectively collected. The TB of 547 CRC patients was assessed. The 
frequency of Bd 1, Bd 2, and Bd 3 were 70.6%, 13.7%, and 15.7%, respectively. The clinicopathological characteristics are 
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Figure 2 Spearman correlation analysis was used to evaluate the consistency between tumor budding categories evaluated by two 
pathologists. R = 0.865, P < 0.001.

Figure 3 Univariable analysis of progression-free survival in colorectal cancer patients. AJCC: American Joint Committee on Cancer; HR: Hazard 
ratio.

listed in Table 1. Patients with KRAS, NRAS, BRAF mutations are listed in Table 2. TB categories were correlated with 
vascular tumor embolus (P = 0.004), neurological invasion (P < 0.001), AJCC stage III-IV (P = 0.006), and lymph node 
metastasis (LNM) (P = 0.019), but they were not significantly correlated with age, sex, chemotherapy, radiotherapy or 
tumor site (P > 0.05).

TB and survival
The 5-year PFS and 5-year OS rates of Bd 1 vs Bd 2-3 were 72% vs 45% (P < 0.001) and 49% vs 17% (P < 0.001), 
respectively. In univariable analysis, Bd 2-3 was associated with shorter PFS (HR: 2.312; 95%CI: 1.577 to 3.389; P < 0.001) 
(Figure 3) and OS (HR: 2.024, 95%CI: 1.378 to 2.972; P = 0.002) (Figure 4). Moreover, neurological invasion (HR: 1.890, 
95%CI: 1.267 to 2.820; P = 0.002), vascular tumor embolus (HR: 1.901, 95%CI: 1.275 to 2.833; P = 0.002), AJCC stage IV (HR: 
3.623, 95%CI: 2.466 to 5.324; P < 0.001), N2 (number of lymph node metastases ≥ 4) (HR: 1.699, 95%CI: 1.019 to 2.832; P = 
0.042), and left-sided colon cancer (HR: 2.210, 95%CI: 1.300 to 3.758; P = 0.003) were associated with shorter PFS, and the 
prognosis of patients with chemotherapy was better (HR: 0.581, 95%CI: 0.395 to 0.856; P = 0.006). The other clinicopatho-
logical variables were not correlated with PFS (P > 0.05). Multivariate Cox proportional hazards regression analysis 
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Table 1 Patient population characteristics according to tumor budding

Characteristics Total, n = 547 Bd 1, n = 386 Bd 2-3, n = 161 P value

Sex 0.514

Male 317 (58.0) 224 (58.0) 93 (57.8)

Female 230 (42.0) 162 (42.0) 68 (42.2)

Age in yr 0.141

< 60 276 (50.5) 201 (52.1) 75 (46.6)

≥ 60 271 (49.5) 185 (47.9) 86 (53.4)

Chemotherapy 0.055

Yes 319 (58.3) 234 (60.6) 85 (52.8)

No 228 (41.7) 152 (39.4) 76 (47.2)

Radiotherapy 0.119

Yes 32 (5.9) 26 (6.7) 6 (3.7)

No 515 (94.1) 360 (93.3) 155 (96.3)

Perineural invasion < 0.001

Yes 171 (31.3) 100 (25.9) 71 (44.1)

No 376 (68.7) 286 (74.1) 90 (55.9)

Vascular invasion 0.004

Yes 152 (27.8) 94 (24.4) 58 (36.0)

No 395 (72.2) 292 (75.6) 103 (64.0)

Clinical stages 0.006

3 436 (79.7) 319 (82.6) 117 (72.7)

4 111 (20.3) 67 (17.4) 44 (27.3)

Lymphatic invasion 0.019

N0 134 (24.5) 105 (27.2) 29 (18.0)

N1 258 (47.2) 183 (47.4) 75 (46.6)

N2 155 (28.3) 98 (25.4) 57 (35.4)

Tumor location 0.458

Right-sided colon 167 (30.5) 124 (32.1) 43 (26.7)

Left-sided colon 136 (24.9) 93 (24.1) 43 (26.7)

Rectosigmoid 244 (44.6) 169 (43.8) 75 (46.6)

Data are n (%).

demonstrated that AJCC stage IV, N2 (number of lymph node metastases ≥ 4), left-sided colon cancer, and Bd 2-3 were 
independent risk factors for stage III-IV CRC. Similarly, chemotherapy (P = 0.004) was an independent protective factor 
(Figures 5 and 6). Kaplan-Meier survival analysis (Figure 7) showed that patients with Bd 1 had a better prognosis than 
those with Bd 2-3. Meanwhile, when further grouping, we found that patients with Bd 1 had longer PFS and OS than 
those with Bd 2-3 in the invasion area (perineural and vascular invasions), and the difference was statistically significant 
(Figures 8 and 9). The density of TILs was higher in Bd 1 than in Bd 2-3, both in the stromal area and invasive margin 
(Figure 10).

DISCUSSION
As early as 1954, Imai first reported the phenomenon of TB in various solid tumors and its correlation with prognosis of 
disease[10]. Subsequent studies have further demonstrated that TB serves as an independent prognostic biomarker in 
CRC and is observed in a variety of solid tumors, including tongue, larynx, esophagus, stomach, breast, and intrahepatic 
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Table 2 Patients with KRAS, NRAS, BRAF mutations according to tumor budding

Characteristics Total, n = 112 Bd 1, n = 87 Bd 2-3, n = 25 P value
KRAS 0.064

Wild 53 (47.3) 45 (51.7) 8 (32.0)

Mutant 59 (52.7) 42 (48.3) 17 (68.0)

NRAS 0.275

Wild 107 (95.5) 82 (94.3) 25 (100.0)

Mutant 5 (4.5) 5 (5.7) 0 (0.0)

BRAF 0.597

Wild 106 (94.6) 82 (94.3) 24 (96.0)

Mutant 6 (5.4) 5 (5.7) 1 (4.0)

Data are n (%).

Figure 4 Univariable analysis of overall survival in colorectal cancer patients. AJCC: American Joint Committee on Cancer; HR: Hazard ratio.

cholangiocarcinomas. It has been shown to be predictive of cancer progression[11-14].
Currently, high-grade TB is an independent predictor of LNM to determine subsequent surgical treatment for stage I 

CRC[6,15]. In particular, Bd 3 is a strong adverse prognostic factor used to identify those stage II CRC patients with high 
recurrence rates and high mortality to guide adjuvant treatment[16]. In the new 2017 TNM and 2019 World Health 
Organization classifications, TB is regarded as an important complementary biological marker for predicting the 
prognosis of CRC[17]. Although the prognostic impact of TB on stage I and II CRC is clear, the application of this criterion 
in clinical practice for treatment decision-making in stage III-IV CRC is limited. This is mainly due to the lack of relevant 
research data in this context[18]. In this study, 547 patients with stage III-IV CRC were evaluated for TB and TILs 
according to the ITBCC 2016 scoring system. Combined with patient history, clinicopathological data and patient 
prognosis, the association between TB and various clinicopathological features and TILs, as well as the prognostic 
significance, were analyzed. These results suggest that TB independently affects the prognostic outcome of stage III-IV 
CRC.

The results of our study are consistent with the conclusion reached by Akabane et al[18] who retrospectively collected 
clinicopathological data from 237 patients with stage III CRC in a single center. This study showed that Bd 1 patients 
showed significantly better disease-free survival. The importance of TB in adjuvant treatment decision-making for stage 
III CRC has been emphasized. Notably, our study showed that TB was an independent adverse prognostic biomarker for 
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Figure 5 Multivariable Cox hazards model analysis on progression-free survival in colorectal cancer patients. AJCC: American Joint 
Committee on Cancer; HR: Hazard ratio.

Figure 6 Multivariable Cox hazards model analysis on overall survival in colorectal cancer patients. AJCC: American Joint Committee on Cancer; 
HR: Hazard ratio.

PFS and OS in stage III-IV CRC. A single-center retrospective study of 589 patients with stage III CRC reported by 
Yamadera et al[19] used a binary classification system similar to that of Akabane et al[18] but the cut-off value was 
different (0-9 buds: Low; ≥ 10 buds: High). The results showed that among patients with stage III CRC, the Bd1 group had 
better survival after adjuvant chemotherapy. Rogers et al[16] conducted a meta-analysis of 34 studies with a total of 7821 
CRC patients at various stages, and found that TB was significantly correlated with LNM (odds ratio [OR]: 4.94, 95%CI: 
3.96-6.17; P < 0.00001), 5-year PFS (OR: 5.50, 95%CI: 3.64-8.29; P < 0.00001) and 5-year OS (OR: 4.51, 95%CI: 2.55-7.99; P < 
0.0001) . It was concluded that TB was a risk factor for predicting LNM at 5 years, PFS at 5 years, and OS at 5 years in 
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Figure 7 Kaplan–Meier survival analysis of survival in patients with Stage III-IV colorectal cancer according to grade of tumor budding. A: 
Overall survival in patients with Bd 1 and Bd 2-3; B: Progression-free survival in patients with Bd 1 and Bd 2-3.

Figure 8 Kaplan–Meier survival analysis of survival in patients with Stage III-IV colorectal cancer according to grade of tumor budding. A: 
Overall survival in the vascular invasion group; B: Progression-free survival in the vascular invasion group.

Figure 9 Kaplan–Meier survival analysis of survival in patients with Stage III-IV colorectal cancer according to grade of tumor budding. A: 
Overall survival in the perineural invasion group; B: Progression-free survival in the perineural invasion group.

CRC patients, and its inclusion in CRC staging facilitated further risk stratification; however, there was a lack of studies 
on stage III-IV CRC in a meta-analysis by Rogers et al[16] and the definition and evaluation criteria of TB varied greatly 
between different studies. Similarly, Graham et al[20] evaluated 553 CRC patients at various stages and found that high-
grade TB was an independent predictor of poor disease-specific Survival. Therefore, TB could also be a pathological 
marker that is clinically practical to further refine risk classification and guide decision-making in stage III-IV CRC.

Interestingly, our study also found that the Bd 1 group had a higher proportion of TILs at the tumor invasive margin, 
which may be associated with better prognosis. This is consistent with the findings of Nearchou et al[21], who found the 
deletion of TILs in high-grade TB by exploring the effects of different lymphocyte distribution patterns and TB quantity 
and density on prognosis in stage II CRC through automatic imaging analysis and machine learning workflow.
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Figure 10  Relationship between grade of tumor budding and tumor infiltrating lymphocytes. A: Bd 1 and Bd 2-3 with stromal tumor-infiltrating 
lymphocytes (TILs); B: Bd 1 and Bd 2-3 with TILs at the invasive margin.

During the development of cancer, EMT promotes cancer development by empowering mesenchymal phenotypes 
associated with highly aggressive tumor cells[22]. TB demonstrates the dynamic process of EMT; that is, tumor cells in the 
aggressive front acquire an interstitial phenotype. This increases the malignant potential of vascular invasion and distant 
metastasis, and consequently, metastases to lymph nodes or distant parenchymal organs through the vasculature[23-25].

E-cadherin is an intercellular adhesion protein and pivotal regulatory factor in this process[26,27]. Numerous studies 
have claimed that in different solid tumors, the expression of E-cadherin is reduced or absent on the cell surface of the 
tumor invasion front, especially in TB[28-31]. This loss is usually accompanied by a decrease in β-catenin expression, 
indicating that the WNT pathway in cells may be activated. Hence, budding tumor cells can degrade the extracellular 
matrix (ECM) and invade and migrate through the surrounding stroma. In addition, it has been found that the expression 
of laminin 5γ2 is usually increased in response to tumor invasion[32]. In the gene ontology study, RNA sequencing data 
from the TB region and the corresponding central tumor region were compared and analyzed. The expression of genes 
involved in integrin-mediated cell adhesion, migration, cytoskeleton rearrangement and ECM degradation were found to 
be significantly different between the two regions[33]. Koelzer et al[34] found that there is an immune escape mechanism 
in EMT, in which tumor cells lose the expression of their major histocompatibility complex, allowing them to evade 
recognition and attack by the immune system.

Finally, our study included a substantial number of 547 CRC patients. TB was evaluated independently by two 
pathologists and re-evaluated by a third pathologist when the results were inconsistent, ensuring a high level of 
reliability in the TB assessment. Furthermore, the ITBCC 2016 recommendations were followed to evaluate TB specifically 
in patients with stage III-IV CRC, thereby investigating its impact on patient prognosis.

However, this study had some limitations. First, this study was a retrospective analysis conducted at a single center, 
which may introduce some degree of bias as the study population may not represent all CRC patients in China. Second, 
using a single index as a risk factor still has some drawbacks, which can be solved by constructing a prognosis model 
with a multi-index multidimensional association algorithm. Furthermore, the accuracy of the assessment results based on 
TILs on H&E slides must be improved to provide better medical strategies and achieve individualized precision 
treatment for patients with CRC. Future efforts should focus on utilizing artificial intelligence techniques, such as digital 
pathology methods, to enhance the accuracy and reproducibility of TB and TIL assessments. Additionally, integrating TB 
with the immunoscore could refine the risk stratification of stage III-IV CRC.

CONCLUSION
TB has an independent predictive prognostic value for PFS and OS in patients with stage III-IV CRC. It is recommended 
to complete the TB report of stage III-IV CRC cases in the standardized pathological report to further refine risk strati-
fication.

ARTICLE HIGHLIGHTS
Research background
Tumor budding (TB) is a novel prognostic biomarker that may influence clinical treatment decisions in stage I-II 
colorectal cancer (CRC) patients. This study analyzed the relationship between TB categories and clinicopathological 
characteristics and assess their prognostic value in stage III-IV CRC to further refine the prognostic risk stratification of 
stage III-IV CRC. Additionally, we analyzed changes in tumor-infiltrating lymphocytes (TILs) in patients with different 
TB categories and initially explored the correlation between TB and the tumor immune microenvironment.
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Research motivation
To explore the association of TB with clinicopathological features and prognostic value in stage III-IV CRC.

Research objectives
This study analyzed the relationship between TB categories and clinicopathological characteristics and assess their 
prognostic value in stage III-IV CRC to further refine the prognostic risk stratification of stage III-IV CRC.

Research methods
This study included a substantial number of 547 CRC patients. TB was evaluated independently by two pathologists and 
re-evaluated by a third pathologist when the results were inconsistent, ensuring a high level of reliability in the TB 
assessment. Furthermore, the 2016 International TB Consensus Conference recommendations were followed to evaluate 
TB specifically in patients with stage III-IV CRC, thereby investigating its impact on patient prognosis.

Research results
Multivariate Cox proportional hazards regression analysis demonstrated that chemotherapy, clinical stage IV, ≥ 4 
regional lymph node metastases, left-sided colonic cancer, and Bd 2-3 were independent prognostic factors in patients 
with stage III-IV CRC. Moreover, the density of TILs was higher in Bd 1 than in Bd 2-3, both in the tumor stroma and its 
invasive margin.

Research conclusions
TB has an independent predictive prognostic value for progression-free survival and overall survival in patients with 
stage III-IV CRC. It is recommended to complete the TB report of stage III-IV CRC cases in the standardized pathological 
report to further refine risk stratification.

Research perspectives
A multicenter prospective study with large samples should be conducted in the future, and constructing a prognosis 
model with a multi-index multidimensional association algorithm with other prediction models is needed to further 
verify its reliability.
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Abstract
BACKGROUND 
Deep learning provides an efficient automatic image recognition method for small 
bowel (SB) capsule endoscopy (CE) that can assist physicians in diagnosis. How-
ever, the existing deep learning models present some unresolved challenges.

AIM 
To propose a novel and effective classification and detection model to automat-
ically identify various SB lesions and their bleeding risks, and label the lesions 
accurately so as to enhance the diagnostic efficiency of physicians and the ability 
to identify high-risk bleeding groups.

METHODS 
The proposed model represents a two-stage method that combined image classi-
fication with object detection. First, we utilized the improved ResNet-50 classi-
fication model to classify endoscopic images into SB lesion images, normal SB 
mucosa images, and invalid images. Then, the improved YOLO-V5 detection 
model was utilized to detect the type of lesion and its risk of bleeding, and the 
location of the lesion was marked. We constructed training and testing sets and 
compared model-assisted reading with physician reading.

RESULTS 
The accuracy of the model constructed in this study reached 98.96%, which was 
higher than the accuracy of other systems using only a single module. The sen-
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sitivity, specificity, and accuracy of the model-assisted reading detection of all images were 99.17%, 99.92%, and 
99.86%, which were significantly higher than those of the endoscopists’ diagnoses. The image processing time of 
the model was 48 ms/image, and the image processing time of the physicians was 0.40 ± 0.24 s/image (P < 0.001).

CONCLUSION 
The deep learning model of image classification combined with object detection exhibits a satisfactory diagnostic 
effect on a variety of SB lesions and their bleeding risks in CE images, which enhances the diagnostic efficiency of 
physicians and improves the ability of physicians to identify high-risk bleeding groups.

Key Words: Artificial intelligence; Deep learning; Capsule endoscopy; Image classification; Object detection; Bleeding risk

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In clinical practice, capsule endoscopy is often used to detect small bowel (SB) lesions and find the cause of 
bleeding. Here, we have proposed a classification and detection model to automatically identify various SB lesions and their 
bleeding risks, and label the lesions accurately. This model can enhance the diagnostic efficiency of physicians and improve 
the ability of physicians to identify high-risk bleeding groups.

Citation: Zhang RY, Qiang PP, Cai LJ, Li T, Qin Y, Zhang Y, Zhao YQ, Wang JP. Automatic detection of small bowel lesions with 
different bleeding risks based on deep learning models. World J Gastroenterol 2024; 30(2): 170-183
URL: https://www.wjgnet.com/1007-9327/full/v30/i2/170.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i2.170

INTRODUCTION
Capsule endoscopy (CE), introduced in 2000, has successfully solved the problem pertaining to visualizing the small 
intestine and revolutionized the medical field. CE can be utilized as the preferred method for the diagnosis of small bowel 
(SB) diseases[1-3]. At present, obscure gastrointestinal bleeding is the most common indication for CE[4,5]. Therefore, 
physicians dedicate more attention to the bleeding risks of SB lesions in CE examination. However, CE reading is time-
consuming and complicated[6-9], and abnormal parts account for only a small proportion. Thus, it is easy to miss the 
diagnosis, which affects the detection of lesions and assessment of bleeding risks. In addition, when there is a large 
amount of bile, food debris or air bubbles in the gastrointestinal tract, numerous invalid pictures will appear which will 
seriously affect the diagnostic efficiency[10].

In recent years, deep learning models have been widely utilized in automatic recognition of digestive endoscopic 
images[11,12]. Deep learning is characterized by processing large amounts of data with better experience and high per-
formance, thus competing with the human mind[13,14]. Feature extraction using multilayer networks for classification 
and feedback can facilitate the identification of lesions[15-17], which significantly increases the sensitivity and specificity 
of lesion detection. Simultaneously, it effectively saves the time cost required for detection[18]. In the past few years, 
convolutional neural networks (CNNs) have advanced endoscopic image analysis. Several classical CNNs such as LeNet, 
AlexNet, GoogLeNet, and VGG-Net have exhibited strong performance in identifying SB lesions[19].

Although CNNs achieve excellent performance, they still have some limitations. First, a CNN cannot effectively focus 
on the important part of the image, which is easily affected by the organs and tissues around the area to be detected, 
resulting in limited accuracy of the model. Second, most of the existing research is related to the development of the 
classification model, while the image classification diagnosis system only adopts the binary classification method, which 
cannot distinguish two or more types of lesions in the image. Moreover, image classification cannot determine the specific 
location of the lesion. Therefore, its practicability still needs to be further improved. Third, most of the existing methods 
utilize spatial pyramid pooling (SPP), which has a lightweight characteristic of the backbone network and reduces the 
parameters. Although SPP improves the detection speed, it consequently suffers from a reduction in detection accuracy. It 
is worth emphasizing that existing studies have not evaluated the bleeding risks of SB lesions, but in clinical work, we 
urgently need to pay attention to the bleeding risks of lesions and try to find the cause of bleeding.

To solve the aforementioned problems, we have made the following efforts. We first added a multi-head self-attention 
(MHSA) mechanism to increase efficacy of the model’s focus on important regions, improving the overall performance of 
the model. We next utilized a two-stage method to classify and detect various SB lesions. This two-stage method com-
bined the classification model with the detection model, which allowed for distinguishment of multiple lesions in the 
image and accurate labeling of their location. We then replaced the SPP module with the “Atrous Spatial Pyramid 
Pooling” (ASPP) module. ASPP can effectively strengthen the feature extraction ability of the backbone network and 
improve the accuracy of diagnosis. At the same time, our model also increases the ability to assess the bleeding risks of 
lesions and is able to provide a more comprehensive understanding of the lesions being investigated.
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Specifically, ResNet-50 utilizes a deep residual network to solve the gradient disappearance problem, and the increased 
number of network layers further enhances the image representation ability. Therefore, ResNet-50 was selected as the 
backbone of the classification model. On this basis, we added an MHSA mechanism, allowing the model to effectively 
focus on lesions and facilitating image classification. Meanwhile, we also combined YOLO-V5 as the detection model 
backbone to allow for identification of multiple lesions in the image simultaneously. The accuracy of YOLO exceeds that 
of general object detection algorithms while maintaining a fast speed, and it is currently one of the most popular algo-
rithms[20]. Meanwhile, we utilized three branches to learn the features of the three RGB channels, respectively. The 
correlation between the three branches was considered, and the features were extracted from the three branches of the 
same image. Subsequently, the extracted features were fused. The independence and correlation were realized using a 
parallel network. To better focus on the bleeding risks of lesions, the MHSA mechanism and ASPP module were added to 
the detection model. Ablation experiments were performed to remove each mechanism and module in a one-by-one 
stepwise manner to evaluate their effects on the model performance. We finally proposed a two-stage approach for the 
classification and detection. On the RGB multi-channel, the ResNet-50 classification network with MHSA mechanism 
combined with the YOLO-V5 detection model, which added an RGB parallel network, the feature erase module, ASPP, 
and MHSA mechanism, was utilized.

In summary, the contributions from our work are as follows: (1) To the best of our knowledge, this is the first time that 
image classification combined with an object detection model is used to automatically identify a variety of SB lesions and 
evaluate their bleeding risks; and (2) The model based on deep learning has high accuracy, high sensitivity and high 
specificity, which improves the diagnostic efficiency of doctors and the ability to identify high-risk bleeding populations. 
Its diagnostic performance has good potential for clinical application.

MATERIALS AND METHODS
Materials
A total of 701 patients who underwent SB CE in Shanxi Provincial People's Hospital and Shanxi Provincial Hospital of 
Traditional Chinese Medicine from 2013 to 2023 were included in this study. Two different capsule types were used at 
our two centers: PillCam SB2 and SB3 systems (Medtronic, Minneapolis, MN, United States) and MiroCam system 
(Intromedic, Seoul, South Korea). All patient-generated videos were reviewed, collected, screened, and labeled by three 
expert gastroenterologists (who had read more than 200 CE studies). The inclusion and final labeling of images were 
contingent on the agreement of at least two of the three experts.

The lesions included in the pictures were divided into three bleeding risk levels according to Saurin classification[21]: 
No bleeding risk (P0); Uncertain bleeding risk (P1); And high bleeding risk (P2). We finally divided the included images 
into the following 12 types: N (normal); P0Lk (lymphangiectasia); P0Lz (lymphoid follicular hyperplasia); Xanthomatosis 
(P0X); Erosion (P1E); Ulcer smaller than 2 cm (P1U); Protruding lesion smaller than 1 cm (P1P); Ulcer larger than 2 cm 
(P2U); Protruding lesion larger than 1 cm (P2P); Vascular lesion (P2V); Blood (B); And invalid picture (I).

We selected a total of 111861 images, and randomly divided the training set and test set images into 74574 and 37287 
images, respectively, according to the 2:1 ratio. Written informed consent was obtained from all patients. Patient data 
were anonymized, and any personal identifying information was omitted. This study was approved by the Ethics Com-
mittee of Shanxi Provincial People’s Hospital.

Experimental setup
All image preprocessing algorithms were run on a standard computer using a 64-bit Windows 10 operating system and a 
Python laboratory environment provided by Anaconda 2.5.0. All experiments using deep learning for model training 
were conducted on an RTX 3060(GPU) and i7 processor, and the computational resources and computer-aided tools met 
the experimental requirements. The deep learning models applied in the experiments were provided by the Pytorch 
framework, which offers a variety of deep learning algorithms and pretrained models.

Data preprocessing
The collected visible light images were decomposed into R, G, and B channels as the network’s input (representative 
example is depicted in Figure 1).

Model building
Herein, two stages were utilized to identify and label SB lesions and their bleeding risks. In the first stage (Stage 1), all 
input images were entered into the improved ResNet-50 classification model, and the images were divided into small 
intestinal lesion images, normal small intestinal mucosa images, and invalid images according to whether lesions existed. 
The main purpose of this stage was to filter invalid images. In the second stage (Stage 2), the images of normal small 
intestinal mucosa and lesions classified in Stage 1 were entered into the improved YOLO-V5 model, and the lesions were 
detected, assessed for bleeding risk, and labeled for location. This task can be formally defined as follows: For a given 
data set , the research goal was to create a mapping function , where  denotes the 
endoscopic image, and output image  corresponds to the disease category . The model diagram is de-
picted in Figure 2. Ablation experiments were performed to remove specific modules in a one-by-one stepwise manner to 
investigate their individual impact on improving the performance of our model.
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Figure 1 Visible light image decomposed into R, G, and B channels. A: Visible light image (original image); B: R channel image; C: G channel image; D: 
B channel image.

Figure 2 Overview of the proposed framework. ASPP: Atrous Spatial Pyramid Pooling; MHSA: Multi-head self-attention; N: Normal; P2P: Protruding lesion 
larger than 1 cm.

Building the Stage 1 classification model: Stage 1 utilized ResNet-50 as the network backbone and incorporated three 
branches to learn the features of the three RGB channels. The global average pooling layer was connected into the 
network, which can reduce the number and complexity of the neural network and simultaneously extract the global 
information of image features. Thus, the classification task was performed optimally. In addition, after the network’s fifth 
convolutional block, we introduced a MHSA mechanism to fuse features at different levels, which can automatically 
capture the relationship between different locations or features. Thus, we captured the context information and crucial 
features in the image in an optimal manner. Finally, the fused features were fed into a softmax layer, which received a 
vector of scores from each category of the model and transformed these scores into a probability distribution representing 
the probabilities of each category. Specifically, the softmax function normalized the raw scores to a value between 0 and 1 
and ensured that the sum was 1.

The ResNet-50 network model included one convolutional block, four residual blocks, and one output layer. 
 comprised two components: A nonlinear feature mapping structure and a classifier. During training, a two-

dimensional image was mapped into a one-dimensional vector, which was then entered into the classifier for judgment: 
. Here,  represents the input image, and  represents the image vector after ResNet-50 feature extraction.

In addition, the attention module was a simulation of the attention module associated with the human brain. Since 
individuals’ eyes move to the place of interest and subsequently focus on a certain place, when the attention module was 
introduced, the proposed model focused on the place of feature focus distribution during training, as depicted: 
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, where Q, K and V are the feature vectors  of the input , respectively. Given Q, the 
correlation between Q and its different K values can be calculated, i.e. the weight coefficients of different V values in K. 
The weighted average result of V can be used as the attention value. The specific calculation process is shown.

Specifically, the correlation between Q and different K was calculated by dot product, i.e. the weight system of each 
part in the image was calculated. The output of the previous stage was then normalized to map the range of values 
between 0 and 1. Finally, the results of multiplication of the value and the corresponding weight of each value were 
accumulated to obtain the attention value.

The loss function of the model was the cross-entropy loss function, and the calculation process is shown.

Here,  is the actual category, and  is the predicted category.

Building the stage 2 lesion detection model: Stage 2 adopted YOLO-V5 as the network backbone, adopted three 
branches to learn the features of three RGB channels respectively, and introduced a parallel network, the feature erase 
module, ASPP, and MHSA mechanism for detection. YOLO-V5 is composed of the following four components: Input 
layer; backbone network; middle layer; and prediction layer. In the input layer, the input image was scaled, the data were 
enhanced, and the optimal anchor value was calculated. The backbone network was composed of a convolutional 
network to extract the main features. In the middle layer, the feature pyramid network and path aggregation network 
were utilized to extract more complex features. The prediction layer was utilized to predict the location and category of 
the target.

YOLO-V5 adopted the SPP module. To enhance the feature extraction capability of the backbone network, we replaced 
the SPP module with the ASPP module. The dilated convolution adopted by ASPP differs from the ordinary convolution 
in that it introduces the "rate" parameter, which represents the number of intervals between points in the convolution 
kernel. By adjusting the expansion rate, the receptive field size of the convolution operation can be controlled without 
having to reduce the resolution of the feature map. This enabled the ASPP module to effectively capture information in a 
wider range while maintaining a high resolution, thereby enhancing the feature extraction performance of the backbone 
network.

Considering the correlation between the three channels, features were extracted from three channels of the same image, 
followed by the fusion of these extracted features that was achieved through a parallel network to capture both inde-
pendence and interdependence. The feature erase module was utilized to generate 000-111 random numbers using a 
computer. Thus, the existence of overfitting and underfitting in the feature fusion process was prevented. Researchers can 
determine whether the features of the corresponding branch are fused. If a bit of the binary number is 0, it represents the 
branch features of the branch to be erased (i.e. set to zero); if the bit is 1, it represents the branch features of the branch to 
be fused.

Meanwhile, to enable the model to focus on the crucial image components and enhance the ability of the model to 
extract features, we fused the MHSA mechanism in the C3 module of Neck to enhance the detection accuracy, and finally 
performed the detection in the Head layer.

The model’s loss function was complete intersection over union loss, and the calculation process is shown:

 is the intersection over union loss function,  is the Euclidean distance between the target box and the center 
point of the prediction box,  is the diagonal distance of the target box, and  is the parameter measuring the aspect 
ratio.

Experimental procedure
The images in the test set were read by three physicians (gastroenterologists who read less than 10 CE examinations) 
through physician reading (A) and model-assisted reading (B). Process A randomly assigned 37287 images to the three 
physicians for reading. In process B, 37287 CE images were first entered into the model. After model classification and 
detection, the new image package was randomly assigned to the three physicians for a secondary review. Stage 1 of the 
model divided images into small intestinal lesion images, normal small intestinal mucosa images, and invalid images, 
and filtered out many invalid images. Figure 3 depicts a representative example of invalid images and normal small 
intestinal mucosa images. Then, Stage 2 detected the images of 11 types (normal SB mucosa, lymphangiectasia, lymphoid 
follicular hyperplasia, xanthoma, erosion, ulcer smaller than 2 cm, protruding lesion smaller than 1 cm, ulcer larger than 2 
cm, protruding lesion larger than 1 cm, vascular lesions, and blood), assessed their risk of bleeding, and labeled the 
lesions. The effect of the proposed model structure on CE recognition is depicted in Figure 4. All the physicians 
determined a diagnosis of each frame of the picture through independent reading and model-assisted reading. If the 
diagnosis of physician reading was consistent with model-assisted reading, no further evaluation was conducted. If the 
final diagnosis was inconsistent and/or different lesions were observed, the diagnosis of three experts was assumed to be 
the gold standard.
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Figure 3 Representative examples of invalid images and normal small bowel mucosa images. A: Bowel contents; B: Air bubbles; C: Overexposure; 
D: Oral cavity; E: Normal small bowel mucosa.

Figure 4 Trend plot of accuracy vs epoch.

RESULTS
Data
In the image pool (n = 74574) of the training dataset, there were 52310 negative pictures (normal small intestinal mucosa 
pictures and invalid pictures) and 22264 positive pictures. In the image pool of the test dataset (n = 37287), there were 
26155 negative pictures and 11132 positive pictures. The distribution of specific types of images is depicted in Table 1.

Result analysis
The test set of pictures were respectively passed through the two processes of physician reading and model-assisted 
reading, and the final diagnosis was compared with the diagnosis provided by the expert analysis, which was the gold 
standard. The primary outcome measures included sensitivity, specificity, and accuracy.

Qualitative analysis: Representative examples of the heat maps generated by the model for 10 lesion types and of the 
results of the model system are depicted in Figures 5 and 6.

Quantitative analysis: (1) Physician reading. The sensitivity, specificity, and accuracy of physician reading for all pictures 
were 93.80%, 99.38%, and 98.92%, respectively. The sensitivity, specificity, and accuracy of physician reading for positive 
pictures were 89.95%, 99.80%, and 99.51%, respectively. The sensitivity, specificity, and accuracy for different types of 
image recognition are depicted in Table 2.

(2) Performance of the model. In Stage 1 we utilized ablation experiments, and the results indicated (Tables 3 and 4) 
that the accuracy, sensitivity, and specificity of the multimodal system model with three-channel RGB were more optimal 
than those of the R channel, G channel, and B channel. The accuracy, sensitivity, and specificity of the MHSA mechanism 
were more optimal than those of the spatial attention mechanism and the channel attention mechanism. The RGB mul-
timodal channel and MHSA mechanism were more conducive to enhancing the performance of the overall diagnostic 
model. Therefore, the RGB multi-channel and MHSA mechanism access classification model backbone was utilized.

In Stage 2, we also utilized ablation experiments, and the results indicated (Tables 5 and 6) that the accuracy and AUC 
of the model with a parallel network were further enhanced and that the equal error rate was reduced. After the parallel 
network, the feature erase module was used to find that the RGB multimodal model was more conducive to enhancing 
the performance of the overall diagnostic model. The addition of ASPP and MHSA mechanism was more conducive to 
improving the performance of the overall diagnostic model. Therefore, RGB multi-channel, parallel network, feature 
erase module, ASPP and the MHSA mechanism were used to access the detection model backbone.
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Figure 5 Software-generated image representation of the heat map. A: P0Lk (lymphangiectasia); B: P0X (xanthoma); C: P1E (erosion); D: P1P 
(protruding lesion smaller than 1 cm); E: P2U (ulcer larger than 2 cm); F: P2P (protruding lesion larger than 1 cm); G: P2V (vascular lesion); H: B (bleeding).

(3) Model auxiliary reading. We utilized the optimal model to assist physician reading. The study indicated that the 
sensitivity, specificity, and accuracy of model-assisted reading for all pictures were 99.17%, 99.92%, and 99.86%, res-
pectively. The sensitivity, specificity, and accuracy of model-assisted reading for positive pictures were 98.81%, 99.96%, 
and 99.93%, respectively. The sensitivity and accuracy of model-assisted reading for various types of SB lesions were 
higher than those of physician reading (Table 2).

(4) Comparison with existing models. The proposed model was compared with the existing research models, and the 
experimental results are depicted in Table 7. Generally, the specificity and accuracy of the proposed model for the 
recognition of ulcers, protruding lesions, vascular lesions, and bleeding pictures and the sensitivity for the recognition of 
ulcers and bleeding pictures were higher than those of the other three methods. The sensitivity of the proposed algorithm 
in identifying protruding lesions and vascular lesions is slightly lower than that of Ding et al[22].

(5) Time calculation. The average processing time of physicians was 0.40 ± 0.24 s/image, and the image processing time 
of the improved model system was 48.00 ± 7.00 ms/image. The processing time of the system was significantly different 
from that of the clinicians (P < 0.001).

DISCUSSION
After 20 years of development, CE has continuously expanded its application depth and breadth and has become a 
crucial examination method for gastrointestinal diseases[23-25]. However, CE examination is a tedious task in clinical 
work due to its long reading time. With the wide application of artificial intelligence (AI)[26], the reading time of CE has 
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Table 1 Training and test sets image classification and the number of each classification

Type of pictures
Set Type of CE

N P0Lk P0Lz P0X P1E P1U P1P P2U P2P P2V B I Total

PillCam 14026 2086 1505 551 1851 3867 687 1564 689 930 1529 17935 47220Training set

MiroCam 13452 612 817 494 1091 2062 180 341 205 421 782 6897 27354

PillCam 9221 245 435 122 235 1261 119 2608 109 139 1703 8446 24643Test set

MiroCam 4518 112 418 153 68 415 68 1581 68 92 1181 3970 12644

B: Blood; CE: Capsule endoscopy; I: Invalid pictures; N: Normal pictures; P0Lk: Lymphangiectasia; P0Lz: Lymphoid follicular hyperplasia; P0X: Xanthoma; 
P1E: Erosion; P1P: Protruding lesion smaller than 1 cm; P1U: Ulcer smaller than 2 cm; P2P: Protruding lesion larger than 1 cm; P2U: Ulcer larger than 2 cm; 
P2V: Vasculopathy.

Figure 6 Output of YOLO-V5. Boxes with different colors in the output image represent different bleeding risks; Green represents no bleeding risk; Yellow 
represents uncertain risk of bleeding; Magenta represents high bleeding risk; Red represents bleeding. Different numbers in the output image represent different 
lesion types. A: P0Lk (lymphangiectasia); B: P0Lz (lymphoid follicular hyperplasia); C: P0X (xanthoma); D: P1U (ulcer smaller than 2 cm); E: P1P (protruding lesion 
smaller than 1 cm); F: P2V (vascular lesion); G: P2U (ulcer larger than 2 cm); H: P2P (protruding lesion larger than 1 cm); I: Bleeding (B); J: P2P (protruding lesion 
larger than 1 cm), P2U (ulcer larger than 2 cm), and B. Decimal point represents probability.

been immensely shortened. While reducing the reading time, it is more crucial to enhance the performance of the system. 
Initial research was limited to the identification of one lesion. For example, Tsuboi et al[27] developed a CNN model for 
the automatic identification of small intestinal vascular lesions and Ribeiro et al[28] developed a CNN model to automat-
ically identify protruding lesions in the small intestine while Ferreira et al[16] developed a CNN system that can automat-
ically identify ulcers and mucosal erosions. With continued research, CNNs have been developed to identify a variety of 
lesions. For example, Ding et al[22] conducted a multicenter retrospective study that included 77 medical centers and 
collected 6970 cases undergoing SB CE. A CNN model based on ResidualNet 152 that can automatically detect 10 small 
intestinal lesions (inflammation, ulcer, polyp, lymphangiectasia, hemorrhage, vascular disease, protrusion lesions, 
lymphoid follicular hyperplasia, diverticulum, and parasites) was developed[22]. Their system exhibited high-level 
performance, and this result indicates the potential of AI models for multi-lesion detection. However, CNN cannot 
effectively focus on the important part of the image, limiting the ability of the model to identify lesions. Moreover, the 
current research is based on the network model of image classification, which cannot distinguish two or more types of 
lesions in the image, let alone determine the specific location of the lesions, and its practicability is poor. More 
importantly, existing models do not identify the bleeding risks of SB lesions.

In this study, we explored the image classification and object detection model to facilitate the evaluation of CE images. 
Ablation experiments were also conducted on multiple modules to improve ResNet-50 and YOLO-V5, ultimately ob-
taining a high-precision model that can simultaneously detect a variety of SB lesions and assess the bleeding risks of 
lesions. We successfully tested the model using 37287 images. The results indicated that under the same hyperparameter 
and training round settings, the ResNet-50 classification system based on the three-channel RGB multimodal and MHSA 
mechanism combined with the YOLO-V5 detection system based on a parallel network, the feature erasures module, 
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Table 2 Comparison of sensitivity, specificity, and accuracy of physician and model-assisted reading for different types of image 
recognition

Type of CE Mode of reading Sensitivity, % Specificity, % Accuracy, %

P 95.96 98.10 97.39I

M 99.85 99.57 99.66

P 94.96 94.25 94.52N

M 98.84 99.77 99.43

P 84.31 99.89 99.75P0Lk

M 96.92 99.97 99.94

P 78.66 99.71 99.23P0Lz

M 97.30 99.90 99.83

P 65.45 99.87 99.62P0X

M 93.82 99.98 99.94

P 67.33 99.55 99.28P1E

M 91.75 99.96 99.90

P 74.88 99.68 98.57P1U

M 98.39 99.94 99.87

P 64.71 99.78 99.61P1P

M 94.12 99.94 99.91

P 98.35 99.94 99.76P2U

M 99.69 99.99 99.95

P 88.14 99.71 99.65P2P

M 100 99.96 99.96

P 52.38 99.92 99.62P2V

M 97.40 99.97 99.96

P 100 100 100B

M 100 100 100

The models in this table refer to the improved models (with modules added). B: Blood; CE: Capsule endoscopy; I: Invalid pictures; M: Model-assisted 
reading; N: Normal pictures; P: Physician reading; P0Lk: Lymphangiectasia; P0Lz: Lymphoid follicular hyperplasia; P0X: Xanthoma; P1E: Erosion; P1P: 
Protruding lesion smaller than 1 cm; P1U: Ulcer smaller than 2 cm; P2P: Protruding lesion larger than 1 cm; P2U: Ulcer larger than 2 cm; P2V: 
Vasculopathy.

Table 3 Effect of stage 1 multimodal module ablation experiments on the performance metrics of the algorithm

Color channel module
Method

R G B RGB
Accuracy, % Sensitivity, % Specificity, %

Method 1 √ × × × 98.32 98.29 98.36

Method 2 × √ × × 96.97 96.99 96.93

Method 3 × × √ × 99.04 99.02 99.08

Method 4 × × × √ 99.08 99.05 99.12

ASPP, and MHSA mechanism had the highest diagnostic performance among all model combinations in our study. 
Moreover, the diagnostic performance of the model in assisting physician reading was higher than that in physician 
reading.

This study exhibited considerable novelty. First, this was based upon the pioneering AI diagnostic system for clinical 
CE to automatically detect SB lesions and their bleeding risks. Second, our model had high accuracy (98.96%) and high 
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Table 4 Effect of stage 1 attention module ablation experiments on the performance metrics of the algorithm

Attention module
Method

SA CA MHSA
Accuracy, % Sensitivity, % Specificity, %

Method 1 √ × × 98.79 98.75 98.86

Method 2 × √ × 98.82 98.66 99.06

Method 3 × × √ 99.08 99.05 99.12

CA: Channel attention module; MHSA: Multi-head self-attention; SA: Spatial attention module.

Table 5 Effect of ablation experiments in stage 2 on algorithm performance metrics

Module Accuracy, % EER, % AUC, %

PN, √ 98.96 0.24 98.86

PN, × 96.38 0.29 95.02

ASPP, √ 98.96 0.24 98.86

ASPP, × 96.01 0.28 96.47

MHSA, √ 98.96 0.24 98.86

MHSA, × 96.22 0.29 95.68

ASPP: Atrous spatial pyramid pooling; AUC: Area under the curve; EER: Equal error rate; MHSA: Multi-head self-attention mechanism; PN: Parallel 
network.

Table 6 Effect of random number experiment on algorithm performance index in stage 2 feature erase module

Random number Accuracy, % EER, % AUC, %

001 97.91 0.29 98.49

010 97.92 0.28 98.47

100 97.91 0.29 98.50

011 98.58 0.24 98.63

101 98.37 0.25 98.66

110 98.27 0.25 98.67

111 98.96 0.24 98.86

AUC: Area under the curve; EER: Equal error rate.

sensitivity (99.17%) when assisting physician reading. Especially for SB vascular lesions, the sensitivity of physician 
reading was only 52.38%, which indicated that nearly half of the lesions will be missed, and SB vascular lesions exhibited 
a high risk of bleeding, which is a common causative factor for SB bleeding. The network model immensely enhanced the 
sensitivity for such lesions (97.40%), which bears immense significance for physicians tasked with enhancing the 
diagnosis of bleeding and identifying high-risk bleeding populations. Meanwhile, the model was time-efficient (48.00 ± 
7.00 ms for each image compared with 0.40 ± 0.24 s for clinicians). Its diagnostic performance exhibited potential for 
clinical application.

In general, the proposed model outperforms the existing models in the identification of a variety of lesions (ulcers, 
luminal protrusion lesions, vascular lesions and bleeding), which can effectively improve the ability of physicians to 
identify lesions and evaluate bleeding. However, the sensitivity of the proposed algorithm for the recognition of 
intraluminal protruding lesions and vascular lesions was lower than that of Ding et al[22] (100/98.1, 98.9/97.4), which 
may be related to the following factors. First, the sample size of the dataset was small, and the model did not fully learn 
the relevant discriminative features. Second, other existing models only perform the task of picture classification, while 
the proposed model not only classifies and detects lesions, providing an the accurate location of the lesions, it also 
evaluates the bleeding risk of lesions. The effective completion of these tasks may affect the sensitivity of the model, 
however.
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Table 7 Comparison of available models

Ref. Year of 
publication Application Algorithm Sensitivity, % Specificity, % Accuracy, %

Aoki et al[29] 2019 Erosion/ulcer CNN system based on 
SSD

88.2 90.9 90.8

Ulcer 99.7 99.9 99.8

Bleeding 99.5 99.9 99.9

Ding et al[22] 2019

Vascular lesion

ResNet-152

98.9 99.9 99.2

Protruding lesion 100 99.9 99.9 
Aoki et al[30]

 
2020

Bleeding

ResNet-50

96.6 99.9 99.9

Ulcer( P1U + P2U ) 99.7 99.9 99.9

Vascular lesion 97.4 99.9 99.9

Protruding lesion (P1P + 
P2P)

98.1 99.9 99.9

Current study 2023

Bleeding

Improved ResNet-50 + 
YOLO-V5

100 100 100

CNN: Convolution neural network; P1U: Ulcer smaller than 2 cm; P1P: Protruding lesion smaller than 1 cm; P2P: Protruding lesion larger than 1 cm; P2U: 
Ulcer larger than 2 cm; SSD: Single shot multibox detector.

Several limitations of this study should be considered when interpreting the results. First, diverticulum and parasite 
images were not included in the study due to the limited number of images available for training. Future studies should 
be directed toward enrollment and multicenter collaboration so that the aforementioned issues can be effectively 
addressed. Second, as an experimental evaluation and first-step investigation, the system was developed and tested on 
still images; it failed to perform real-time detection and result interpretation on videos. Thus, future studies evaluating 
the real-time utilization of AI in CE are warranted.

CONCLUSION
The trained deep learning model based on image classification combined with object detection exhibited satisfactory 
performance in identifying SB lesions and their bleeding risk, which enhanced the diagnostic efficiency of physicians and 
improved the ability of physicians to identify high-risk bleeding groups. This system highlighted its future application 
potential as an AI diagnostic system.

ARTICLE HIGHLIGHTS
Research background
Deep learning provides an efficient automatic image recognition method for small bowel (SB) capsule endoscopy (CE) 
that can assist physicians in diagnosis. However, the existing deep learning models present some unresolved challenges.

Research motivation
CE reading is time-consuming and complicated. Abnormal parts account for only a small proportion of CE images. 
Therefore, it is easy to miss the diagnosis, which affects the detection of lesions and assessment of their bleeding risk. 
Also, both image classification and object detection have made significant progress in the field of deep learning.

Research objectives
To propose a novel and effective classification and detection model to automatically identify various SB lesions and their 
bleeding risks, and label the lesions accurately, so as to enhance the diagnostic efficiency of physicians and their ability to 
identify high-risk bleeding groups.

Research methods
The proposed model was a two-stage method that combined image classification with object detection. First, we utilized 
the improved ResNet-50 classification model to classify endoscopic images into SB lesion images, normal SB mucosa 
images, and invalid images. Then, the improved YOLO-V5 detection model was utilized to detect the type of lesion and 
the risk of bleeding, and the location of the lesion was marked. We constructed training and testing sets and compared 
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model-assisted readings with physician readings.

Research results
The accuracy of the model constructed in this study reached 98.96%, which was higher than the accuracy of other systems 
using only a single module. The sensitivity, specificity, and accuracy of the model-assisted reading detection of all images 
were 99.17%, 99.92%, and 99.86%, which were significantly higher than those of the endoscopists’ diagnoses. The image 
processing time of the model was 48 ms/image, and the image processing time of the physicians was 0.40 ± 0.24 s/image 
(P < 0.001).

Research conclusions
The deep learning model of image classification combined with object detection exhibits a satisfactory diagnostic effect on 
a variety of SB lesions and their bleeding risks in CE images, which enhances the diagnostic efficiency of physicians and 
improves their ability to identify high-risk bleeding groups.

Research perspectives
We utilized a two-stage combination method and added multiple modules to identify normal SB mucosa images, invalid 
images, and various SB lesions (lymphangiectasia, lymphoid follicular hyperplasia, xanthoma, erosion, ulcer smaller than 
2 cm, protruding lesion smaller than 1 cm, ulcer larger than 2 cm, protruding lesion larger than 1 cm, vascular lesions, 
and blood). The bleeding risk was evaluated and classified.
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Abstract
BACKGROUND 
Resistance to clarithromycin (CLA) and levofloxacin (LFX) of Helicobacter pylori 
(H. pylori) is increasing in severity, and successful eradication is essential. 
Presently, the eradication success rate has greatly declined, leaving a large 
number of patients with previous treatment histories.

AIM 
To investigate secondary resistance rates, explore risk factors for antibiotic 
resistance, and assess the efficacy of susceptibility-guided therapy.

METHODS 
We recruited 154 subjects positive for Urea Breath Test who attended The First 
Affiliated Hospital of China Medical University between July 2022 and April 2023. 
Participants underwent a string test after an overnight fast. The gastric juice was 
obtained and transferred to vials containing storage solution. Subsequently, DNA 
extraction and the specific DNA amplification were performed using quantitative 
polymerase chain reaction (qPCR). Demographic information was also analyzed 
as part of the study. Based on these results, the participants were administered 
susceptibility-guided treatment. Efficacy was compared with that of the empiric 
treatment group.

RESULTS 
A total of 132 individuals tested positive for the H. pylori ureA gene by qPCR 
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technique. CLA resistance rate reached a high level of 82.6% (n = 109), LFX resistance rate was 69.7% (n = 92) and 
dual resistance was 62.1% (n = 82). Gastric symptoms [odds ratio (OR) = 2.782; 95% confidence interval (95%CI): 
1.076-7.194; P = 0.035] and rural residence (OR = 5.152; 95%CI: 1.407-18.861; P = 0.013) were independent risk 
factors for secondary resistance to CLA and LFX, respectively. A total of 102 and 100 individuals received suscept-
ibility-guided therapies and empiric treatment, respectively. The antibiotic susceptibility-guided treatment and 
empiric treatment groups achieved successful eradication rates of 75.5% (77/102) and 59.0% (59/411) by the 
intention-to-treat (ITT) analysis and 90.6% (77/85) and 70.2% (59/84) by the per-protocol (PP) analysis, 
respectively. The eradication rates of these two treatment strategies were significantly different in both ITT (P = 
0.001) and PP (P = 0.012) analyses.

CONCLUSION 
H. pylori presented high secondary resistance rates to CLA and LFX. For patients with previous treatment failures, 
treatments should be guided by antibiotic susceptibility tests or regional antibiotic resistance profile.

Key Words: Helicobacter pylori; Antibiotic resistance; Clarithromycin; Levofloxacin; String-test; Susceptibility-guided 
therapy; Eradication rate

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Decreased success eradication rates of Helicobacter pylori (H. pylori) have received much attention in recent years, 
mainly due to the increasing resistance to antibiotics. Focus has begun to be placed on the efficacy of antibiotic suscept-
ibility-guided eradication. This study revealed that the secondary resistance rate of H. pylori to clarithromycin and 
levofloxacin in Province Liaoning, was higher than the national average. Antibiotic susceptibility-guided eradication therapy 
is more effective than empiric treatment. It provided a reference for eradication therapy in regions in the northeast of China.

Citation: Wang YM, Chen MY, Chen J, Zhang XH, Feng Y, Han YX, Li YL. Success of susceptibility-guided eradication of Helico-
bacter pylori in a region with high secondary clarithromycin and levofloxacin resistance rates. World J Gastroenterol 2024; 30(2): 
184-195
URL: https://www.wjgnet.com/1007-9327/full/v30/i2/184.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i2.184

INTRODUCTION
Approximately half of the world's population is infected with Helicobacter pylori (H. pylori), a bacterium that contributes to 
various stomach disorders, such as atrophic gastritis, gastric carcinoma, and mucosa-associated lymphoid tissue 
lymphoma[1]. H. pylori has also been implicated in the development of extra-digestive disorders, such as iron deficiency 
anemia, idiopathic thrombocytopenic purpura, nonalcoholic fatty liver disease, and Alzheimer’s disease (AD)[2-4]. H. 
pylori also elicits immune responses. Several researchers have investigated the association of H. pylori infection with mean 
platelet volume and neutrophil/lymphocyte ratio values in both adults and children[5,6]. H. pylori, classified as a group I 
carcinogen of gastric cancer (GC), could promote the development of precancerous gastric lesions[7,8]. Successful H. 
pylori eradication might serve as a long-term preventive measure against GC among populations at high risk of the 
disease[9-11]. Strategies for the effective H. pylori treatment are essential for the prevention of GC.

Recently, the eradication rates of standard triple therapies containing clarithromycin (CLA) and regimens based on 
levofloxacin (LFX) have declined substantially[12-14]. This marked reduction in eradication efficacy resulted mainly from 
the rising prevalence of antibiotic resistance[15]. Bismuth quadruple therapy was recommended by guidelines and used 
clinically, yet still with unsatisfactory eradication effects[16]. A rapid increase in the prevalence of H. pylori resistance to 
CLA and LFX has been observed[17], which might be closely related to previous treatment failure. It has been pointed out 
that with more than two previous histories of treatments, resistance to CLA and LFX could increase by more than 50%
[18]. Current consensus recommended antibiotic susceptibility tests before prescriptions in populations with several 
treatment failures[19]. Besides, in areas characterized by high CLA and LFX resistance, it is essential to detect antibiotic 
resistance of H. pylori before prescription. Epidemiological data on secondary H. pylori resistance are crucial for decision-
making within respective areas when local patients are unavailable for prior tests.

However, culturing and antibiotic susceptibility tests require significant investments in time and specialized laboratory 
equipment, limiting their wide clinical application, likewise[20]. Furthermore, molecular tests, such as quantitative 
polymerase chain reaction (qPCR), hold promise for clinical application in detecting H. pylori infection and antibiotic 
resistance in gastric mucosal specimens[21,22]. For focal distribution within the gastric mucosa, H. pylori is prone to false-
negative results when biopsies are performed at several sites under gastroscopy. Conversely, the presence of bacteria and 
shed epithelial cells in gastric fluid achieved using the more available and less invasive string-test than the conventional 
method of extracting mucosal samples through endoscopic biopsies[21].
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Moreover, the identification of risk factors for antibiotic resistance of H. pylori is valuable for identifying high-risk 
populations susceptible to antibiotic-resistant strains. This information holds value in clinical settings, enabling to 
provide prescriptions suitable for a specific region, thereby reducing the incidence of secondary antibiotic resistance. 
Several studies have investigated risk factors, such as age, gender, and previous antibiotic use[23-25]. However, 
conclusions remained contentious, displaying discrepancies across different geographical regions.

In the current study, we calculated the secondary CLA and LFX resistance rate of H. pylori strains in Liaoning Province, 
a region in the northeast of China, based on qPCR by string-test. Risk factors for antibiotic resistance were also evaluated. 
Besides, we assessed the eradication rate of susceptibility-guided therapy eradication and compared the outcomes with 
the empiric treatment eradication rate, in order to improve the eradication rate in Liaoning Province.

MATERIALS AND METHODS
Study design, participants and acquisition of basic information
This trial was conducted at the Department of Gastroenterology of the First Affiliated Hospital of China Medical 
University from July 2022 to April 2023. It was approved by the Human Ethics Review Committee of the First Affiliated 
Hospital of China Medical University (2021325). Written informed consent was obtained from all participants. 
Participants were drawn from various areas of Liaoning Province, and the study was conducted at a tertiary hospital. 
Subjects positive for H. pylori and aged ≥ 18 years were recruited. Exclusion criteria included administration of antibiotics 
in the past month, administration of proton pump inhibitors in the past half month, acute respiratory infections, recent 
gastrointestinal bleeding, esophageal and gastric varices, dysphagia, and esophageal cancer. Basic information on 
participants was obtained from the HIS Information System Technical Support Services, including gender, current 
smoking conditions, current drinking conditions, body mass index (BMI), hypertension, diabetes mellitus, 
gastrointestinal symptoms, family members with H. pylori infection, family histories of GC, and living area. The definition 
of current smoking and drinking in the present study was that participants engaged in smoking and/or drinking 
behavior in accordance with their personal smoking and/or drinking habits during the first 4 wk before conducting the 
string test. Gastrointestinal symptoms included abdominal pain, fullness, heartburn, dysphagia, and anorexia.

Determination of H. pylori infection and steps for string-test
Urea Breath Test (UBT) was performed with The Kit For 13C-Urea Breath Test (Haiderun Pharmaceutical Group Co. Ltd., 
Beijing, China). After the initial baseline breath samples were collected, participants fasting for at least two hours ingested 
100-mg 13C-labelled reagent. Breath samples exhaled after 30 min were analyzed by the WLD600C13C Analyzer 
(Haiderun Pharmaceutical Group Co. Ltd., Beijing, China).

A positive indicator of H. pylori infection was determined according to the manufacturer's instructions. Participants 
positive for UBT underwent the string-test. A gelatine capsule containing a 90-cm-long string of absorbent cotton 
(Shenzhen Hongmed-Infagen Co. Ltd., China) was swallowed by subjects after an overnight fast, along with 300 mL of 
water. One hour later, researchers withdrew the string, cut it at the designated position with a pair of sterile scissors, and 
discarded the proximal section to preclude oral contamination. The gastric-fluid-soaked portion was transferred into 
storage solution supplied in vials. All samples were sent to Shenzhen Hongmed-Infagen Co. Ltd. at ambient temperature 
for processing.

H. pylori infection and antibiotic resistance determination by qPCR
Genomic DNA was extracted by following the manufacturer's guidelines with H. pylori DNA extraction kit (Hongmed-
Infagen Co. Ltd.). The Real-time PCR System Gentier 96R (Tianlong Technology Co. Ltd.) carried on the amplification to 
detect the presence of the specific ureA gene and the point mutations of 23S rRNA (A2142G, A2143G, and A2142C) and 
gyrA (260T, 261A, 261G, 271A, 271T, and 272G), which represented CLA and quinolone resistance, respectively. The 
cycling program included an initial cycle of 2 min at 42°C, then 2 min at 95°C, proceeded by 40 denaturation cycles of 10s 
at 95°C and 45s at 58°C for extension and annealing.

Susceptibility-guided treatment and empiric treatment
The susceptibility-guided treatment group enrolled participants with antibiotic susceptibility results. They received 
bismuth-based quadruple therapy based on The Fifth Chinese National Consensus Report on the management of H. pylori 
infection[19]. The quadruple therapy consisted of bismuth 200 mg bid, PPI (rabeprazole 20 mg or ilaprazole 5 mg) bid, 
and two types of antibiotics. Antibiotics were selected according to the antibiotic susceptibility outcomes, two of the 
following: Amoxicillin 1000 mg bid, CLA 500 mg bid, furazolidone 100 mg bid, LFX 500 mg qd, minocycline hydro-
chloride 100 mg bid. Bismuth and PPI were administered orally before meals and antibiotics after meals. The treatment 
course lasted 14 d and a follow-up UBT was performed at least 4 wk after treatment.

We retrospectively reviewed UBT and treatment records of the First Affiliated Hospital of China Medical University 
from October 2020 to June 2023 to assess the H. pylori eradication rates. Researchers reviewed treatment regimens and 
screened patients who received therapies at least once. Of the patients screened, those who met all the following criteria 
were recruited in the empiric treatment group: with both pre- and post-treatment UBT results, a complete course of 
bismuth quadruple therapy, and being prescribed a PPI of either rabeprazole or ilaprazole. Eradication rates of H. pylori 
were evaluated by intention-to-treat (ITT; including individuals enrolled in studies analyzing eradication therapies) and 
per-protocol (PP; eradication therapies) analyses.
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Statistical analyses
The statistical software SPSS (version 18.0; SPSS Inc., Chicago, IL, United States) was used to perform all the statistical 
analyses. Categorical data were presented as numbers and percentages. Continuous data were presented as mean ± SD. 
The demographic data on participants were processed using descriptive statistical analysis. Chi-square test was applied 
to compare differences between groups. Fisher’s exact test was applied when over 20% of the expected counts were below 
5. The factors that could influence antibiotic resistance were analyzed by univariate analysis. A binary logistic regression 
model was used to calculate the odds ratios (ORs) and 95% confidence intervals (95%CIs) of different variables related to 
antibiotic resistance. P value less than 0.05 in two tails was considered statistically significant.

RESULTS
Baseline characteristics of participants
In total, 154 participants with positive UBT results were recruited in the present study. A total of 132 (85.7%) H. pylori 
ureA-positive subjects were evaluated, of which group baseline characteristics were summarized in Table 1. Most 
participants are from urban areas (103; 78.0%), and nearly half are females (71; 53.8%). The mean age and standard 
deviation of 132 adults was 52.7 ± 12.6, with a range from 18 to 78 years old. Most participants (83; 62.9%) have gastric 
symptoms, but only a minority of individuals whose family members were with H. pylori infection (41; 31.1%) and who 
had a family history of GC (16; 12.1%). Almost half (61; 46.2%) were overweight in terms of BMI. Besides, a small 
proportion of participants conducted current drinking, current smoking, were diagnosed with hypertension, and were 
diagnosed with diabetes, in descending order of 19.7%, 17.4%, 16.7%, and 11.4%, respectively.

Secondary antibiotic resistance rate and patterns of H. pylori
The secondary resistance rates to CLA and LFX were observed in 82.6% (n = 109) and 69.7% (n = 92) of the ureA positive 
subjects, respectively, which represented quite high levels (Figure 1). Of these, 82 isolates were resistant to both 
antibiotics, with a dual resistance rate of 62.1%. A total of 28.0% (n = 37) of the population was monoresistant, inferior to 
that of the dual-resistant population. Among these 37 subjects, the greatest number was resistant to CLA (27; 20.5%), 
leaving 10 subjects resistant to LFX. The least number of subjects were sensitive to both antibiotics, at 9.9% of 13 ones. 
Antibiotic resistance patterns of H. pylori are shown in Table 2.

Risk factors associated with antibiotic resistance of H. pylori
The chi-square results indicated that subjects with gastrointestinal symptoms and CLA-resistance differed significantly (P 
= 0.034). Another significant difference was observed between LFX-resistance and residential region (P = 0.008). As for 
the other factors, CLA-resistance differed from age and current smoking status, whereas LFX-resistance differed from 
age. However, these differences were not significant, with P values at 0.068, 0.076, and 0.060, respectively. No other 
associations were discovered between antibiotic resistance and patient characteristics, including gender, current drinking 
conditions, BMI, hypertension, diabetes mellitus, family members with H. pylori infection, and family histories of GC (P > 
0.05; Table 3).

Furthermore, age, current smoking status, gastric symptoms, and residence region were included in the binary logistic 
regression analysis to assess their association with antibiotic resistance. The analysis revealed that patients with 
gastrointestinal symptoms were more likely to develop CLA-resistance (OR = 2.782; 95%CI: 1.076-7.194; P = 0.035). 
Patients living in rural areas were more likely to develop resistance to LFX than those living in urban areas (OR = 5.152; 
95%CI: 1.407-18.861; P=0.013; Table 4).

Eradication rates of the susceptibility-guided and empiric treatments
A total of 102 and 100 individuals received susceptibility-guided therapies with antimicrobial susceptibility tests and 
empiric treatment, respectively. Demographic information of the two groups was summarized in Table 5. All of them 
were included in the ITT analysis. Among the 102 individuals with susceptibility-guided therapies, 13 were lost to follow-
up and 4 did not retest UBT. Overall, 85 of them with follow-up UBT values were included in the PP analysis. Different 
bismuth-based quadruple therapies regimens were shown in Figure 2. For the empiric treatment group, we screened 100 
records from the hospital database that met the aforementioned criteria. With 10 missing following-up and 6 Lacking 
UBT, 84 participants were finally included in the PP analysis. Therapy regimens were shown in Figure 3. For the 
antibiotic-susceptibility-guided treatment and empiric treatment groups, the eradication rates in the ITT analyses were 
75.5% (77/102) and 59.0% (59/100), respectively. In the PP analyses, the eradication rates were 90.6% (77/85) and 70.2% 
(59/84), respectively (Table 6). In addition, a significantly difference was found between these two treatment strategies 
both in the ITT (P = 0.001) and PP analyses (P = 0.012).

DISCUSSION
CLA is the first-line antibiotic for H. pylori eradication[19]. When the efficacy of CLA-based regimens has been declining, 
LFX has been adopted as a second-line treatment option[26]. Unfortunately, H. pylori has exhibited growing resistances to 
both drugs, contributing to a global increase in treatment failure rates[27]. In recent years, the incidence of secondary 
resistance in China has increased due to the extensive use of antibiotics[28]. Limited studies estimated secondary 
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Table 1 The baseline information of Helicobacter pylori isolates (n = 132)

Factors n %

Sex (female) 71 53.8

Age (yr, ≥ 50) 85 64.4

BMI (kg/m2, ≥ 25) 61 46.2

Current smoking 23 17.4

Current drinking 26 19.7 

Hypertension (yes) 22 16.7

Diabetes (yes) 15 11.4

Gastrointestinal symptoms (yes) 83 62.9

Family members with Helicobacter pylori infection (yes) 41 31.1

Family histories of gastric cancer (yes) 16 12.1

Residence region (urban) 103 78.0

BMI: Body mass index.

Table 2 Antibiotic resistance patterns of Helicobacter pylori strains (n = 132)

Overall (n = 132)
Type of resistance

Number of strains Resistance rate (%)

No resistance 13 9.9

Monoresistance 37 28.0

        LFX 10 7.6

        CLA 27 20.5

Double resistance 82 62.1

        CLA + LFX 82 62.1

LFX: Levofloxacin; CLA: Clarithromycin.

Figure 1 Secondary resistance rate of Helicobacter pylori strains to clarithromycin and levofloxacin.
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Table 3 Rates of antimicrobial resistance stratified by patient characteristics

Clarithromycin Levofloxacin
Characteristics

Resistant Sensitive
P value

Resistant Sensitive
P value

Age (yr)

        ≥ 50 20 11 0.068 64 21 0.060

        < 50 35 74 28 19

Gender

        Male 48 13 0.275 43 18 0.854

        Female 61 10 49 22

Current smoking

        Yes 20 3 0.076 15 8 0.607

        No 89 20 77 32

Current drinking

        Yes 24 2 0.246 17 9 0.593

        No 85 21 75 31

BMI (kg/m2)

        ≥ 24 51 10 0.772 45 16 0.345

        < 24 58 13 47 24

Hypertension

        Yes 20 2 0.363 18 4 0.175

        No 89 21 74 36

Diabetes melllitus

        Yes 11 4 0.297 10 5 0.772 

        No 98 19 82 35

Symptoms

        Yes 73 10 0.034 61 22 0.217

        No 36 13 31 18

Family members with Helicobacter pylori infection

        Yes 34 7 0.943 27 14 0.519

        No 75 16 65 26

Family histories of gastric cancer

        Yes 15 1 0.303 10 6 0.565

        No 94 22 82 34

Residence region

        Urban 83 20 0.255 66 37 0.008

        Rural 26 3 26 3

BMI: Body mass index.

resistance rates in Liaoning, a province in the northeast of China[29]. Owing to the easier and less invasive nature of the 
string-test and the more economical and simpler approaches of molecular biology methods, we detected the point 
mutations of 23S rRNA (A2142G, A2143G, and A2142C) and gyrA (260T, 261A, 261G, 271A, 271T, and 272G) by the above 
methods for H. pylori antibiotic susceptibility status determination. The results finally confirmed a pretty high rate of 
secondary resistance to CLA (82.6%) and LFX (69.7%) among the 132 ureA positive subjects (132/154; 85.7%).

The failure of the standard triple therapy eradication was mostly attributed to CLA resistance[16]. The eradication rate 
of first-line treatment in CLA-resistant cases was even as low as 59.4%, calculated by a meta-analysis, compared to 90.1% 
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Table 4 Correlations between Helicobacter pylori antibiotic resistance and characteristics of subjects

Clarithromycin Levofloxacin
Variables

OR (95%CI) P value OR (95%CI) P value

Age (yr)

        < 50 1 1

        ≥ 50 2.379 (0.924-6.125) 0.072 1.972 (0.888-4.379) 0.095

Current smoking

        No 1 1

        Yes 1.151 (0.293-4.517) 0.841 0.546 (0.192-1.557) 0.258

Symptoms

        No 1 1

        Yes 2.782 (1.076-7.194) 0.035 1.851 (0.823-4.166) 0.137

Residence region

        Urban 1 1

        Rural 1.852 (0.489-7.010) 0.364 5.152 (1.407-18.861) 0.013

OR: Odds ratio; 95%CI: 95% confidence interval.

Table 5 Characteristics of the susceptibility-guided and empiric treatment groups

Characteristics All (n, %) Susceptibility-guided treatment (n, %) Empiric treatment (n, %) P value

Age (yr) 0.448

        < 50 57 (33.7) 31 (54.4) 26 (45.6)

        ≥ 50 112 (66.3) 54 (48.2) 58 (51.8)

Gender 0.812

        Male 78 (46.2) 40 (51.3) 38 (48.7)

        Female 91 (53.8) 45 (49.5) 46 (50.5)

Table 6 Eradication rates of the susceptibility-guided and empiric treatment groups

Susceptibility-guided treatment group Empiric treatment group P value

ITT analysis 75.5% (77/102) 59.0% (59/100) 0.001

PP analysis 90.6% (77/85) 70.2% (59/84) 0.012

ITT: Intention-to-treat analysis; PP: Per-protocol analysis.

in sensitive ones[30]. A secondary CLA-resistance rate of 76.9% has been recorded in China[28], but with variation across 
geographical regions. In this study, the secondary CLA-resistance rate was 82.6%, ranking second after Lanzhou (93.8%)
[31], similar to Beijing (83.3%)[32] and Nanjing (77.8%)[33], while surpassing those in Shanghai (67.4%)[34], Nanchang 
(58.3%)[35], and Shenzhen (34.3%)[36]. The secondary resistance to CLA in China has demonstrated an increasing 
prevalence over time[32]. The significant upward trend in secondary resistance was observed after CLA-based treatments
[32,33], indicating a correlation with the frequency of therapy[18]. The rate in Liaoning achieved a high level, probably 
attributed to the regional administration of CLA. CLA has been in frequent use in China since 1995, particularly for 
respiratory diseases prevalent in the colder regions, such as Liaoning and Beijing[37,38]. It provides a plausible 
explanation for the high rate of secondary CLA-resistance in the north of China. The Maastricht V consensus[16] suggest 
that if the CLA resistance rate exceeds 15% in a certain region, PPI-CLA-containing triple therapy without prior suscept-
ibility tests should be abandoned[39]. Patients with previous CLA-containing therapy failure should not be readmin-
istered unless supported by confirmed susceptibility tests.
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Figure 2 Flow diagram of antibiotic-susceptibility-guided therapy. qPCR: Quantitative polymerase chain reaction; UBT: Urea Breath Test; ITT: Intention-
to-treat; PP: Per-protocol; A: Amoxicillin; B: Bismuth; C: Clarithromycin; F: Furazolidone; L: Levofloxacin; MH: Minocycline hydrochloride; P: Proton pump inhibitor; 
CLAR: Clarithromycin-resistant; CLAS: Clarithromycin-susceptible; LFXR: Levofloxacin-resistant; LFXS: Levofloxacin-susceptible.

The LFX-resistance rate reached up to 69.7%, similar to that in Beijing (73.3%)[32] and Lanzhou (64.6%)[31], all 
surpassing the average of 61.6% in China[28]. These high resistance rates might be attributed to the following reasons. 
LFX is widely used in China, with fewer restrictions than in western countries, is more frequently used for urogenital 
diseases and respiratory infection, and is widely used as a non-prescription drug, even in animal aquaculture and 
husbandry[40]. According to consensus recommendations, regimens containing LFX could be used as rescue treatments 
in regions with high CLA-resistance[16]. We observed such a high resistance rate to LFX that cautions should be taken 
when prescribing it in clinical settings. However, in Beijing, despite the high resistance rate to LFX, the final eradication 
rate after the LFX-based triple regimen still exceeded 80%[32]. This might demonstrate that the ultimate therapeutic effect 
does not depend solely on the resistance or susceptibility status in vitro of H. pylori to LFX.

In terms of resistance patterns, dual-resistant subjects accounted for the majority of the 132 participants (82; 62.1%), 
followed by mono-resistant subjects (28.0%). This indicated that in the studied area, the probability of eradication success 
might be improved if susceptibility tests have been confirmed.

Regarding the risk factors associated with antibiotic resistance in this study, binary logistic regression analyses 
revealed gastric symptoms as an independent risk predictor for CLA resistance. Patients with gastric symptoms, 
including abdominal pain, fullness, and heartburn, had a significantly higher probability of developing resistance to CLA 
than those without symptoms (OR = 2.782; 95%CI: 1.076-7.194; P = 0.035). Our findings were consistent with those of a 
trial conducted in Yangzhou, China[23]. Based on these results, we recommended that patients presenting with gastric 
discomfort undergo antibiotic susceptibility tests and receive precise treatments. If patients are unavailable for testing, 
gastric symptoms are an indication for physicians to avoid prescribing CLA-containing regimens. Additionally, rural 
residence was observed as an independent risk factor for LFX resistance. The LFX-resistance rate was significantly higher 
in rural residents than in urban residents (OR = 5.152; 95%CI: 1.407-18.861; P = 0.013). This might be explained by the 
casual and frequent use of LFX and the limited knowledge of H. pylori in rural areas. Thus, the administration of LFX to 
rural residents should be considered with caution. Physicians should preach to the public, especially rural residents, 
about preventing the misuse of antibiotics.

Among the risk factors investigated in the present study, age and current smoking status failed to exhibit significantly 
associations with CLA or LFX resistance. P values for age and CLA resistance, smoking and CLA resistance, and age and 
LFX resistance showed 0.068, 0.076, and 0.060, respectively, which were near critical values. Some articles reached the 
conclusion that age was an independent risk factor for antibiotic resistance[31,34,41]. In our study, the LFX resistance rate 
was higher in the age group above 50 (64/82), suggesting a potential age-related trend. However, in the CLA-resistant 
population, no age-related trends were observed, presumably associated with other variables, such as the method of 
classifying age groups. As for the association between smoking and CLA-resistance, it remained unclear and required 
further investigations.
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Figure 3 Empiric eradication treatment regimens of Helicobacter pylori infection. UBT: Urea Breath Test; ITT: Intention-to-treat; PP: Per-protocol; A: 
Amoxicillin; B: Bismuth; C: Clarithromycin; F: Furazolidone; L: Levofloxacin; MH: Minocycline hydrochloride; P: Proton pump inhibitor.

From the perspective of treatment efficacy, our study achieved acceptable eradication rates (90.6% by ITT and 75.5% by 
PP), similar to the results of other studies based on susceptibility-guided treatments[42,43]. These outcomes were 
significantly higher than those in the empiric treatment group (70.2% by ITT and 59.0% by PP) (P = 0.001 by ITT and P = 
0.012 by PP). Achieving such a satisfactory result demonstrated that it is feasible for patients with previous eradication 
failures to perform antibiotic susceptibility tests based on qPCR by string-test.

The present study has limitations. Firstly, the analysis and derivation of antibiotic resistance data were based on data 
from a single hospital in Liaoning Province. A degree of bias might exist, although participants attending this large 
tertiary hospital come from across the province. Furthermore, certain risk factors approached critical values without 
reaching significance. Future studies should include larger sample sizes. In the future, we aim to conduct multicenter 
studies across various regions of the province to obtain a more comprehensive profile of antibiotic resistance in Liaoning. 
We will also endeavor to expand our sample size to provide more specific population characteristics. Nonetheless, as one 
of the few articles demonstrating secondary resistance in the northeast of China, this study still offered valuable insights 
into the possibility of eradication success in patients who had failed previous treatments once or more times.

CONCLUSION
Secondary resistance rates to CLA and LFX in Liaoning were high, both exceeding the average resistance rates in China. 
Patients with gastric symptoms and residing in rural areas were at higher risk of developing resistance to CLA and LFX, 
respectively. For patients who have failed previous eradications, antibiotic-guided treatments based on susceptibility 
results were more effective than empiric treatments. Therefore, it is crucial for clinicians to provide a regional treatment 
regimen based on regional antibiotic resistance patterns, combined with the patients’ previous antibiotic exposure, the 
presence of gastric symptoms, and their region of residence.

ARTICLE HIGHLIGHTS
Research background
Decreased success eradication rates of Helicobacter pylori (H. pylori) have received much attention in recent years, mainly 
due to the increasing resistance to antibiotics. Hence, the rates and patterns of resistance of H. pylori to antibiotics need to 
be explored.
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Research motivation
Susceptibility-guided therapy based on antibiotic susceptibility test improved H. pylori eradication rates. We evaluated 
the antibiotic resistance rate of H. pylori, performed precision treatment therapies, and compared the efficacy with empiric 
treatment therapies. It provided a reference for eradication therapy in regions in the northeast of China.

Research objectives
To investigate secondary resistance rates, explore risk factors for antibiotic resistance, and assess the efficacy of suscept-
ibility-guided therapy.

Research methods
We observed antibiotic resistance rates of H. pylori and performed a single-center, clinical trial with the susceptibility-
guided eradication regimen.

Research results
Clarithromycin (CLA) and levofloxacin (LFX) resistance rates were 82.6% and 69.7%, respectively. Gastric symptoms and 
rural residence were independent risk factors for secondary resistance to CLA and LFX, respectively. The overall suscept-
ibility-guided eradication rates calculated using intention-to-treat and per-protocol analyses were 90.6% and 75.5%, 
respectively, both higher than rates with empiric treatment therapies.

Research conclusions
H. pylori presented high secondary resistance rates to CLA and LFX. For patients with previous treatment failures, 
treatments guided by antibiotic susceptibility tests showed good eradication efficacy.

Research perspectives
Large-scale, multi-center observed researches in various regions of the province are needed to obtain a more compre-
hensive profile of antibiotic resistance in Liaoning. It will be necessary to compare the safety, medication adherence and 
cost-effectiveness of the susceptibility-guided eradication regimen with the empiric eradication regimen in the future.
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Abstract
This letter is intended to arouse your interest in a recent review of comprehensive 
scientometrics and clinical trials on immunotherapy for gastric cancer (GC). Our 
study reviews recent advances in immunotherapy in the field of GC and 
highlights its new prospects as a treatment for GC. Our research reveals China’s 
leadership in this field, as well as new therapeutic strategies such as immune 
checkpoint inhibitors, cellular immunotherapy, and vaccines. The combined 
findings highlight the potential of immunotherapy to improve survival and 
quality of life in patients with stomach cancer. We believe that this study will 
provide important guidance for the future direction of the GC treatment field.

Key Words: Gastric cancer; Immunotherapy; Bibliometrics; Comment; Therapeutic 
strategies

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The article is a comprehensive review of immunotherapy for gastric cancer 
(GC), emphasizing the leadership of immunotherapy in the field of GC. The paper 
focuses on new strategies such as immune checkpoint inhibitors, cellular immuno-
therapy, and vaccines, highlighting their potential in improving the survival and quality 
of life of GC patients. This study provides crucial guidance for the future development 
direction of GC treatment and valuable insights into emerging therapeutic approaches.
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TO THE EDITOR
I am writing to express my concern regarding the recently published paper titled “Advances and key focus areas in 
gastric cancer immunotherapy: A comprehensive scientometric and clinical trial review (1999-2023)” by Li et al[1] in the 
World Journal of Gastroenterology. The authors have done an exceptional job of providing a thorough analysis of the current 
status and emerging trends in the field of gastric cancer (GC) immunotherapy. Their findings offer valuable insights into 
significant advancements within this domain, underscoring its potential to revolutionize treatment approaches for 
patients with GC.

As a clinician and researcher in the field of gastroenterology, I am convinced that immunotherapy has great potential 
for GC patients. As the sixth most common cancer worldwide and the third leading cause of cancer-related death, GC 
highlights the urgent need for innovative treatments[2]. Current treatment modalities, mainly surgery and chemotherapy, 
have limitations, and the prognosis for advanced GC remains worrisome. The authors’ bibliometric analysis reflects the 
rapid growth of GC immunotherapy research in recent years and the increasing dominance of China in the number of 
published articles, which indicates the global interest and commitment to advancing this field. The identification of 
keywords, such as “tumor microenvironment”, “immunotherapy”, “dendritic cell therapy”, and “microsatellite 
instability”, highlights the evolving focus areas of GC immunotherapy research.

In addition, I would like to emphasize that international cooperation and communication in this area is essential to 
accelerate progress in GC immunotherapy. As mentioned in the article, multiple countries and institutions worldwide 
have contributed to research in the field of GC immunotherapy[3]. Such collaboration helps to share best practices, drive 
innovation and advance global health. The good news is that combinations of immune checkpoint inhibitors (ICIs), 
chemotherapy, targeted therapies, and other immunotherapies are becoming major research directions in the future. The 
authors rightly point out that these new treatment options, including ICIs and chimeric antigen receptor T cells, hold 
promise for GC patients, with the potential to improve survival and quality of life.

In terms of looking to the future, I think as we develop a deeper understanding of the mechanisms of immunotherapy, 
we can expect to further increase the level of individualization of treatment. Based on the molecular characteristics of the 
tumor and individual differences in the immune system, we can predict how a patient will respond to a specific treatment 
and optimize the outcome by adjusting the treatment regimen. In addition, exploring new immunotherapy targets and 
strategies, such as tumor-associated antigens and immune cell therapies, will open new avenues for future GC therapies.
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