
World Journal of
Gastroenterology

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

World J Gastroenterol  2022 April 21; 28(15): 1503-1607

Published by Baishideng Publishing Group Inc



WJG https://www.wjgnet.com I April 21, 2022 Volume 28 Issue 15

World Journal of 

GastroenterologyW J G
Contents Weekly Volume 28 Number 15 April 21, 2022

EDITORIAL

Liquid biopsy in colorectal cancer: No longer young, but not yet old1503

Roviello G, Lavacchi D, Antonuzzo L, Catalano M, Mini E

REVIEW

Novel approaches in search for biomarkers of cholangiocarcinoma1508

Mocan LP, Ilieș M, Melincovici CS, Spârchez M, Crăciun R, Nenu I, Horhat A, Tefas C, Spârchez Z, Iuga CA, Mocan T, 
Mihu CM

MINIREVIEWS

COVID-19 and liver dysfunction: What nutritionists need to know1526

Wang MK, Yu XL, Zhou LY, Si HM, Hui JF, Hou DY, Li WP, Yang JS

ORIGINAL ARTICLE

Basic Study

Establishing a rabbit model of perianal fistulizing Crohn’s disease1536

Lu SS, Liu WJ, Niu QY, Huo CY, Cheng YQ, Wang EJ, Li RN, Feng FF, Cheng YM, Liu R, Huang J

Case Control Study

Reevaluation of the expanded indications in undifferentiated early gastric cancer for endoscopic 
submucosal dissection

1548

Yoon J, Yoo SY, Park YS, Choi KD, Kim BS, Yoo MW, Lee IS, Yook JH, Kim GH, Na HK, Ahn JY, Lee JH, Jung KW, Kim 
DH, Song HJ, Lee GH, Jung HY

Retrospective Cohort Study

Validation model of fibrosis-8 index score to predict significant fibrosis among patients with nonalcoholic 
fatty liver disease 

1563

Prasoppokakorn T, Chan WK, Wong VWS, Pitisuttithum P, Mahadeva S, Nik Mustapha NR, Wong GLH, Leung HHW, 
Sripongpun P, Treeprasertsuk S

Retrospective Study

Prognostic factors of recurrent intrahepatic cholangiocarcinoma after hepatectomy: A retrospective study1574

Yuan ZB, Fang HB, Feng QK, Li T, Li J

Development and validation of a prediction model for moderately severe and severe acute pancreatitis in 
pregnancy

1588

Yang DJ, Lu HM, Liu Y, Li M, Hu WM, Zhou ZG



WJG https://www.wjgnet.com II April 21, 2022 Volume 28 Issue 15

World Journal of Gastroenterology
Contents

Weekly Volume 28 Number 15 April 21, 2022

LETTER TO THE EDITOR

Role of magnifying narrow-band imaging endoscopy for diagnosis of Helicobacter pylori infection and 
gastric precancerous conditions: Few issues

1601

Sahu SK, Singh A

Therapeutic drug monitoring in inflammatory bowel disease treatments1604

Wang MY, Zhao JW, Zheng CQ, Sang LX



WJG https://www.wjgnet.com III April 21, 2022 Volume 28 Issue 15

World Journal of Gastroenterology
Contents

Weekly Volume 28 Number 15 April 21, 2022

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology, Masahito Nakano, MD, PhD, Assistant Professor, 
Division of Gastroenterology, Department of Medicine, Kurume University School of Medicine, 67 Asahi-machi, 
Kurume, Fukuoka 830-0011, Japan. nakano_masahito@kurume-u.ac.jp

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 indexed in Current Contents®/Clinical Medicine, Science Citation Index Expanded (also known as 
SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2021 
edition of Journal Citation Report® cites the 2020 impact factor (IF) for WJG as 5.742; Journal Citation Indicator: 0.79; 
IF without journal self cites: 5.590; 5-year IF: 5.044; Ranking: 28 among 92 journals in gastroenterology and 
hepatology; and Quartile category: Q2. The WJG’s CiteScore for 2020 is 6.9 and Scopus CiteScore rank 2020: 
Gastroenterology is 19/136.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ying-Yi Yuan; Production Department Director: Xiang Li; Editorial Office Director: Ze-Mao Gong.

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

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

April 21, 2022 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

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

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
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
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJG https://www.wjgnet.com 1503 April 21, 2022 Volume 28 Issue 15

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2022 April 21; 28(15): 1503-1507

DOI: 10.3748/wjg.v28.i15.1503 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

EDITORIAL

Liquid biopsy in colorectal cancer: No longer young, but not yet old

Giandomenico Roviello, Daniele Lavacchi, Lorenzo Antonuzzo, Martina Catalano, Enrico Mini

Specialty type: Oncology

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): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Norčič G, Slovenia; 
Yuan Y, China

Received: March 26, 2021 
Peer-review started: March 26, 2021 
First decision: June 14, 2021 
Revised: July 12, 2021 
Accepted: March 14, 2022 
Article in press: March 14, 2022 
Published online: April 21, 2022

Giandomenico Roviello, Enrico Mini, Department of Health Sciences, Section of Clinical 
Pharmacology and Oncology, University of Florence, Firenze 50139, Italy

Daniele Lavacchi, Clinical Oncology Unit, AOU Careggi, Firenze 50134, Italy

Lorenzo Antonuzzo, Department of Experimental and Clinical Medicine, University of Firenze, 
Firenze 50134, Italy

Martina Catalano, School of Human Health Sciences, University of Florence, Florence 50134, 
Italy

Corresponding author: Giandomenico Roviello, MD, PhD, Assistant Professor, Department of 
Health Sciences, Section of Clinical Pharmacology and Oncology, University of Florence, 
Viale Pieraccini, 6, Firenze 50139, Italy. giandomenico.roviello@unifi.it

Abstract
Colorectal cancer (CRC) is one of the most prevalent cancers and the second 
leading cause of cancer-related deaths worldwide. The treatment strategy 
employed in CRC patients is becoming highly dependent on molecular character-
istics present at diagnosis and during treatment. Liquid biopsy is an emerging 
field in the management of this cancer, and its relevance as a potential diagnostic, 
prognostic, monitoring, and therapeutic tool makes it a viable strategy in the 
clinical management of CRC patients. Liquid biopsy also has certain limitations, 
but these limitations seem to be at the reach of near-future technological 
development. In this letter, we focus on the clinical perspectives of liquid biopsy 
in CRC with particular regard to the various biomarkers recently identified that 
have been shown to be potentially useful in multiple aspects of early stage or 
metastatic CRC.

Key Words: Colorectal cancer; Liquid biopsy; Circulating tumor DNA; Diagnosis; 
Prognosis; Targeted therapy
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Core Tip: Liquid biopsy through analysis of biological components, such as circulating nuclear acids, 
circulating tumor cells, and more recently exosomes in body fluids, has shown good capacity to overcome 
several limitations faced by conventional tissue biopsies, in particular invasiveness and unrepeatability. 
Liquid biopsy has shown significant results in clinical applications in different types of cancer, especially 
colorectal cancer (CRC). Indeed, liquid biopsy can be used to detect CRC at an early stage, make 
treatment decisions, monitor response to treatment, predict relapses and metastases, reveal tumor hetero-
geneity, and detect minimal residual disease.

Citation: Roviello G, Lavacchi D, Antonuzzo L, Catalano M, Mini E. Liquid biopsy in colorectal cancer: No longer 
young, but not yet old. World J Gastroenterol 2022; 28(15): 1503-1507
URL: https://www.wjgnet.com/1007-9327/full/v28/i15/1503.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i15.1503

INTRODUCTION
The strategy employed for the treatment of colorectal cancer (CRC) patients is becoming highly 
dependent on molecular characteristics at diagnosis and during the course of treatment. New 
therapeutic options have been shown to be effective for metastatic disease, including immune 
checkpoint inhibitors (ICIs), HER2-directed antibody-drug conjugates, chemotherapy-free regimens for 
BRAFV600-mutated tumors, and new agents targeting the RAS signaling pathway[1,2].

In recent years, peripheral blood has been extensively studied as a new source of information and 
alternative to tumor biopsy samples, but its potential has not yet been elucidated. Among the most 
studied components, circulating tumor cells (CTCs), circulating tumor DNA (ctDNA), and, more 
recently, exosomes have been considered promising biomarkers for monitoring treatment response, 
longitudinal molecular profiling, prognostication, and detection of minimal residual disease[3].

These advances coincided with the progressive increase in the accessibility and cost-effectiveness of 
next-generation sequencing (NGS) and with the development of new therapeutic approaches, including 
tumor-agnostic treatments[4].

LIQUID BIOPSY APPLICATION
CTC detection and enumeration have been studied as prognostic markers in several cancers. Sastre et al
[5] evaluated the prognostic effect of the presence of CTCs detected using the CellSearch System in CRC 
patients (n = 97). The authors showed an association between CTC detection and stage. With a mean 
number of 3.4/7.5 mL CTCs, a higher rate of CTC positivity was observed in patients with stage IV 
disease (60.7%) than in those with stage II-III disease (20.7%-24.1%). Interestingly, no CTCs were 
detected in the healthy population[5]. Although CTC determination could represent a reliable surrogate 
for tumor burden, the possibility of longitudinal profiling of the disease offers far greater advantages for 
clinical practice than mere enumeration.

One of the most promising applications of liquid biopsy is the detection of early-stage CRC. For this 
purpose, CTC detection and quantification were studied with conflicting results regarding the discrim-
ination of cancerous, precancerous, and other benign lesions[6]. Then, epigenetic changes were invest-
igated to achieve a greater specificity. Methylated SEPT9 promoter DNA has been shown to be a 
potential biomarker with some limitations[7]. The interpretation of the results was, indeed, highly 
dependent on the choice of a favorable balance between sensitivity and specificity[8]. The detection of 
methylated SEPT9 promoter DNA through a real-time polymerase chain reaction assay was validated in 
a prospective study and recently received FDA approval for CRC screening[9]. However, several 
limitations deserve to be considered, including the rates of false-positive and negative results, reprodu-
cibility, need for confirmatory tests, and schedule of tests over time.

In the last few years, ctDNA has been extensively studied to identify minimal residual disease. A 
prospective multicenter study conducted by Henriksen et al[10] evaluated the preoperative and 
postoperative ctDNA status in stage I-III CRC. Overall, postoperative ctDNA was associated with 
relapse-free survival (P < 0.001). In addition, the detection of ctDNA made it possible to anticipate 
radiological relapse by approximately eight months[10]. Consistent with this finding, Kasi et al[11] 
evaluated the ctDNA status in a cohort of 250 patients using Signatera liquid biopsy. The ctDNA 
detection rate was significantly associated with stage and response to treatment[11].

Another application of liquid biopsy for the treatment of metastatic CRC involves the monitoring of 
RAS mutational status to select patients for anti-EGFR rechallenge. In the CRICKET trial, no responses 
were observed with cetuximab-based chemotherapy in RAS and RAF wild-type mCRC patients who 
had RAS-mutated ctDNA at the time of progression. Given that RAS mutations in ctDNA could be 

https://www.wjgnet.com/1007-9327/full/v28/i15/1503.htm
https://dx.doi.org/10.3748/wjg.v28.i15.1503
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Figure 1 Potential clinical uses of liquid biopsy in colorectal cancer. ctDNA: Circulating tumor DNA; CTC: Circulating tumor cell; CRC: Colorectal 
cancer.

detected in approximately half of the patients at the beginning of third-line treatment[12], longitudinal 
monitoring of the disease is essential to offer potentially effective treatments to patients with few 
residual therapeutic opportunities. In addition, molecular selection in chemorefractory patients allows 
us to avoid unnecessary side effects for ineffective treatments. However, at the time of diagnosis, the 
molecular alterations in tissue biopsy cannot be replaced with those in liquid biopsy until the key issue 
of the concordance of RAS mutational status between plasma and tumor tissue is completely resolved. 
The results may differ depending on the methods used. To date, several prospective trials have 
demonstrated a high concordance between the two techniques that is approximately equal to 85%-95%
[13,14].

Exosome quantification was initially studied as a prognostic factor associated with clinical and 
pathological parameters and, consequently, survival outcomes[15]. Then, several studies analyzed 
specific exosomal miRNAs. Among these, Matsumura et al[16] showed that CRC patients had higher 
levels of exosomal miR-17-92a than the control group. In addition, the authors identified the expression 
of exosomal miR-17-92a in peripheral blood as a prognostic factor for CRC patients[16]. Additionally, 
exosomal RNAs are used in the early diagnosis of cancers. For example, a panel consisting of two 
mRNAs (KRTAP5-4 and MAGEA3) and one lncRNA (BCAR4) serves as a promising candidate for CRC 
diagnosis[17-19].

Other studies are exploring the possibility of detecting other predictors of response, including 
microsatellite instability status and tumor mutational burden. The noninvasive detection of biomarkers 
predictive of response to ICIs is eagerly awaited to personalize treatments. However, their identification 
is profoundly limited by the amount of ctDNA and validation of specific assays. To date, there are no 
data to support their routine use[20,21].

CONCLUSION
In conclusion, liquid biopsy is no longer considered a mere surrogate of tumor biopsy with minimal 
invasiveness (Figure 1). New perspectives could radically change clinical practice[22]. Further advances 
will include refining serum sequencing techniques to gain a deeper understanding of tumor temporal 
heterogeneity and promote accessibility to tumor-agnostic treatments. In addition, the real-time 
monitoring of drug resistance beyond RAS may offer the opportunity to guide and monitor new 
therapies, such as anti-RAS agents, BRAFV600-directed or HER2-directed treatments, and ICIs. In 
addition, monitoring plasma with amplicon-based NGS in CRC patients may offer high sensitivity in 
detecting low-frequency mutations and promote the identification of clones with potentially targetable 
alterations. All these aspects will be crucial to ensure the paradigm of a continuum of care for metastatic 
CRC patients.
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Abstract
Cholangiocarcinoma (CCA) arises from the ductular epithelium of the biliary tree, 
either within the liver (intrahepatic CCA) or more commonly from the 
extrahepatic bile ducts (extrahepatic CCA). This disease has a poor prognosis and 
a growing worldwide prevalence. The poor outcomes of CCA are partially 
explained by the fact that a final diagnosis is challenging, especially the differ-
ential diagnosis between hepatocellular carcinoma and intrahepatic CCA, or distal 
CCA and pancreatic head adenocarcinoma. Most patients present with an 
advanced disease, unresectable disease, and there is a lack in non-surgical 
therapeutic modalities. Not least, there is an acute lack of prognostic biomarkers 
which further complicates disease management. Therefore, there is a dire need to 
find alternative diagnostic and follow-up pathways that can lead to an accurate 
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result, either singlehandedly or combined with other methods. In the "-omics" era, this goal can be 
attained by various means, as it has been successfully demonstrated in other primary tumors. 
Numerous variants can reach a biomarker status ranging from circulating nucleic acids to proteins, 
metabolites, extracellular vesicles, and ultimately circulating tumor cells. However, given the 
relatively heterogeneous data, extracting clinical meaning from the inconsequential noise might 
become a tall task. The current review aims to navigate the nascent waters of the non-invasive 
approach to CCA and provide an evidence-based input to aid clinical decisions and provide 
grounds for future research.

Key Words: Cholangiocarcinoma; Biomarker; Proteomics; Metabolomics; Extracellular vesicles; Circulating 
nucleic acids

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

Core Tip: The current review paper aims to critically analyze the most recent developments in non-invasive 
cholangiocarcinoma diagnosis and prognosis. The article takes an in-depth look at the fields of circulating 
nucleic acids, proteomic and metabolomic-derived biomarkers, extracellular vesicles, and circulating 
tumor cells in an attempt to outline promising results for future research and clinical use.
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INTRODUCTION
Cholangiocarcinoma (CCA) is a malignant tumor arising from the biliary epithelial cells. The latest 
World Health Organization Classification of Tumors-Digestive System Tumors acknowledges the 
heterogeneous nature of CCA, emphasizing the importance of tumor localization. In this matter, there 
are two main types of CCAs: Intrahepatic CCA (iCCA) and extrahepatic CCA (eCCA) [including both: 
Perihilar CCA (pCCA) and distal (dCCA)], featuring different aspects in etiology, molecular alterations, 
pathogenesis, behavior, potential diagnostic or prognostic biomarkers and hence a different clinical 
management[1].

iCCAs represent approximately 10%-15% of liver tumors and the second primary liver malignancy, 
after hepatocellular carcinoma (HCC)[2], while eCCAs account for 0.5-2 cases/10.000 person-years[3]. 
Although considered a relatively rare type of cancer, the incidence of CCA is rising in most geographic 
areas[4]. Both HCC and iCCA, although they are considered different diseases, do share some common 
risk factors including hepatitis B or C, non-biliary hepatic cirrhosis, alcoholic and non-alcoholic steato-
hepatitis, or metabolic syndrome. On the other hand, eCCA typically occurs in conditions associated 
with chronic biliary inflammation, such as primary sclerosing cholangitis, lithiasis, cysts, or liver fluke 
infections. In most cases, the exact etiology remains difficult to pinpoint[5].

To this point, CCA is notoriously difficult to diagnose. Diagnosing these tumors requires the 
correlation of clinical, imaging, and, when available, histopathologic data. In terms of treatment, 
surgical resection with curative intent remains the best option. However, most patients with CCA 
(approximately 70%) are diagnosed at late stages due to lack of specific symptoms[6]. Mortality rates are 
high, and thus the prognosis is poor[7], especially in the case of large tumors, satellite nodules, vascular 
or lymphatic invasion, positive resection margins, or advanced pathological tumor-node-metastasis 
stages (TNM)[8,9]. For surgically resectable tumors, the 5-year survival rate reaches 20%-30%, but the 
percentage drops to a bitter 0% for the rest of the cases[10]. After surgery, the recurrence rate is 
relatively high, reaching from 49% to 70%[11] and relapse occurs early, typically within 2 or 3 years after 
surgery[8].

These circumstances emphasize the necessity of novel, clinical-suited tools that would serve for early 
diagnosis, as prognostic indicators or in treatment guidance, such as biomarkers.

Biomarkers were defined by the Food and Drug Administration-National Institute of Health 
Biomarker Working Group back in 2016 as “a defined characteristic that is measured as an indicator of 
normal biological processes, pathogenic processes, or responses to an exposure or intervention, 
including therapeutic interventions. Molecular, histologic, radiographic, or physiologic characteristics 
are types of biomarkers.”. While α-fetoprotein (AFP) is the most convenient and non-invasive serum 
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biomarker for detecting HCC, elevated AFP was observed only in approximately 20% of a subgroup of 
CCA, namely iCCA patients[12].

The charbohydrate antigen 19-9 (CA19-9) is currently used worldwide in clinical practice as a non-
specific serum marker for orientation in diagnosing CCA, but it bears a low sensitivity in European 
patients[13]. In terms of prognosis there are some validated tools that are useful in the clinical practice. 
These markers are not specific for CCA but rather apply to all human malignancies. Tumor size and 
differentiation, vascular involvement, lymph node status, margin status and presence of occult 
metastasis were all shown to be good predictors for overall survival (OS) for both iCCA and eCCA[14].

One option could be the study of tumor tissue in search of novel biomarkers. This strategy appeared 
to be fruitful, as several tumor tissue-based biomarkers were already identified. Mutations in TP53 and 
KRAS proto-oncogene are associated with an impaired outcome-lower OS and higher tumor recurrence 
than other mutations in resected CCA while several other genetic signatures with prognostic potential 
include epidermal growth factor receptor (EGFR), mucin 1 (MUC1), MUC4, and fascin (FSCN) 
expression[15]. Moreover, alteration in targetable pathways [e.g., fibroblast growth factor receptor 2 
gene (FGFR2) involved in MAP kinase signaling, isocitrate dehydrogenase 1 and 2 (IDH1, IDH2)] were 
also depicted in CCA patients[16] and currently, several clinical trials are actively recruiting patients. 
Nevertheless, several microRNAs (miRs) expressions in tissue or deregulated immune responses 
[expression levels of cytotoxic T-lymphocyte antigen 4 (CTLA-4), forkhead box P3 (FOXP3), and 
programmed death-ligand 1 (PD-L1)] might have predictive capabilities in CCA patients[17,18]. Many 
other diagnostic and prognostic tissue-derived biomarkers have already been previously described[19].

Unfortunately, biopsy collection for tissue analysis is not an ideal biospecimen for biomarker 
assessment and translation to clinical practice. Although it offers absolute insights into tumor biology, 
the collection procedure presents several caveats and poses the risk of serious clinical complications
[20]. As an alternative to tissue biopsy, a much more reliable biospecimen, already implemented in the 
clinical practice with several advantages over tissue, is the liquid biopsy (blood). Serum, plasma, or 
urine, collected non-invasively using well-established low-cost techniques are considered "ideal fluids" 
in biomarker research. Moreover, liquid biopsy encloses molecules from the whole body, and a single 
sample can offer a wide range of information and is enough for multiple measurements.

The current review aims to explore the nascent waters of the non-invasive biomarkers reported for 
CCA by taking an in-depth look at the fields of circulating nucleic acids, proteomic and metabolomic-
derived biomarkers, extracellular vesicles, and circulating tumor cells (Figure 1) and provide an 
evidence-based input which could provide grounds for future research to pave the way for prospective 
validation and translation into the clinical practice of novel biomarkers. In this review the term CCA 
will make reference to all types of CCA, while the terms iCCA, hCCA, pCCA, and dCCA will stand for 
intrahepatic, hilar, perihilar and distal CCA, respectively.

CIRCULATING NUCLEIC ACIDS
Circulating nucleic acids represent snippets of genetic material, either DNA (cell-free DNA–cfDNA) or 
RNA (usually miR), reaching various fluid compartments (serum, urine, bile) through active cellular 
export or following cell death. The road from bench to bedside for circulating nucleic acids has taken a 
relatively long time and has not quite reached the point of clinical applicability in cancer diagnosis. 
However, more than four decades have passed between the initial proof-of-concept[21] and present-day 
genome-wide cfDNA mutational integration[22]. The world of cfDNA and miRs seems to be emerging 
more promising than ever, as the highly effervescent field has started to deliver on the early expect-
ations. Moreover, CCA might provide a unique setting for the method to flourish: A conventional 
diagnostic challenge, sometimes a hard to biopsy tumor, all while having a relatively underdeveloped 
therapeutic arsenal.

CfDNA–the mutational fingerprint
The analysis of circulating cfDNA can provide a quick, complete, and non-invasive mutational profile of 
any tumor, by amplifying each mutation encountered throughout the tumor burden. The method 
reflects the entirety of mutations, thus not being the subject of selection bias in the case of heterogeneous 
cancers. More specifically, tissue samples can provide the mutational palette only for the available 
specimen. Therefore, the genetic fingerprint of a tumor might be incomplete, as metastases or distant 
regions of a tumor might have additional alterations. Consequently, cfDNA provides (at least in 
principle) a better understanding of the disease, with a substantial impact in disease management, from 
diagnostics to guide therapeutic choices.

This concept has been recently validated for CCA, using plasma samples of patients with fully 
characterized mutation status[23]. According to the study design, 31 mutations in the KRAS, NRAS, 
BRAF, and PIK3CA genes were screened using multiplex polymerase chain reaction (PCR) and further 
quantified. The results were then compared with the mutational profile of the primary tumor, resulting 
in a perfect match. These results were partially reinforced by the work of a German team that performed 
the deep sequencing of 15 genes involved in CCA (n = 32), revealing a 74% overall blood-tissue sample 
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Figure 1 An overview on the biomarkers for cholangiocarcinoma. Created with biorender.com. A1AG1: Alpha-1 acid glycoprotein; AFP: Alpha 
fetoprotein; Ang-2: Angiopoietin-2; ASGPR1: Asialoglycoprotein receptor 1; CA19-9: Charbohydrate antigen 19-9; CDH17: Cadherin-17; CEA: Carcinoembryonic 
antigen; CIAPIN1: Cytokine-induced apoptosis inhibitor 1; CRP: C-reactive protein; CTLA-4: Cytotoxic T-lymphocyte antigen 4; CYFRA 21-1: Cytokeratin 19 
fragment; DKK1: Dickkopf-1; EGFR: Epidermal growth factor receptor; EpCAM: Epithelial cell adhesion molecule; FGFR2: Fibroblast growth factor receptor 2; FIBG: 
Fibrinogen gamma chain; FOXP3: Forkhead box P3; FSCN: Fascin; HHLA2: Human endogenous retrovirus-H long terminal repeat-associating protein 2; IDH1: 
Isocitrate dehydrogenase 1; IDH2: Isocitrate dehydrogenase 2; IGHA1: Immunoglobulin heavy constant alpha 1; IL-6: Interleukin 6; Ki67: Proliferation marker protein 
Ki67; KL-6: Krebs von den Lungen 6; KLK11: Kallikrein related peptidase 11; LC3: Microtubule-associated protein 1A/1B-light chain 3; MMP-7: Metalloproteinase 7; 
MUC1: Mucin 1; MUC4: Mucin 4; MUC5AC: Mucin 5AC; OPN: Osteopontin; PD-L1: Programmed death-ligand 1; S100A6: S100 calcium-binding protein A6; S100A9: 
S100 calcium-binding protein A9; S100P: Tissue protein S100P; SSP411: Spermatogenesis-associated protein 20; TGF-β1: Transforming growth factor-β1; TSP-2: 
Thrombospondin-2; uPA: Urokinase-type plasminogen activator; uPAR: Urokinase-type plasminogen activator receptor; VNN1: Pantetheinase.

concordance and 92% for intrahepatic tumors. Moreover, the patients were followed throughout 
chemotherapy, during which 63% of the patients had their mutational fingerprint altered[24]. This 
finding might have particular implications regarding treatment selection, especially in the case of loss of 
response. There is evidence of resistance to BGJ398, a pan-FGFR inhibitor, due to de novo point 
mutations in the FGFR-2 kinase domain, revealed by cfDNA analysis[25].

Another promising subfield of cfDNA in CCA is the study of cell-free epigenetics. A recently 
published report, which analyzed 40 samples of each patient group, hints towards distinct methylation 
profiles between benign biliary tract disease (BTD) and CCA. The methylation pattern of opioid-binding 
protein/cell adhesion molecule (OPCML) and homeobox D9 (HOXD9) had a promising discriminative 
potential, with an area under the receiver operating characteristic (AUROC) of 0.85 for diagnosing CCA
[26].

However, we believe that, to this point, there is a dire need for more data to support these initial 
findings. Barriers regarding study design: Method synchronization, number of patients included, data 
heterogeneity, cost, and lack of validation prevent their use in clinical settings, while also preventing the 
funding of large-scale translational endeavors.

Cell-free non-coding RNA
Research in the past decade has revealed an increasing role of miRs as cancer biomarkers for multiple 
primary tumors, including CCA[27-31]. There are several qualities that, at least in theory, favor miRs as 
useful biomarkers: Relative specificity, long-term stability, presence in multiple fluids, as well as relative 
ease of detection and amplification through ever more accessible PCR techniques[19]. To this point, 
numerous studies[32-36] have investigated the role of miRs in CCA, some showing substantial promise
[37-41]. These studies are briefly analyzed in Table 1. The viability of miRs as biomarkers in CCA was 
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Table 1 The role of microRNAs as diagnostic and prognostic biomarkers in cholangiocarcinoma

Circulating 
microRNA Biofluid Comparison Statistics Discriminant 

specificity Valuable considerations Subjective 
rating

miR-21 Increased in 
serum[27,28]; 
plasma[34]; 
urine[35]

iCC (n = 74), HC (n = 
74)[27]; CCA (n = 11), 
HC (n = 9)[28]. iCC (n = 
25), HC (n = 7); CCA (n 
= 22), HC (n = 21)

AUROC vs HC: 
Serum: 0.91[27]; 
serum: 0.80[28]; 
plasma 0.94[34]. 
Combined miR-21 + 
miR 192. Urine: 0.85
[35]

LOW. Also increased 
in HCC[36] and other 
malignancies[37,38]

Corelates well with tumor stage 
and survival[39]. Most data 
support

Useful

miR-150-5p Decreased in 
serum and 
bile[40]

CCA (n = 28), PSC (n = 
30), HC (n = 50)

Significantly decreased 
vs HC and PSC[40] 
association with 

LOW. Upregulation 
suppresses tumor 
progression in 
colorectal cancer[41]

Appears to correlate with tumor 
staging. Added value of the 
CA19-9 combination. Contra-
dictory findings: Report of being 
upregulated in iCCA (AUROC: 
0.76)[27]

Debatable

miR-26a Increased in 
serum[29]

CCA (n = 66), HC (n = 
66)

AUROC vs HC: 0.90
[29]

Moderate involved in 
HCC[30]

Correlates well with tumor 
stage, metastases, differen-
tiation, and survival. Reliable 
decrease following curative 
surgery[29]

Promising

miR-30d-5p Increased in 
bile[31]

CCA (n = 48), benign 
BTD (n = 58)

AUROC vs benign 
biliary obstruction 
0.730[31]

Moderate downreg-
ulated in gastric 
cancer[32]

Increased sensitivity and 
specificity compared to CA19-9

Debatable

miR-222; 
miR-483-5p

Increased in 
serum[33]

CCA (n = 70), PSC (n = 
70), HC (n = 70)

AUROC vs PSC; miR-
222: 0.71; miR-483-5p: 
0.70 combined miR-
222 and 483-5p: 0.74
[33]

No evidence of 
overlap with other 
cancers

Might be useful for monitoring 
patients with PSC

Promising

AUROC: Area under a receiver operating characteristic; CA19-9: Carcinoembrionic antigen 19-9; CCA: Cholangiocarcinoma; HC: Healthy controls; HCC: 
Hepatocellular carcinoma; iCCA: Intrahepatic cholangiocarcinoma; miRs: Micro RNAs; PSC: Primary sclerosing cholangitis.

tested in two meta-analyses, each including approximately 500 patients and testing the diagnostic 
capabilities of the cell-free non-coding RNA method, without focusing on specific miRs. Overall, the 
results were promising, with an AUROC ranging between 0.88 and 0.90 for CCA detection[42,43].

However, there are some nuances in the study of miRs, which are worth addressing since the clinical 
future of the method might be at stake. Of critical relevance is the problem of specificity. Most 
biomarkers fare relatively well against healthy controls (HC), which is helpful for initial validation, yet 
far from desirable in a clinical scenario where the setting is less straightforward. This issue has been 
partially addressed in some study designs by comparisons with other benign BTD conditions, probably 
the most relevant being primary sclerosing cholangitis (PSC), which shares a common natural history 
pathway with CCA. However, in such conditions, the specificity and AUROCs tend to drop at least by 
0.10-0.20 (as shown in Table 1). Consequently, their diagnostic biomarker value remains only slightly 
above the threshold for utility in the clinical scenario where the discriminative capabilities were most 
sought after. Moreover, there is the issue of overlapping with other cancers, which might further 
complicate the matter. In response, some designs have tried to implement a panel of up to eight miRs to 
generate distinct profiles depending on CCA subtypes (n = 14) and tumor progression[44].

The use of circulating nucleic acids in CCA diagnosis and prognosis is undoubtedly promising. 
Nevertheless, the field is still nascent, and most of the data come from studies with heterogeneous 
designs, most of which are proof-of-concept. Therefore, a potential research direction might be to 
stimulate reproducibility instead of novelty to provide the grounds for a quicker clinical application.

PROTEINS
Protein-based biomarkers in the clinical practice
Proteomics is a rapidly growing field of biomedical research in the postgenomic era, given the ever-
expanding role of personalized medicine. Proteome-based biomarker studies target proteins that could 
serve as agents to fit a patient's molecular profile in the clinical practice for diagnostic, prognostic, and 
predictive molecules, their levels being measured from serum samples usually by ELISA.

There are three protein-based biomarkers currently used in the clinical practice towards assisting 
CCA diagnosis and prognosis: CA19-9 and CA125, and carcinoembryonic antigen (CEA)[45,46].
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CA19-9 is a circulating high molecular weight glycoprotein produced by the biliary duct and 
pancreatic cells and secreted by the gastric and colonic epithelia. Up to 7% of the general population is 
not producing CA19-9 because of blood cell Lewis antigen deficiency. For CCA, CA19-9 is by far the 
most frequently used biomarker. Concerning CCA diagnosis, CA19-9 showed a somewhat limited 
diagnostic accuracy, with following performances: Sensitivity: 72% and specificity: 84%[13]. Hence its 
promise resides in assessing CCA prognosis. As recently reviewed by Lang et al[45] CA19-9 appears to 
be an independent prognostic biomarker associated with treatment outcome, as elevated CA19-9 serum 
levels pre- and postoperatively after systemic therapy show impaired OS. Nevertheless, several factors 
hamper CA19-9 use as a unique CCA prognostic biomarker[47], thus making its clinical use tumor-
associated rather than tumor-specific.

Also known as MUC16, CA125 is the largest membrane-associated mucin, which is also, a 
glycoprotein. Being a well-known biomarker, CA125 is primary used for the ovarian cancer clinical 
management[48]. CA125 showed incipient potential diagnostic and prognostic value towards clinical 
management of CCA[45]. However, CA125 proves its predictive power only in combination with other 
biomarkers, such as CA19-9, CAE and AFP.

Being produced by the gastrointestinal tissue during fetal development, CEA is a cell surface 
glycoprotein and functions as an intracellular adhesion molecule. In clinical practice, CEA is extensively 
used in colorectal cancer monitoring[49]. CEA proved its potential value as a diagnostic biomarker, with 
rages of sensitivity reported between 40% and 79%, and specificity between 48% and 90%. CEA was also 
reported as a prognostic indicator for CCA, with expanded predictive capabilities in several biomarker 
combinations, such as with CA19-9[45].

The three glycoproteins are the most used biomarkers in the clinical management of CCA, and their 
role is to assist rather than provide a definite diagnostic or prognostic statement. Various other protein-
based biomarker candidates reported as single molecules, combined with CA19-9 or as biomarker 
panels, have been spotlighted in several CCA studies. Towards identifying the potential biomarkers, 
several approaches have been used. With respect to the study design, CCA patient samples have been 
compared to (1) Only HC; (2) Only to benign BTD; (3) To benign BTD and HC; and (4) To other disease 
related conditions and HC. Other studies were interested only in searching biomarkers for iCCA and 
only one approach was headed towards subtypes of CCA, such as perihilar iCCA, hCCA, and eCCA. 
While the biospecimens are limited to serum and tissue, and the methods to ELISA or immunohisto-
chemistry, the number of samples included appears to be very heterogenous, ranging from around 20 to 
up to over 200. The proteins associated with favorable diagnostic and with poor prognostic, potential 
protein-based biomarkers, are desciphered in Tables 2 and 3.

Proteins associated with favorable diagnostic potential in CCA patients
Multiple proteins appeared to have a role in CCA diagnosis, typically showing increased serum levels. 
These findings were reported in studies using serum as biospecimen and ELISA assays for their 
absolute quantification (Table 2). Such examples are osteopontin (OPN)[50] and S100 calcium-binding 
protein A6 (S100A6)[51] which efficiently discriminated between CCA and HC, and dickkopf-1 (DKK1) 
between iCCA and HC[52]. Studies reporting serum cytokine interleukin 6 (IL-6)[53], spermatogenesis-
associated protein 20 (SSP411)[54] and MUC5AC[55] also included groups of metastatic liver cancer, 
HCC, and benign BTD disease. Metalloproteinase 7 (MMP-7) was assessed only in groups of CCA vs 
benign BTD[56,57].

After several reports, cytokeratin 19 fragment (CYFRA 21-1) was included in a comprehensive meta-
analysis[58] and the pooled diagnostic indices showed a sensitivity of 81% and a specificity of 86% for 
iCCA diagnosis. More recently, the urokinase-type plasminogen activator receptor (uPAR)[59], reported 
as a single protein-based biomarker, proved to be a reliable tool for differentiating CCA from HC with 
sensitivity of 95% and specificity close to 90%, while transforming growth factor-β1 (TGF-β1) appears to 
help distinguishing CCA from other pro-inflammatory conditions and HC.

Moreover, the combination of MMP-7[57], DKK1[60], thrombospondin-2 (TSP-2)[61] and uPAR[59] 
assessed together with CA19-9 showed higher values of sensitivity and specificity than the markers 
measured individually to diagnose CCA patients. Not least, a biomarker panel consisting of five 
proteins investigated in a decision tree algorithms based study, namely S100A9, MUC5AC, TGF-β1, 
angiopoietin-2 (Ang-2), and CA19-9, showed to have the greatest diagnostic potential among all 
mentioned proteins towards CCA vs HC (sensitivity: 95%, specificity: 90%) and towards CCA vs non-
CCA (sensitivity: 70%, specificity: 83%) differentiation[62].

Proteins associated with poor outcome in CCA patients
Concerning prognosis, several protein-based potential biomarkers have shown increased levels in CCA, 
most frequently by employing immunohistochemistry in tissue samples. The serum has also emerged as 
a biospecimen towards prognostic biomarkers exploration (Table 3). As such, high levels of tissue Krebs 
von den Lungen 6 (KL-6 mucin)[63], cadherin-17 (CDH17)[64], kallikrein-11[65], uPAR[59] and high 
levels of serum cytokine-induced apoptosis inhibitor 1 (CIAPIN1)[66], MUC5AC[55], OPN[50], S100A6
[67] and uPAR[59,68] were found adverse prognostic factors for CCA patient’s survival. Subjected to 
meta-analysis, high levels of tissue PD-L1[17] and tissue protein S100P[69] were also proposed as 
potential prognostic markers of CCA. Out of a protein multimarker panel consisting of serum S100A9, 
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Table 2 Proteins associated with favorable cholangiocarcinoma diagnostic potential

Protein Comparison SEN (%) SPE (%) AUC Ref.

Tissue

CYFRA 21-1 iCCA (n = 217) vs HC (n = 514) meta-
analysis

81.0 86.0 0.904 [58]

DKK1 iCCA (n = 37) vs HC (n = 50) 75.7 100.0 0.872 [52]

DKK1 + CA19-9 iCCA(n = 79) vs HC (n = 160) 74.7 56.3 0.793 [60]

IL-6 CCA (n = 26), HCC (n = 26) and HC (n = 
23)

73.0 92.0 0.875 [53]

CCA (n = 44) vs benign BTD (n = 36) 76.3 46.8 0.730 [56]MMP-7

CCA (n = 59) vs benign BTD (n = 128) 75.0 78.0 0.840 [57]

MUC5AC CCA (n = 49), benign BTD (n = 23), HC (n = 
16)

71.0 94.7 0.909 [55]

OPN CCA (n = 107) vs HC (n = 55) 87.5 100.0 0.964 [50]

S100A6 CCA (n = 112) vs HC (n = 42) 86.2 90.9 0.909 [51]

SSP411 CCA (n = 30), benign BTD (n = 13) and HC 
(n = 23)

90.0 83.3 0.913 [54]

TGF-β1 CCA (n = 45), other disease conditions 
related inflammation (n = 25) and HC (n = 
45)

71.1 68.9 0.668 [78]

TSP-2 + CA19-9 dCCA (n = 51), pancreatic ductal adenocar-
cinoma (n = 52), benign pancreatic diseases 
(n = 27) and HC (n = 52)

79.0 96.0 0.920 [61]

uPAR CCA (n = 118), and HC (n = 76) 95.3 89.7 0.969 [59]

Biomarker panel: S100A9, 
MUC5AC, TGF-β1, Ang-2, and 
CA19-9

CCA (n = 40), non-CCA (n = 40) and HC (n 
= 40)

95.0 90.0 0.975 [62]

AUC: Area under the curve; BTD: Biliary tract disease; CCA: Cholangiocarcinoma; dCCA: Distal CCA; HC: Healthy controls; HCC: Hepatocellular 
carcinoma; iCCA: Intrahepatic cholangiocarcinoma; SEN: Sensitivity; SPE: Specificity; CYFRA 21-1: Cytokeratin 19 fragment; DKK1: Dickkopf 1; IL-6: 
Interleukin 6; MMP-7: Metalloproteinase 7; MUC5AC: Mucin 5AC; OPN: Osteopontin; S100A6: S100 calcium binding protein A6; SSP411: Spermatogenesis-
associated protein 20; TGF-β1: Transforming growth factor-β1; TSP-2: Thrombospondin-2; uPAR: Urokinase-type plasminogen activator receptor; S100A9: 
S100 calcium binding protein A9; Ang-2: Angiopoietin-2.

MUC5AC, TGF-β1, Ang-2, and CA19-9, serum levels of TGF-β1 and Ang-2 provided predictive potential 
for both metastasis and TNM stage prognosis in CCA patients[62].

For patients with tumors of combined HCC and CCA (cHCC-CC), microtubule-associated protein 
1A/1B-light chain 3 (LC3) increased tissue expression was found to predict postresection OS (5-year OS, 
61.2%) and disease-free survival (74.6%)[70].

iCCA prognostic biomarkers were also of particular interest in some studies. High tissue levels of 
urokinase-type plasminogen activator (uPa)[71], MMP-7[72,73] and human endogenous retrovirus-H 
long terminal repeat-associating protein 2 (HHLA2), reported from a recent meta-analysis[74], were 
associated with adverse outcomes in iCCA patients. High serum DKK1 in combination with CA19-9 
was independently associated with shorter survival[60]. Recently, Qiang et al[75] found that the 
biomarker panel consisting of CEA, AFP, and proliferation marker protein Ki67 are significant 
prognostic indicators in iCC patients.

Proteins that showed decreased levels in association with CCA were PD-L1 and OPN. The lack of 
serum PD-L1 level normalization after surgery seems to identify patients at high risk for recurrence and 
adverse outcomes[76]. By applying an innovative approach, decreased serum OPN per tumor volume 
was associated with invasive behavior and early recurrence of iCCA[77].

There is vast evidence of protein-based biomarkers reported in CCA diagnosis and prognosis, but 
only CA19-9 and CEA are currently employed in routine clinical practice. The data above reveals 
exciting results for new potential protein-based biomarkers used as single molecules (e.g., uPAR) or 
biomarker panels (e.g., S100A9, MUC5AC, TGF-β1, Ang-2, and CA19-9) for CCA.

Extrapolating from proteomic-derived biomarker studies in other diseases, it appears that using 
multiple-molecule panels instead of individual proteins provides better predictive results and shows 
more promise for a translation to clinical practice. However, future validation studies on large patient 
cohorts are needed towards establishing the real applicability and the subsequent translation of these 
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Table 3 Proteins associated with poor outcome in cholangiocarcinoma patients

Protein Comparison Outcome Ref.

Tissue

CDH17 CCA (n = 180) High CDH17 was associated with a worse OS and 
recurrence-free survival

[64]

HHLA2 iCCA (n = 218) meta-analysis High HHLA2 expression was significantly 
associated with shorter OS

[74]

KL-6 CCA (n = 21), cHCC-CCA (n = 12), 
HCC (n = 78)

A key molecule for tumor cell adhesion and 
invasion

[63]

KLK11 CCA and adjacent normal tissues (n = 
18)

OS of CCA patients with a high expression of 
KLK11 was significantly shorter than those with a 
low expression of KLK11 (414 d vs 809 d, 
respectively; P = 0.048)

[65]

LC3 cHCC-CC (n = 40) The 5-yr OS and disease-free survival rates were 
61.2% and 74.6% in high LC3 expression patients 
and 0% and 0% in those with low LC3 expression

[70]

Perihilar iCCA, hCCA, and eCCA (n 
= 66)

Patients with moderate to marked expression of 
MMP-7 had a significantly poorer prognosis, as 
compared to those with negative to focal 
expression

[72]MMP-7

iCCA (n = 35) The 5-yr survival rates of MMP-7(+) and MMP-
7(−) patients were 72.7% and 18.3%, respectively

[73]

PD-L1 CCA (n = 2012) meta-analysis Overexpression of PD-L1 was significantly 
associated with worse OS

[17]

S100P CCA (n = 1925) meta-analysis S100 calcium binding protein P overexpression 
was associated with poor OS

[69]

uPa iCCA (n = 174) High uPa expression was correlated with 
lymphatic invasion and metastasis of CCA 
patients

[71]

uPAR CCA (n = 108) vs normal tissue (n = 
108)

The median OS was 890 d for patients with uPAR 
positive vs 1.321 d for patients with uPAR 
negative

[59]

Biomarker panel: CEA, AFP, and Ki67 iCCA (n = 92) higher AFP, CEA, and Ki67, as well as more 
advanced TNM staging were associated with 
worse OS

[75]

Serum

CIAPIN1 CCA (n = 159) vs HC (n = 93) Higher CIAPIN1 level was significantly 
associated with shorter OS time

[66]

DKK1 + CA19-9 iCCA (n = 79) vs HC (n = 160) DKK-1 in combination with CA19-9 showed a 
better diagnostic performance than CA19-9 alone; 
low DKK-1 and CA19-9 were associated with 
longer OS

[60]

MUC5AC CCA (n = 49), benign BTD (n = 23), 
HC (n = 16)

High MUC5AC level was related to a worse 
prognosis compared with patients with lower 
levels, with 3-yr survival rates of 21.5% and 
59.3%, respectively

[55]

OPN CCA (n = 107) vs HC (n = 55) Poor postoperative survival [50]

OPN/tumor volume iCCA (n = 124) Low circulating OPN per tumor volume was 
associated with shorter OS and disease-free 
survival

[77]

PD-L1 CCA (n = 73) vs HC (n = 42) Low PD-L1 levels displayed a strong trend 
towards an impaired prognosis

[76]

S100A6 CCA (n = 112) vs HC (n = 42) S100A6 potential was like those of the clinically 
established biomarkers CEA and CA19-9

[67]

CCA (n = 168) Baseline level of uPAR was an independent 
predictor of survival; a high level of uPAR after 2 
cycles of chemotherapy was associated with poor 
survival

[68]

Multivariate Cox-regression analysis revealed 

uPAR

CCA (n = 117), HC (n = 76) [59]
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circulating uPAR levels as an independent 
prognostic marker following biliary tract cancer 
resection

Biomarker panel: S100A9, MUC5AC, 
TGF-β1, Ang-2, and CA19-9

CCA (n = 40), and non-CCA patients 
(n = 40) and HC (n = 40)

TGF-β1 and Ang-2 are predictors of higher TNM 
stages

[62]

BTD: Biliary tract disease; CCA: Cholangiocarcinoma; cHCC-CC: Combined hepatocellular carcinoma and CCA; HC: Healthy controls; HCC: 
Hepatocellular carcinoma; iCCA: Intrahepatic cholangiocarcinoma; OS: Overall survival; CDH17: Cadherin-17; CYFRA 21-1: Cytokeratin 19 fragment; 
DKK1: Dickkopf 1; IL-6: Interleukin 6; MMP-7: Metalloproteinase 7; MUC5AC: Mucin 5AC; OPN: Osteopontin; S100A6: S100 calcium binding protein A6; 
SSP411: Spermatogenesis-associated protein 20; TGF-β1: Transforming growth factor-β1; TSP-2: Thrombospondin-2; uPAR: Urokinase-type plasminogen 
activator receptor; S100A9: S100 calcium binding protein A9; Ang-2: Angiopoietin-2; PD-L1: Programmed death-ligand 1; CIAPIN1: Serum cytokine-
induced apoptosis inhibitor 1; AFP: Alpha-feto protein; LC3: Microtubule-associated protein 1A/1B-light chain 3; KLK11: Kallikrein related peptidase 11; 
KL-6: Mucin KL-6; HHLA2: Human endogenous retrovirus-H long terminal repeat-associating protein 2.

biomarkers into the clinical practice.

METABOLITES
Metabolomics, another branch of omics-derived technologies, analyzes low molecular weight 
metabolites (< 1500 Da) in various biological fluids. One of the hallmarks of cancer is energy metabolism 
reprogramming. In order to promote cancer survival and subsequently cancer growth, there are several 
shifts in normal metabolic pathways (e.g., a higher glucose uptake rate and an increase in lactate 
production)[78,79]. A different or "wiser" use of metabolic pathways in cancer cells leads to the release 
of several metabolites in various body fluids, providing an opportunity for diagnosis and monitoring. 
Metabolic profiling is, therefore, a promising approach for the identification of potential biomarkers in 
several cancers, including CCA[80]. To date, several studies have investigated the potential of 
metabolomics in CCA diagnosis or prognosis in various body fluids.

We believe that investigating the molecular composition of the bile could provide more crucial 
information than other fluids due to at least two reasons. Firstly, it could unravel mechanistic 
information regarding the pathological alteration of the biliary epithelium. Secondly, it could identify 
biomarkers from nearby tumor cells, markers that might or might not be present in other body fluids. 
Several metabolite profiling studies of human bile have been performed over the past few years. One 
such study reported a reduction in the proportion of secondary bile acids in patients with CCA 
compared to those with biliary tract stones and healthy individuals[81]. Another study showed that 
changes in phosphatidylcholines, bile acids, and lipids could discriminate CCA from PSC and benign 
BTD (sensitivity: 88.9%; specificity: 78.1%)[82]. When comparing inoperable eCCA to non-malignant, 
non-cholestatic biliary diseases (including PSC), CCA was associated with increased levels of glycine-
conjugated bile acids and phosphatidylcholines. Moreover, constructed models could discriminate CCA 
patients from those with non-malignant biliary diseases with an 80% sensitivity and 95% specificity: 
95%[83].

Unfortunately, the impact of cholestasis on the metabolic profile was not investigated, and it is 
difficult to reach a solid conclusion. In contrast, the analysis of metabolites in patients with CCA, HCC, 
and non-malignant liver diseases showed a decrease in glycine and taurine-conjugated bile acids, 
phospholipids, and cholesterol in patients with CCA compared to control groups but only to a certain 
extent when compared to HCC[84].

In theory, if one biomarker is detected and validated in bile, it might provide sufficient grounds 
further to test it in more accessible and less invasive fluids (e.g., serum, urine, plasma). Nevertheless, 
metabolomics studies can also be performed directly on serum, plasma, or urine. Using serum, one 
study from the United Kingdom failed to show any differences between profiles from patients with 
benign biliary strictures and CCA[85]. In contrast, one study from China showed that two bile acids, 
chenodeoxycholic acid (CDCA) and taurochenoxycholic acid (TCDCA) (from plasma), had higher 
sensitivity and specificity than CA19-9 for CCA vs benign bile duct disease and CCA vs HC[86]. 
Furthermore, a study from Europe (Italy), using an artificial intelligence approach, found a plasma bile 
acid profile that could discriminate between CCA and benign BTD with an accuracy of 86.4%[87]. 
However, all the beforementioned studies could not offer more answers to some of the most critical 
clinical dilemmas when caring for patients with liver cancer.

In the liver cancer community, there are at least two primary clinical necessities. The first clinical 
dilemma is probably the most common scenario: One patient with advanced liver disease and focal liver 
lesions: Is it cancer? If the answer is yes, is it HCC or iCCA? In this setting, one study (on serum) has 
shown that the development of an algorithm combining glycine, aspartic acid, sphingomyelin (SM) 
(42:3), and SM (43:2) permitted accurate discrimination between HCC and iCCA with a sensitivity of 
75% and specificity of 90%. In the same study, another algorithm discriminated PSC from iCCA with a 
sensitivity of 100% and specificity of 70%. Of note, these results were further validated in an 
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independent cohort[88]. A similar finding was also reported in one study from China. A panel of four 
metabolites {PE (19:0/0:0), PE [18:2 (9Z, 12Z)/0:0], PC (14:0/0:0) and PC (18:0/0:0)} attained a diagnostic 
accuracy (HCC vs iCCA) of 99.7%[89].

The second clinical dilemma is: One patient with distal bile duct obstruction: Is it cancer? dCCA or 
pancreatic ductal adenocarcinoma (PDAC)? A combination of serum levels of nine metabolites [acylcar-
nitine AC (16:0), ceramide Cer (d18:1/24:0), phosphatidylcholines PC (20:0/0:0) and PC (O-16:0/20:3), 
lysophosphatidylcholines PC (20:0/0:0) and PC (0:0/20:0), lysophosphatidylethanolamine PE (P-
18:2/0:0), and sphingomyelins SM (d18:2/22:0) and SM (d18:2/23:0) and CA 19-9] could discriminate 
between dCCA and PDAC with a sensitivity of 55.9% and specificity of 89.5%[90]. Metabolic profiling of 
urine in patients with CCA was also applied, showing some metabolic differences in the urine of CCA 
compared to controls. As such, a urine metabolomic panel consisting of 3-methylhistidine, citric acid, 
cytosine, indoleacetic acid, salicyluric acid, L-methionine, aminomalonic acid, glutaric acid, ursodeoxy-
cholic acid, N-acetylornithine, allantoin, glycocholic acid, histamine, homogentisic acid, L-kynurenine, 
sarcosine, pyruvic acid, taurine and methylsuccinic acid were identified as potential biomarkers for 
primary extrahepatic CCA[91]. Nevertheless, in terms of prognosis, only a few studies have shown the 
potential of metabolites to predict recurrence or OS[91,92].

The road ahead is still long for metabolomics in CCA. Metabolome studies in CCA have just begun, 
and some promising metabolites have already been identified. However, a shift from bench to bedside 
is not expected to appear in the next few years. First, identifying a specific metabolite with diagnostic or 
prognostic properties is a challenging goal due to the presence of many confounding factors (e.g., age, 
gender, diet, underlying liver disease, concomitant disease, drugs, and others). Secondly, the results 
from untargeted metabolomics might be different from targeted metabolomics, according to at least one 
recent metabolomics study, investigating plasma fetal bile acids towards assessing liver cirrhosis 
severity[93]. Not least, the reproducibility of many of these studies is a genuine concern (due to multiple 
analytical platforms, different sample preparation protocols), and standardized procedures are urgently 
needed.

EXTRACELLULAR VESICLES
In terms of minimally invasive biomarkers, EVs are the "new kids on the market". They hold great 
promise in the diagnosis and prognosis of cancer. EVs are encountered in all body fluids including 
blood[94], urine[95] and bile[96]. According to their size and biogenesis there are two classes: (1) Large 
EVs [also called microvesicles (MVs)] roughly ranging from 100 to 1000 nm in size, which directly bud 
from the plasma membrane of their parental cell; and (2) Small EVs (also called exosomes) are consid-
erably smaller (below 100 nm) and originate from accumulated intraluminal vesicles within the 
endomembranous system, forming so-called multivesicular bodies[97].

The function of EVs depends on the type and content (e.g., lipids, proteins, nucleic acids) of their 
parent cells. They orchestrate many of the processes described by Hanahan et al[98] as "Hallmarks of 
Cancer"[98] either via paracrine signaling or horizontal transfer of bioactive agents[99]. In the initial 
steps of cancer genesis, EVs (released by cancer cells) appear to be responsible for the differentiation of 
mesenchymal stem cells into fibroblasts, contributing to stroma generation ant thus preparing their 
tumor niche[100]. Furthermore, EVs could transport miR species from human CCA cells to cancer-
associated fibroblasts, a communication between cancer cells and the cancer microenvironment 
responsible for tumor growth and, later on, CCA cells-derived EVs can transfer oncogenes to normal 
cholangiocytes, increasing their migration and invasive potential [via increasing the expression of beta-
catenin (CTNNB1) and decreasing the expression of E-cadherin (CDH1)], hence preparing the final 
processes of carcinogenesis: Tumor invasion and metastasis[101].

Some studies have already revealed the great potential of EVs content or surface markers in terms of 
diagnosis. Proteomic profiling of serum EVs has identified a panel of five proteins that could assist CCA 
diagnosis. The study design included CCA (n = 43), PSC (n = 30), HCC (n = 29) patients and HC (n = 32). 
As such, pantetheinase (VNN1), C-reactive protein, fibrinogen gamma chain (FIBG), immunoglobulin 
heavy constant alpha 1 (IGHA1) and alpha-1 acid glycoprotein (A1AG1) showed to have an increased 
concentration in serum EVs of CCA compared to all PSC, HCC and HC. Moreover, a panel of three EVs 
proteins, namely ficolin-2 (FCN2), inter-alpha-trypsin inhibitor heavy chain H4 (ITIH4), and FIBG 
showed to be able to discriminate between early-stage CCA and PSC patients with an AUC > 0.88[102].

A major challenge nowadays is the differential diagnosis between HCC and iCCA or between dCCA 
and PDAC. More often, the final diagnosis (HCC vs cCCA) in clinical practice is based on liver biopsy. 
In terms of EVs surface antigens, one study enrolling 172 patients with liver cancer (HCC or CCA), 54 
with cirrhosis and no liver neoplasia, and 202 control subjects, found a combination of tumor-associated 
microparticles (AnnexinV+ epithelial cell adhesion molecule (EpCAM+) and asialoglycoprotein receptor 
1 (ASGPR1+)) could diagnose CCA from healthy individuals and other cancer entities with up to 90% 
sensitivity. However, it was unable to differentiate between CCA and HCC[103]. Interestingly, later on, 
the same group in another study including a large set of patients, including 77 CCA, 67 HCC, identified 
a combination between EVs surface antigens (AnnexinV+ CD44v6, cut-off = 34 number per 103 
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AnnexinV+ EVs) together with AFP (cut-off = 30 ng/mL) that could discriminate between HCC and 
CCA (iCCA and eCCA) with both sensitivity and specificity of 100%[104]. Indeed, it is a novel potential 
diagnostic biomarker that could help clinicians diagnose CCA non-invasively and accurately. Further 
large multicenter studies are urgently necessary. In search of novel biomarkers for the differential 
diagnoses between dCCA and PDAC, one study including 50 patients (n = 20 pancreatic cancer, n = 
dCCA, n = 15 chronic pancreatitis, n = 10 common bile duct obstruction due to biliary stones patients) 
reported that the concentration of EVs per se in bile and serum could discriminate malignant from non-
malignant pancreaticobiliary diseases with 100% sensitivity in bile and 47% in serum[105]. EVs cargo 
profile could also have diagnosis potential. In particular, a panel of 5 miRs (miR-191, miR-486-3p, miR-
1274b, miR-16 and miR-484) isolated from bile EVs showed good diagnostic values for CCA diagnosis 
compared to non malignant biliary diseases (sensitivity: 67%; specificity: 96%)[106].

CIRCULATING TUMOR CELLS
Circulating tumor cells (CTCs) have been evaluated as a diagnostic marker in pancreatic, colorectal, 
breast or prostate cancer, and are associated with poor survival rates. However, only a handful of 
studies have assessed their potential in CCAs. CTCs are cancer-derived cells released from a primary 
solid tumor or local lymphoid reservoirs into the bloodstream, harboring tumor-initiation properties, 
and possibly enabling distant metastasis. Even after primary tumor resection, the permanence of viable 
CTCs in the portal venous blood seems to be a consequence of T-cell suppression by myeloid-derived 
suppressor cells and CTC-induced apoptosis[107]. Subsequently, CTCs proliferate and cluster, possibly 
under the influence of cell adhesion molecules such as plakoglobin, leading to tumor growth and 
immune resistance[107,108].

Identification of CTCs in peripheral blood relies on their overexpression of EpCAM. It has been 
performed using immunocytochemistry, reverse transcriptase-PCR, flow cytometry, or an enzyme-
linked immunosorbent spot assay. The most used assay is CellSearch™, which uses ferrofluid 
nanoparticles with antibodies that target EpCAM, which is expressed in various of human epithelial 
tissues, carcinomas, and stem cells, and is involved in cell signaling, migration, proliferation, and differ-
entiation[109-111]. In a study of 26 CCA patients, targeting CTCs using antibodies against EpCAM, 
DAPI, cytokeratin 8, 18, and/or 19, Al Ustwani et al[112] showed that 25% of patients with CCA had a 
significant amount of CTCs (≥ 2/7.5 mL of blood). Similar results were reported in another study, where 
out of 95 CCA patients, 24% had a count of two cells or higher per 7.5 mL blood, while 22% had a count 
of one cell, and the remainder of 54% no detectable cells[113]. Since CTCs seem to be relatively rare in 
peripheral blood, their potential as a diagnostic marker might be more evident in patients with 
metastatic disease and less in early tumors.

CTCs are also seemingly associated with more aggressive tumors, as patients with no CTCs in their 
blood sample had the best survival rate. In contrast, the presence of two or more CTCs was strongly 
associated with worse OS (median 18.1 mo vs 8.7 mo)[113]. However, their presence does not seem to 
predict treatment outcome, as evidenced in the ABC-03 trial[113,114].

The high degree of variability in detection rates might be explained by suboptimal EpCAM levels for 
detection, loss of epithelial surface antigens, or epithelial-mesenchymal transition[112,115,116]. To 
overcome these shortcomings, a novel glycosaminoglycan-SCH45-probe on a microfluidic platform has 
been employed to isolate CCA CTCs by combining multiple-capture approaches in a shorter period and 
using lower blood volumes compared to the traditional method. Using EpCAM as a conventional 
protein biomarker, the authors showed, by analyzing peripheral blood of 65 metastatic CCA patients, 
that CTCs could be detected in all advanced or metastatic CCA, suggesting that CTCs may maximize 
the predictive performance of liquid biopsies if the proper diagnostic tool is used[117]. Reduzzi et al
[118] assessed an alternative to improving detection rates in a prospective study of 21 patients with 
advanced-stage biliary tract cancer. Using non-conventional CTCs lacking epithelial and leukocyte 
markers, but presenting aberrant genomes, the detection rate increased from 19% to 83%.

CONCLUSION
A non-invasive approach towards diagnosis and prognosis is the path forward in CCA, a type of cancer 
that sometimes appears to be hiding in plain sight. The previously discussed methods aim to provide 
the necessary leap forward towards a personalized approach and might allow for a refined character-
ization of the disease. However, most available reports are deeply heterogeneous, study protocols are 
not harmonized, and the number of included patients is inconsistent. These caveats appear to be the 
primary reasons for the gap between the wide range of cancer biomarkers that appear to be effective in 
individual studies and the relatively low number of biomarkers ready to be translated into the clinic. 
Consequently, the most challenging task in the short term might be not to find new molecules and 
pathways but rather to validate or infirm the role of current methods to shorten the bench to bedside 
gap.
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Abstract
The coronavirus disease 2019 (COVID-19) pandemic caused by severe acute 
respiratory syndrome coronavirus-2 has brought serious challenges for the 
medical field. Patients with COVID-19 usually have respiratory symptoms. 
However, liver dysfunction is not an uncommon presentation. Additionally, the 
degree of liver dysfunction is associated with the severity and prognosis of 
COVID-19. Prevention, diagnosis, and treatment of malnutrition should be 
routinely recommended in the management of patients with COVID-19, 
especially in those with liver dysfunction. Recently, a large number of studies 
have reported that nutrition therapy measures, including natural dietary 
supplements, vitamins, minerals and trace elements, and probiotics, might have 
potential hepatoprotective effects against COVID-19-related liver dysfunction via 
their antioxidant, antiviral, anti-inflammatory, and positive immunomodulatory 
effects. This review mainly focuses on the possible relationship between COVID-
19 and liver dysfunction, nutritional and metabolic characteristics, nutritional 
status assessment, and nutrition therapy to provide a reference for the nutri-
tionists while making evidence-based nutritional decisions during the COVID-19 
pandemic.
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Core Tip: Patients with coronavirus disease 2019 (COVID-19) usually have respiratory symptoms, but 
liver dysfunction is not an uncommon presentation. The degree of liver dysfunction is associated with 
COVID-19 severity and prognosis. Nutrition has played a critical therapeutic and prognostic role in the 
management of patients with COVID-19-related liver dysfunction. This review mainly focuses on the 
possible relationship between COVID-19 and liver dysfunction, nutritional and metabolic characteristics, 
nutritional status assessment, and nutrition therapy in patients with COVID-19 to provide a reference for 
the nutritionists while making evidence-based nutritional decisions in the era of COVID-19.

Citation: Wang MK, Yu XL, Zhou LY, Si HM, Hui JF, Hou DY, Li WP, Yang JS. COVID-19 and liver 
dysfunction: What nutritionists need to know. World J Gastroenterol 2022; 28(15): 1526-1535
URL: https://www.wjgnet.com/1007-9327/full/v28/i15/1526.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i15.1526

INTRODUCTION
Since December 2019, novel coronavirus disease 2019 (COVID-19) caused by severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2) has been a major global health-related issue and has caused an 
unprecedented pandemic[1,2]. As of January 2, 2022, a total of 288867634 confirmed cases of COVID-19 
and 5437636 deaths have been reported worldwide[3]. The liver is one of the main organs involved in 
nutrient metabolism, including protein synthesis, glycogen storage, and detoxification[4]. Studies have 
shown that angiotensin-converting enzyme 2 (ACE2), a functional receptor that allows the entry of 
SARS-CoV-2 into host cells, is expressed in cholangiocytes (59.7% of cells) and hepatocytes (2.6% of 
cells), indicating that COVID-19-related liver dysfunction may occur through direct cytotoxicity due to 
continuous viral replication within liver cells[5-8]. Additionally, COVID-19-related liver dysfunction 
was observed in approximately 20%-30% of the infected patients, especially in critically ill patients, and 
it was associated with poor outcomes[9-12]. Therefore, COVID-19-related liver dysfunction should not 
be ignored.

Meanwhile, almost all patients with liver disease, especially those at an advanced stage, have signs of 
malnutrition, including mineral and vitamin deficiency[13]. Micronutrient deficiencies may lead to 
impaired immune responses, including improper cytokine secretion, secretory antibody alterations, and 
antibody affinity, which increase the susceptibility to SARS-CoV-2 infection[14]. The malnutritional 
status of the host can also be a virulence factor for SARS-CoV-2 infection[15]. In addition, the nutritional 
status of COVID-19 patients with liver dysfunction is significantly related to the disease severity. An 
evaluation of the patient’s nutritional status should not be ignored owing to the implications of 
nutritional status on the susceptibility, course, severity, and responsiveness to therapies[16,17]. Tailored 
nutritional therapy prescribed after evaluating the nutritional status has also been an integral part of the 
comprehensive treatment for patients with COVID-19. This paper mainly focuses on a possible 
relationship between COVID-19 and liver dysfunction, nutritional and metabolic characteristics, 
nutritional status assessment, and nutrition therapy in patients with COVID-19.

COVID-19 AND LIVER DYSFUNCTION
Liver dysfunction has been reported in a significant proportion of COVID-19 patients, especially in 
those with a severe illness[5]. Additionally, 2%-11% of patients with COVID-19 suffer from chronic liver 
disease. The prevalence of liver dysfunction in COVID-19 ranged from 3.75% to 59.04%; most studies 
reported a prevalence of 20%-30%[9-12]. A cross-sectional study reported that the prevalence of liver 
dysfunction in patients with COVID-19 was 59.04%; of the 62 patients, 44 (70.9%) were male and 18 
(29.03%) were female. The average hospital stay of patients with liver dysfunction was 15 d (range, 10-
16 d) compared with 10 d (range, 7-11 d) for patients with normal liver function[12]. In general, patients 
with COVID-19 who develop liver dysfunction are mostly male, elderly, and obese[5]. Another 
retrospective cohort study reported that of the 2273 COVID-19 patients at three hospitals in the 
NewYork-Presbyterian network, 45% suffered from mild liver injury, 21% from moderate liver injury, 
and 6.4% from severe liver injury. Patients with severe liver dysfunction had elevated levels of inflam-
matory markers, including ferritin and interleukin-6. They also suffered a worse clinical course, 
including higher rates of intensive care unit (ICU) admission (69%), intubation (65%), renal replacement 
therapy (33%), and mortality (42%)[10]. Several studies reported that the presence of liver dysfunction 
was closely related to higher admission, as well as higher ICU admission and/or death. The 
measurement of liver biochemical indexes might help the clinicians to evaluate the severity and 
prognosis of patients with COVID-19[18-23]. The mechanisms of COVID-19-related liver dysfunction 
may include direct viral cytopathic impairment, secondary liver injury resulting from a systemic inflam-
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matory response or hypoxia-reperfusion, stress-induced liver injury, drug-induced liver damage, and, 
finally, exacerbation of the pre-existing liver diseases (Figure 1)[5,24-27]. Although COVID-19-related 
liver injuries are often transient and reversible, physicians, dietitians, and nutritionists need to take 
notice of the pre-existing liver damage, monitor liver function, improve supportive treatment, and 
prevent the occurrence of drug-induced liver injury[28].

NUTRITIONAL AND METABOLIC CHARACTERISTICS OF PATIENTS WITH COVID-19
The main manifestation of patients with COVID-19 is high fever (range, 37.5-39.0 °C), which induces a 
catabolic state, including impaired glucose utilization, and increased energy utilization and protein 
breakdown. The metabolic effect of the temperature increase is said to be 10%-13% for every 1 °C 
increase, which should be considered in the nutritional recommendations[29]. Additionally, great 
influence on appetite and consciousness, and direct gastrointestinal damage may lead to nausea, 
vomiting, diarrhea, and feeding intolerance, which may adversely affect the nutrient intake and 
nutritional status[29]. Rouget et al[30] reported a high prevalence of malnutrition (37.5%) with 26% 
severe malnutrition according to the Global Leadership Initiative on Malnutrition (GLIM) criteria in a 
general cohort of patients with COVID-19. Bedock et al[31] reported that the overall incidence of 
malnutrition in COVID-19 patients was 42.1% (moderate: 23.7%; severe: 18.4%), while the incidence of 
malnutrition in patients admitted to the ICU reached 66.7% using the GLIM criteria. They found that 
lower albumin levels were related to a higher risk of admission to the ICU, and this association was 
independent of age and C-reactive protein levels. Li et al[32] found a high incidence (52.7%) of 
malnutrition according to the Mini Nutritional Assessment (MNA) in 182 elderly patients with COVID-
19. Additionally, further regression analysis indicated that diabetes, low calf circumference, and low 
albumin level were independent risk factors for malnutrition. Malnutrition can impair the hepatic 
metabolic functions, and malnutrition alone can result in severe fatty liver[33].

NUTRITIONAL STATUS ASSESSMENT
According to the expert statements and practical guidance of the European Society for Clinical Nutrition 
and Metabolism for the nutritional management of individuals with SARS-CoV-2 infection, COVID-19 
patients at risk of poor outcomes and high mortality, namely, the elderly and individuals with multiple 
comorbidities, should be assessed for malnutrition using the Malnutrition Universal Screening Tool 
(MUST) criteria; for hospitalized patients, the Nutrition Risk Screening 2002 (NRS-2002) criteria should 
be used[34]. Identification of the risk and presence of malnutrition should be conducted early in the 
overall assessment of all patients with COVID-19 using criteria such as MUST or NRS-2002. Ganatra et al
[35] investigated and analyzed the nutritional risk and dietary intake of patients with COVID-19 and 
provided data supporting nutritional intervention using the NRS-2002 criteria. The Subjective Global 
Assessment criteria, the MNA criteria for geriatric patients, and the Nutrition Risk in Critically ill 
(NUTRIC) criteria for ICU patients have been used to further assess patients with COVID-19 and are 
accepted in clinical practice[36,37]. Zhang et al[38] reported that the modified NUTRIC score could be 
applied to nutritional risk evaluation and prognosis indication in critically ill patients with COVID-19
[39]. Recently, the GLIM criteria for malnutrition diagnosis endorsed by clinical nutrition societies 
worldwide have been used to assess the nutritional status of patients with COVID-19[30,31].

NUTRITION THERAPY FOR COVID-19-RELATED LIVER DYSFUNCTION
Currently, the fight against the COVID-19 epidemic is entering a decisive stage[38]. Evidence-based and 
logical nutrition interventions can effectively improve the nutritional status and enhance the immunity, 
and they are essential for preventing and managing viral infections[40]. Patients with mild clinical 
manifestations or recovered patients who have returned home should rest in bed, carefully choose foods 
and recipes, maintain an adequate supply of energy and nutrients (including drinking water), improve 
their immune status, and speed up their recovery process. Severe, critically ill patients with COVID-19 
often have loss of appetite and insufficient diet, which worsens their already weak immune system. For 
these patients, subsequent nutritional support should be adopted, and specific nutritional treatment 
plans should be formulated according to the general condition of the patient’s body, fluid intake, liver 
and kidney functions, and glucose and lipid metabolism[41]. Ten expert recommendations for medical 
nutritional therapy for patients with COVID-19 have been proposed by the Chinese Society for 
Parenteral and Enteral Nutrition to further promote patient recovery, improve their treatment effects, 
and reduce the mortality rate[42]. The main nutritional therapy recommendation is a five-step method, 
including diet and nutrition education, oral nutritional supplements, tube feeding, supplemental 
parenteral nutrition, and total parenteral nutrition[42].
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Figure 1 Mechanisms of coronavirus disease 2019-related liver dysfunction. COVID-19: Coronavirus disease 2019.

Numerous studies have found that nutrition therapy measures for patients with COVID-19 mainly 
include natural dietary supplements, vitamins, minerals, trace elements, and probiotics. A schematic 
summarizing the nutritional interventions for COVID-19-related liver dysfunction and their possible 
mechanisms is shown in Figure 2.

Natural dietary supplements
Rizzo et al[43] reviewed the properties of some vegetal products and their derivatives, including Lupin, 
salvia, garlic, and extra-virgin olive oil (EVOO), and they found that intake of these products or their 
extracts might prevent SARS-CoV-2 infection or improve the patients’ nutritional status. Lupin, salvia, 
garlic, and EVOO have anti-oxidant, anti-inflammatory, or antiviral properties and can recover the 
expression of ACE2 on the cell membrane, otherwise suppressed by SARS-CoV-2 binding and entry into 
the cytoplasm. Sikander et al[6] provided information and summarized the effects of natural bioactive 
antiviral, immunomodulatory, and hepatoprotective nutraceuticals (Silybum marianum, Solanum nigrum, 
Cichorium intybus, Allium sativum, Glycyrrhiza glabra, Phyllanthus amarus, Withania somnifera, Curcuma 
longa, and other hepatoprotective agents) that might be explored in managing COVID-19-induced liver 
dysfunction. Additionally, omega-3 long-chain polyunsaturated fatty acids (omega-3 LC-PUFAs) might 
also have effects on different stages of viral infection, including virus entry and replication, and help 
improve the inflammatory balance. An optimized omega-3 PUFA status, considering both the omega-3 
precursor alpha-linolenic acid and long-chain derivatives, such as eicosapentaenoic acid and docosahex-
aenoic acid, might be helpful in preventing infectious diseases, including COVID-19[44].

Vitamins 
Accumulating data have demonstrated that vitamin deficiency could be a risk factor for SARS-CoV-2 
infection and it affects the COVID-19 susceptibility and prognosis[45]. For instance, vitamin A 
deficiency increases the severity of the disease, and appropriately timed intake during recovery reduces 
the death risk and speeds up the recovery. Studying interactions of vitamin A metabolism with SARS-
CoV-2 infection may thus provide improved COVID-19 treatment[46]. Vitamin D deficiency may 
decrease the ability of the immune system to defend against COVID-19 and cause progression to severe 
disease[47]. Vitamin K deficiency may be a potentially modifiable risk factor for severe COVID-19; the 
mechanism is pneumonia-induced extrahepatic vitamin K consumption, resulting in accelerated elastic 
fiber damage and thrombosis[48]. Vitamins A, B, C, D, and E have been shown to be potentially 
beneficial in fighting against COVID-19 by exerting antioxidant and immunomodulatory effects, 
increasing natural barriers, and causing local paracrine signaling[49]. Additionally, vitamins can serve 
as epigenetic modifiers to enhance the immunity and reduce the inflammatory response in patients with 
COVID-19 and noncommunicable diseases. Combined vitamin therapy can improve the health in a 
more personalized manner or help in the prevention of infectious diseases in patients at risk for COVID-
19[50]. Molecular simulations also suggest that vitamins, steroids, and retinoids may serve as ligands in 
the free fatty acid pocket of the SARS-CoV-2 spike protein and may thus provide a promising strategy 
for prophylaxis or therapeutics[51]. Supplements with vitamins A, B, C, D, E, and K may represent a 
cheap and safe approach and can be used as adjuvant therapy together with antiviral medicines in 
managing COVID-19[45,52]. However, caution must be exercised when recommending vitamin supple-
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Figure 2 Scheme showing the effects of nutritional interventions against coronavirus disease 2019-related liver dysfunction and their 
possible mechanisms. SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2; COVID-19: Coronavirus disease 2019.

mentation during the COVID-19 pandemic because the effects of hypervitaminosis can be serious, 
especially of fat-soluble vitamins A, D, and E[49]. More robust data from randomized controlled trials 
are needed in the near future.

Minerals and trace elements
Zinc (Zn) supplementation may inhibit SARS-CoV-2 virus replication, increase mucociliary clearance, 
and stimulate and activate the natural antiviral response of the immune system in patients with COVID-
19[52]. Derwand et al[53] have also reported that the application of the combination therapy of Zn, low-
dose hydroxychloroquine, and azithromycin to COVID-19 outpatients as early as possible after 
symptom onset resulted in significantly fewer hospitalizations and mortality rates.

Selenium (Se), one of the essential trace elements in the human body, has antioxidant and immunity-
boosting effects that may induce a strong antiviral effect[54]. Recently, it was reported that the Se status 
was positively correlated with the survival rate of COVID-19 patients according to an exploratory study 
on the Se status in healthy individuals and patients with COVID-19 in the southern part of India[55]. Se 
has long been considered to help fight different viruses, such as herpes simplex virus type 1, influenza 
virus, Coxsackie virus, hepatitis C virus, and human immunodeficiency virus; the potential application 
of nano-Se may play an important role in combating COVID-19 in the future[54]. Nutrition inter-
ventions that ensure an adequate status of Zn, Se, and vitamin D could protect against infection with the 
novel coronavirus SARS-CoV-2 and retard the course of COVID-19. Meanwhile, the initiation of 
adequate supplementation of Se in high-risk population immediately after the time of suspected SARS-
CoV-2 infection is recommended[56].

Magnesium (Mg) is important for the activation of vitamin D and plays a protective role against 
oxidative stress. Mg deficiency increases the endothelial cell susceptibility to oxidative stress, induces 
endothelial dysfunction, decreases fibrinolysis, and increases coagulation. Mg-deficiency in animals and 
humans may lead to suppressed immune responses. However, upon supplementation with Mg, a 
partial or nearly full reversal of immunodeficiency occurs. Since Mg and vitamin D are important for 
immune function and cellular resilience, deficiency of either of the two micronutrients may contribute to 
cytokine storms in COVID-19 infection[57]. Furthermore, a low Mg status may induce the transition 
from mild to critical clinical manifestations of COVID-19[58]. Additionally, a recent review summarized 
the effect of Mg supplementation on various types of disorders and diseases, providing a reference 
supporting the possibility of Mg supplementation for supportive therapy of COVID-19 patients[59]. 
Additional epidemiological, basic, and clinical research on the potential role of Mg deficiency in 
COVID-19 is needed.

Copper (Cu) is an important micronutrient for both pathogens and hosts during viral infection. It has 
the capability of contact killing of several viruses, including SARS-CoV-2[60]. Enrichment of plasma Cu 
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levels was hypothesized to boost both innate and adaptive immunity; Cu may have preventive and 
therapeutic effects against COVID-19[60]. A better understanding of Cu signaling, safety, assessment 
and interpretation methods, administration route, and dosage could open up new perspectives 
regarding the administration of therapeutic Cu to critically ill patients with COVID-19. Andreou et al[61] 
found that the combined use of Cu, colchicine, N-acetylcysteine, and nitric oxide (NO) with candidate 
antiviral agents, such as remdesivir or EIDD-2801, might be a potential treatment scheme for COVID-19. 
Physicians should consider Cu insufficiency in critically ill patients with COVID-19 and pay attention to 
Cu toxicity and estimate the adverse responses according to the Cu dose, and severity of Cu limitation, 
as well as the duration of Cu imbalance[62].

Probiotics
Beneficial live microbes in humans and animals are known as probiotics, and the chemical compounds 
that increase the probiotic growth rate are termed prebiotics[63]. SARS-CoV-2 infection is closely related 
to immune dysfunction and gut microbiota alterations. Delineating the mechanisms of probiotics, 
prebiotics, and a diet that promotes immunity and protects against SARS-CoV-2 presents possibilities of 
identifying microbial therapies to prevent and treat COVID-19[64]. Probiotics can exert beneficial effects 
by manipulating the gut microbiome, suppressing the gut opportunistic pathogens, decreasing the 
translocation of opportunistic organisms in the gut, activating the mucosal immunity, and modulating 
the innate and adaptive immune responses. Probiotics may be used as potential candidates to treat 
moderate and severe COVID-19 patients due to their benefits, including safety, ease of administration, 
high availability, and cost-effectiveness[65]. Emerging evidence has shown the role of gut microbiota in 
liver diseases through immune system cross-talk[66]. There is a lack of evidence that probiotics can 
directly inhibit SARS-CoV-2 infection, and probiotic therapy in COVID-19-related liver dysfunction is 
also not very effective. However, probiotics may be potentially helpful in the treatment of patients with 
severe COVID-19 and liver dysfunction[67].

CONCLUSION
Patients with COVID-19 usually have respiratory symptoms, but liver dysfunction is not an uncommon 
presentation and can lead to a delay in diagnosis and management[68]. Nutrition and immune statuses 
are two critical aspects of the successful fight against COVID-19[55]. Prevention, diagnosis, and 
treatment of malnutrition should be routinely recommended in the management of patients with 
COVID-19, especially in those with liver dysfunction[34,69]. Nutritional therapy is a basic treatment and 
one of the core contents of comprehensive treatment measures for patients with COVID-19. Evidence-
based effective nutritional therapy should be based on reasonable and indexed nutritional evaluation
[70].

Studies have shown that nutrition therapy measures, including natural dietary supplements, 
vitamins, minerals, trace elements, and probiotics, might have potential hepatoprotective effects against 
COVID-19-related liver dysfunction via their antioxidant, antiviral, anti-inflammatory, and positive 
immunomodulatory effects. Combination therapy strategies and personalized nutritional and 
behavioral approaches can be developed in the COVID-19 era[52,71]. Additionally, the risk of excessive 
intake of some nutrients due to the popularity of dietary supplements exists, and dietitians’ use of foods 
with protective effects against diseases has increased during the pandemic. Hence, consumers, patients, 
and nutritionists should be educated on the rational use of dietary supplements and health-protecting 
behaviors that can protect against COVID-19 for acute treatment, recovery, and prevention of chronic 
condition[72,73]. Moreover, additional tools and training are needed to optimize remote nutritional 
consultations, except for telemedicine, which have good prospects for dietary consultation[74]. 
Currently, many patients with COVID-19 have liver dysfunction, but nutritional studies related to this 
topic are not adequate. As nutritionists, it is our responsibility and obligation to facilitate further 
research in this area.
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Abstract
BACKGROUND 
Crohn's disease (CD) is a chronic nonspecific intestinal inflammatory disease. The 
aetiology and pathogenesis of CD are still unclear. Anal fistula is the main 
complication of CD and is a difficult problem to solve at present. The main 
limitation of developing new therapies is bound up with the short of preclinical 
security and effectiveness data. Therefore, an ideal animal model is needed to 
establish persistent anal fistula and an inflamed rectal mucosa.

AIM 
To improve the induction method of colitis and establish a reliable and 
reproducible perianal fistulizing Crohn’s disease animal model to evaluate new 
treatment strategies.

METHODS 
Twenty male New Zealand rabbits underwent rectal enema with different doses 
of 2,4,6-trinitrobenzene sulfonic acid to induce proctitis. Group A was treated 
with an improved equal interval small dose increasing method. The dosage of 
group B was constant. Seven days later, the rabbits underwent surgical creation of 
a transsphincteric fistula. Then, three rabbits were randomly selected from each 
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group every 7 d to remove the seton from the fistula. The rabbits were examined by endoscopy 
every 7 days, and biopsy forceps were used to obtain tissue samples from the obvious colon 
lesions for histological analysis. The disease activity index (DAI), colonoscopy and histological 
scores were recorded. Perianal endoscopic ultrasonography (EUS) was used to evaluate the 
healing of fistulas.

RESULTS 
Except for the DAI score, the colonoscopy and histological scores in group A were significantly 
higher than those in group B (P < 0.05). In the ideal model rabbit group, on the 7th day after the 
removal of the seton, all animals had persistent lumens on EUS imaging, showing continuous full-
thickness high signals. Histological inspection of the fistula showed acute and chronic inflam-
mation, fibrosis, epithelialization and peripheral proctitis of the adjoining rectum.

CONCLUSION 
The improved method of CD colitis induction successfully established a rabbit perianal fistula CD 
preclinical model, which was confirmed by endoscopy and pathology.

Key Words: Crohn’s disease; Perianal fistula; Model; Endoscopy; Histology

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

Core Tip: In this work, we improved the method of Crohn's disease (CD) colitis induction and successfully 
established a rabbit perianal fistula CD preclinical model, which was confirmed by endoscopy and 
pathology. The anatomy of this mid- to large-sized animal can simulate the human intestinal environment 
and tolerate examination and operation. This model may be used to assess perianal fistulizing CD 
treatments and their effectiveness.

Citation: Lu SS, Liu WJ, Niu QY, Huo CY, Cheng YQ, Wang EJ, Li RN, Feng FF, Cheng YM, Liu R, Huang J. 
Establishing a rabbit model of perianal fistulizing Crohn’s disease. World J Gastroenterol 2022; 28(15): 1536-
1547
URL: https://www.wjgnet.com/1007-9327/full/v28/i15/1536.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i15.1536

INTRODUCTION
Crohn's disease (CD) is a chronic, nonspecific intestinal inflammatory disease. The aetiology and 
pathogenesis of CD are still unclear[1]. Since the 1950s, the incidence rate of CD has been steady-state 
growth of industrialization nations. CD is a common digestive disease with an incidence of 12.7/100000 
residents very year in Europe[2]. In the course of CD, there are different types of perianal diseases, 
including fistula, abscess, anal fissure, stricture and dermatophyte. These lesions may appear prior to or 
accompanied by CD intestinal symptoms and are factors affecting the prognosis of CD[3]. Anal fistula is 
the main complication of CD. Studies have shown that 15%-45% of CD patients have perianal lesions 
such as anal fistula[1].

Fistulizing anoperineal lesions represent a complex disease phenotype for which the treatment 
requires a multidisciplinary approach[4]. Modern medical concepts describe that patients with CD anal 
fistula should be treated with drugs first, and surgical treatment should be considered when necessary 
to control intestinal inflammation[5]. The main therapeutic drugs used are antibiotics, immunosup-
pressants, biological agents, etc[6-9]. In recent years, many studies have shown that the use of 
mesenchymal stem cells can be a new treatment for specific cases of complex fistulas[10,11]. In addition, 
some scholars have suggested other new treatments, such as hyperbaric oxygen therapy, as a potential 
adjuvant treatment for patients with inflammatory bowel diseases (IBDs)[12,13]. However, these new 
treatments have not been fully developed into routine and safe technical procedures. Major constraints 
on the development of update therapeutic schedules is obviously correlated with the short of preclinical 
security and effectiveness data. Up to now, an ideal animal model that can reproduce sustaining anal 
fistula and an inflamed rectal mucosa is needed.

The main purpose of this research is to improve the colitis induction method and develop a simple, 
reliable and reproducible fistula animal model to assess new treatment strategies.

https://www.wjgnet.com/1007-9327/full/v28/i15/1536.htm
https://dx.doi.org/10.3748/wjg.v28.i15.1536
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MATERIALS AND METHODS
Animals and groups
Twenty male New Zealand rabbits, weighing about 2.0 kg, were chosen and numbered after weighing 
(the grouping methods are listed in Table 1). They were raised and placed under the condition of no 
special pathogen. The laboratory was clean, with good light and ventilation. The indoor temperature 
was controlled between 24 and 28 ℃, and the relative humidity was maintained between 50% and 70%, 
with 10-15 air changes per hour and 12 h of light each day. On the day before and the day of the 
operation, the rabbits were fed formula and drank freely. Cages of rabbits were disinfected and kept 
separate. Sufficient water and food were given. The rabbits were kept in cages for 7 d to adapt to the 
environment. The rabbits were weighed on the day of operation and then every 7 d. This study was 
approved by the ethics committee of Changzhou University.

For each procedure (enema, surgery or endoscopy), 1.5% pentobarbital sodium (3.5 mL/kg) was used 
for ear vein anaesthesia, and dyclonine hydrochloride mucilage was locally applied around the anus to 
reduce the pain associated with surgery.

Model induction process
Proctitis: A total of 100 mg/kg 2,4,6-trinitrobenzenesulfonic acid solution (TNBS) was dissolved in 50% 
ethanol (the total volume of solution is shown in Table 1) and was used for the induction of CD[14,15]. 
After 7 d of adaptive feeding, the experimental rabbits were fasted for 48 h and injected with 1.5% 
pentobarbital sodium through the ear vein. After anaesthesia, the rabbits were administered enemas 
with a TNBS + ethanol mixture by a 5 mL syringe through a central venous catheter every week 
according to the dose in Table 1 and then injected with air in a section of approximately 0.5 mm in 
length to remove the drug adhering to the syringe and enema tube wall as much as possible. Then, the 
rabbits were assigned to intervention groups A, B or C, where group C was used as a control.

Perianal fistula: On the 7th day after enema with TNBS, an anal fistula was caused by a minor operation. 
in the state of anaesthesia, the rabbits was fixed supine. Their perianal hair was shaved, and the area 
was disinfected with iodophor solution and then smeared with dyclonine hydrochloride mucilage. The 
elastic surgical seton (rubber band, diameter = 1.2 mm), soaked with TNBS solution in advance, was 
inserted into the needle core. For the experimental group, the seton was placed 1 cm from the anal 
margin at the same site, and a straight needle with a rubber band was used to puncture the rectum and 
then remove the punctured tissue from the body. A needle holder was used to clip the rubber band 
from the outside of the anus through the whole tunnel to make the rubber band pass through the 
perianal puncture opening, and a thin thread was used to fix the rubber band to prevent slippage and 
anal congestion. The external orifice is approximately 1 cm from the anus, as shown in Figure 1A. The 
surgical loop must be released without any tension. Finally, after the operation, the rabbits were 
returned to the feeding room, where they were observed and their vital signs were monitored until they 
woke up.

After the operation, a 1-mL syringe was used to inject TNBS mixed solution (diluted with 5% TNBS 
and absolute ethanol 1:1, total volume of 200 μL) into the fistula. Different doses of TNBS mixed 
solution (Table 1) were infused into the intestine once a week for three weeks, three times in total. To 
determine the best surgical procedure and reproducibility, 3 rabbits were randomly selected from each 
of groups A and B every 7 d, and the fistula setons were removed for endoscopic ultrasonography (EUS) 
assessment to evaluate the lumen. By the 28th day, the setons of all rabbits were removed. The character-
istics of the two intervention groups and the different stages of the study are summarized in Figure 1B.

Model assessment
Clinical assessment: Clinical observation included: (1) recording the changes in daily activity, food 
intake, stool characteristics and body weight of the experimental animals and determining the disease 
activity index (DAI) score (Supplementary Table 1)[16]; (2) recording the number of deaths of the 
experimental animals in each group every day; and (3) checking whether the operation seton existed 
every day. In autonomous shedding, the new seton was inserted into the primary lumen again.

Endoscopic assessment: The colon macroscopic damage index (CMDI) was used for endoscopic 
assessment[17]. The CMDI was assessed according to the criteria described in Supplemental Table 2. 
Before the start of the study (TNBS enema administration), we performed an endoscopic examination of 
the rabbits to determine that the colon before treatment was normal, and these results were not included 
in the final statistics. After the study, the first intestinal endoscopy was performed on the 7th day (the 
day of surgical seton insertion). Morphological damage to the intestinal wall after the first intestinal 
administration was observed and scored. Then, endoscopy was performed every 7 d, and intestinal 
injury was observed and recorded. The last endoscopy was performed 21 d after the first enema. 
Endoscopy and scoring were performed by two experienced gastroenterologists (19 and 22 years of 
experience in the diagnosis and treatment of IBD, respectively).

https://f6publishing.blob.core.windows.net/f3aa41e7-a18d-4ece-bd7f-312fd79ecbc8/WJG-28-1536-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f3aa41e7-a18d-4ece-bd7f-312fd79ecbc8/WJG-28-1536-supplementary-material.pdf
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Table 1 The volume of 2,4,6-trinitrobenzene sulfonic acid mixture administered by enema in each group

Day 1 Day 7 Day 14

Group A (n = 9) 4.0 mL 5.0 mL 6.0 mL

Group B (n = 9) 5.0 mL 5.0 mL 5.0 mL

Group C (n = 2) - - -

Figure 1 Photograph of the external opening of the anal fistula, which was approximately 1 cm away from the anus, and a flowchart of the 
study protocol. A: The rubber band was used to hang the seton, and the leather band was fixed with a No. 0 operation seton to prevent slippage; B: One rabbit 
died one week after surgery. The remaining 17 rabbits were marked according to the length of insertion time. Three rabbits each were randomly selected from groups 
A and B. TNBS: 2,4,6-Trinitrobenzene sulfonic acid; DAI: Disease activity index; EUS: Endoscopic ultrasonography.

Histological examination: The tissue damage index (TDI) was used for the histological examination. 
The TDI was assessed using a modified version of the histological grading system described by 
MacPherson et al[18], as shown in Supplementary Table 3. At the same time as the endoscopic 
examination, 2-4 pieces of tissue with obvious inflammation and/or ulcers were clipped with biopsy 
forceps, fixed with neutral formaldehyde solution for 24 h, and stored at -4 ℃. Then, the specimens 
were embedded in paraffin, sliced continuously with a slicer, stained with haematoxylin-eosin, and 
finally scored histologically. Two experienced gastrointestinal pathologists performed blinded 
histological analyses.

The histological diagnosis of fistulas was ground on the following criteria: the internal orifice of the 
lumen is located on the rectal mucosa, and the external orifice of the lumen is located on the perineal 
skin. At the same time, it has the histological characteristics of proctitis (neutrophils, B and T 
lymphocytes, macrophages) were present. The feature of fistulas was decided by the presence or 
absence of epithelialization, fibration, and inflammation[19].

EUS assessment: The time of the insertion of the anal fistula operation thread was different in each 
group. After anal fistula formation, on the day of the removal of the thread inserted into the fistula, the 
perianal fistula of experimental rabbits in each group was examined by EUS for the first time, including 
mainly the observation of the fistula inner mouth, outer mouth, and course and the inflammation of the 
surrounding mucosa. The second EUS was performed on the 7th day after the removal of the thread. 
Spontaneous healing of the fistula was observed and recorded. Image recording and parameter 
interpretation were accomplished by a gastroenterologist (12 years of experience in diagnosis and 
treatment in IBD) and a ultrasound engineer (14 years of experience in interpreting ultrasound 
imaging). While they were blinded to groups of animals and histological results.

Statistical analysis
All the data were handled and analyzed by statistical software (SPSS 19.0), and the results are rendered 
as the mean ± SD. P < 0.05 was have been viewed as statistically critical.

https://f6publishing.blob.core.windows.net/f3aa41e7-a18d-4ece-bd7f-312fd79ecbc8/WJG-28-1536-supplementary-material.pdf
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RESULTS
Colitis model assessment
Clinical examination: In groups A and B, there were different degrees of loose stool and bloody stool 
visible to the naked eye. Rabbits ate less and were slow, low spirited, and occasionally irritable. Their 
weight gradually decreased with time. In group C, the body weight increased significantly with time, 
the activity was normal, and although there was occasional diarrhoea, there was no bloody stool. This 
condition was followed by the expected gradual weight recovery phase after the discontinuation of 
TNBS, which confirmed the healing of the colon injury. No rectal prolapse was observed. One week 
after the operation, the seton was removed from the perianal area of the experimental rabbits, and all 
the experimental rabbits showed two visible healing holes, which demonstrated the existence of the 
inner and outer holes. The rate of spontaneous seton shedding was approximately 17.6% (3/17) in each 
group. Also new setons were inserted again in the primary lumen of each animal. A total of 1 experi-
mental rabbit died one week after surgery (group B) throughout the duration of experiments.

Endoscopy and pathology: Endoscopy was used to assess the modelling results. The process of colitis 
induction was smooth, and all rabbits underwent anal fistula surgery. One rabbit died one week after 
surgery. The rabbit was excluded from the results analysis. The remaining 17 rabbits were marked 
according to the length of insertion time.

After colitis was induced in the intervention group, the scores were determined, and the results are 
shown in Table 2. According to the statistical analysis (Table 2), except for the DAI score, the scores in 
group A were significantly higher than the scores in group B (P < 0.05).

In addition, we performed endoscopy in the process of colitis induction in rabbits of groups A and B 
and used biopsy forceps to obtain intestinal specimens for histological analysis. We found that although 
the rabbits in group B had obvious intestinal inflammation on the 7th day after the first TNBS enema, the 
intestinal inflammation at the last endoscopic examination was weaker than the intestinal inflammation 
in group A (Figures 2 and 3), showing that the inflammation of group A was higher than the inflam-
mation of the other groups, and the modelling method of a TNBS dose increase in group A was better 
than the modelling method of other groups.

Model assessment of perianal fistulizing CD
EUS: All rabbits in groups A and B underwent two EUS scans of perianal fistulas. At the first EUS scan, 
all 17 rabbits (100%) had visible fistulas, also the external and internal orifice were noticeable in just 
about the greater part rabbits. At the second perianal EUS, that is, 7 d after the surgical seton was 
removed from the rabbits, the healing of the fistula in each group was different, as shown in Figure 4. 
Fistula was observed in 100% (6/6) of 6 rabbits with a surgical seton insertion time of 21 d. A scar was 
seen at the outer mouth of the fistulas, and granulation tissue hyperplasia was seen at the inner mouth. 
Other rabbits showed spontaneous healing of the fistula lumen and the disappearance of the fistula 
inner and outer orifices (Figure 4).

Pathology: Fibrosis has been distinguished in the connective tissue contiguous of the fistula 7 d after the 
insertion of the surgical seton. In addition, there were signs of acute (neutrophil infiltration and abscess 
formation) and chronic inflammation (lymphoplasmacyte infiltration, granuloma). On the 21st day after 
the insertion of the suture, granulation tissue was identified on the perianal orifice of the fistula. The 
pathologist positioned the rectal mucosa and thread through the anal sphincter as the fistula,which 
shown in Figure 5.

Immunohistochemistry confirmed that group A was acute inflammation. Neutrophils and other 
inflammatory cells infiltrated in the fistula (Figure 6).

DISCUSSION
One of the most challenging phenotypes of CD is perianal fistula. The combination of perianal disease 
and CD predicts a significantly worse course[20]. The pathogenesis of CD and its complications are 
unclear. At present, there is no ideal curative treatment[21]. It is difficult to treat perianal fistulizing CD, 
which usually requires more active medical and surgical intervention.

Compared with rats, rabbits are mid- to large-sized animals. The rabbit anal and rectal anatomy is 
similar to that of humans and is of appropriate size[22,23]. The rabbit anatomy can maximize and 
tolerate the simulation of human perianal fistulizing CD-related auxiliary examinations, such as 
endoscopy, EUS, computed tomography, and magnetic resonance imaging (MRI). A preclinical model 
of rectal histological inflammation with perianal sphincteric fistula was established and observed 
continuously under endoscopy and confirmed by EUS. The diagnosis of fistula depends on EUS and 
histology.

As to the improvements in CD animal modelling through the use of this method involving TNBS[24], 
the method started with the administration of a small dose of TNBS, and then an increasing dose was 
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Table 2 Identification of the rabbit model of Crohn's disease induced by 2,4,6-trinitrobenzene sulfonic acid

Group Day 7 P value Day 14 P value Day 21 P value Day 28 P value

A 4.22 ± 2.33 6.88 ± 0.93 8.00 ± 2.00 7.78 ± 1.56DAI

B 7.13 ± 2.53

0.026

8.75 ± 1.91

0.020

8.25 ± 2.25

0.810

5.75 ± 1.67

0.021

A 1.11 ± 0.78 2.44 ± 0.88 3.89 ± 0.93Endoscopy scores

B 2.88 ± 1.13

0.002

2.88 ± 0.83

0.319

1.63 ± 0.92

< 0.001

A 1.44 ± 0.88 3.11 ± 0.93 4.11 ± 0.78Histology scores

B 3.50 ± 0.93

< 0.001

2.00 ± 0.76

0.017

1.88 ± 0.99

< 0.001

DAI: Disease activity index.

Figure 2 The rabbits in groups A and B underwent endoscopy 3 times. A: In group A, mild mucosal erosion was observed on the 7th day. On the 14th 
day, a large area of mucosal oedema and erosion appeared. On the 21st day, the surrounding mucosa was swollen, and a central ulcer had formed; B: In group B, 
ulceration occurred on the 7th day. On the 14th day, the mucosa was swollen, and the surface was hyperaemic and eroded. On the 21st day, the main manifestation 
was local congestion.

administered at the same intervals. This procedure not only simulated the characteristics human CD 
recurrence through repeated stimulation of the intestinal mucosa but also prolonged the duration of 
inflammation, showing that TNBS could induce a stronger inflammatory response by being 
administered at an increasing dose in a step-by-step manner. Group B showed improvements in bowel 
inflammation, possibly due to the initially established tolerable doses, but further investigation is 
needed. In our model, persistent inflammation is induced, and slight changes may occur with longer 
healing time, with histological changes replicating the unpredictability of CD. In the process of making 
an anal fistula, we used an elastic rubber band, which ensured the tension-free state of the fistula. At the 
end of the study, all rabbit models still had visible fistulas 7 d after the removal of the seton, and EUS 
showed continuous full-thickness high signal. However, the rabbits in which setons were inserted by 7 
and 14 d had fistula healing, and 50% and 67% of the rabbits had fistulas visible on EUS after setons 
were removed 7 d later. Pathology revealed the same results for the longest seton insertion. The best 
option to obtain a preclinical model of perianal fistula consisted of low-dose incremental administration 
of TNBS and 21-d seton insertion. The induced fistula might has been described by mucosal ulcers 
extending to the perianal dermis. Pathologic examination showed augmented chronic submucosal infilt-
ration of inflammatory cells, granuloma formation, and neutrophilic aggregation of colonic mucosa. At 
the same time, ultrasound endoscopy revealed continuous high signals in the skin around the anus, 
indicating the presence of an inflammatory response. These features are similar to those found in 
human perianal fistula CD and there is active inflammation in the fistula[19].
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Figure 3 The rabbits in groups A and B underwent three consecutive endoscopic biopsies, and samples were stained with haematoxylin-
eosin. A: Group A exhibited mild to moderate inflammation on day 7, manifested by fewer crypts, marked mucosal oedema, and minimal inflammatory cell 
infiltration; Group A exhibited fibrosis, hyperaemia, and moderate inflammatory cell infiltration on day 14, and severe inflammatory mucosal ulceration on day 21; B: 
On the 7th day, there was a higher number of shallow crypts, less oedema and less inflammatory cell infiltration in group B. On the 14th day, there was severe 
oedema, decreased crypts and less inflammatory cell infiltration in the mucosa, and on the 21st day, there was moderate fibrosis and oedema, mild inflammatory cell 
infiltration and a complete crypt structure (magnification ×100).

Perianal fistulizing CD models have been described differently by several authors. For example, the 
SAMP1/YitFc mouse model[25] or anal furunculosis model in canines[26] generate fistulas at random. 
A unprompted model similar to CD terminal ileitis was found in SAMP1/YitFc mice[25]. In this study, 
5% of mice were found to form anal fistula naturally, which may be partially similar to human CD anal 
fistula. Whereas, only a small proportion of mice form fistula, which restricts application of this model 
in the study of CD. Size considerations make the murine model[27] more suitable for testing medical 
therapies than surgical interventions. For the canine model, considering the unpredictable onset time 
and the difficulty of inducing fistula, the applicability of the model is limited. A previous study 
developed another experimental model in 16 rabbits[28] by the surgical creation of a high 
transsphincteric fistula. Another study developed a pig anal fistula model[29] (6 pigs) to test a new 
biological plug, which was confirmed by histology. A recent article in 2019[19] described induced 
proctitis in rats by rectal enema using TNBS. Seven days later, the sphincter fistula was established 
using a surgical seton. In all these cited studies, unlike our research, previously published models either 
did not have proctitis or fistula inflammation, or a single high-dose enema caused high mortality. In 
addition, it is to some extent unethical that tissues can be obtained from these animals only after they 
are killed.

According to the current literature, we first applied endoscopy and EUS to the study of animal 
models of anal fistula in CD. Previous reports have used endoscopy to study oesophageal diseases in 
rabbits[30]. We performed colonoscopy with a small-diameter endoscope on rabbits, which can clearly 
show intestinal mucosa lesions. In addition, biopsy was performed in this mid- to large-sized animal for 
pathology assessment. In recent years, less invasive imaging modalities, such as pelvic MRI and EUS, 
have been used for fistula evaluation[31]. According to the latest available guidelines, contrast-enhanced 
pelvic MRI is generally considered the initial procedure for assessing perianal fistulizing CD[32]. 
However, EUS is considered a good alternative to MRI and has good accuracy when anal stenosis is 
excluded[32]. Although this method cannot obtain complete fistula tissue for histological analysis, we 
believe that, to a certain extent, this method is more in line with ethical requirements. Moreover, this 
simple, reproducible animal model can be used to evaluate the new treatment and efficacy of CD anal 
fistula.

With that in mind, we chose a small dose of TNBS as the initial stimulus and then repeated adminis-
tration at the same intervals with dose increases. This procedure mimics to some extent the character-
istics of human CD recurrence with repeated stimulation of the intestinal mucosa, prolongs the duration 
of inflammation, and imitates the process of CD recurrence. Second, the longest period of seton 
insertion was 21 d, an ideal result. Although in other studies, fistula-related thread insertion times were 
longer than ours[28],the prolongation of the seton insertion time may lead to longer fistula removal. 
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Figure 4 Visualization of a transsphincteric anal fistula via endoscopic ultrasonography. A: The internal and external openings of the experimental 
fistula can be directly observed; B: All rabbits with a 21-d insertion time of the surgical thread showed a complete fistula; C: The rabbits with short thread insertion 
times had different degrees of fistula healing or the disappearance of internal and external fistulas. D0: Day 0; D7: Day 7.

However, given that our study required continuous weekly bowel administration, extending the 
duration of the study increased the damage to the animals. Moreover, the criteria for the difference 
between the two experimental conditions (constant-dose or increased-dose TNBS) introduced in the 
study still need to be verified by larger animal experiments, and the molecular mechanism involved 
should be investigated. Thus, there are some limitations to this study.

CONCLUSION
In this study, a simple preclinical animal model of perianal fistulizing CD in rabbits was established by 
using an improved method of CD colitis induction. The model can simulate the human condition, and 
the intestinal and fistula lesions induced can be evaluated by EUS, endoscopic and histological examin-
ations to assess new therapeutic strategies.
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Figure 5 The histological characteristics of a fistula tract. A: Magnification ×100; B: Magnification ×200; C: Magnification ×100. The early histological 
changes of fistula are shown; D and E: Longitudinal sections; histological results (rabbits with setons inserted 21 d) showing the inflamed fistula tract. The fistula 
lumen is visible with internal (digestive side) and external (perineal skin with adipocytes) orifices. There were local inflammatory signs of suppurative inflammation 
with abscess formation around the fistula.

Figure 6 Immunohistochemistry of a fistula tract. A: Magnification ×10; B: Magnification ×20; C: Control. Immunohistochemistry of the fistula tract using 
anti-CD68 antibodies (upper panel) or anti-MPO antibodies (lower panel).

ARTICLE HIGHLIGHTS
Research background
Crohn's disease (CD) is a chronic nonspecific intestinal inflammatory disease. The aetiology and 
pathogenesis of CD are still unclear. Anal fistula is the main complication of CD and is a difficult 
problem to solve at present. In recent years, there has been an increasing number of potential treatments 
for patients with inflammatory bowel diseases. However, these new treatments have not been fully 
developed into routine and safe technical procedures.

Research motivation
The main limitation in developing new therapies for CD with anal fistula is connected with the 
deficiency of preclinical safety and credible experimental data records. Therefore, an ideal animal model 
is needed to establish models of persistent anal fistula and an inflamed rectal mucosa.

Research objectives
The aim of this study was to improve the induction method of colitis and establish a reliable and 
reproducible perianal fistulizing CD animal model to evaluate new treatment strategies.
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Research methods
Twenty male New Zealand rabbits underwent rectal enema with different doses of 2,4,6-trinitrobenzene 
sulfonic acid (TNBS) to induce proctitis. Group A was treated with an improved equal interval small 
dose increasing method. The dosage of group B was constant. Seven days later, the rabbits underwent 
surgical creation of a transsphincteric fistula. Then, three rabbits were randomly selected each group 
every 7 d to remove the seton from the fistula. The rabbits were examined by endoscopy every 7 d, and 
biopsy forceps were used to obtain tissue samples from the obvious colon lesions for histological 
analysis. The disease activity index (DAI), colonoscopy and histological scores were recorded. Perianal 
endoscopic ultrasonography (EUS) was used to evaluate the healing of fistulas.

Research results
Except for the DAI score, the colonoscopy and histological scores in group A were significantly higher 
than those in the other groups (P < 0.05). In the ideal model rabbit group, on the 7th day after the 
removal of the seton, all animals had persistent lumens on EUS imaging, showing continuous full-
thickness high signals. Acute and chronic inflammation, epithelialization, fibrosis, and peripheral 
proctitis of consecutive rectum are the histological features of fistula.

Research conclusions
A preclinical model of perianal fistulizing CD in rabbits was established by using an improved method 
of CD colitis induction. The model can simulate the human environment, and intestinal and fistula 
lesions can be evaluated by EUS, endoscopic and histological examinations to assess new therapeutic 
strategies.

Research perspectives
The establishment of a model of fistula associated with colitis allows the evaluation of different 
therapeutic approaches. However, fistula formation in animal models does not fully reflect the 
condition in humans. We hope that the simple, reliable and repeatable fistula animal model established 
by this improved colitis induction method can be used to evaluate new treatment strategies. The criteria 
for the difference between the two experimental conditions (constant-dose or increased-dose TNBS) 
introduced in the study still need to be verified by larger animal experiments, and the molecular 
mechanism involved should be investigated. The optimal animal model should include genetically 
mediated development of CD with anal fistula. However, an ideal model for preclinical research is 
difficult to establish due to the long experimental period required.
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Abstract
BACKGROUND 
Although the criteria for the indication of endoscopic submucosal dissection 
(ESD) for undifferentiated early gastric cancer (UD-EGC) have been recently 
proposed, accumulating reports on the non-negligible rate of lymph node 
metastasis (LNM) after indicated ESD raise questions on the reliability of the 
current criteria.

AIM 
To investigate the prevalence and risk factors of LNM in UD-EGC cases meeting 
the expanded indication for ESD.

METHODS 
We retrospectively reviewed 4780 UD-EGC cases that underwent surgical 
resection between January 2008 and February 2019 at Asan Medical Center, a 
tertiary university hospital in Korea. To identify the risk factors of LNM of UD-
EGC meeting the expanded criteria for ESD, we performed a case-control study 
by matching the cases with LNM to those without at a ratio of 1:4. We reviewed 
the clinical, endoscopic, and histologic features of the cases to identify features 
with a significant difference according to the presence of LNM. Univariate and 
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multivariate logistic regression analyses were performed to estimate the odds ratios (ORs).

RESULTS 
Of the 4780 UD-EGC cases, 1240 (25.9%) were identified to meet the expanded indication for ESD. 
Of the 1240 cases, 14 (1.1%) cases had LNM. Among the various clinical, endoscopic, and 
histopathological features that were evaluated, mixed histology (tumors consisting of 10%-90% of 
signet ring cells) had a marginally significant association (P = 0.059) with the risk of LNM. 
Moreover, diffuse blurring of the muscularis mucosae (MM) underneath the tumorous epithelium, 
a previously unrecognized histologic feature, had a significant association with the absence of 
LNM (P = 0.028). Multivariate logistic regression analysis showed that the blurring of MM was the 
only explanatory variable significantly associated with a reduced risk of LNM (OR: 0.12, 95%CI: 
0.02-0.95; P = 0.045).

CONCLUSION 
The risk of LNM is higher than expected when using the current expanded indication for UD-
EGC. Histological evaluation could provide useful clues for reducing the risk of LNM.

Key Words: Gastric cancer; Undifferentiated carcinoma; Endoscopic submucosal dissection; Lymph node 
metastasis

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

Core Tip: This was a retrospective study investigating the prevalence and risk factors of lymph node 
metastasis (LNM) in cases with undifferentiated early gastric cancer meeting the expanded indication for 
endoscopic submucosal dissection (ESD). We found that the incidence rate of LNM was 1.1% (14/1240), 
which was higher than expected for indicated ESD. A subsequent case-control study revealed that two 
histological features-histologic purity of tumors and blurring of the muscularis mucosae underneath the 
tumorous epithelium-are promising factors for predicting the risk of LNM. Combining these histologic 
features could improve the current expanded indication criteria for ESD.

Citation: Yoon J, Yoo SY, Park YS, Choi KD, Kim BS, Yoo MW, Lee IS, Yook JH, Kim GH, Na HK, Ahn JY, 
Lee JH, Jung KW, Kim DH, Song HJ, Lee GH, Jung HY. Reevaluation of the expanded indications in 
undifferentiated early gastric cancer for endoscopic submucosal dissection. World J Gastroenterol 2022; 28(15): 
1548-1562
URL: https://www.wjgnet.com/1007-9327/full/v28/i15/1548.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i15.1548

INTRODUCTION
Endoscopic submucosal dissection (ESD) has gained popularity in the treatment of early gastric cancer 
(EGC) due to the benefits of organ preservation and maintenance of the quality of life. However, ESD 
cannot dissect lymph nodes around the stomach and diagnostic modalities such as endoscopic 
ultrasonography, computed tomography, and positron emission tomography cannot provide adequate 
data for detecting lymph node metastasis (LNM); as such, the indication for ESD for EGCs has been 
suggested based on the analysis of the risk of LNM in a large number of surgically resected specimens
[1], and ESD is usually considered for tumors with a very low risk of LNM.

Undifferentiated EGC (UD-EGC) accounts for 40%-50% of EGCs, and has been reported to show a 
higher incidence of LNM than EGCs with differentiated histology[2,3]. Thus, gastrectomy with 
lymphadenectomy has been used as the standard treatment for UD-EGCs, and ESD for UD-EGC 
remains an investigational treatment[3,4]. In an attempt to expand the indication of ESD in UD-EGC, 
some researchers have reported that a select group of UD-EGCs had a very low possibility of LNM[1]. 
Accordingly, it has been suggested that ESD could be considered for UD-EGC cases when the tumor is 
an intramucosal lesion with a size of less than 2 cm and no sign of ulcer, and no further surgery is 
indicated when pathologic evaluation of the ESD specimen does not reveal lymphovascular invasion 
(LVI) or positive vertical and horizontal margin[1,4]. However, there have been several reports of lymph 
node or distant metastases arising after curative ESD in UD-EGC cases meeting the expanded criteria[5,
6]. These conflicting data raise a question on the reliability of the current expanded criteria for UD-EGC, 
and necessitates further efforts to identify more clinicopathologic features associated with the risk of 
LNM in UD-EGC.
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Because LNM-negative patients can be curatively treated with minimally invasive ESD, evaluating 
the risk factor of LNM is crucial for determining the appropriate treatment. Although many studies 
have been performed to identify the clinicopathological factors associated with LNM in UD-EGC[7,8], 
the only risk factors that were identified include tumor size, depth of invasion, presence of LVI, and 
ulcer. Therefore, to obtain clarity regarding the treatment of UD-EGC, we investigated the risk of LNM 
of UD-EGCs meeting the criteria for the expanded indication for ESD, and performed a case-control 
study to identify the clinical, endoscopic, and histopathologic features related to the risk of LNM.

MATERIALS AND METHODS
Patients 
We retrospectively reviewed the medical records of all patients who underwent curative gastrectomy 
with extended lymphadenectomy for UD-EGC at Asan Medical Center between January 2008 and 
February 2019. To focus on the histologic types that are most frequently encountered in clinical practice, 
we only included tumors diagnosed as “adenocarcinoma, poorly differentiated (with or without signet 
ring cell component),” “poorly cohesive carcinoma,” and “signet ring cell carcinoma (SRCC),” and 
excluded rare variants such as mucinous adenocarcinoma and gastric carcinoma with lymphoid stroma. 
We also excluded patients with multiple tumors, tumors in the remnant stomach, any synchronous 
malignancy in other organs, a history of preoperative treatment such as ESD, and those who received 
neoadjuvant chemotherapy. Cases with less than 15 lymph nodes harvested were also excluded. Based 
on the original pathology reports of the remaining cases, we included those meeting all of the following 
criteria for the expanded indication of ESD: (1) confinement to the mucosal layer (pT1a); (2) size ≤ 2 cm; 
(3) absence of ulcer; and (4) absence of LVI[3,4].

To identify the clinical, endoscopic, and pathologic findings associated with the risk of LNM, we 
performed a case-control study by matching the patients with LNM to those without at a ratio of 1:4 in 
terms of sex, age at gastrectomy (± 2 years), and tumor size. Histologic review was conducted to confirm 
whether the cases indeed satisfy the expanded criteria. The selection process for our study population is 
shown as a flowchart (Figure 1).

Data collection 
Clinical data, endoscopic features, and pathological characteristics of the study patients were evaluated. 
Endoscopic characteristics (e.g., tumor location, macroscopic type of the lesion, endoscopic presence of 
ulcer, converging folds, exudates, and tumor island) were evaluated by two endoscopists (JY and KDC); 
the endoscopists independently reviewed the initial endoscopic images obtained before biopsy, and 
discussed with each other until a consensus was reached. The tumor locations were specified both 
longitudinally (upper vs middle vs lower third) and cross-sectionally (lesser curvature vs posterior wall 
vs greater curvature vs anterior wall). By referring to the classification system of the Japanese Research 
Society for Gastric Cancer[3], the macroscopic type of the lesion was evaluated based on the 
predominant type into three categories as follows: elevated type (including the protruded type and 
superficial elevated type), flat type (the superficial flat type), and depressed type (the superficial 
depressed type and excavated type)[3]. Endoscopic ulcer was defined as the presence of a mucosal 
defect of ≥ 3 mm. Converging folds were indicated by the presence of any centripetal folds in the EGC 
lesions. The representative endoscopic appearance is depicted in Supplementary Figure 1.

Histologic evaluation of the tumor and background stomach 
Hematoxylin and eosin (HE)-stained glass slides produced at the time of initial diagnosis were 
evaluated to double-check the size of tumors in the greatest dimension, depth of invasion, and the status 
of lymph node metastasis. Entire tumors and adjacent non-tumor areas were serially sectioned at 3-to-4-
millimeter intervals and made into paraffin blocks, which were then used to generate slides for 
histologic evaluation. Histologic mapping was performed to explicitly measure the size of a tumor, and 
the entirely embedded tumor and adjacent normal area were examined for the percentage of signet ring 
cells (SRCs), and status of background gastric mucosa. The percentage of SRCs was evaluated by 
examining the entire tumor sections. Definition of SRCs was established by the agreement between two 
pathologists (SYY and YSP) based on a recent consensus guideline on poorly cohesive gastric carcinoma
[9]; according to the guideline, tumors almost exclusively (≥ 90%) consisting of SRCs were designated as 
SRCC, and those with < 10% of SRC components as poorly differentiated carcinomas (PDs), which 
encompass both poorly differentiated adenocarcinomas and non-SRC type of poorly cohesive 
carcinomas. The remaining tumors in which SRCs comprise 10%-90% of the components were 
designated as mixed tumors (e.g., adenocarcinoma, poorly differentiated with SRC component and 
adenocarcinoma, moderately differentiated with SRCC). The status of background gastric mucosa was 
evaluated based on the likelihood of Helicobacter pylori (H. pylori) colonization as follows: less likely 
[minimal to mild chronic gastritis (CG) with no intestinal metaplasia (IM)], indeterminate (moderate CG 
or presence of IM), possible [chronic active gastritis (CAG)], and definite (CAG with clearly visible H. 
pylori). For each case, the section that seemed most likely to harbor H. pylori was selected for immuno-

https://f6publishing.blob.core.windows.net/65faacfb-199f-47d9-83eb-0be8eed50448/WJG-28-1548-supplementary-material.pdf
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Figure 1 Flow chart of study patients. EGC: Early gastric cancer; SM: Submucosa; LVI: Lymphovascular invasion.

histochemical studies.

Immunohistochemistry 
Immunohistochemical staining was performed on 4 μm-thick serial tissue sections of formalin-fixed 
paraffin-embedded (FFPE) blocks. For H. pylori evaluation, tissue sections were stained using the 
antibody against H. pylori (1:500, rabbit polyclonal, catalog No. 215A-76, Cell Marque, Rocklin, CA) 
using the OptiView DAB IHC Detection Kit on the BenchMark XT automatic immunostaining device 
(Ventana Medical Systems, Tucson, AZ, United States) according to the manufacturer's instructions. The 
abundance of immunohistochemically highlighted H. pylori was evaluated based on the Sydney system
[10] as follows: 0 (absent), 1+ (H. pylori occupies < 1/3 of mucosa), 2+ (H. pylori occupies 1/3–2/3 of 
mucosa) and 3+ (H. pylori occupies > 2/3 of mucosa). H. pylori stain could not be performed in two cases 
due to the unavailability of FFPE blocks. TP53 staining was performed on representative sections at the 
time of initial diagnosis following the same protocol described above (1:1000, mouse monoclonal, clone 
DO-7, catalog No. M7001, Dako, Glostrup, Denmark). The degree of TP53 nuclear immunoreactivity 
was graded as 0 (no positive cells), 1+ (focal, faint positivity), 2+ (focal, moderate positivity), and 3+ 
(unanimously strong positivity); 0 was interpreted as the loss of expression, 1+ and 2+ as wildtype 
pattern, and 3+ as overexpression. TP53 status could not be evaluated in four cases due to the loss of 
stained slides.

Histologic evaluation of the tumor microenvironment
The abundance of tumor-infiltrating lymphocytes (TILs) was evaluated in HE slides in a semi-
quantitative manner according to the proposed standardized methodology described in a recent 
consensus guideline[11].

The degree of peritumoral fibrosis was evaluated by Masson’s trichrome (MT) staining. For 85 cases 
with accessible FFPE blocks, two sections per case-the deepest section and the edge of the tumor-were 
selected, and MT stain was performed on 4 μm-thick serial tissue sections of FFPE blocks using 
Trichome III Blue Staining Kit (Ventana Medical Systems) at BenchMark Special Stains platform 
(Ventana Medical Systems). The degree of fibrosis was visually graded as mild, moderate, or marked 
(Supplementary Figure 2C). For computer-aided image analysis, slides were scanned by the Pannoramic 
250 Flash slide scanner (3D HISTECH, Budapest, Hungary) at 20× magnification with a resolution of 
0.22 μm per pixel.

The degree of MT staining was quantified by pixel classification functionality of QuPath, an open-
source software for analyzing digital pathology images (Supplementary Figure 2D)[12]. Briefly, the 
interface between MM and submucosa underneath the tumorous epithelium was manually annotated as 

https://f6publishing.blob.core.windows.net/65faacfb-199f-47d9-83eb-0be8eed50448/WJG-28-1548-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/65faacfb-199f-47d9-83eb-0be8eed50448/WJG-28-1548-supplementary-material.pdf
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the region of interest (ROI). Two different types of pixel classifiers were trained and sequentially 
applied. The first classifier was trained to classify the ROI into empty (empty space and fat vacuoles) 
and non-empty areas. Non-empty areas were placed into the second classifier that graded the intensity 
of MT as 0 (vessel and MM), 1+ (mild), 2+ (moderate), or 3+ (marked). To express the intensity and 
extent of MT staining, a metric named “fibrosis score” was defined as follows:

Evaluation of blurring of muscularis mucosa 
Blurring of MM underneath tumorous epithelium was primarily evaluated at scanning magnification. A 
case was judged to have blurred MM when any of the two MT-stained slides showed a focus of blurring 
or disruption of MM by fibrosis that caused loss of integrity relative to adjacent MM underneath the 
non-tumorous epithelium. If a case had more than one of such foci or the disruption was prominent 
enough to localize the tumor at scanning magnification, the case was judged to show diffuse blurring of 
MM (Figure 2A and B). At the foci of MM blurring, the distance from the invasive front to MM was 
measured. The value of 0 was assigned for tumors touching or invading into the MM. The interobserver 
reproducibility of MM blurring (non-diffuse or diffuse) was assessed by independent assessment of two 
pathologists (SYY and YSP). MM blurring assessed by SYY was used for subsequent statistical analysis.

Statistical analysis 
Categorical variables are expressed as numbers with percentages and continuous variables are 
expressed as medians with interquartile ranges (IQRs). The Chi-squared test or Fisher’s exact test was 
used to compare categorical variables as appropriate, and the t-test or Wilcoxon rank-sum test was used 
to compare continuous variables depending on the result of the Shapiro–Wilk normality test. 
Univariable and multivariable logistic regression analyses were performed to identify the risk factors by 
estimating the ORs and 95%CIs. Cohen’s kappa was computed as a metric of interobserver reprodu-
cibility of MM blurring. P values < 0.05 were considered statistically significant. Statistical evaluations 
were performed using SAS 9.4 (SAS Institute, Inc., Cary, NC, United States) and R version 3.6.2 for 
Windows (R Foundation for Statistical Computing, Vienna, Austria). The statistical methods of this 
study were reviewed by Kim HJ from the Department of Clinical Epidemiology and Biostatistics at 
Asan Medical Center, University of Ulsan College of Medicine.

RESULTS
Risk of LNM in UD-EGCs meeting the criteria for expanded indication for ESD
During the study period, 4780 patients underwent curative gastrectomy with extended lymphaden-
ectomy for EGCs whose histology showed SRCs, PD, or a mixed type of both tumors. Of the 4780 
patients, 1240 satisfied the criteria for the expanded indication for ESD. Among them, 22 patients had 
LNM and the remaining 1218 patients did not.

To identify the risk factors of LNM in patients with UD-EGC satisfying the expanded indication, a 1:4 
case-control study was designed. According to the matching conditions, 22 patients with LNM were 
matched to 88 patients without. Subsequent pathology review was conducted for case and control 
patients to ensure that they satisfied the criteria for the expanded indication; as a result, 8 cases in the 
case group revealed histologic features inconsistent with the original pathology report and did not meet 
the criteria for the expanded indication as follows: size > 2 cm (n = 2), presence of submucosal invasion (
n = 1), ulcer (n = 3), and LVI (n = 2). Similarly, 15 cases in the control group were excluded from the 
study owing to the following discrepancies from the original pathology report: size > 2 cm (n = 4), 
presence of submucosal invasion (n = 2), and ulcer (n = 9). Consequently, 14 (1.1%) patients among 1240 
patients with UD-EGC were designated to have LNM and were included in the case group (LNM+), and 
73 patients without LNM were included in the control group (LNM-).

Clinical and endoscopic features of the study patients
Clinical and endoscopic features of the 87 UD-EGC cases are summarized in Table 1. The median tumor 
size of the LNM+ group was 1.5 cm (IQR 1.3-1.8 cm), and the size of 11 (78.6%) LNM+ lesions exceeded 
1 cm. Ten (71.4%) patients showed macroscopically depressed morphology, and the median number of 
harvested lymph nodes in the LNM+ group was 30.5. There were no significant differences between the 
LNM- and LNM+ groups in terms of the tumor location, gross type, and the number of retrieved LNs. 
Also, no significant differences were noted between the two groups in the preoperative endoscopic 
findings such as exudate, endoscopic ulcer, converging fold, and tumor island.

Detailed information on the 14 LNM+ cases is presented in Table 2; of those, cases 1, 3, 5, and 9 did 
not show endoscopic findings such as exudate, mucosal break, converging fold, and tumor island 
(Figure 3). Case 5 had six lymph node metastasis, but the endoscopic findings showed only a flat lesion 
with hyperemic mucosa (Figure 3C).
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Table 1 Clinical and endoscopic features of the patients according to the presence of lymph node metastasis

Variables LNM- (n = 73) LNM+ (n = 14) P value

Age at diagnosis, yr (median, IQR) 47.0 (41.0-52.0) 43.5 (37.0-51.0) 0.276 

Lesion size, cm (median, IQR) 1.5 (1.2-1.7) 1.5 (1.3-1.8) 0.485 

Male, n (%) 25 (34.2) 4 (28.6) 0.918

Longitudinal location, n (%) 0.269

Upper 4 (5.5) 0 (0.0)

Middle 22 (30.1) 2 (14.3)

Lower 47 (64.4) 12 (85.7)

Cross-sectional circumference, n (%) 0.421

Anterior wall 16 (21.9) 6 (42.9)

Great curvature 16 (21.9) 2 (14.3)

Posterior wall 23 (31.5) 3 (21.4)

Lesser curvature 18 (24.7) 3 (21.4)

Gross type, n (%) 0.440

Depressed 42 (57.5) 10 (71.4)

Flat 25 (34.2) 4 (28.6)

Elevated 6 (8.2) 0 (0.0)

Number of retrieved LNs (median, IQR) 30.0 (25.0-37.0) 30.5 (25.5-37.0) 0.862

Endoscopic appearances, n (%) 

Exudate 6 (8.2) 1 (7.1) > 0.999

Endoscopic ulcer 30 (41.1) 7 (50.0) 0.747

Converging fold 11 (15.1) 1 (7.1) 0.715

Tumor island 14 (19.2) 3 (21.4) > 0.999

LNM: Lymph node metastasis; IQR: Interquartile range.

Histologic features of tumor and background stomach 
Histopathologic features of the study patients and their background gastric mucosa were evaluated 
from HE stains and immunohistochemical stains for H. pylori and TP53 (Table 3). Except for the 
diagnostic category according to the proportion of SRCs, none of the histologic features showed 
significant differences between the LNM- and LNM+ groups. Although no significant difference was 
noted in the average percentage of SRCs, the LNM+ group tended to have more patients with mixed 
histology (consisting of 10–90% of SRCs) than pure SRCC or PD carcinoma (P = 0.059).

Histologic features of the tumor microenvironment 
We further evaluated histologic features of the tumor microenvironment, abundance of TILs, and 
degree of peritumoral fibrosis (Table 4). We specifically focused on fibrosis because while evaluating 
histologic features of tumors and the background stomach, we observed that some tumors showed 
marked peritumoral fibrosis (Supplementary Figure 2A and B). We performed MT staining and 
analyzed the slides visually and computationally to investigate the degree, extent, and pattern of 
peritumoral fibrosis (Supplementary Figure 2C-E). However, neither TIL abundance nor the pattern and 
degree of peritumoral fibrosis showed a statistically significant association with the risk of LNM.

Blurring of MM as an independent risk factor for LNM
During the evaluation of MT stain, we noticed a peculiar pattern of fibrosis disrupting the MM, which 
could be categorized into diffuse and non-diffuse (focal plus no disruption) types (Figure 2). 
Importantly, the diffuse blurring of MM (Figure 2A and B) was significantly associated with the 
invasion of MM, shorter distance between the invasive front and MM, and higher fibrosis score (all P < 
0.001, Supplementary Table 1). Some cases that lacked diffuse MM blurring had substantial peritumoral 
fibrosis (Supplementary Figure 3A) or invading MM (Supplementary Figure 3B-C), and other cases 
showed diffuse blurring of MM while being confined to the lamina propria or devoid of peritumoral 

https://f6publishing.blob.core.windows.net/65faacfb-199f-47d9-83eb-0be8eed50448/WJG-28-1548-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/65faacfb-199f-47d9-83eb-0be8eed50448/WJG-28-1548-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/65faacfb-199f-47d9-83eb-0be8eed50448/WJG-28-1548-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/65faacfb-199f-47d9-83eb-0be8eed50448/WJG-28-1548-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/65faacfb-199f-47d9-83eb-0be8eed50448/WJG-28-1548-supplementary-material.pdf
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Table 2 Detailed clinical information of the 14 patients with lymph node metastasis

Case 
No.

Age 
(yr) Sex Type Size 

(cm) Location Histology Depth of 
invasion

Total number of dissected 
LNs

Number of metastatic 
LNs

1 59 Female IIb 1.5 Middle PD with 
SRC

LP 31 3

2 41 Female IIc 1.3 Lower PD with 
SRC

LP 18 3

3 57 Male IIc 1.3 Lower SRC LP 21 1

4 47 Female IIc 1.8 Middle PD with 
SRC

LP 21 3

5 46 Female IIb 2.0 Lower PD with 
SRC

LP 25 6

6 37 Female IIc 1.5 Lower PD with 
SRC

MM 31 3

7 48 Female IIc 1.5 Lower PD with 
SRC

LP 37 1

8 35 Male IIc 0.9 Lower PD with 
SRC

LP 38 1

9 35 Female IIc 1.5 Lower PD with 
SRC

LP 27 1

10 52 Female IIb 0.7 Lower PD with 
SRC

LP 29 1

11 60 Male III 0.6 Lower PD with 
SRC

MM 30 1

12 39 Female IIc 2.0 Lower PD with 
SRC

LP 37 1

13 37 Female IIb 1.8 Lower PD with 
SRC

LP 42 1

14 33 Male IIc 2.0 Lower PD with 
SRC

LP 48 3

LNM: Lymph node metastasis; PD: Poorly differentiated carcinoma; SRC: Signet ring cell; SRCC: Signet ring cell carcinoma; LP: Lamina propria; MM: 
Muscularis mucosa.

fibrosis (Supplementary Figures 3D-E). Most importantly, we found a significant association between 
diffuse MM blurring and the absence of regional LNM (P = 0.028, Table 4). Multivariate logistic 
regression analysis with backward variable selection revealed that of the multiple clinical and 
histological variables, diffuse blurring of MM was the only statistically significant explanatory variable 
associated with the risk of LNM (OR: 0.12, 95%CI: 0.02–0.95; P = 0.045, Table 5).

Potential clinical utility of MM blurring 
Independent assessment of MM blurring by a second pathologist revealed strong interobserver 
reproducibility with a Cohen’s Kappa coefficient of 0.90 (95%CI: 0.80–0.96, Supplementary Table 2). 
Furthermore, MT staining on the ESD specimens of UD-EGC cases demonstrated that the presence of 
MM blurring could be readily evaluated in ESD specimens (Supplementary Figure 4). Collectively, these 
results suggest that MM blurring could serve as a feasible histologic marker that aids the decision on the 
follow-up strategy after ESD for UD-EGC cases meeting the expanded indication criteria.

DISCUSSION
In this study, we investigated the risk factors for LNM in patients with UD-EGC meeting the criteria for 
the expanded indication for ESD by using surgically resected cases. Our results demonstrated that the 
incidence rate of LNM in cases of UD-EGC meeting the criteria for the expanded indication for ESD was 
1.1% (14/1240). By reviewing the clinical, endoscopic features, and pathologic results, we found that the 
LNM- and LNM+ groups did not show significant differences in terms of preoperative clinical and 
endoscopic features. On the other hand, histologic features such as mixed histology (P = 0.059) and 
blurring of MM (P = 0.028) showed a notable difference according to the presence of LNM, suggesting 

https://f6publishing.blob.core.windows.net/65faacfb-199f-47d9-83eb-0be8eed50448/WJG-28-1548-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/65faacfb-199f-47d9-83eb-0be8eed50448/WJG-28-1548-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/65faacfb-199f-47d9-83eb-0be8eed50448/WJG-28-1548-supplementary-material.pdf
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Table 3 Histologic features of the tumors and background stomach according to the presence of lymph node metastasis

Variables LNM- (n = 73) LNM+ (n = 14) P value

Depth of invasion 0.503

LP 53 (72.6) 12 (85.7)

MM 20 (27.4) 2 (14.3)

Size, cm 1.5 (1.2-1.7) 1.5 (1.3-1.8) 0.642

% of SRCs 0.157

< 10% 17 (23.3) 0 (0)

≥ 10% and < 50% 35 (47.9) 10 (71.4)

≥ 50% and < 90% 14 (19.2) 3 (21.4)

≥ 90% 7 (9.6) 1 (7.1)

Diagnostic category according to the proportion of 
SRCs

0.059

Non-mixed (SRCC and PD) 24 (32.9) 1 (7.1)

Mixed (PD with SRC component) 49 (67.1) 13 (92.9)

Background stomach 0.278

Mild CG 8 (11.0) 0 (0)

Moderate CG or IM 24 (32.9) 3 (21.4)

CAG 22 (30.1) 4 (28.6)

CAG with visible H. pylori 19 (26.0) 7 (50.0)

H. pylori abundance, n/total n 0.263

0 23/71 (32.4) 2/14 (14.3)

1+ 14/71 (19.7) 3/14 (21.4)

2+ 14/71 (19.7) 6/14 (42.9)

3+ 20/71 (28.2) 3/14 (21.4)

TP53 expression, n/total > 0.999

Loss (0) 3/70 (4.3) 0/14 (0)

Wildtype pattern (1+/2+) 63/70 (90.0) 13/14 (92.9)

Overexpression (3+) 4/70 (5.7) 1/14 (7.1)

LNM: Lymph node metastasis; IQR: Interquartile range; LP: Lamina propria; MM: Muscularis mucosa; SRC: Signet ring cell; SRCC: Signet ring cell 
carcinoma; PD: Poorly differentiated carcinoma encompassing adenocarcinoma and non-signet ring cell type of poorly cohesive carcinoma; CG: Chronic 
gastritis; IM: Intestinal metaplasia; CAG: Chronic active gastritis; H. pylori: Helicobacter pylori.

that histologic evaluation could be useful for improving patient stratification.
To date, ESD for UD-EGC has required an expanded indication, and surgery has been the standard 

treatment because the risk of LNM has been shown to be relatively higher in UD-EGCs than in differen-
tiated EGCs, thus raising concern about the long-term outcomes. However, in the recent guidelines in 
Japan, UD-EGC lesions have been integrated into the absolute indication for ESD[13]. Li et al[14] 
reported that there were no cases of LNM in patients with UD-EGC meeting the expanded indications 
of ESD. Another study revealed that LNM was not found in intramucosal cancer when the lesion was 20 
mm or less without LVI and ulcerative findings[1]. However, these studies have the limitations of small 
sample sizes and retrospective study design. In a recent multicenter clinical trial, Takizawa et al[15]. 
reported that patients who were followed after undergoing curative ESD for UD-EGC showed neither 
local/distant recurrence nor deaths due to gastric cancer, thereby suggesting favorable clinical outcomes 
of ESD for UD-EGC; however, this study had a single-arm design and the outcomes after ESD were not 
compared with those after surgery. In addition, other studies reported contrasting results in that up to 
2.3% of patients with UD-EGC meeting the criteria of expanded indications (intramucosal cancer, size of 
≤ 20 mm without LVI and ulcerative findings) were found to have LNM[16]. Our study also showed 
that 1.1% of 1240 patients meeting the criteria for the expanded indication for ESD showed LNM. 
Considering these conflicting results, further targeted investigations are required regarding the risk of 
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Table 4 Histologic features of the tumor microenvironment according to the presence of lymph node metastasis

Variables LNM- (n = 73) LNM+ (n = 14) P value

TIL abundance 0.438

< 10% 25 (34.2) 7 (50.0)

10%-20% 33 (45.2) 6 (42.9)

≥ 20% 15 (20.5) 1 (7.1)

Degree of central fibrosis 0.522

Mild 6 (8.5) 2 (14.3)

Moderate 35 (49.3) 8 (57.1)

Marked 30 (42.3) 4 (28.6)

Degree of peripheral fibrosis 

Mild 11 (15.5) 2 (14.3) 0.495

Moderate 53 (74.6) 9 (64.3)

Marked 7 (9.9) 3 (21.4)

Distribution of fibrosis 

Central = peripheral 32 (45.1) 7 (50.0) 0.204

Central > peripheral 33 (46.5) 4 (28.6)

Central < peripheral 6 (8.5) 3 (21.4)

Fibrosis score 0.55 (0.38-0.83) 0.53 (0.31-0.77) 0.273

Blurring of MM, n/total 0.028

Non-diffuse (absent/focal) 43/71 (60.6) 13/14 (92.9)

Diffuse 28/71 (39.4) 1/14 (7.1)

LNM: Lymph node metastasis; TIL: Tumor-infiltrating lymphocytes; IQR: Interquartile range; MM: Muscularis mucosa.

LNM in UD-EGC cases meeting the expanded criteria.
LNM is the most important factor for deciding the treatment strategy in cases of UD-EGC. For the 

appropriate usage of ESD in UD-EGC, the characteristics of UD-EGCs with LNM should be clarified so 
that such cases should be excluded from consideration for ESD. Hence, we reviewed the original 
pathologic reports of 4781 surgically resected UD-EGC and found that 1240 cases met the criteria for the 
expanded indication for ESD, 22 of whom exhibited regional LNM. However, a subsequent histologic 
review revealed that 8 of the 22 cases with LNM and 15 out of the matched 88 control cases did not 
satisfy the criteria for expanded indications due to deviation in size from the original pathology reports 
(n = 2 in the case group, n = 4 in the control group) and the presence of ulcer (n = 3 in the case group, n = 
9 in the control group). The discrepancy likely occurred because unlike mucosectomy specimens, 
gastrectomy specimens do not mandatorily undergo systematic evaluation for the tumor size and the 
presence of an ulcer[3,17]. In our study, three cases with submucosal invasion that had been misdia-
gnosed as mucosal cancer showed deceptive histologic features that called for careful examination. In 
one case, it seemed that the site of submucosal invasion had been missed because the tumor was located 
in an extensively thick and undulating mucosa. The tumor in another case was accompanied by a 
massively lymphoid stroma so that the tumor cells in the submucosa were barely visible. Tumor cells of 
the remaining case were almost indistinguishable from macrophages. TP53 immunostaining, which is 
routinely performed for all stomach cancer cases at our institution, was useful in highlighting the tumor 
cells in the submucosa in the latter two cases. Careful attention is needed to diagnose ESD cases 
showing features of discrepant cases.

This discrepancy after the second histologic review implies a more serious message. Considering that 
the number of patients in the LNM+ group decreased from 22 to 14 after the second histologic review, 
the total number of UD-EGC patients satisfying the expanded criteria could decrease from 1240 if the 
entire case cohort was reviewed. As a consequence, the actual incidence rate can be actually higher than 
1.1%. Therefore, our results suggest that UD-EGC cases meeting the criteria for the expanded indication 
does have a risk of LNM, which may be too higher to consider endoscopic resection. Therefore, further 
research is needed to discover clinical, endoscopic, and histologic features of UD-EGC that can aptly 
supplement the current expanded criteria.
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Table 5 Logistic regression analysis for the risk of Lymph node metastasis

Variable OR 95%CI P value

Depth of invasion 

LP 1

MM 0.44 0.09-2.15 0.312

Diagnostic category according to % of SRCs

Non-mixed (SRC and PD) 1

Mixed (PD with SRC component) 6.37 0.79-51.6 0.083

Background stomach 

CG 1

CAG 2.86 0.74-11.1 0.129

Presence of H. pylori 

Absent (0) 1

Present (≥ 1+) 2.88 0.59–13.9 0.190

TIL abundance 0.409

< 10% 1

10%-20% 0.65 0.19-2.17 0.484

≥ 20% 0.24 0.03-2.13 0.199

Fibrosis score 0.34 0.05-2.49 0.285

Blurring of MM 

Non-diffuse (absent/focal) 1

Diffuse 0.12 0.02-0.95 0.045

LNM: Lymph node metastasis; OR: Odds ratio; LP: Lamina propria; MM: Muscularis mucosa; SRC: Signet ring cell; SRCC: Signet ring cell carcinoma; PD: 
Poorly differentiated carcinoma encompassing adenocarcinoma and non-signet ring cell type of poorly cohesive carcinoma; CG: Chronic gastritis; CAG: 
Chronic active gastritis; TIL: Tumor-infiltrating lymphocytes; H. pylori: Helicobacter pylori.

For this purpose, the tumor characteristics of 14 patients with LNM were evaluated. The tumor 
characteristics including tumor location, gross type, the number of retrieved LNs, and endoscopic 
appearances did not have significant associations with LNM. According to histologic analysis, among 
various histologic features, mixed histology (consisting of 10%-90% SRCs) in comparison with non-
mixed histology (i.e., pure SRCC, poorly cohesive carcinoma, or poorly differentiated adenocarcinoma) 
was the only variable with a marginal statistical significance (P = 0.059). This is consistent with previous 
studies suggesting more aggressive biology of EGC by using mixed histology rather than pure 
adenocarcinoma and SRCC[18,19]. Therefore, it is likely that we would have reached statistical 
significance if a larger number of cases were analyzed.

Inspired by the recent interest in the role of the tumor microenvironment on metastasis[20], we 
further investigated the histologic features of the tumor microenvironment, especially the pattern and 
degree of peritumoral fibrosis. Previous studies on submucosal fibrosis of EGCs have mostly focused on 
its negative effect on successful ESD[21-25]. Conversely, we focused on whether the extent or pattern of 
submucosal fibrosis had an impact on LNM. While the degree of submucosal fibrosis did not show a 
significant association with LNM, we unexpectedly discovered a significant association between MM 
blurring and LNM. A structural study on the distribution of lymphatic and blood capillaries of human 
gastric mucosa showed that lymphatic capillaries were present in the deep lamina propria adjacent to 
and within the MM[26]. As such, we hypothesize that the blurring of MM is a consequence of an 
exaggerated anti-tumoral reaction against tumor cells trying to invade the lymphatics within the MM. In 
contrast with the traditional concept of the pro-tumorigenic role of fibrosis, recent studies have 
suggested that tumor-related fibrosis can also restrain cancer initiation, proliferation, and metastasis
[27]. Therefore, it is possible that tumors that managed to elicit anti-tumoral fibrosis against the tumor 
cells’ attempt to invade lymphatics are seen as having blurred MM, and are hence less likely to 
metastasize into the regional lymph nodes.

Considering the intimate relationship between lymphatics and the MM, it can be assumed that the 
tumor’s proximity to the MM would be significantly associated with the risk of LNM. Indeed, it has 
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Figure 2 Blurring of muscularis mucosa underneath the tumorous epithelium. Representative images of tumors with diffuse, focal, and 
no blurring of muscularis mucosa. A: Diffuse blurring of muscularis mucosa (MM) was prominent enough to localize the tumor at scanning magnification 
(arrowhead); B: At higher magnification (40´), the thickness of MM appeared irregular due to collagen fibers disrupting the muscle fibers of MM; C: The majority of MM 
underneath the tumorous epithelium (both ends are marked by arrows) was undisrupted compared with adjacent MM underneath the non-tumorous epithelium, 
making the foci of MM blurring focal (arrowhead); D: With no blurring of MM, it was difficult to localize the tumor (both ends are marked by arrows) at scanning 
magnification based on the status of MM.

been reported that tumors invading the MM are more likely to metastasize into regional lymph nodes 
than those limited to the lamina propria[28]. However, we failed to reach the same conclusion in our 
current study, and our study might suggest the opposite conclusion considering the significant 
association between MM invasion and MM blurring. This may be due to the fact that our control group 
is biased toward tumors invading the MM; however, unlike the two previous studies, we only focused 
on UD-EGC cases meeting the expanded criteria for ESD.

We hypothesize that the seemingly counterintuitive result of our study might be explained by the 
differences in the mode of invasion between differentiated and undifferentiated GCs, considering the 
results of recent studies that elucidated the various modes of cancer cell invasion, ranging from single-
cell migration to collective invasion[29]. Because poor differentiation often involves the loss of cellular 
adhesion molecules[30], undifferentiated GCs might preferentially invade as single cells. For this reason, 
the main body of poorly differentiated tumors does not necessarily need to be in close proximity to 
lymphatics to invade them, and desmoplasia is more likely attributable to anti-tumoral microenviron-
mental responses rather than invading tumor cells. On the other hand, differentiated GCs would invade 
the adjacent normal structures by forming glands. Glandular structures are likely more destructive than 
scattered cells, and massive violation of the normal structure itself is sufficient enough to elicit fibrosis; 
for this reason, desmoplasia in differentiated GCs would more reflect the invasiveness of the tumors 
than anti-tumoral responses. Further studies in independent cohorts are needed to validate the 
hypothesis on the differential significance of MM blurring in differentiated and undifferentiated GCs.
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Figure 3 Endoscopic images of the cases with lymph node metastasis without exudate, mucosal break, converging fold, and tumor 
island. A: Case 1, B: Case 3, C: Case 5, D: Case 9.

There are several limitations to our study. First, because we excluded cases that showed deviation 
from the original pathology reports (e.g., larger tumor size, ulcer, LVI, submucosal invasion), the study 
population was reduced and the case-control study could not be performed as originally intended. 
Second, the validity of MM blurring may benefit from further scrutiny; aside from the four tumors that 
were small enough to be embedded in single blocks, we examined two representative sections per each 
case and judged a case as having blurred MM when such foci were identified in any of the two sections. 
As such, it is possible that the cases classified as clear MM might have disrupted MM in unexamined 
sections. Finally, this study had limitations inherent to the nature of a retrospective, single-center study. 
Although the number of patients with LNM was small, this is because the incidence of LNM in patients 
with UD-EGC meeting the expanded indications of ESD is low. Considering the low incidence, a large-
scale, prospective, multicenter study is needed to confirm our findings. Despite these limitations, we 
believe that our study appropriately highlights the fact that diffuse blurring of MM may be a potential 
predictive factor for the risk of LNM in cases of UD-EGC meeting the expanded criteria for ESD. Further 
research is needed to validate our results and to elucidate its mechanistic basis.

CONCLUSION
In conclusion, our results show that cases of UD-EGC meeting the criteria for the expanded indication 
have the risk for LNM, albeit low (1.1%), and that routine histological examination has practical 
limitations for identifying such cases. When ESD is planned for a case of UD-EGC, obtaining detailed 
informed consent after the disclosure of the risk of LNM is necessary, and careful observation is 
essential. A model for patient stratification based on histologic evaluation of the proportion of SRCs and 
MM blurring in ESD specimens could be useful for identifying the patients with a higher risk of LNM.

ARTICLE HIGHLIGHTS
Research background
There have been several reports of lymph node or distant metastases arising after curative endoscopic 
submucosal dissection (ESD) in undifferentiated early gastric cancer (UD-EGC) cases meeting the 
expanded criteria.

Research motivation
The clinicopathologic features associated with the risk of lymph node metastasis (LNM) in UD-EGC 
have not been well-studied.
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Research objectives
To investigate the prevalence and risk factors of LNM in UD-EGC cases meeting the criteria for the 
expanded indication for ESD.

Research methods
In this retrospective study, we investigated the risk of LNM of UD-EGC meeting the criteria for the 
expanded indication for ESD, and performed a matched case-control study to identify the clinical, 
endoscopic, and histopathological features associated with the risk of LNM. Univariate and multivariate 
logistic regression analyses were performed to identify the risk factors by estimating the odds ratios.

Research results
The incidence rate of LNM in UD-EGC cases meeting the criteria for the expanded indication for ESD 
was 1.1% (14/1240). No significant differences existed between the LNM group and the matched non-
LNM group in terms of preoperative clinical endoscopic features and conventional histologic features. 
In the tumor microenvironment, blurring of muscularis mucosa (MM) underneath the tumorous 
epithelium was associated with the risk of LNM.

Research conclusions
The risk of LNM was higher than expected when using the current expanded indication for UD-EGC. 
Evaluation of blurring of MM could provide useful clues for reducing the risk of LNM.

Research perspectives
Further studies are needed to validate the significance of MM blurring and elucidate its mechanistic 
basis. Eventually, an improved model for patient stratification based on detailed histologic evaluation of 
ESD specimens should be established to identify patients with a high risk of LNM.
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Abstract
BACKGROUND 
Identifying hepatic fibrosis is crucial for nonalcoholic fatty liver disease (NAFLD) 
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management. The fibrosis-8 (FIB-8) score, recently developed by incorporating four additional 
variables into the fibrosis-4 (FIB-4) score, showed better performance in predicting significant 
fibrosis in NAFLD.

AIM 
To validate the FIB-8 score in a biopsy-proven NAFLD cohort and compare the diagnostic 
performance of the FIB-8 and FIB-4 scores and NAFLD fibrosis score (NFS) for predicting 
significant fibrosis.

METHODS 
We collected the data of biopsy-proven NAFLD patients from three Asian centers in three 
countries. All the patients with available variables for the FIB-4 score (age, platelet count, and 
aspartate and alanine aminotransferase levels) and FIB-8 score (the FIB-4 variables plus 4 
additional parameters: The body mass index (BMI), albumin to globulin ratio, gamma-glutamyl 
transferase level, and presence of diabetes mellitus) were included. The fibrosis stage was scored 
using nonalcoholic steatohepatitis CRN criteria, and significant fibrosis was defined as at least 
fibrosis stage 2.

RESULTS 
A total of 511 patients with biopsy-proven NAFLD and complete data were included for 
validation. Of these 511 patients, 271 (53.0%) were female, with a median age of 51 (interquartile 
range: 41, 58) years. The median BMI was 29 (26.3, 32.6) kg/m2, and 268 (52.4%) had diabetes. 
Among the 511 NAFLD patients, 157 (30.7%) had significant fibrosis (≥ F2). The areas under the 
receiver operating characteristic curves of the FIB-8 and FIB-4 scores and NFS for predicting 
significant fibrosis were 0.774, 0.743, and 0.680, respectively. The FIB-8 score demonstrated 
significantly better performance for predicting significant fibrosis than the NFS (P = 0.001) and 
was also clinically superior to FIB-4, although statistical significance was not reached (P = 0.073). 
The low cutoff point of the FIB-8 score for predicting significant fibrosis of 0.88 showed 92.36% 
sensitivity, and the high cutoff point of the FIB-8 score for predicting significant fibrosis of 1.77 
showed 67.51% specificity.

CONCLUSION 
We demonstrated that the FIB-8 score had significantly better performance for predicting 
significant fibrosis in NAFLD patients than the NFS, as well as clinically superior performance vs 
the FIB-4 score in an Asian population. A novel simple fibrosis score comprising commonly 
accessible basic laboratories may be beneficial to use for an initial assessment in primary care 
units, excluding patients with significant liver fibrosis and aiding in patient selection for further 
hepatologist referral.

Key Words: Nonalcoholic fatty liver disease; Fibrosis-8 score; Fibrosis-4 score; Nonalcoholic fatty liver 
disease fibrosis score

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

Core Tip: Noninvasive diagnosis of hepatic fibrosis is crucial for nonalcoholic fatty liver disease 
(NAFLD). The fibrosis-8 (FIB-8) score was recently developed by incorporating four additional variables 
into the fibrosis-4 (FIB-4) score. The diagnostic performance of the FIB-8 score exhibited higher accuracy 
in diagnosing significant fibrosis (≥ F2) than the NAFLD fibrosis score but was not superior to the FIB-4 
score in our Asian cohort population. We postulated that gamma-glutamyl transferase might be an 
additional variable that predicts significant fibrosis in NAFLD patients.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a global health issue and has become the most common 
liver disease in Western countries, accounting for an estimated 25% of the adult population[1] and 
affecting an estimated 25%–30% of the adult population in the Asia Pacific region[2]. A meta-analysis in 
Asia during 1999 to 2019, described the overall pooled incidence rate was 50.9 per 1000 person-years[3]. 
According to our previous study, the prevalence of significant fibrosis (defined as ≥ F2 fibrosis) is 18.4% 
in asymptomatic NAFLD patients[4]. Nonalcoholic steatohepatitis (NASH) has emerged as the most 
common cause of cryptogenic cirrhosis and hepatocellular carcinoma worldwide. The presence of 
hepatic fibrosis is the major determinant of future risk of mortality and liver-related morbidity[5], and 
detecting significant fibrosis is crucial for NAFLD because no well-accepted and proven therapy is 
available for this disease to date[6]. However, patients with F2 or higher are at a higher risk of long-term 
liver-related death than patients with F0-1. Those with significant fibrosis should be intensively 
followed up or considered to participate in the therapeutic trial for NAFLD.

Liver biopsy remains the gold standard for evaluating hepatic fibrosis. However, because of several 
drawbacks, including invasiveness, the risk of bleeding complications, intrinsic sampling and 
pathologist reader variability[7], and cost, noninvasive tests are more practical. Thus, the 2018 American 
Association for the Study of Liver Diseases (AASLD) practice guidance recommends the use of the 
fibrosis-4 (FIB-4) score, the NAFLD fibrosis score (NFS), vibration-controlled transient elastography, and 
magnetic resonance elastography[8] to identify those at low or high risk for advanced fibrosis [bridging 
fibrosis (F3) or cirrhosis (F4)]. Noninvasive tests using only clinical and routine laboratory parameters 
are inexpensive and particularly important in primary care or resource-limited settings where the 
pretest probability of advanced fibrosis is low because these scores have good negative predictive 
values (NPVs) to exclude advanced fibrosis[9]. Therefore, using simple fibrosis scores as an initial 
assessment in primary care is reasonable. The FIB-4 score comprises four parameters, age, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), and platelets, while the NFS score comprises 
six parameters in addition to those comprising the FIB-4 score, such as the body mass index (BMI), 
presence of diabetes, and serum albumin level[10].

According to Sripongpun et al[11], their AASLD 2019 abstract reported a new model for a fibrosis-8 
score (FIB-8) score developed by incorporating the following four additional variables: BMI, 
albumin/globulin (A/G) ratio, gamma-glutamyl transferase (GGT) level, and diabetes. The subjects 
were enrolled in the PIVENS and FLINT trials, of which 522 participants all had histologically 
confirmed NASH[12,13]. The optimal low and high cutoffs for the FIB-8 score to exclude and include F ≥ 
2 were < 0.88 and ≥ 1.77, respectively, with a sensitivity of 95.3% and a specificity of 79.2%. The areas 
under the receiver operating characteristic curves (AUROCs) of the FIB-8 score were 0.79 and 0.78 in the 
training and validation datasets, respectively. The FIB-8 score provided significantly better AUROCs 
than the FIB-4 score (P < 0.001) and NFS (P = 0.005) in the validation dataset for predicting significant 
and advanced fibrosis in NAFLD patients. Following the study, the field test and validation of the FIB-8 
score in a real-world cohort of NAFLD patients revealed that the AUROCs of the FIB-8 score were 0.84 
with imputed data (n = 130) and 0.91 when only patients with complete data without imputation were 
included (n = 31). The FIB-8 score again outperformed the FIB-4 score and NFS, with AUROCs of 0.86 vs 
0.80 and 0.77, respectively, for diagnosing advanced fibrosis (F3)[14].

To our best knowledge, no validation of the FIB-8 score has been reported in a larger cohort. 
Therefore, this study was to validate the FIB-8 score in a biopsy-proven NAFLD cohort and compare the 
diagnostic performance of the FIB-8 and FIB-4 scores and NFS for predicting significant fibrosis.

MATERIALS AND METHODS
Study population and data collection
We collected the data of biopsy-proven NAFLD patients from the following three Asian centers in three 
countries: (1) Chulalongkorn University, Thailand; (2) The Chinese University of Hong Kong, Hong 
Kong; and (3) University of Malaya, Malaysia. The data from Thailand were collected from April 2008 to 
May 2019, those from Hong Kong were collected from July 2006 to November 2017, and those from 
Malaysia were collected from November 2012 to October 2015.

NAFLD was diagnosed based on ultrasonographic findings of fatty liver as well as transient 
elastography and the exclusion of viral hepatitis B and C infection, significant alcohol intake, and 
current usage of medications causing hepatic steatosis. Only patients with biopsy-proven NAFLD were 
included. Patients with other causes of chronic liver disease, incomplete histological data, and without 
significant hepatic steatosis were excluded. The laboratory data for the FIB-4 score (age, platelet count, 
and aspartate and ALT levels), FIB-8 score [the FIB-4 variables plus 4 additional parameters: The BMI, 
albumin to globulin ratio, gamma-glutamyl transferase level, and presence of diabetes mellitus (DM)], 
and the NFS were collected. The time interval between the enrolled laboratories and the date of liver 
biopsy was within 1 year. The fibrosis stage was scored using the NASH Clinical Research Network 
(CRN) criteria, and significant fibrosis was defined as at least fibrosis stage 2 (F ≥ 2).
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Noninvasive methods
We validated the noninvasive methods from the FIB-8 score, FIB-4 score, and NFS and the test variables 
for predicting significant fibrosis (Table 1)[11,15,16].

Outcomes
We aimed to validate the FIB-8 score in a biopsy-proven NAFLD cohort and compare the diagnostic 
performance of the FIB-8 score, FIB-4 score, and NFS for predicting significant fibrosis (≥ F2) in an Asian 
cohort.

Ethical permission
The study was reviewed and approved by the Institutional Review Board, Faculty of Medicine, 
Chulalongkorn University, Bangkok, Thailand (IRB number 238/59). This is a retrospective study, and 
signed informed consent was waived by the Ethics Committee. The analysis used anonymous clinical 
data after each patient agreed to treatment by written consent.

Statistical analysis
Categorical and continuous variables were compared between patients with and without significant 
fibrosis using Chi-squared and Student’s t-test or the Wilcoxon rank-sum test (according to the distri-
bution of the data), respectively. Most of the numerical values did not follow a normal distribution and 
were expressed as medians and interquartile ranges. The diagnostic performance of each scoring system 
was then evaluated using receiver operating characteristic curves, and comparisons between the 
correlated AUROCs were performed using DeLong’s test[17]. The sensitivities (Sens) and specificities 
(Spec) of each scoring system were analyzed using the given low and high cutoffs for predicting F2, as 
reported previously-i.e., 0.88 and 1.77 for the FIB-8 score, 0.81 and 1.81 for the FIB-4 score, and -2.45 and 
0.03 for the NFS, respectively[11,18]. All statistical analyses were performed using the SPSS statistical 
analysis package (version 18.0.0; SPSS Inc., Chicago, Illinois, United States), Stata (version 15; 
StataCorp), and R program version 4.1.1. A P value < 0.05 was considered statistically significant.

RESULTS
Baseline characteristics
A total of 1013 patients with biopsy-proven NAFLD were included in the database. Of those, 511 
patients had complete data on variables, including the NFS and FIB-4 and FIB-8 scores, and were 
eligible for the current study (Figure 1). Of the 511 patients, 271 (53.0%) were female, with a median age 
of 51 [interquartile range (IQR): 41, 58] years. The median BMI was 29 (26.3, 32.6) kg/m2, and 268 
(52.4%) had diabetes. Among the 511 NAFLD patients, 157 (30.7%), 88 (17.2%), and 16 (3.1%) patients 
had significant fibrosis (≥ F2), advanced fibrosis (≥ F3), and cirrhosis (F4), respectively. The baseline 
characteristics comparing NAFLD F0–1 and significant fibrosis (F ≥ 2) are shown in Table 2. The 
significant factors associated with significant fibrosis were an older age [55 (48, 61) vs 49.5 (39, 57) years; 
P < 0.001], the presence of diabetes (71.3% vs 44.0%; P < 0.001), higher levels of AST [53.5 (36, 75) vs 35 
(26, 52) U/L; P < 0.001], ALT [75 (50, 111) vs 59.5 (40, 98) U/L; P < 0.001] and GGT [81 (48, 151) vs 56.5 
(35, 92) U/L; P < 0.001], a lower platelet count [230 (189, 277) vs 266 (226.8, 302) × 109/cu.mm; P < 0.001], 
lower levels of total cholesterol [182 (159, 209) vs 193 (170, 220) mg/dL; P = 0.004] and LDL-cholesterol 
[107 (85, 132) vs 116 (96, 143) mg/dL; P = 0.003], and a higher median Controlled Attenuation Parameter 
(CAP) [324 (294, 347) vs 299 (211, 339) dB/m] (Table 2).

Performance of the FIB-8 score, FIB-4 score, and NFS for predicting significant fibrosis (≥ F2)
The AUROCs of the FIB-8 score, FIB-4 score, and NFS for predicting significant fibrosis were 0.774 
(95%CI: 0.729-0.820), 0.743 (95%CI: 0.695-0.791), and 0.680 (95%CI: 0.630-0.730), respectively (Figure 2). 
The FIB-8 score showed a significantly better performance for predicting significant fibrosis (≥ F2) than 
the NFS (P = 0.001) and was numerically higher than the FIB-4 score, but the difference was not statist-
ically significant (P = 0.073). The sensitivities and specificities of the cutoffs specified to exclude and 
include significant fibrosis for each score are reported in Table 3.

Diagnostic accuracy of the FIB-8 score, FIB-4 score, and NFS for predicting significant fibrosis (≥ F2) 
by age group
The cohort was stratified by age into three groups: Age < 35 (n = 66), 35-65 (n = 412), and > 65 years (n = 
33). The AUROCs of the FIB-8 score, FIB-4 score, and NFS in patients aged 35-65 years for predicting 
significant fibrosis were 0.79, 0.76, and 0.68, respectively. This patient group comprised most of the 
cohort and had similar diagnostic performance results as the entire cohort. However, the FIB-8 score, 
FIB-4 score, and NFS were poor in patients aged < 35 years (AUROC: 0.55, 0.59, and 0.70, respectively) 
and > 65 years (AUROC: 0.66, 0.71, and 0.54, respectively). The number of patients in each age group 
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Table 1 Details of the three noninvasive methods used in this study

Index Number of parameters and 
variables Formula Ref.

FIB-8 index 8; age, AST, ALT, platelets, BMI, 
albumin/globulin, GGT, diabetes

FIB4 + 0.025 × BMI (kg/m2) - 0.702 × (albumin/globulin ratio) + 0.004 × 
GGT (U/L) + 0.858 × diabetes (yes = 1, no = 0)1

Sripongpun et al[11], 
2019 

FIB-4 index 4; age, AST, ALT, platelets Age (years) × AST (U/L)/[platelet count (109/L) × √ALT (U/L)] Sterling et al[15], 2006

NFS 6; age, BMI, diabetes, AST/ALT, 
platelets, albumin

-1.675 + 0.037 × age (years) + 0.094 × BMI (kg/m2) + 1.13 × impaired 
fasting glucose/diabetes (yes = 1, no = 0) + 0.99 × AST/ALT ratio - 0.013 
× platelet count (× 109/L) - 0.66 × albumin (g/dL)

Angulo et al[16], 2007

1The FIB-8 score in the abstract was calculated by 1.3 × FIB-4 + 0.03 × BMI - 0.93 × (albumin/globulin ratio) + 0.005 × GGT (U/L) + 1.1 × diabetes (yes = 1, 
no = 0), which is slightly different from the actual formula presented at the liver meeting congress (the score in the table). We have contacted the authors of 
the abstract and were informed that the actual formula to use is the one shown in the table.
NAFLD: Nonalcoholic fatty liver disease; FIB-8: Fibrosis-8 score; FIB-4: Fibrosis-4 score; NFS: NAFLD fibrosis score; AUROC: Areas under the receiver 
operating characteristic curves; GGT: Gamma-glutamyl transferase; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; BMI: Body mass 
index.

and center is shown in Supplementary Table 1. A detailed summary of the AUROC, sensitivity, 
specificity, positive predictive value, and NPV for the FIB-8 score, FIB-4 score, and the NFS is shown in 
Supplementary Table 2.

DISCUSSION
Based on the results of the present study, we validated the diagnostic performance of the FIB-8 score, 
FIB-4 score, and NFS score in 511 biopsy-proven NAFLD patients for predicting significant fibrosis. The 
main issue affecting the diagnostic ability of new methods for detecting liver fibrosis in NAFLD patients 
is the prevalence of fibrosis among the particular population. Our results demonstrated that the overall 
prevalence rates of significant fibrosis (≥ F2), advanced fibrosis (≥ F3), and cirrhosis (F4) were 157 
(30.7%), 88 (17.2%), and 16 (3.1%), respectively. The mean incidence rates of significant fibrosis from 
previous publications were 52.5% and 35.4% in the PIVENS plus FLINT trials and a Stanford University 
trial, respectively[11,14] (Table 4). The remarkable aspects were as follows: (1) Our study had a lower 
incidence of fibrosis than the first cohort; (2) Among the noninvasive methods, the FIB-8 score and NFS 
included the BMI in their models, and our cohort had a lower mean BMI than previous reports (30.4 
kg/m2 vs 34.0 and 31.5 kg/m2), which might have resulted in lower percentages of sensitivity and 
specificity in our cohort than those previously reported; and (3) GGT is a uniquely incorporated variable 
in the new FIB-8 scoring system. Some reported studies have demonstrated that a higher GGT level is a 
risk factor for advanced fibrosis in NAFLD[19,20]. Additionally, considering NAFLD patients with type 
2 DM, a serum GGT level over 82 U/L was independently associated with advanced fibrosis using 
noninvasive methods in multivariate analysis (P = 0.004)[21]. In our study, the baseline characteristics 
correlatively showed that a higher level of median GGT was a significant factor associated with 
significant fibrosis [81 (IQR: 48, 151) vs 56.5 (35, 92); P < 0.001]. We postulated that GGT may be an 
additional variable predicting significant fibrosis in NAFLD patients. The diagnostic performance of the 
FIB-8 score exhibited higher accuracy for diagnosing significant fibrosis (≥ F2) than the NFS but was not 
superior to the FIB-4 score in previous studies or our study; the AUROCs for the FIB-8 score, FIB-4 
score, and NFS for predicting significant fibrosis were 0.774, 0.743, and 0.680, respectively (FIB-8 vs NFS, 
P = 0.001; FIB-8 vs FIB-4, P = 0.073). The sensitivities of the low cutoff of FIB-8 score to exclude 
significant fibrosis was 92.36%. Consequently, the high sensitivity and NPV for excluded significant 
fibrosis may be beneficial in primary care units and to select patients for further hepatologist referral. 
However, the limited specificity of the high cutoff of FIB-8 score to include significant fibrosis may 
require further step assessment instance transient elastography.

Furthermore, our results demonstrated that the FIB-4 score offered better diagnostic performance 
than the NFS score (P < 0.001). According to meta-analysis results from Castera[10], the FIB-4 score and 
NFS showed the best diagnostic performance for detecting advanced fibrosis compared with other 
blood-based models. However, this meta-analysis included studies that used different cut-off 
thresholds. Furthermore, a recent meta-analysis from Castellana et al[22] reported a head-to-head 
comparison of the FIB-4 score and NFS from 18 studies that used consistent cutoffs. The FIB-4 score 
offered higher performance for including and NFS for excluding advanced fibrosis. However, our 
studies used different cutoffs and aimed to predict significant fibrosis, not advanced fibrosis. 
Consequently, our cohort was not suitable to compare the FIB-4 score and NFS.

https://f6publishing.blob.core.windows.net/21e602fa-b215-4e13-8579-fbe4caa07336/WJG-28-1563-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/21e602fa-b215-4e13-8579-fbe4caa07336/WJG-28-1563-supplementary-material.pdf
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Table 2 Characteristics of patients with F0-1 fibrosis compared to those with F ≥ 2 fibrosis stage (n = 511)

Variables Total (n = 511) Fibrosis stage F0-1 (n = 
354)

Fibrosis stage ≥ F2 (n = 
157) P value

Age (yr), median (IQR) 51 (41, 58) 49.5 (39, 57) 55 (48, 61) < 0.001

Sex

Male, n (%) 240 (47.0) 174 (49.2) 66 (42.0)

Female, n (%) 271 (53.0) 180 (50.8) 91 (58.0)

0.138

BMI (kg/m2), median (IQR) 29.0 (26.3, 32.6) 28.8 (26.2, 31.9) 29.5 (26.3, 33.8) 0.099

Diabetes, n (%) 268 (52.4) 156 (44.0) 112 (71.3) < 0.001

Albumin (g/dL), median (IQR) 4.4 (4.1, 4.6) 4.4 (4.2, 4.6) 4.30 (4.0, 4.6) 0.053

Globulin (g/dL), median (IQR) 3.4 (3.0, 3.8) 3.4 (3.0, 3.8) 3.5 (3.1, 3.8) 0.21

AST (U/L), median (IQR) 39 (28, 60) 35 (26, 52) 53.5 (36, 75) <0.001

ALT (U/L), median (IQR) 65 (42, 101) 59.5 (40, 98) 75 (50, 111) < 0.001

GGT (U/L), median (IQR) 63 (37, 108) 56.5 (35, 92) 81 (48, 151) < 0.001

Platelet (× 109/μL), median (IQR) 254 (213, 297) 266 (226.8, 302) 230 (189, 277) < 0.001

Hemoglobin (g/dL), median (IQR) 14.2 (13.3, 15.2) 14.2 (13.4, 15.2) 14.1 (13.3, 15.2) 0.393

White blood cells (cells/μL), median 
(IQR)

7430 (6060, 8700) 7400 (6100, 8725) 7500 (5950, 8695) 0.768

INR, median (IQR) 1.01 (0.96, 1.06) 1.00 (0.95, 1.07) 1.01 (0.97, 10.6) 0.625

Total cholesterol (mg/dL), median 
(IQR)

189.5 (166, 217) 193 (170, 220) 182 (159, 209) 0.004

LDL-cholesterol (mg/dL), median 
(IQR)

115 (92, 139) 116 (96, 143) 107 (85, 132) 0.003

HDL-cholesterol (mg/dL), median 
(IQR)

46 (39, 52) 46 (39, 53) 44 (38, 50) 0.168

Triglyceride (mg/dL), median (IQR) 120 (77, 157) 120 (77, 155) 119 (80, 159) 0.483

HbA1C (%), median (IQR) 6.1 (5.6, 7.2) 5.9 (5.5, 6.8) 6.8 (5.8, 7.6) < 0.001

Fibrosis stage, n (%) < 0.001

0 151 (29.5) 151 (42.7) 0 (0)

1 203 (39.7) 203 (57.3) 0 (0)

2 69 (13.5) 0 (0) 69 (43.9)

3 72 (14.1) 0 (0) 72 (45.9)

4 16 (3.1) 0 (0) 16 (10.2)

Median CAP (dB/m), median (IQR) 308.5 (230, 342) 299 (211, 339) 324 (294, 347) < 0.001

Median TE (kPa), median (IQR) 7.6 (5.6, 10.9) 6.6 (5.1, 8.8) 11.1 (8.6, 15.5) < 0.001

FIB-8, median (IQR) 2.0 (1.2, 2.9) 1.8 (1.1, 2.4) 3.0 (2.2, 4.0) < 0.001

FIB-4, median (IQR) 1.0 (0.7, 1.5) 0.8 (0.6, 1.2) 1.5 (1.0, 2.1) < 0.001

NFS, mean ± SD -1.8 ± 1.5 -2.0 ± 1.4 -1.2 ± 1.3 < 0.001

NAFLD: Nonalcoholic fatty liver disease; FIB-8: Fibrosis-8 score; FIB-4: Fibrosis-4 score; NFS: NAFLD fibrosis score; AUROC: Areas under the receiver 
operating characteristic curves; GGT: Gamma-glutamyl transferase; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; BMI: Body mass 
index; CAP: Controlled Attenuation Parameter.

Additionally, our results demonstrated the performance of the FIB-8 score, FIB-4 score, and NFS in 
patients aged > 65 years (AUROC: 0.66, 0.71, and 0.54, respectively). The performance was poor in 
patients aged < 35 years (AUROC: 0.55, 0.59, and 0.70, respectively). Thus, these scores have insufficient 
accuracy for use in NAFLD patients in extreme age groups. Similarly, McPherson et al[23] demonstrated 
age as a confounding factor for the accurate noninvasive scoring system predicting advanced fibrosis
[23]. The FIB-8 score has low accuracy for predicting significant fibrosis in NAFLD patients, similar to 
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Table 3 Performance of fibrosis-8, fibrosis-4, and nonalcoholic fatty liver disease fibrosis score for predicting significant fibrosis (F ≥ 2) 
in the Asian population (n = 511)

FIB-8 score FIB-4 score NFS

AUC for predicting ≥ F2 fibrosis 0.77a,b 0.74 0.68

95% confidence interval 0.73-0.82 0.70-0.79 0.63-0.73

Low and high cutoffs for ≥ F2 fibrosis 0.88 and 1.77 0.81 and 1.81 (17) -2.45 and 0.03 (17)

Sensitivity (according to the low cutoff) 92.36% 80.25% 80.89%

Specificity (according to the high cutoff) 67.51% 93.50% 93.20%

Proportion of patients in low/indeterminate/high group 18.8/35.4/45.8% 38.2/47.1/14.7% 31.9/58.1/10%

aP = 0.001 compared with NFS.
bP = 0.073 compared with FIB-4.
NAFLD: Nonalcoholic fatty liver disease; FIB-8: Fibrosis-8 score; FIB-4: Fibrosis-4 score; NFS: NAFLD fibrosis score; AUROC: Areas under the receiver 
operating characteristic curves.

Table 4 Comparison of study population using the fibrosis-8 score for predicting significant fibrosis (F ≥ 2)

Variable Data from AASLD 2019, n = 522 FIB-8 score validation (EASL 
2020), n = 130

FIB-8 score validation (Our cohort), n 
= 511

Population Mean age: 49 ± 12. Female: 62.5%; BMI: 
34 ± 7 kg/m2; DM: 30%; ≥ F2: 52.5%

Mean age: 52.4; Female: 53.1%; BMI: 
31.5 kg/m2; DM: 34%; ≥ F2: 35.4%

Mean age: 49.3 ± 11.9; Female: 53.0%; BMI: 
30.4 ± 7.1 kg/m2; DM: 52.4%; ≥ F2: 30.7%

Sensitivity and specificity 
%

86.7% and 82.7%, respectively, 
Validation set

> 90%, 80.6% 92.3%, 67.5%

AUC for predicting > F2 
fibrosis

0.78, Validation set 0.84 0.77

Performance superior to > FIB-4 score; P < 0.001; > NFS; P = 0.005 > FIB-4 score (AUC 0.80); > NFS 
(AUC 0.77)

> FIB-4 score; P = 0.073; > NFS; P = 0.001

NAFLD: Nonalcoholic fatty liver disease; FIB-8: Fibrosis-8 score; FIB-4: Fibrosis-4 score; NFS: NAFLD fibrosis score; AASLD: American Association for the 
Study of Liver Diseases; EASL: European Association for the Study of the Liver; AUROC: Areas under the receiver operating characteristic curves; BMI: 
Body mass index; DM: diabetes mellitus.

Figure 1 Flow diagram of the study population. NAFLD: Nonalcoholic fatty liver disease; FIB-8: Fibrosis-8 score; FIB-4: Fibrosis-4 score; NFS: NAFLD 
fibrosis score; AASLD: American Association for the Study of Liver Diseases; GGT: Gamma-glutamyl transferase.

the FIB-4 score and NFS in patients aged < 35 and > 65 years.
Our study had limitations. First, we had limited complete data for half of our database because of the 

lack of either globulin or GGT. In usual clinical practice, clinicians do not routinely check both 
laboratory parameters, and no added value exists for observing or monitoring these values in patients. 
The second limitation of our study was the lower incidence of fibrosis in our cohort vs other cohorts. 
The differences in fibrosis may have diagnostic value for novel fibrosis scores for validation. Validations 



Prasoppokakorn T et al. Validation of FIB-8 score in NAFLD

WJG https://www.wjgnet.com 1570 April 21, 2022 Volume 28 Issue 15

Figure 2 Receiver operating characteristic curves of the fibrosis-8 score, fibrosis-4 score, and nonalcoholic fatty liver disease fibrosis 
score for predicting significant fibrosis (F ≥ 2) in the Asian population (n = 511). NAFLD: Nonalcoholic fatty liver disease; FIB-8: Fibrosis-8 score; 
FIB-4: Fibrosis-4 score; NFS: NAFLD fibrosis score; AUROC: Areas under the receiver operating characteristic curves.

in larger cohorts are needed.
To our best knowledge, our study is the first to report a new validation model of the FIB-8 score for 

predicting significant fibrosis among patients with NAFLD in an Asian population. The FIB-8 score 
yielded higher accuracy in diagnosing significant fibrosis than the NFS. Additionally, the FIB-8 score 
was non-inferior but insignificantly superior to the FIB-4 score. A novel simple fibrosis score comprising 
commonly accessible basic laboratories may be additionally used to add previous fibrosis scores for an 
initial assessment in primary care units and to select patients for further hepatologist referral.

CONCLUSION
The new, simple fibrosis FIB-8 score had significantly better performance for predicting significant 
fibrosis in NAFLD patients than the NFS and was non-inferior but insignificantly superior to the FIB-4 
score in the Asian population. A simple fibrosis score comprising commonly accessible basic 
laboratories may be used for an initial assessment in primary care units and to select patients for further 
hepatologist referral.

ARTICLE HIGHLIGHTS
Research background
In the nonalcoholic fatty liver disease (NAFLD) population, noninvasive fibrosis scores, such as the 
fibrosis-4 (FIB-4) score and NAFLD fibrosis score (NFS), are generally applied in clinical practice 
guidelines. The novel fibrosis-8 (FIB-8) score yielded higher accuracy in diagnosing significant fibrosis 
in a previously reported cohort. A larger cohort may provide more reliability and benefit in clinical 
practice.

Research motivation
A noninvasive fibrosis score in NAFLD patients using only routine laboratory parameters is particularly 
important in initial assessment in the primary care unit or resource-limited conditions. We proposed the 
novel FIB-8 score, which incorporates the additional variables body mass index (BMI), the A/G ratio, 
gamma-glutamyl transferase (GGT), and diabetes into the FIB-4 score. The additional variables, partic-
ularly GGT, may provide better diagnostic accuracy for predicting significant fibrosis in NAFLD 
patients.

Research objectives
We aimed to validate the FIB-8 score among patients with a biopsy-proven NAFLD cohort and to 
compare the diagnostic performance of the FIB-8 and FIB-4 scores and NFS for predicting significant 
fibrosis.
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Research methods
This was a retrospective study involving 1013 biopsy-proven NAFLD patients from 3 Asian centers in 3 
countries in an Asian population. All the patients with available baseline biochemical tests for the FIB-8 
score calculation and all related variables for predicting liver fibrosis were included.

Research results
A total of 1013 patients were included in the final analysis. Of those, 511 patients had complete data on 
the variables, including the NFS and FIB-4 and FIB-8 scores. One hundred fifty-seven (30.7%) patients 
had significant fibrosis (≥ F2). The areas under the receiver operating characteristic curves of the FIB-8 
and FIB-4 scores and NFS for predicting significant fibrosis were 0.774, 0.743, and 0.680, respectively. 
The FIB-8 score had significantly better performance for predicting significant fibrosis than the NFS (P = 
0.001) but was not superior to the FIB-4 score (P = 0.073). The low cutoff point of the FIB-8 score for 
predicting significant fibrosis of 0.88 showed 92.36% sensitivity, and the high cutoff point of the FIB-8 
score for predicting significant fibrosis of 1.77 had 67.51% specificity.

Research conclusions
The FIB-8 score, which incorporates the additional variables of the BMI, A/G ratio, GGT level, and 
diabetes into the FIB-4 score, yielded better performance for predicting significant fibrosis in NAFLD 
patients than the NFS but was not superior to the FIB-4 score in the Asian population. A simple fibrosis 
score comprising commonly accessible basic laboratories may be used for an initial assessment in 
primary care units.

Research perspectives
Future prospective studies are needed to compare the diagnostic accuracy of various noninvasive scores 
for predicting significant fibrosis and staging fibrosis.
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Abstract
BACKGROUND 
Intrahepatic cholangiocarcinoma (ICC) is a highly malignant tumour. 
Hepatectomy is an effective treatment for early ICC, but postoperative recurrence 
greatly affects patient survival. Studies on recurrent ICC after hepatectomy are 
lacking.

AIM 
To investigate the clinical characteristics of patients with recurrent ICC after 
hepatectomy, analyse prognostic factors and explore diagnosis and treatment 
strategies.

METHODS 
A retrospective analysis was performed on all ICC patients undergoing 
hepatectomy from January 2013 to August 2021. Patients with postoperative 
recurrence were selected according to the inclusion and exclusion criteria. 
Cumulative overall survival was plotted by the Kaplan-Meier method, and 
differences were assessed by univariate survival analysis using the log-rank test. 
Multivariate analysis of cumulative survival was performed using the Cox 
proportional risk model.

RESULTS 
During the 8-year study period, 103 patients underwent ICC-related hepatectomy, 
and 54 exhibited postoperative recurrence. The median disease-free survival 
(DFS) was 6 mo, the median overall survival (OS) was 9 mo, and the cumulative 
OS rates at 1, 2 and 3 years after the operation were 40.7%, 14.8% and 7.4%, 
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respectively. The median OS after recurrence was 4 mo, and the cumulative OS rates at 1, 2 and 3 
years after recurrence were 16.1%, 6.7% and 3.4%, respectively. Multivariate analysis showed that 
alcohol consumption [hazard ratio (HR) = 4.64, 95% confidence interval (CI): 1.53-14.04, P = 0.007] 
and DFS < 6 mo (HR = 3.47, 95%CI: 1.59-7.60, P = 0.002) were independent risk factors for the 
cumulative survival of patients with recurrence, while treatment after recurrence (HR = 0.21, 
95%CI: 0.08-0.55, P = 0.001) was an independent protective factor. The median OS time of patients 
receiving multimodality therapy after recurrence of ICC was 7 mo, which was significantly higher 
than that of patients receiving only local therapy (3 mo), patients receiving systematic therapy (4 
mo) and patients receiving the best supportive therapy (1 mo). Patients with recurrent ICC who 
received multimodality therapy had a significantly better long-term survival after recurrence than 
those who did not (P = 0.026).

CONCLUSION 
The prognosis of patients with recurrence after ICC-related hepatectomy is poor. Alcohol 
consumption and DFS < 6 mo are independent risk factors in terms of the cumulative survival of 
patients with recurrence, while treatment after recurrence is an independent protective factor. 
Multimodality therapy can effectively improve the prognosis of patients.

Key Words: Intrahepatic cholangiocarcinoma; Hepatectomy; Recurrence; Multimodality therapy; Prognosis
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Core Tip: With this 8-year retrospective study, we aimed to investigate the clinical characteristics, analyse 
the prognostic factors, and discuss therapeutic strategies for patients with recurrent intrahepatic cholan-
giocarcinoma (ICC) after hepatectomy. Multivariate analysis showed that alcohol consumption [hazard 
ratio (HR) = 4.64, 95% confidence interval (CI): 1.53-14.04, P = 0.007] and disease-free survival < 6 mo 
(HR=3.47, 95%CI: 1.59-7.60, P = 0.002) were independent risk factors for cumulative survival for 
patients with recurrence, while treatment after recurrence (HR=0.21, 95%CI: 0.08-0.55, P = 0.001) was an 
independent protective factor. We propose that multimodality therapy should be developed to improve 
long-term outcomes through the combined approach of local therapy, chemotherapy, targeted therapy, and 
immunotherapy.

Citation: Yuan ZB, Fang HB, Feng QK, Li T, Li J. Prognostic factors of recurrent intrahepatic cholangiocarcinoma 
after hepatectomy: A retrospective study. World J Gastroenterol 2022; 28(15): 1574-1587
URL: https://www.wjgnet.com/1007-9327/full/v28/i15/1574.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i15.1574

INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is a highly malignant tumour originating from intrahepatic bile 
duct epithelial cells[1]. Liver cancer ranks sixth in the world in terms of incidence rate and third in terms 
of mortality rate[2]. ICC accounts for 10% to 15% of primary liver cancers[1]. In the last 30 years, the 
incidence and mortality rates of ICC have significantly increased worldwide[3]. Hepatectomy is an 
effective method for the treatment of early ICC[4]. However, ICC has highly malignant biological 
behaviour, and early recurrence and metastasis are extremely common, so the prognosis is poor[5]. The 
postoperative 5-year survival rate is only 20%-35%, and the recurrence rate is as high as 50%-70%, and 
these rates are much worse than those for hepatocellular carcinoma[6,7].

Prevention of ICC recurrence and treatment strategies after recurrence are extremely important to 
improve the overall survival (OS) time. The early recurrence of ICC is related to the characteristics of the 
tumour, while late recurrence is related to underlying liver diseases[8]. Studies[9] have shown that the 
presence of multiple tumours, microvascular invasion, and lymph node metastasis are risk factors for 
recurrence after hepatectomy. Age, liver disease, lymph node involvement, vascular invasion, multiple 
tumours, and tumour size are related to prognosis[10]. However, the risk factors affecting the long-term 
prognosis of patients with recurrent ICC after hepatectomy are not clear. The European Association for 
Liver Research[11] and the Italian Clinical Practice Guide[12] have pointed out that the treatment 
strategy for recurrent ICC is based on the clinical characteristics of the site of tumour recurrence. 
Recently, some studies[6,13] have reported various treatments for different types of recurrence. 
However, the best treatment strategy for the postoperative recurrence of ICC is still unclear.

https://www.wjgnet.com/1007-9327/full/v28/i15/1574.htm
https://dx.doi.org/10.3748/wjg.v28.i15.1574
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In this study, the clinical characteristics and treatment statistics of patients with recurrent ICC after 
hepatectomy in our hospital were assessed to identify survival-related factors and explore strategies for 
diagnosis and treatment.

MATERIALS AND METHODS
Patients
The clinical data of 103 ICC patients who underwent hepatectomy in the First Affiliated Hospital of 
Zhengzhou University were analyzed retrospectively from January 2013 to August 2021. The diagnosis 
of ICC was based on liver pathological examination, and histological grading was based on the WHO 
grading system[14]. The tumour stage was determined according to the American Joint Council on 
Cancer (AJCC) 8th edition tumour-node-metastasis classification system[15]. The inclusion criteria were 
as follows: (1) Primary intrahepatic cholangiocarcinoma was confirmed by postoperative 
histopathology; (2) Liver function was considered Child-Pugh grade A or B; (3) Preoperative evaluation 
indicated that the patient could tolerate surgery without serious heart, lung, brain, and kidney vital 
organ lesions; and (4) Relapse was observed after hepatectomy. The exclusion criteria were as follows: 
(1) The patient had a preoperative history of malignant tumour; (2) Postoperative histopathology 
confirmed hepatocellular carcinoma or mixed liver cancer; or (3) Clinical records and follow-up 
information were incomplete. Finally, a total of 54 patients with recurrent ICC after hepatectomy were 
included (Figure 1). The study was approved by the Scientific Research and Clinical Trial Ethics 
Committee of the First Affiliated Hospital of Zhengzhou University (Ethical number 2021-KY-0464-001).

Treatment strategy for primary ICC-related hepatectomy
The mode of operation was determined according to the location and size of the tumour and the 
patient’s liver function. The scope of resection was classified according to the international consensus 
standard[16]: Extended hepatectomy was performed in 16 cases (resection of liver tissue more than 3 
segments), and local hepatectomy was performed in 38 cases (marginal partial hepatectomy or resection 
of liver tissue no more than 3 segments). Abnormal enlargement of lymph nodes was found during the 
operation or imaging examination before the operation, and the hepatic hilum, hepatoduodenal 
ligament, and posterior pancreatic lymph nodes were dissected. Lymph node dissection was performed 
in 19 of the 54 patients. According to National Comprehensive Cancer Network (NCCN) practice 
guidelines[17], 20 ICC patients were treated with adjuvant therapy after hepatectomy.

Follow-up and recurrence
After hepatectomy, all patients were followed up via outpatient visits or telephone calls. Follow-up was 
initiated 1 mo after intrahepatic cholangiocarcinoma resection, followed by follow-up visits every 3 mo 
for 2 years and every 6 mo after 2 years. Patients with postoperative recurrence of ICC were followed up 
once a month, and the last follow-up was in August 2021. During the follow-up period, the patient 
examinations included (1) Haematology examination, including assessment of liver and kidney 
function, serum tumour markers, and hepatitis viral load; and (2) Imaging examination, including chest 
plain film or nonenhanced CT, abdominal enhanced CT or MRI. To evaluate the progression of the 
disease, patients with recurrent ICC were examined by whole-body bone scan or PET-CT. Follow-up 
began at the time of hepatectomy and ended at the time of death or the last follow-up. Disease-free 
survival (DFS) was defined as the time from the date of surgery to the first recurrence of ICC. OS was 
defined as the time from the first recurrence after hepatectomy to death or the last follow-up.

Treatment strategies after relapse
For those who are diagnosed with tumour recurrence or metastasis, the treatment plan is determined 
according to the evaluation of the reserve function of the liver, the condition of the whole body, and the 
site of recurrence. The inclusion criteria of secondary hepatectomy were the same as those of primary 
hepatectomy. Patients with unresectable ICC are treated with local therapy, chemotherapy, targeted 
therapy, immunotherapy, and multimodality therapy.

Statistical methods
For descriptive statistics, continuous variables are expressed as medians, and categorical variables are 
expressed as numbers (%). Cumulative survival was plotted by the Kaplan-Meier method. The log-rank 
test was used to assess differences in the univariate survival analysis. Multivariate analysis of 
cumulative survival was performed using the Cox proportional risk model. Statistical analysis was 
performed using SPSS 26.0 software (IBM, Armonk, NY, United States). Differences were considered 
statistically significant at P < 0.05. An online tool (http://www.bioinformatics.com.cn) was applied to 
draw Venn digrams related to recurrent patterns.

http://www.bioinformatics.com.cn
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Figure 1 Patient flowchart.

RESULTS
Follow-up results and clinical characteristics of patients with recurrent ICC
By the end of follow-up, 54 ICC patients (54/103, 52.4%) had recurrence after hepatectomy. Patients 
were followed up for 2-94 mo, with a median DFS of 6 mo and a median OS of 9 mo. The 1-year, 2-year, 
and 3-year cumulative OS rates were 40.7%, 14.8%, and 7.4%, respectively (Figure 2). The median OS 
after recurrence was 4 mo, and the 1-year, 2-year and 3-year cumulative survival rates after recurrence 
were 16.1%, 6.7%, and 3.4%, respectively (Figure 3). The majority of patients (45/54, 83.3%) relapsed 
within 1 year, and the recurrence rate was 50% (27/54) within 6 mo after surgery. Venn diagrams 
showed that intrahepatic lesions (25/54, 46.3%) were the most common recurrence sites, followed by 
concurrent liver and lymph lesions (13/54, 24.1%) (Figure 4). The clinical and pathological features of 
patients with recurrence are shown in Table 1. Most of the patients were male (34/54, 63.0%), smokers 
(34/54, 63.0%), and alcohol consumers (44/54, 81.5%). Sixteen patients had hypertension, and 9 patients 
had diabetes. Twenty-four patients were associated with hepatitis B virus (HBV), and 9 patients 
associated with hepatitis C virus (HCV). Sixteen patients were treated with extensive hepatectomy, and 
lymph node dissection was performed in 19 patients. Postoperative pathological reports showed that 46 
patients had single tumours, 22 patients had poorly differentiated tumours, and 12 patients had 
vascular tumour thrombi.

Prognostic factors in patients with ICC recurrence
According to the univariate analysis of patients with recurrent ICC, nine factors significantly affected 
the survival of patients (Table 1). Age, alcohol consumption, histological grade, biliary invasion, 
vascular tumour thrombi, DFS, preoperative and post-recurrence CA19-9 level, and treatment after 
recurrence were significant favorable prognostic indicators in patients with recurrent ICC. Multivariate 
Cox regression analysis showed that alcohol consumption, DFS < 6 mo and treatment after recurrence 
were independent factors affecting cumulative survival in patients with recurrence (Table 2). Early 
recurrence in ICC patients was associated with biliary invasion, vascular tumour thrombi, and high 
post-recurrence CA19-9 levels. Multivariate analysis proved that the risk of death from alcohol 
consumption was 4.64 times that of non-alcohol consumption, and this was independent of other 
prognostic factors. The mortality risk of patients with DFS < 6 mo was 3.47 times that of patients with 
DFS > 6 mo. Treatment after recurrence could significantly reduce the mortality risk.

Treatment after recurrence
Treatment patterns for patients with recurrent ICC are shown in Table 3. Fourteen patients received 
local therapy, 22 patients received systematic therapy, 6 patients received multimodality therapy, and 12 
patients received supportive care therapy based on their condition. Figure 5 shows patients with 
recurrent ICC who received multimodality therapy had a significantly better long-term survival after 
recurrence than those who did not (P = 0.026, log-rank test). Among the patients who received local 
treatment, 2 patients had hepatectomy after recurrence; 1 patient had received local liver resection, and 
hepatectomy was performed again after 7 mo. the patient died due to multiple metastases. Another 
patient underwent laparoscopic hepatectomy for the primary lesion, but the tumour recurred 13 mo 
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Table 1 Univariate analysis of prognostic factors after intrahepatic cholangiocarcinoma recurrence following hepatectomy

Factors Cases, n (%) Median survival after recurrence, mo 
(95%CI) P value1

Sex 0.123

Male 34 (63.0) 4.0 (1.2-6.8)

Female 20 (37.0) 3.0 (1.1-4.9)

Age (yr) 0.031

< 65 42 (77.8) 4.0 (2.3-5.8)

≥ 65 12 (22.2) 3.0 (1.3-5.1)

Smoking 0.059

No 20 (37.0) 5.0 (2.0-8.0)

Yes 34 (63.0) 3.0 (1.0-4.1)

Alcohol consumption 0.004

No 10 (18.5) 10.0 (3.0-17.0)

Yes 44 (81.5) 3.0 (1.9-4.2)

Hypertension 0.309

No 38 (70.4) 4.0 (2.4-5.6)

Yes 16 (29.6) 4.0 (0.0-11.3)

Diabetes 0.193

No 45 (83.3) 4.0 (2.5-5.5)

Yes 9 (16.7) 8.0 (1.0-15.0)

Hepatitis B 0.904

Negative 30 (55.6) 3.0 (1.3-4.7)

Positive 24 (44.4) 5.0 (2.0-8.0)

Hepatitis C 0.175

Negative 45 (83.3) 4 .0 (2.2-5.8)

Positive 9 (16.7) 5.0 (2.1-7.9)

Anti-hepatitis-virus 0.969

No 29 (53.7) 4.0 (2.4-5.6)

Yes 25 (46.3) 5.0 (1.9-8.1)

Cholelithiasis 0.181

No 44 (81.5) 4.0 (2.1-5.9)

Yes 10 (18.5) 2.0 (0.0-4.8)

CA19-9 (U/mL) (initial) 0.002

< 200 33 (61.1) 5.0 (1.8-8.2)

≥ 200 21 (38.9) 2.0 (1.3-2.7)

CEA (ng/mL) (initial) 0.356

< 5 34 (63.0) 4.0 (2.1-5.9)

≥ 5 20 (37.0) 3.0 (0.8-5.2)

Hepatectomy 0.855

Limited 38 (70.4) 4.0 (2.1-5.9)

Extended 16 (29.6) 3 .0 (0.0-6.9)

Lymph node dissection 0.909
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No 35 (64.8) 4.0 (2.2-5.8)

Yes 19 (35.2) 5.0 (2.1-7.9)

Adjuvant treatment 0.619

No 34 (63.0) 3 .0 (0.1-5.9)

Yes 20 (37.0) 4 .0 (2.7-5.3)

Tumor size (cm) 0.884

< 5 14 (25.9) 4.0 (0.4-7.6)

≥ 5 40 (74.1) 4 .0 (2.0-6.0)

Multiplicity 0.803

Solitary 46 (85.2) 4.0 (1.4-6.6)

Multiple 8 (14.8) 3.0 (1.3-4.7)

Satellite nodules 0.953

No 34 (63.0) 4.0 (2.1-5.9)

Yes 20 (37.0) 4.0 (2.4-5.6)

Histological grade 0.021

PD 22 (40.7) 2.0 (1.2-2.8)

WD or MD 32 (59.3) 5.0 (3.5-6.5)

Vascular invasion 0.705

No 49 (90.7) 4.0 (2.1-5.9)

Yes 5 (9.3) 5.0 (1.7-8.3)

Lymph node metastasis 0.531

No 29 (53.7) 3.0 (0.9-5.1)

Yes 25 (46.3) 5.0 (2.6-7.4)

Perineural invasion 0.428

No 45 (83.3) 4.0 (2.5-5.5)

Yes 9 (16.7) 2.0 (1.3-2.7)

Biliary invasion 0.003

No 35 (64.8) 5.0 (2.6-7.4)

Yes 19 (35.2) 2.0 (1.2-2.8)

Vascular tumour thrombi 0.002

No 42 (77.8) 5.0 (3.2-6.8)

Yes 12 (22.2) 2.0 (1.2-2.6)

AJCC T category 0.196

T1–2 14 (25.9) 4.0 (0.0-11.3)

T3–4 40 (74.1) 4.0 (2.1-5.9)

DFS 0.003

< 6 mo 27 (50.0) 2.0 (0.7-3.3)

≥ 6 mo 27 (50.0) 6.0 (2.3-9.7)

CA19-9 (U/mL) (recurrence) 0.002

< 200 35 (64.8) 4.0 (1.3-6.7)

≥ 200 19 (35.2) 2.0 (1.2-2.8)

CEA (ng/mL) (recurrence) 0.378

< 5 41 (75.9) 4.0 (2.3-5.7)
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≥ 5 13 (24.1) 7.0 (1.7-12.3)

NLR (recurrence) 0.804

< 2 24 (44.4) 5.0 (2.8-7.2)

≥ 2 30 (55.6) 2.0 (0.9-3.1)

Recurrent site 0.334

Intrahepatic 24 (44.4) 4.0 (2.3-5.7)

Extrahepatic 6 (11.2) 3.0 (0.0-11.6)

Intrahepatic + extrahepatic 24 (44.4) 2.0 (0.4-3.6)

Treatment after recurrence < 0.001

No 12 (22.2) 2.0 (1.0-2.8)

Yes 42 (77.8) 5.0 (2.9-7.1)

1Data are based on log-rank test.
N: Number; CI: Confidence interval; CA19-9: Serum carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen; PD: Poor-differentiated; WD: Well-
differentiated; MD: Moderate differentiated; NLR: Neutrophil-to-lymphocyte ratio; AJCC: the American Joint Committee on Cancer; DFS: Disease free 
survival.

Table 2 Multivariate analysis of prognostic factors after intrahepatic cholangiocarcinoma recurrence following hepatectomy

Multivariate analysis
Factors

HR 95%CI P value1

Age (≥ 65 yr) 2.12 0.88-5.12 0.096

Alcohol consumption (Yes) 4.64 1.53-14.04 0.007

CA19-9 (≥ 200 U/mL) (initial) 2.63 0.94-7.35 0.065

Histological grade (PD) 1.18 0.59-2.35 0.646

Biliary invasion (Yes) 1.04 0.41-2.63 0.940

Vascular tumor thrombus (Yes) 1.80 0.70-4.65 0.222

DFS (< 6 mo) 3.47 1.59-7.60 0.002

CA19-9 (≥ 200 U/mL) (recurrence) 1.13 0.47-2.71 0.785

Treatment after recurrence (Yes) 0.21 0.08-0.55 0.001

1Data are based on Cox regression model.
CI: Confidence interval; CA19-9: Serum carbohydrate antigen 19-9; PD: Poor-differentiated; DFS: Disease free survival.

after surgery. Local hepatectomy and lymph node dissection were performed for the recurrent lesion. 
Table 4 shows the clinicopathological features of the 6 patients who received multimodality therapy for 
recurrence, of which 2 patients (No. 4, 6) survived, and 4 patients (No. 1, 2, 3, 5) died due to tumour-
related complications. Three patients with recurrence (No. 1, 2, 3) received the GEMOX regimen (1 g/m² 
gemcitabine on d 1 and 8 + 100 mg/m² oxaliplatin on d 1 with 21 d/cycle) after transarterial chemoem-
bolization (TACE). One patient (No. 4) received local therapy after intrahepatic recurrence. Due to 
extrahepatic metastasis, the patient was switched to the SOX regimen (60 mg/d tegafur on d 1-14 + 130 
mg/m² oxaliplatin on d 1 with 21 d/cycle) maintenance therapy. One patient with recurrence (No. 5) 
received the FOLFOX-4 regimen (400 mg/m² fluorouracil on d 1 and 2 + 200 mg/m² calcium folate on d 
1 and 2 + 85 mg/m² oxaliplatin on d 1 with 14 d/cycle) after RFA. One patient (No. 6) received a 
tyrosine kinase inhibitor regimen + PD-1 inhibitor (250 mg/d apatinib mesylate + 200 mg camrelizumab 
on d 1 with 21 d/cycle) after RFA, and no disease progression was observed up to the submission date.

DISCUSSION
ICC is a rare invasive biliary tract tumour and primary liver malignancy with an increasing incidence 
worldwide[3]. Most patients are initially diagnosed with advanced ICC, and only 30% of ICCs can be 
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Table 3 Treatment of recurrent intrahepatic cholangiocarcinoma

Treatment n Median DFS, mo (range) MS after recurrence, mo (range)
Local therapy 14 6 (1-86) 3 (1-36)

Hepatectomy 2 10 (7-13) 25 (13-36)

TACE 8 3 (1-23) 2 (1-7)

RFA 4 7 (2-86) 3 (1-7)

Systemic therapy 22 5 (1-29) 4 (1-38)

Chemotherapy 3 11 (10-29) 4 (1-38)

Targeted therapy 12 3 (1-23) 4 (1-10)

Targeted + immunization therapy 7 4 (1-13) 7 (2-24)

Multimodality therapy 6 4 (2-11) 7 (4-24)

Best supportive care 12 6 (3-20) 1 (1-6)

N: Number; DFS: Disease-free survival; MS: Median survival; TACE: Transarterial chemoembolization; RFA: Radiofrequency ablation.

Table 4 Individual characteristics of patients receiving multimodality therapy for recurrent intrahepatic cholangiocarcinoma

Clinical features Pathological characteristics Recurrent Survival

Case Age 
(yr) Sex Hepatitis Surgery

Lymph 
node 
metastasis

Tumour 
size 
(cm)

Tumour 
number

Histological 
grade

Recurrent 
site Treatment DFS 

(mo)
SAR 
(mo) Outcome

1 62 M HBV ERH Yes 12 1 MD Liver + 
lymph node

TACE + 
GEMOX

4 3 Dead

2 48 M HBV ERH None 8 1 MD Liver TACE + 
GEMOX

11 13 Dead

3 40 M HBV ERH None 5 2 MD Liver + 
lymph node 
+ bone

TACE + 
GEMOX

2 5 Dead

4 53 M None LH None 11 1 MD Liver + 
lymph node

RFA + 
TACE + 
SOX

6 6 Alive

5 44 M HBV RH None 14 1 MD Liver + 
bone

RFA + 
FOLFOX-4

3 2 Dead

6 64 M None ERH Yes 22 1 MD Liver RFA + PD-1 
+ TKI

4 1 Alive

DFS: Disease-free survival; SAR: Survival after recurrence; M: Male; HBV: Hepatitis B virus; ERH: Extended right hepatectomy; LH: Left hepatectomy; RH: 
Right hepatectomy; MD: Moderate differentiated; TACE: Transarterial chemoembolization; RFA: Radiofrequency ablation; GEMOX: Gemcitabine + 
oxaliplatin; FOLFOX-4: Fluorouracil + calcium folate + oxaliplatin; SOX: Tegafur + oxaliplatin; PD-1: Programmed death-1 inhibitor; TKI: Tyrosine kinase 
inhibitor.

surgically resected[18]. Surgical principles include negative margins and tumour-related lymph node 
resection[19-21]. Due to the biological characteristics of ICC and the vascular system of the liver, local 
recurrence and lymphatic metastasis are highly likely to occur after surgery. Even after R0 resection, the 
recurrence rate 5 years after hepatectomy is as high as 70%[6]. At present, the choice of treatment for 
recurrent ICC remains controversial. Since ICC after recurrence seriously affects the postoperative 
survival of patients, it is necessary to determine the risk factors for survival after recurrence and explore 
diagnosis and treatment strategies.

Previous studies[22,23] have explored the clinical characteristics and prognostic factors of the 
postoperative recurrence of ICC, but few studies have shown the prognosis of ICC patients after 
recurrence. Chan et al[22] reported that tumour diameter > 5 cm, tumour type, lymph node invasion, 
and vascular invasion are independent risk factors for recurrence in patients after hepatectomy. In other 
studies, Addeo et al[23] found that the risk factors influencing patient recurrence were related to the 
degree of tumour differentiation and the number of tumours. Regarding the prognosis of patients with 
recurrent ICC, Ohira et al[10] reported that tumour type and nonsurgical treatment were related to a 
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Figure 2 Kaplan-Meier curves of ICC recurrence: Time after surgery. ICC: Intrahepatic cholangiocarcinoma; MS: Median survival.

Figure 3 Kaplan-Meier curves of ICC recurrence: Time after recurrence. ICC: Intrahepatic cholangiocarcinoma; MS: Median survival.

poor prognosis. Our study found that alcohol consumption and DFS < 6 mo were independent risk 
factors affecting the cumulative survival rate of patients with recurrence, and treatment after recurrence 
was an independent protective factor.

Previous studies[24] have shown that alcohol consumption is a risk factor for ICC. Alcohol may 
interfere with DNA synthesis and repair through the mechanism of acetaldehyde, a product of ethanol 
oxidation, to promote the occurrence of liver cancer[25]. Although alcohol drinking is associated with 
the aetiology of ICC, it is not clear whether alcohol drinking affects the prognosis and survival of 
patients with recurrent ICC. In this study, multivariate analysis showed that alcohol consumption may 
be an independent risk factor for recurrent ICC. For patients with recurrent ICC, we recommend 
reducing alcohol consumption as much as possible to improve the prognosis and survival time of 
patients.

In this study, the first recurrence of most patients after hepatectomy occurred within 1 year after 
surgery. Multivariate analysis showed that DFS < 6 was an independent risk factor for survival after 
ICC recurrence. Park et al[26] and Si et al[27] also reported that DFS was associated with prognosis. 
Compared with the clinical characteristics of patients with advanced recurrence, early recurrence is 
often accompanied by bile duct invasion and lymph node metastasis, and the median survival time after 
recurrence is 2 mo, which is much lower than the time of late recurrence. Currently, immunohisto-
chemical markers commonly used to predict early recurrence after hepatectomy include B-lymphocyte 
chemokine 13 (CXCL13)[28], pancreatic secreted trypsin inhibitor (PSTI)[29], and insulin-like growth 
factor-II mRNA binding protein 3 (IMP3)[30]. Even if the prognosis of patients with early recurrence of 
ICC after primary hepatectomy is poor, surgical treatment should be considered to improve the 
prognosis.
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Figure 4 Venn diagram of recurrent location pattern. Intrahepatic lesions (25/54, 46.3%) were the most common recurrence sites, followed by concurrent 
liver and lymph nodes (13/54, 24.1%).

Figure 5 Kaplan-Meier curves of ICC recurrence: multimodality therapy versus no multimodality therapy. Patients with recurrent ICC who 
received multimodality therapy had a significantly better long-term survival after recurrence than those who did not (P = 0.026, log-rank test). ICC: Intrahepatic 
cholangiocarcinoma; MS: Median survival.

The survival time of patients with recurrent ICC after surgical resection is higher than that of patients 
without surgical resection. Furthermore, compared with other treatments, secondary hepatectomy 
significantly improved the OS time of patients with recurrent ICC. Studies[31] have shown that the 
prognosis of recurrent intrahepatic resection of ICC is comparable to that of primary resection. In a 
multicentre study of 356 patients with ICC who underwent hepatectomy, approximately 60% exhibited 
postoperative recurrence, and 37 of them underwent reresection, with a 5-year survival rate of 44%[32]. 
Recent studies[33] have reported that repeat resection after recurrence significantly prolongs OS 
compared with palliative treatment. Therefore, we suggest that patients with resectable intrahepatic 
recurrent ICC can undergo reoperation to improve patient outcomes.

Most recurrent ICCs are highly invasive and have limitations, such as insufficient remaining liver, 
making patients ineligible for secondary hepatectomy. Multimodality therapies include strategies that 
combine regional therapy, systemic chemotherapy, targeted therapy, and immunotherapy. In this study, 
6 patients with recurrent ICC who were mainly treated with multimodality therapies achieved a higher 
postoperative median OS (7 mo) than those with local treatment (3 mo), systemic treatment (4 mo), and 
supportive treatment (1 mo).

Systemic chemotherapy combined with local therapy can significantly improve patient prognosis. 
Intra-arterial therapies combined with chemotherapy can shrink the lesion to achieve R0 resection[34]. 
In this study, the median survival of 3 patients with recurrent ICC treated with TACE combined with 
the GEMOX regimen was 5 mo, which was longer than that of patients with recurrent ICC using 
chemotherapy alone (median OS, 4 mo). RFA is suitable for local tumours with diameters < 5 cm, and 
tumour numbers < 3. RFA was superior to systematic chemotherapy in this study[35]. Among the 6 
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patients with recurrent ICC, 2 patients underwent RFA combined with chemotherapy. One patient had 
recurrence 3 mo after hepatectomy, and local intrahepatic lesions were treated with RFA combined with 
the FOLFOX-4 regimen. The other patient relapsed 6 mo after surgery, and 2 mo after RFA, multiple 
intrahepatic metastases occurred. TACE combined with the SOX regimen was performed again. 
Currently, the patient is still alive. A new approach of radiotherapy combined with chemotherapy in the 
open treatment of advanced ICC. Studies[36] have shown that radiotherapy with chemotherapy can not 
only relieve pain and other complications in patients with advanced ICC but can also improve the 
disease control rate and patient survival time. Japanese researchers[37] found that 60% of patients with 
advanced ICC underwent radical hepatocellular carcinoma after radiotherapy combined with systemic 
chemotherapy, and the 5-year survival rate was 24%. Radiotherapy was not included in our treatment 
strategy for patients with recurrent ICC. Due to the lack of reliable evidence-based medical data, the 
NCCN practice guidelines[17] did not recommend radiotherapy as routine treatment for recurrent ICC.

Among the 6 patients with recurrent ICC in our centre, one patient was treated with a tumour 
immune checkpoint inhibitor combined with targeted therapy after RFA; this patient was still alive 
without disease progression at the time of submission. PD-L1 expression was found in interstitial cells 
in 30% of ICC patients[38]. In the tumour microenvironment of connective tissue hyperplasia and 
immune system deficiency in ICC, the clinical efficacy of a single drug PD-1/PD-L1 inhibitor in tumour 
suppression is poor[39]. Targeted therapy combined with immunotherapy is being explored[40]. 
Targeted drugs can induce the death of tumour cells, leading to the release of their own antigens, which 
are then taken up by antigen-presenting cells to activate specific T cells. However, they also upregulate 
inhibitory factors such as CTLA-4 and PD-1. Therefore, the combination of PD-1 inhibitors can 
strengthen the killing effect, reduce the attack of nontumour antigens, and reduce the adverse reactions 
of immunotherapy[41]. The combination of tumour immune checkpoint inhibitors and targeted therapy 
is still a hotspot in the field of tumour therapy.

There are several limitations to this study. First, this is a retrospective study, and there may be 
selection and detection bias in patients with recurrent ICC. Second, ICC is a rare disease. Although the 
clinical study lasted for 8 years, the number of patients with recurrence is small, and there are not 
enough randomized controlled trials of recurrent patients. Finally, this is a single-centre study, so 
multicentre and prospective trials are needed to confirm our results.

CONCLUSION
The prognosis of patients with recurrence after ICC-related hepatectomy is poor. Alcohol consumption 
and DFS < 6 mo are independent risk factors in terms of the cumulative survival of patients with 
recurrence, while treatment after recurrence is an independent protective factor. We propose that 
multimodality therapy should be developed to improve long-term outcomes through the combined 
approach of local therapy, chemotherapy, targeted therapy, and immunotherapy.

ARTICLE HIGHLIGHTS
Research background
Intrahepatic cholangiocarcinoma (ICC) is a highly malignant tumour originating from intrahepatic bile 
duct epithelial cells. Recurrence is very common after hepatectomy.

Research motivation
There are few reports on the clinical features and prognostic factors of recurrent ICC, and the treatment 
strategies for recurrent ICC have not been fully clarified.

Research objectives
The objective of this study was to analyze the prognostic factors of recurrent ICC and to explore 
treatment strategies.

Research methods
We retrospectively analyzed all ICC patients who underwent hepatectomy at the First Affiliated 
Hospital of Zhengzhou University between January 2013 and August 2021. We summarized the clinical 
characteristics of patients with recurrent ICC and assessed prognostic factors by univariate and 
multivariate analyses.

Research results
Recurrence occurred in 54 of 103 patients with ICC after hepatectomy during the study period. The 
median OS of patients with recurrent ICC was 4 mo, and the cumulative OS rates at 1, 2, and 3 years 
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after recurrence were 16.1%, 6.7%, and 3.4%, respectively. Multivariate analysis of cumulative survival 
by the Cox proportional risk model showed that alcohol consumption [hazard ratio (HR) = 4.64, 95% 
confidence interval (CI): 1.53-14.04, P = 0.007], DFS < 6 mo (HR = 3.47, 95%CI: 1.59-7.60, P = 0.002) and 
treatment after recurrence (HR = 0.21, 95%CI: 0.08-0.55, P = 0.001) were independent factors for 
recurrence. Patients who received multimodality therapy had higher survival rates than those who did 
not (P = 0.026).

Research conclusions
The prognosis of recurrent patients is related to alcohol consumption, DFS < 6 mo and treatment after 
recurrence. Active and effective multidisciplinary treatment is beneficial to improve the prognosis of 
patients.

Research perspectives
Multicentre prospective studies are needed to evaluate the efficacy of multidisciplinary treatment in 
recurrent ICC.
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Abstract
BACKGROUND 
The severity of acute pancreatitis in pregnancy (APIP) is correlated with higher 
risks of maternal and fetal death.

AIM 
To develop a nomogram that could predict moderately severe and severe acute 
pancreatitis in pregnancy (MSIP).

METHODS 
Patients with APIP admitted to West China Hospital between January 2012 and 
December 2018 were included in this study. They were divided into mild acute 
pancreatitis in pregnancy (MAIP) and MSIP. Characteristic parameters and 
laboratory results were collected. The training set and test set were randomly 
divided at a ratio of 7:3. Least absolute shrinkage and selection operator 
regression was used to select potential prognostic factors. A nomogram was 
developed by logistic regression. A random forest model was used to validate the 
stability of the prediction factors. Receiver operating characteristic curves and 
calibration curves were used to evaluate the model’s predictive performance.

RESULTS 
A total of 190 patients were included in this study. A total of 134 patients (70.5%) 
and 56 patients (29.5%) were classified as having MAIP and MSIP, respectively. 
Four independent predictors (lactate dehydrogenase, triglyceride, cholesterol, and 
albumin levels) were identified for MSIP. A nomogram prediction model based 
on these factors was established. The model had areas under the curve of 0.865 
and 0.853 in the training and validation sets, respectively. The calibration curves 
showed that the nomogram has a good consistency.

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v28.i15.1588
mailto:zhou767@163.com
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CONCLUSION 
A nomogram including lactate dehydrogenase, triglyceride, cholesterol, and albumin levels as 
independent predictors was built with good performance for MSIP prediction.

Key Words: Acute pancreatitis; Prediction model; Pregnancy; Severity; Nomogram; Random forest

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

Core Tip: The severity of acute pancreatitis in pregnancy (APIP) is correlated with higher risks of maternal 
and fetal death. Few studies have focused on APIP severity prediction. We identified four predictors 
developed and established a prediction nomogram model for pregnant patients with moderate and severe 
acute pancreatitis. This model achieved good concordance indexes and may help guide doctors in the 
managementof APIP.

Citation: Yang DJ, Lu HM, Liu Y, Li M, Hu WM, Zhou ZG. Development and validation of a prediction model for 
moderately severe and severe acute pancreatitis in pregnancy. World J Gastroenterol 2022; 28(15): 1588-1600
URL: https://www.wjgnet.com/1007-9327/full/v28/i15/1588.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i15.1588

INTRODUCTION
Acute pancreatitis (AP) is the most common gastrointestinal disease requiring acute admission to the 
hospital[1]. The incidence of acute pancreatitis in pregnancy (APIP) varies from 1/10000 to 11.3/10000
[2,3]. Geng et al[4] showed that APIP contributes to increased maternal death and fetal loss. Previous 
studies have shown that the maternal and perinatal mortality rates of APIP are as high as 3.3% and 
11.6%-18.7%, respectively[4,5]. According to the revised Atlanta classification, AP was classified as mild 
acute pancreatitis (MAP), moderately severe acute pancreatitis (MSAP), and severe acute pancreatitis 
(SAP)[6]. MSAP and SAP develop in 20% of AP patients. Although, management strategies such as fluid 
resuscitation, early enteral nutrition, and organ supportive care are usually performed in the clinical 
setting, the mortality rate of MSAP and SAP can be as high as 35%, which is significantly higher than 
that of MAP[7,8]. Furthermore, some studies have shown that APIP severity is significantly associated 
with a higher risk of maternal and fetal death[5,9]. The first week after AP onset is usually defined as 
the early phase[6]. It would be useful in clinical management if the severity of APIP could be predicted 
in the early phase. Currently, several prediction systems, including the Acute Physiology and Chronic 
Health Evaluation, Ranson score, and Bedside Index for Severity in AP, are usually used for AP 
patients. However, the sensitivity and specificity of these prediction systems are not high enough, and 
cumbersome items limit their clinical use[10]. At present, few scoring systems have been designed for 
patients with APIP[11]. Therefore, this study aimed to develop a simple and useful prediction model to 
predict moderately severe and severe acute pancreatitis in pregnancy (MSIP).

MATERIALS AND METHODS
Study design and patients 
We retrospectively collected the medical records of patients who were diagnosed with AP during 
pregnancy at West China Hospital from January 2012 to December 2018. Patients meeting the following 
criteria were excluded: (1) Were readmitted (only included first-time record); (2) Received a cesarean 
section before admission to West China Hospital; (3) Had a length of more than 7 d from AP onset to 
admission; (4) Had chronic kidney dysfunction; and (5) Had any missing data of candidate variables. 
The Ethics Committee of West China Hospital approved the study, and it was conducted according to 
the Declaration of Helsinki.

Data collection
The following clinical variables were collected: age, etiology (hypertriglyceridemia, gallstones, other), 
comorbidities (hypertension, diabetes, fatty liver), smoking, drinking, length of time from onset to 
admission, gestational weeks on admission, trimester of pregnancy on admission, blood infection, 
length of hospital stay (LOS), fetal death, and maternal hospital mortality. All laboratory variables were 
tested in the hospital, including hematocrit, platelet, white blood cell (WBC), and neutrophil levels. 
Laboratory variables were collected within 48 h of admission. The average levels of retested laboratory 

https://www.wjgnet.com/1007-9327/full/v28/i15/1588.htm
https://dx.doi.org/10.3748/wjg.v28.i15.1588
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Figure 1 Flow chart of the study. APIP: Acute pancreatitis in pregnancy; MAIP: Mild acute pancreatitis in pregnancy; MSIP: Moderately severe and severe 
acute pancreatitis in pregnancy.

Figure 2 Selection of risk factors of moderately severe and severe acute pancreatitis in pregnancy using the least absolute shrinkage and 
selection operator logistic regression algorithm. Least absolute shrinkage and selection operator coefficient profiles of the 29 candidate variables. For the 
optimal lambda, 4 features with a non-0 coefficient were selected.

Figure 3 Nomogram for predicting moderately severe and severe acute pancreatitis in pregnancy. Nomogram including four risk factors (lactate 
dehydrogenase, triglyceride, cholesterol, and albumin were identified as risk factors) to predict moderately severe and severe acute pancreatitis in pregnancy. LDH: 
Lactate dehydrogenase.

variables are shown.
Candidate variables were age, etiology, comorbidity, smoking, drinking, gestational weeks on 

admission, trimester of pregnancy on admission, length of time from onset to admission, blood 
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Figure 4 Performance of the nomogram in moderately severe and severe acute pancreatitis in pregnancy prediction. A: Receiver operating 
characteristic curves in the training set; B: Receiver operating characteristic curves in test set; C: Calibration curves of training set; D: Calibration curves of the test 
set.

infection, and hematocrit, platelet, WBC, neutrophil, lymphocyte, monocyte, alanine aminotransferase, 
albumin, creatinine, aspartate aminotransferase, alkaline phosphatase, creatine kinase, lactate dehydro-
genase (LDH), triglyceride, cholesterol, high-density lipoprotein, low-density lipoprotein, sodium, 
potassium, and chlorine levels..

Definitions
According to the revised Atlanta Classification of Acute Pancreatitis[6], a diagnosis of acute pancreatitis 
requires two of the following three features: (1) abdominal pain consistent with acute pancreatitis (acute 
onset of a persistent, severe, epigastric pain often radiating to the back); (2) serum lipase activity (or 
amylase activity) at least three times greater than the upper limit of normal; and (3) characteristic 
findings of acute pancreatitis on contrast-enhanced computed tomography, and less commonly on 
magnetic resonance imaging or transabdominal ultrasonography. The grades of severity were also 
based on the revised Atlanta Classification of Acute Pancreatitis[6]. Patients with persistent organ 
failure (> 48 h) were classified as having severe acute pancreatitis. Patients with transient organ failure 
(< 48 h) and/or local or systemic complications without persistent organ failure were classified as 
having moderately severe acute pancreatitis. Organ failure was classified according to the Modified 
Marshall scoring system for organ dysfunction[6]. Patients who needed mechanical ventilation or had a 
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Figure 5 Development and assessment of the random forest algorithm in moderately severe and severe acute pancreatitis in pregnancy 
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prediction. A: Relationship between out-of-bag error and number of trees. In total, 75 trees are selected to establish a random forest model; B: Feature importance; 
C: Receiver operating characteristic curves in the training set; D: Receiver operating characteristic curves in test set; E: Calibration curves of training set; F: 
Calibration curves of the test set.

PaO2/FiO2 ratio less than 300 were diagnosed with respiratory failure. Patient need for vasopressor 
support was thought to indicate cardiovascular failure. When the serum creatinine level was over 170 
μmol/L, renal failure was diagnosed. Blood infection was defined as described in a previous study[12].

Statistical analysis
Data are expressed as the mean ± SD for normally distributed continuous variables and as the median 
(interquartile range) for nonnormally distributed variables. Categorical data are expressed as numbers 
(percentages). Student’s t-test was used to compare normally distributed continuous variables, and the 
Wilcoxon rank-sum test was used to compare nonnormally distributed continuous variables. The χ2 -test 
or Fisher’s exact test was used to compare categorical variables. Statistical analysis was performed using 
R software. (Version 3.6.1) A 2-sided P value < 0.05 was considered statistically significant.

First, least absolute shrinkage and selection operator (LASSO) regression was used to select potential 
prognostic factors from the candidate variables. Logistic regression was used to develop a nomogram. 
The random forest model further validated the predictive performance of the selected factors. To reduce 
the risk of overfitting, the whole dataset was randomly divided into the training set and validation set at 
a ratio of 7:3. The model’s development was based on the training set, and the model’s performance 
assessment was based on the validation set. Finally, a new nomogram based on the selected predictors 
was established. Receiver operating characteristic (ROC) curves and calibration curves were used to 
evaluate the model’s predictive performance. ROC curves were calculated to estimate the discrimination 
of the prediction model. Calibration curves were plotted to evaluate the consistency between the 
predicted MSIP probability and actual MSIP proportion. Values of 1 and 0.5 indicated perfect discrim-
ination and no discrimination, respectively.

RESULTS
Basic characteristics of the participants
Figure 1 shows the flow chart of the study. During the 7 years, 302 patients with APIP were admitted to 
West China Hospital. A total of 112 patients were excluded for various reasons, such as readmission, 
having a cesarean section before admission, and missing data. Finally, a total of 190 patients with APIP 
were included in this study. Among them, 134 patients (70.5%) were classified as having MAIP, and 56 
patients (29.5%) were classified as having MSIP. The overall characteristics of the patients are presented 
in Table 1.

The mean ages of the MAIP and MSIP groups were 27.61 ± 5.25 years and 29.46 ± 5.57 years, 
respectively. Patients in the MSIP group were significantly older than those in the MAIP group (P = 
0.032). The most common cause of APIP in both groups was hypertriglyceridemia. Biliary disease was 
the second most common cause of APIP, which was found in 45 (33.1%) and 19 (35.2%) patients in the 
MAIP and MSIP groups, respectively. The number of patients with diabetes in the MSIP group was 
significantly higher than that in the MAIP group (P = 0.001). The rate of blood infections (P < 0.001) in 
the MSIP group was significantly higher than that in the MAIP group. The LOS (P < 0.001) in the MSIP 
group was significantly longer than that in the MAIP group, and the rate of fetal deaths (P < 0.001) in 
the MSIP group was significantly higher than that in the MAIP group. Other clinical indicators were not 
different between the two groups.

Laboratory indices such as WBC (P = 0.035), neutrophil (P = 0.019), alanine aminotransferase (P = 
0.006), albumin (P < 0.001), creatinine (P < 0.001), alkaline phosphatase (P = 0.020), creatine kinase (P < 
0.001), LDH (P < 0.001), triglyceride (P < 0.001), cholesterol (P < 0.001), high density lipoprotein (P = 
0.001), and sodium (P = 0.004) levels were significantly different between the two groups (P < 0.05).

Identification and validation of predictive factors for patients with MSIP
Variable selection using the LASSO regression model: The data were randomly divided into the 
training set and test set at a ratio of 7:3. The characteristics of the patients in the training and test sets are 
displayed in Table 2. Most of the included variables were well balanced between the two groups. Four 
variables (albumin, lactate dehydrogenase, triglyceride, and cholesterol levels) had nonzero coefficients 
in the LASSO regression model based on the analysis of the whole dataset (Figure 2).

Logistic regression development and validation prediction model: Four selected variables albumin, 
lactate dehydrogenase, triglyceride, and cholesterol levels, were incorporated into the nomogram model 
(Figure 3). The ROC curves and calibration curves of the training set and test set are shown in Figure 4. 
The parameters of the ROC curve at the optimal cutoff point are displayed in Table 3. The areas under 
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Table 1 Demographics and clinical characteristics of acute pancreatitis patients in pregnancy

Parameters MAIP (n = 136) MSIP (n = 54) P value

Age 27.61 ± 5.25 29.46 ± 5.57 0.032

Etiology 0.514

Hypertriglyceridemia 50 (36.8) 24 (44.4)

Gallstone 45 (33.1) 19 (35.2)

Other 41 (30.1) 11 (20.4)

Comorbidity

Hypertension 0 (0.0) 2 (3.7) 0.080

Diabetes 8 (5.9) 13 (24.1) 0.001

Fatty liver disease 32 (23.5) 16 (29.6) 0.492

Smoking 3 (2.2) 2 (3.7) 0.937

Drinking 4 (2.9) 1 (1.9) 1.000

Trimester of pregnancy on admission

Early (1–12 wk) 9 (6.6) 3(5.6)

Mid (12–24 wk) 31 (22.8) 10(18.5)

Late (24–40 wk) 96 (70.6) 41(75.9)

Gestational weeks on admission 28.04 ± 7.72 28.80 ± 6.64 0.520

Onset to admission (days) 1.59 ± 1.37 1.88 ± 1.65 0.220

Blood infection 0 (0.0) 8 (14.8) < 0.001

LOS 7.25 ± 4.27 11.88 ± 7.42 < 0.001

Fetal death 3 (2.2) 13(24.1) < 0.001

Maternal hospital mortality 0 (0.0) 1(2.9) 0.284

Hematocrit 0.33 ± 0.05 0.32 ± 0.06 0.155

Platelet 164.42 ± 55.01 147.55 ± 65.17 0.072

WBC 12.59 ± 4.71 14.15 ± 4.15 0.035

Neutrophils 10.86 ± 4.40 12.49 ± 3.97 0.019

Lymphocytes 1.01 ± 0.40 0.88 ± 0.47 0.068

Monocytes 0.55 ± 0.23 0.48 ± 0.27 0.064

Alanine aminotransferase 50.94 ± 78.74 19.57 ± 37.40 0.006

Albumin 34.22 ± 3.70 29.36 ± 5.17 < 0.001

Creatinine 42.57 ± 9.30 75.87 ± 100.15 < 0.001

Aspartate aminotransferase 51.17 ± 67.61 35.07 ± 50.13 0.115

Alkaline phosphatase 113.56 ± 52.19 95.38 ± 36.87 0.020

Creatine kinase 36.20 ± 25.87 126.36 ± 213.49 < 0.001

LDH 185.32 ± 66.39 346.93 ± 208.95 < 0.001

Triglyceride 5.87 ± 6.72 12.57 ± 7.34 < 0.001

Cholesterol 7.34 ± 5.63 12.80 ± 6.64 < 0.001

High density lipoprotein 1.40 ± 0.48 1.16 ± 0.39 0.001

Low density lipoprotein 2.24 ± 1.23 1.94 ± 1.59 0.158

Sodium 135.62 ± 3.82 133.57 ± 5.43 0.004

Potassium 3.76 ± 0.34 3.83 ± 0.46 0.294

Chlorine 102.17 ± 4.46 102.44 ± 6.40 0.735
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MAIP: Mild acute pancreatitis in pregnancy; MSIP: Moderately severe and severe acute pancreatitis in pregnancy; LOS: Length of hospital stay; WBC: 
White blood cell; LDH: Lactate dehydrogenase.

the curve in the training and validation sets were 0.865 and 0.853, respectively. The calibration curves 
showed that the nomogram has good consistency. The positive predictive value was 0.8750, and the 
negative predictive value was 0.8125.

Random forest model development and validation prediction model: The relationship between out-of-
bag error and the number of trees is shown in Figure 5A. In total, 100 trees were selected to establish a 
random forest model. Two methods were used to rank the importance of the variables (Figure 5B). The 
ROC curves are shown in Figure 5C and D, and the optimal cutoff point is displayed in Table 3. In 
addition, the calibration curves indicated good agreement between the predicted probability and 
observed probability for MSIP in the training and test sets (Figure 5E and F).

DISCUSSION
APIP was thought to be associated with high rates of maternal death and fetal loss. The early and 
accurate prediction of APIP severity is of great importance for effective therapy. Previous studies have 
not only focused on the treatments of APIP[13,14] but have also shown interest in the prediction factors 
for APIP[15]. A single prediction factor cannot achieve the expected predictive power. Therefore, it is 
necessary to establish a multifactor model to predict the severity of APIP to help with risk stratification 
and management. In the present study, a new prediction model consisting of four risk factors (albumin, 
lactate dehydrogenase, triglyceride, and cholesterol levels) with good predictive value was built and 
verified.

Hypertriglyceridemia (HTG) induced APIP has received continuous attention[16-18]. HTG-induced 
AP is defined as AP patients with a triglyceride level above 1000 mg/dL (11.3 mmol/L) alone, or 500 
mg/dL (5.65 mmol/L) accompanied by lipemic or lactescent blood, after excluding other etiologies[19]. 
In a recent study by Olesen et al[20], the mean incidence rate of HTG associated pancreatitis was 1.4 
(95%CI, 1.1-1.7) per 100000 person-years and it has increased year by year. In addition, AP patients with 
severe HTG are not rare in Asia[21]. High-fat diets are common among pregnant women in China. In 
some studies, HTG was the second leading cause of AP in China[22,23]. In our study, HTG (38.9%) was 
the leading cause of APIP. A higher level of triglycerides not only contributes to more severe pancre-
atitis[21,24-26] but is also associated with more severe complications[27]. Thus, the detection of HTG is 
very important in APIP prediction.

As a cytoplasmic enzyme, LDH is widely expressed in tissues. It converts pyruvate to lactate when 
oxygen is in short supply[28]. In some disease conditions, such as tissue injury, hypoxia, or necrosis, 
elevated LDH levels are observed[29,30]. As a systemic inflammatory disease, AP can lead to organ 
dysfunction and pancreatic or peripancreatic necrosis when the disease progresses. Thus, LDH was 
recognized as a prognostic factor for severe AP in the 1992 Atlanta criteria[31]. More studies have 
shown that LDH is a useful predictor of AP severity[32,33]. Furthermore, LDH is used not only for the 
prediction of severity but also for the prediction of organ failure in AP patients[34]. A recent study 
displayed the high prediction ability of LDH in SAP prediction when levels were over 273.04 U/L[35]. 
In a study by Cui, an LDH level over 647 U/L showed a good ability to predict persistent organ failure 
in patients with AP[36]. In this study, LDH was the most important factor in the accuracy and Gini rank 
of the random forest model. Additionally, LDH accounted for the highest score in the final nomogram 
model. Moreover, convenient laboratory tests for LDH could be routinely utilized in the clinical setting.

Although hypercholesterolemia is a known risk factor for cardiovascular diseases, with further 
investigation of AP, the relationship between AP and hypercholesterolemia has been revealed. 
Hypercholesterolemia may lead to inflammatory responses, lysosomal damage, and proinflammatory 
cytokine secretion[37,38]. In particular, it promotes the augmentation of toll-like receptor signaling, 
which plays a significant proinflammatory role in the progression of AP[39]. Clinical studies also found 
a relationship between cholesterol and AP. Cholesterol is not only associated with AP occurrence[40] 
but is also thought to be an early predictor of persistent organ failure and mortality in AP patients[41,
42]. Some studies have produced inconsistent conclusions. Some reported that cholesterol was not 
identified as an independent risk factor for SAP[43,44]. However, cholesterol was thought to be a 
predictor of SAP development in the study by Hong et al[45]. Thus, it is unclear whether the 
relationship between AP severity and cholesterol is linear. A recent study suggested that cholesterol 
levels have a U-shaped association with AP severity[46]. This may explain the different conclusions in 
previous studies.

Some studies have shown that decreases in albumin levels predict the severity of AP[47,48]. An 
albumin level less than 30 g/L was an independent risk factor for acute respiratory distress syndrome in 
SAP patients[49]. In the present study, the albumin levels of patients in the MSIP group were less than 
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Table 2 Demographic and clinical characteristics of patients in training group

Training set Test set

Parameters MAIP (96) MSIP (38) P value MAIP (40) MSIP (16) P value

Age 27.16 ± 5.46 30.13 ± 6.09 0.007 28.70 ± 4.60 27.88 ± 3.79 0.528

Etiology 0.620 0.804

Hypertriglyceridemia 32 (33.3) 18 (47.4) 18 (45.0) 7 (43.8)

Gallstone 36 (37.5) 13 (34.2) 9 (22.5) 5 (31.2)

Other 28 (29.2) 7 (18.4) 13 (32.5) 4 (25.0)

Comorbidity

Hypertension 0 (0.0) 2 (5.3) 0.079 0 (0.0) 0 (0.0) -

Diabetes 6 (6.3) 9 (23.7) 0.012 2 (5.0) 4 (25.0) 0.049

Fatty liver disease 20 (20.8) 11 (28.9) 0.437 12 (30.0) 5 (31.2) 1.000

Smoking 1 (1.0) 2 (5.3) 0.400 2 (5.0) 0 (0.0) 0.909

Drinking 3 (3.1) 1 (2.6) 1.000 1 (2.5) 0 (0.0) 1.000

Trimester of pregnancy on admission

Early (1–12 wk) 6 (6.3) 2 (5.3) 3 (7.5) 1 (6.3)

Mid (12–24 wk) 22 (22.9) 8 (21.1) 9 (22.5) 2 (12.5)

Late (24–40 wk) 68 (70.8) 28 (73.7) 28 (70.0) 13 (81.3)

Gestational weeks on admission 27.53 ± 7.52 29.74 ± 6.34 0.113 29.25 ± 8.15 26.56 ± 7.01 0.252

Onset to admission (d) 1.63 ± 1.35 2.12 ± 1.87 0.090 1.50 ± 1.44 1.29 ± 0.63 0.586

Blood infection 0 (0.0) 6 (15.8) < 0.001 0 (0.0) 2 (12.5) 0.139

LOS 6.99 ± 4.43 23.11 ± 48.52 < 0.001 7.90 ± 3.63 18.25 ± 12.96 0.001

Fetal death 1 (1.0) 9 (23.7) < 0.001 2 (5.0) 4 (25.0) 0.049

Maternal hospital mortality 0 (0.0) 1 (2.6) 0.284 0 (0.0) 0 (0.0) -

Hematocrit 0.33 ± 0.05 0.32 ± 0.06 0.734 0.33 ± 0.05 0.30 ± 0.05 0.040

Platelet 169.57 ± 56.91 141.97 ± 61.66 0.015 152.07 ± 48.61 160.80 ± 73.24 0.604

WBC 12.89 ± 4.82 13.94 ± 4.10 0.239 11.87 ± 4.42 14.64 ± 4.37 0.038

Neutrophils 11.19 ± 4.52 12.34 ± 3.83 0.166 10.09 ± 4.06 12.85 ± 4.39 0.029

Lymphocytes 1.00 ± 0.38 0.91 ± 0.49 0.246 1.01 ± 0.44 0.81 ± 0.41 0.129

Monocytes 0.55 ± 0.23 0.48 ± 0.29 0.147 0.56 ± 0.25 0.47 ± 0.22 0.249

Alanine aminotransferase 55.20 ± 82.18 22.91 ± 44.14 0.024 40.73 ± 69.69 11.62 ± 6.40 0.103

Albumin 34.44 ± 3.72 29.68 ± 5.49 < 0.001 33.71 ± 3.62 28.62 ± 4.41 < 0.001

Creatinine 42.90 ± 9.16 86.27 ± 117.45 < 0.001 41.78 ± 9.69 51.17 ± 22.10 0.030

Aspartate aminotransferase 54.45 ± 69.25 40.67 ± 58.67 0.281 43.33 ± 63.66 21.77 ± 10.97 0.186

Alkaline phosphatase 114.05 ± 51.61 100.65 ± 37.29 0.148 112.39 ± 54.23 82.86 ± 33.70 0.048

creatine kinase 36.46 ± 26.55 129.89 ± 242.89 < 0.001 35.58 ± 24.47 117.98 ± 124.10 < 0.001

LDH 183.85 ± 63.85 356.97 ± 234.19 < 0.001 188.86 ± 72.86 323.09 ± 134.59 < 0.001

Triglyceride 5.44 ± 6.86 12.62 ± 8.01 < 0.001 6.91 ± 6.33 12.46 ± 5.66 0.004

cholesterol 6.79 ± 4.43 12.19 ± 6.18 < 0.001 8.68 ± 7.70 14.24 ± 7.63 0.018

High density lipoprotein 1.42 ± 0.49 1.18 ± 0.39 0.007 1.34 ± 0.43 1.12 ± 0.40 0.078

Low density lipoprotein 2.27 ± 1.18 2.00 ± 1.58 0.282 2.17 ± 1.35 1.78 ± 1.67 0.364

Sodium 135.91 ± 3.19 133.94 ± 5.71 0.012 134.93 ± 5.01 132.68 ± 4.72 0.129

Potassium 3.76 ± 0.30 3.88 ± 0.47 0.075 3.78 ± 0.44 3.71 ± 0.45 0.588
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Chlorine 102.63 ± 4.22 103.14 ± 6.80 0.597 101.06 ± 4.85 100.78 ± 5.14 0.849

MAIP: Mild acute pancreatitis in pregnancy; MSIP: Moderately severe and severe acute pancreatitis in pregnancy; LOS: Length of hospital stay; WBC: 
White blood cell; LDH: Lactate dehydrogenase.

Table 3 Receiver operating characteristic curves at the optimal cut-off point according to different models

Models AUC Sensitivity Specificity

Training set

Logistic model 0.865 0.868 0.771

Random forest model 1.000 1.000 1.000

Validation set

Logistic model 0.853 0.812 0.875

Random forest model 0.870 0.812 0.875

AUC: Area under the receiver operating characteristic curve.

30 g/L and significantly lower than those of patients in the MAIP group. This was in accordance with 
previous studies.

Lactate dehydrogenase, triglyceride, albumin, and cholesterol are routine test items in clinical 
practice. They can be easily detected from blood samples at a low cost. Therefore, this nomogram will be 
easy to use and function for MSIP prediction in the clinical setting.

There are some limitations to this study. First, the sample size of 190 patients with APIP was greater 
than those of most previous studies, but the sample size of this study was still small. Second, this was a 
retrospective study, so some data were missing. Thus, some variables were not included in this study. 
Third, the prediction model has a good prediction ability of MSIP (consisting of MSAP and SAP), but 
further differentiation of MSAP and SAP cannot be achieved. The prognosis of MSAP is not as poor as 
that of SAP. Thus, separate predictions of MSAP and SAP should be considered in future studies. 
Moreover, this study only collected data from our institution. If validation can be performed in external 
institutions, the conclusion of this study would be more substantial.

CONCLUSION
We developed and validated a nomogram with good accordance for the prediction of MSIP. 
Incorporating blood indices for albumin, lactate dehydrogenase, triglyceride, and cholesterol levels into 
the nomogram facilitates the early individualized prediction of APIP severity.

ARTICLE HIGHLIGHTS
Research background
The severity of acute pancreatitis in pregnancy is correlated with higher risks of maternal and fetal 
death.

Research motivation
There is a lack of a scoring model for predicting the moderately severe and severe acute pancreatitis in 
pregnancy (MSIP).

Research objectives
We aimed to develop a prediction model for moderately severe and severe acute pancreatitis in 
pregnancy.

Research methods
The training set and test set were randomly divided at a ratio of 7:3. Least absolute shrinkage and 
selection operator regression was used to select potential prognostic factors. A nomogram was 
developed by logistic regression. A random forest model was used to validate the stability of the of 
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prediction factors. Receiver operating characteristic curves and calibration curves were used to evaluate 
the model’s predictive performance.

Research results
A total of 190 patients were included in this study. Four predictors including lactate dehydrogenase, 
triglyceride, cholesterol, and albumin levels constitute the prediction model. The model had areas under 
the curve of 0.865 and 0.853 in the training and validation sets, respectively. The calibration curves 
showed that the prediction model has a good consistency.

Research conclusions
An effective prediction model that can predict MSIP was constructed.

Research perspectives
Our model could help to predict moderately severe and severe acute pancreatitis in pregnancy. 
Usability of the model needs validation by other center data.
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Abstract
Standard endoscopy with biopsy and narrow-band imaging with guided biopsy 
are techniques for the detection of Helicobacter pylori (H. pylori)-related gastritis 
and precancerous lesions. In this study, the authors compared standard 
endoscopy and magnified narrow-band imaging (commonly known as NBI-M) in 
the diagnosis of H. pylori infections, atrophic gastritis, and intestinal metaplasia. 
Although the sensitivity of NBI-M is better than standard endoscopy, the 
diagnostic accuracy did not differ substantially between the diagnostic modalities. 
Future prospective studies may guide endoscopists in difficult cases regarding 
which modality is more useful and cost-effective for the diagnosis of H. pylori-
related gastritis and precancerous conditions.
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Core Tip: Magnified narrow band imaging (NBI-M) is used for diagnosis of dysplastic and cancerous 
lesions. The study is the first of its kind to evaluate this modality for detection of Helicobacter pylori 
related gastritis and precancerous lesions. A procedure to be widely accepted should be cost effective and 
less time consuming. Whereas white light endoscopy is commonly used by endoscopist to detect any 
cancer or precancerous lesions, formal endoscopic training regarding use of NBI-M enhances feasibility 
and detection rate. Whether the combination of NBI-M and artificial intelligence can replace biopsy 
remains a million dollar question.

Citation: Sahu SK, Singh A. Role of magnifying narrow-band imaging endoscopy for diagnosis of Helicobacter 
pylori infection and gastric precancerous conditions: Few issues. World J Gastroenterol 2022; 28(15): 1601-1603
URL: https://www.wjgnet.com/1007-9327/full/v28/i15/1601.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i15.1601

TO THE EDITOR
We read with avid interest the study by Cho et al[1]. The authors compared standard endoscopy and 
magnified narrow-band imaging (NBI-M) in the diagnosis of Helicobacter pylori (H. pylori) infections, 
atrophic gastritis (AG) and intestinal metaplasia (IM). The authors have done excellent work comparing 
the role of NBI-M and standard endoscopy in the diagnosis of these entities.

Although several studies show the benefits of NBI-M in the diagnosis and characterization of AG and 
IM, this is perhaps one of the first studies that evaluated the role of NBI-M in H. pylori infections[2,3]. 
We want to raise a few minor points for discussion.

The financial implications and procedure time of NBI-M in relation to standard endoscopy should 
have been compared. The authors discussed that routine normal white light endoscopy combined with 
mucosal biopsies is time-consuming and costly. However, we feel that NBI-M evaluation for H. pylori 
infections, IM, and AG may increase procedure time (especially for an inexperienced endoscopist) and 
have an additional economic impact on the patients. The present study showed that there is no 
substantial disparity between standard endoscopy and NBI-M with respect to the diagnostic accuracy 
for detection of H. pylori gastritis, severe atrophy, and IM. The economic and time aspect will decide the 
utility of this procedure. Hence, future prospective studies should focus on this. Moreover, diagnostic 
accuracy was demonstrably low for the detection of precancerous lesions (72.6% and 61.1% for severe 
atrophy and IM in the corpus, respectively) even with NBI-M.

The experience of the endoscopist plays a significant role when the question of a definitive diagnosis 
of H. pylori gastritis and precancerous lesions using NBI arises. The diagnostic probability of AG and IM 
increases when the endoscopist has formal training regarding the diagnosis of AG and IM[4]. The 
authors have rightly pointed out this limitation in their study that a single experienced endoscopist was 
used. Artificial intelligence with NBI-M will likely increase the diagnostic yield. However, future robust 
prospective studies are required to confirm this hypothesis.
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Abstract
Recently, biological drugs have played a leading role in the treatment of inflam-
matory bowel disease, and therapeutic drug monitoring (TDM) may be useful in 
maximizing their effectiveness. TDM involves the measurement of serum drug 
and anti-drug antibodies concentrations as the basis for dosage adjustments or 
drug conversions to achieve a higher response rate. We believe that concentration 
thresholds should be individualized based on patients’ disease severity, extent 
and phenotype, and therapeutic purposes should also be considered, with higher 
cut-offs mainly needed for endoscopic and fistula healing than for symptomatic 
remission. Proactive and reactive TDM can help optimize treatment, especially in 
patients receiving anti-tumour necrosis factor, and guide dose adjustment or drug 
conversion with lower cost. TDM is a promising approach to achieve precision 
medicine and targeted medicine in the future.

Key Words: Therapeutic drug monitoring; Inflammatory bowel disease; Biologic therapies; 
Reactive; Proactive; Cost-effective
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Core Tip: Therapeutic drug monitoring (TDM) has proven to be useful in the 
management of patients with inflammatory bowel disease (IBD). The therapeutic value, 
feasibility and application prospect of TDM in the treatment of IBD were discussed.
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TO THE EDITOR
We read with interest the review by Albader et al[1] on the application of therapeutic drug monitoring 
(TDM) in patients with inflammatory bowel disease (IBD). The authors provided a comprehensive 
overview of the relationship between proactive or reactive TDM and clinical outcomes.

The treatment of IBD has progressed from the original mesalamine to glucocorticoids and 
immunosuppressants to biologics. Currently, biologic therapy is required by many patients to achieve 
and maintain clinical and endoscopic remission. However, up to one-third of patients receiving this 
treatment are primary non-responders, and some patients who show an initial response can also lose 
response over time[2]. TDM is a useful tool for managing patients on biologic therapy, especially those 
receiving anti-tumor necrosis factor (anti-TNF) therapy, and it can be used to monitor dose escalation, 
de-escalation or drug conversion by measuring serum drug concentrations and anti-drug antibodies 
(ADAs).

However, there does not seem to be a universal optimal cut-off for drug serum concentrations, and 
the majority of studies have shown that higher serum concentrations are associated with an increased 
likelihood of clinical response. In 2021, a prospective study of 32 pediatric patients demonstrated that 
children who achieved endoscopic remission at six months had significantly higher infliximab (IFX) 
concentrations at different time points during induction (at weeks 4, 6, and 12 as the start of 
maintenance therapy), and the IFX concentration ≥ 5.0 μg/mL at week 12 was a minimal target to 
achieve endoscopic remission at six months (area under the receiver operating characteristic curve: 
0.796)[3]. A retrospective observational case–control study found that IFX levels below 6.8 μg/mL and 
antibodies to IFX levels above 4.3 μg/mL before the second infusion were associated with primary 
nonresponse, especially among patients with Crohn’s disease (CD)[4]. A prospective observational 
study by Kennedy et al[5]showed that in multivariable analysis, the only factor independently 
associated with primary nonresponse was low drug concentration at week 14 [IFX: OR 0.35, P = 0.00038; 
adalimumab (ADA): OR 0.13, P < 0.0001], the optimal week 14 drug concentrations associated with 
remission at both week 14 and week 54 were 7 mg/L for IFX and 12 mg/L for ADA. Importantly, we 
believe that concentration thresholds should be individualized based on patients’ disease severity, 
extent and phenotype, and therapeutic purposes should also be considered, with higher cut-offs mainly 
needed for endoscopic and fistula healing than for symptomatic remission.

TDM has not been widely recommended for non-anti-TNF biologicals. A study published in 2018 
concluded that potential target vedolizumab (VDZ) concentrations at weeks 6 and 14 and steady state 
during treatment were proposed to be > 37.1, > 18.4 and > 12.7 μg/mL, respectively[6]. There are no 
definitive conclusions to guide practitioners regarding the target VDZ concentration for achieving 
endoscopic remission. A review published in 2020 noted that data from registration trials and real-
world cohorts suggested an exposure-efficacy relationship of VDZ in patients with IBD, but future 
studies need to define an upper limit beyond which dose optimization is very unlikely to further 
increase response rates[7]. Ustekinumab (UST) is a monoclonal antibody against IgG that affects the 
immunity of IBD patients by binding to the P40 subunit common to interleukin 12 and interleukin 23. 
According to a review published in 2021, serum UST concentrations are associated with clinical, 
biochemical, and histological remissions in most clinical trials[8]. A multicenter crosssectional observa-
tional trial based on 110 CD patients concluded that there was no association between short-term 
clinical outcomes and UST concentrations[9]. We can assume that there is an exposure-efficacy 
association with UST based on current studies. Further study is required to identify the threshold below 
which dose optimization may be useful. The Janus kinase inhibitor tofacitinib is not impacted by 
enzyme polymorphisms or disease activity and is not expected to stimulate the formation of 
neutralizing ADAs. In addition, the drug concentration is not a meaningful determinant of efficacy, and 
no loss of efficacy due to low plasma concentration was identified in clinical trials; therefore, TDM is 
unlikely to be provided during treatment with tofacitinib, according to a review published in 2021[10].

TDM can be implemented in two forms, “Proactive” TDM refers to routine monitoring of serum 
concentrations, whereas “Reactive” TDM is defined as a measurement taken following treatment 
failure. This allows doctors to then choose to adjust the dose or change to another drug. Cost-effect-
iveness is an important factor in the choice of proactive and reactive TDM. According to Assa et al[11], 
proactive monitoring and ADA dose intensification to serum concentrations > 5 μg/mL resulted in a 
higher rate of clinical remission than reactive monitoring in cases of “loss of response”. Fernandes et al
[12] and Papamichael et al[13] concluded that patients in the proactive TDM group had greater clinical 
outcomes than those in the control group. However, guidelines or consensus in different countries and 
regions differ on the application of TDM. Guidelines published in 2020 by the European Colitis & 
Crohn’s Organization pointed out that there is insufficient evidence to recommend for or against TDM
[14]. The 2017 guidelines of the American Gastroenterology Association only recommend reactive TDM
[15]. McNeill et al[16] found that reactive TDM of IFX optimizes dosing and reduces expenditure by over 
50%, without affecting clinical outcomes. Proactive IFX TDM may confer long-term clinical benefit but is 
only modestly cost-effective. A systematic review published in 2020 noted that compared with standard 
treatment without TDM, TDM-guided strategies were consistently reported to be cost saving or cost 
effective, with no emphasis on proactive or reactive TDM[17]. There are no high-quality studies 
comparing the cost-effectiveness of proactive and reactive TDM; however, TDM is cost-effective 
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compared to empirical treatment. The problems to be solved in the implementation of TDM include 
high price, delivery and transportation difficulties. A survey of over 242 participants in India suggested 
that significant barriers to TDM use were availability, cost and time lag for results. If these barriers were 
removed, almost all clinicians would use TDM at least reactively, and 25% would use it proactively[18].

It should be emphasized that the therapeutic goal is to achieve clinical and endoscopic remission and 
not to target TDM to specific drug concentration levels. Different guidelines recommend different 
trough concentrations, different departments have different measurement methods, and individuals 
have different systems, so even if the same threshold is reached, some people will respond and some 
will not; thus, we recommend dynamic detection of blood drug concentrations. The future medical 
trend is precision medicine and targeted medicine. We hope that in the future, there will be a tool as 
convenient and fast as a glucose meter that can measure blood drug concentrations, perform real-time 
monitoring, combine clinical symptoms and endoscopic manifestations, and then adjust drugs to 
achieve targeted treatment. We wish to draw readers’ attention to the fact that TDM is a promising 
approach for clinicians to optimize treatment.
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