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Abstract

In this editorial, we discuss the article by Agatsuma et al. We concentrate spe-
cifically on the current routinely used screening tests recommended by society
guidelines and delve into the significance of early diagnosis of colorectal cancer
(CRC) and its substantial impact on both incidence and mortality rates. Screening
is highly recommended, and an early diagnosis stands out as the most crucial
predictor of survival for CRC patients. Therefore, it is essential to identify and
address the barriers hindering adherence to screening measures, as these barriers
can vary among different populations. Furthermore, we focus on screening
strategy optimization by selecting high-risk groups. Patients with comorbidities
who regularly visit hospitals have been diagnosed at an early stage, showing no
significant difference compared to patients undergoing regular screening. This
finding highlights the importance of extending screening measures to include
patients with comorbidities who do not routinely visit the hospital.

Key Words: Colorectal neoplasms; Early diagnosis; Barriers to adherence; Cancer scree-
ning guidelines; Screening tests
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Core Tip: Despite the proven mortality benefits, adherence to colorectal cancer (CRC) screening guidelines remains low in
many regions worldwide. Because nation-wide screening is not feasible due to limited financial and human resources, it is
crucial to identify high-risk groups that ought to participate in screening measures. However, variation in each population is
to be considered when implementing screening procedures, and barriers affecting adherence to screening guidelines should
be addressed in each specific population. Finally, patients with comorbidities who regularly schedule visits to the hospital
are diagnosed at an early stage similar to those who undergo periodic screening. This underscores the importance of
encouraging patients with comorbidities who do not attend routine visits to undergo screening to reduce the burden of late-
stage CRC diagnosis.

Citation: Tamraz M, Al Ghossaini N, Temraz S. Optimization of colorectal cancer screening strategies: New insights. World J
Gastroenterol 2024; 30(28): 3361-3366

URL: https://www.wjgnet.com/1007-9327/full/v30/i28/3361.htm

DOI: https://dx.doi.org/10.3748/wjg.v30.i28.3361

INTRODUCTION

Globally, colorectal cancer (CRC) ranks third following breast and lung cancer. It is expected that the incidence of CRC
will increase 1.6-fold by the year 2030[1], and in 2040, it is estimated that there will be approximately 3.2 million cases
diagnosed worldwide[2]. The 5-year relative survival rate of CRC has shown a notable increase of 15% from the mid-
1970s to the years 2012-2018[3,4]. This trend is primarily attributed to advancements in earlier detection facilitated by
routine clinical examinations and screening strategies. Early-stage diagnosis is the most significant predictor of survival
among CRC patients mounting to a 5-year survival rate of 91% in early-stage cases compared to a 5-year survival rate of
14% in metastatic cases[5].

Various screening tests are provided for the early detection of CRC and adenomatous polyps. These tests vary in terms
of sensitivity and specificity, effectiveness, convenience, safety, accessibility, and cost. Screening tests could be
categorized into four groups: Stool-based tests, endoscopic visualization, radiologic visualization, and blood-based
markers. Stool-based tests include fecal immunochemical test (FIT) for blood, which directly detects hemoglobin in stool
samples, and Guaiac-based fecal occult blood test (gFOBT), which recognizes hemoglobin by altering guaiac reactant-
permeated paper to blue due to a peroxidase reaction, multitarget stool DNA tests with FIT that combines molecular
assays to test for DNA (KRAS) mutations in addition to FIT. Endoscopic visualization methods include colonoscopy,
sigmoidoscopy, sigmoidoscopy plus FIT or gFOBT[6], and colon capsule endoscopy[7]. Available blood-based markers
typically identify CRC at a more developed stage instead of premalignant lesions, and thus, their part in identifying
early-stage disease remains uncertain and has not been incorporated in main society guideline recommendations.
Presently employed blood-based markers, particularly in the United States, are the septin 9[8], which is a plasma assay
that identifies circulating hypermethylated septin 9 DNA in CRC, and the 7-gene biomarker test (ANXA3, CLEC4D,
LMNBI1, PRRG4, TNFAIP6, VNN1, and IL2RB)[9]. Table 1 summarizes the specificity and sensitivity of the abovemen-
tioned tests as well as the recommended frequency of each screening test.

Another technique of defining screening tests for CRC is by distinguishing between 1-step or 2-step approaches. The 1-
step approach such as colonoscopy simultaneously serves both diagnostic and therapeutic purposes. Colonoscopy is
effective in diagnosing early lesions or polyps and enables their removal during the same procedure. Polypectomy can
reduce the risk of mortality from CRC by 53%[10]. Consequently, the European Society of Gastrointestinal Endoscopy
recommendation involves the removal of all polyps, with the exception of miniscule rectal and rectosigmoid polyps that
are known to be hyperplastic[11]. In contrast, the 2-step approaches (FIT, gFOBT, CTC, and colon capsule) will require a
follow-up colonoscopy if the initial test results are positive. This requirement is a drawback of the 2-step tests,
contributing to why colonoscopy remains the gold standard approach for screening[12].

Screening tests are efficient in the context of increased adherence of the population to screening guidelines. Candidates
for screening include adults with no signs or symptoms of CRC who are at an average risk of developing CRC and have
no personal or family history of genetic disorders such as Lynch syndrome or familial adenomatous polyposis. However,
patients with risk factors for CRC are included in high-screening programs. Furthermore, individuals with abnormal
findings such as cancer or polyps should undergo surveillance colonoscopy regardless of their age[13]. Figure 1
summarizes the most updated societal recommendations for the screening of CRC.

Screening has significantly impacted the incidence and mortality rates of CRC. The use of gFOBT screening resulted in
a reduced incidence of CRC by 20% in the United States and 60% in Japan. Flexible sigmoidoscopy reduced the incidence
of CRC by 26% in the United Kingdom and 10% in Italy[14]. Regarding mortality rates, a gFOBT screening led to
reductions in the mortality rate of 31.7% in China, 30% in Japan, 18% in Denmark, 16% in France, 16% in Sweden, 15% in
the United Kingdom, and 13% in Italy. However, 1-year screening with gFOBT resulted in a higher reduction of mortality
rates compared to 2-year screening (32% vs 18%)[3]. It is without a doubt that screening is crucial in addressing the high
incidence and mortality rates of CRC.
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Table 1 Comparison between different screening tests for colorectal cancer

Test type Specificity, % Sensitivity, % Frequency, years Ref.
Stool-based tests
FIT 90-95 71-91 1-2 [23]
gFOBT 88-98 50-75 1-2 [24-26]
MT-sDNA 92.70 93.90 1-3 [27]
Endoscopic visualization
Colonoscopy 86 95 10 [28]
Sigmoidoscopy 87 95! 5 [28]
Colon capsule 76-98.2 81-87 5 [29,30]
Radiologic visualization
CTC 88 84 5 [28]

!Examining the distal part of the colon that is within reach of the sigmoidoscope.
CTC: Computed tomography colonography; FIT: Fecal immunochemical test; gFOBT: Guaiac-based fecal occult blood test; MT-sDNA: Multitarget stool

DNA.

Recommends CRC screening for all adults aged 45 years and older (QR)

Recommends CRC screening for all adults aged 50 years and older (SR)

Recommends that average-risk adults in good health who have a life expectancy of > 10 years
continue CRC screening through the age of 75 years (QR)

Recommends that clinicians individualize screening decisions for individuals aged 76 through 85
years, based on patient preferences, life expectancy, health status, and prior screening history (QR)
Recommends that clinicians discourage individuals over 85 years from continuing screening (QR)

Screening recommended for CRC in all adults aged 50-75 (Grade A)

Screening for CRC in all adults aged 45-49 years (Grade B)

Screening in adults aged 7685 years should be done selectively. Evidence indicates that the
net benefit of screening all persons in this age group is small. In determining whether this
service is appropriate in individual cases, patients and clinicians should consider the patient's
overall health, prior screening history, and preferences (Grade C)

Average risk adults aged 50-75 years should be screened
Average risk adults with a life expectancy of 10 years or less
should discontinue screening at 75 years of age

ACP 2019

Screening options:

Stool-based tests

FIT test every year

Hs-gFOBT test every year

MT-sDNA test every 3 years structural examinations
Colonoscopy every 10 years CTC every 5 years
Flexible sigmoidoscopy every 5 years

ACS 2018

HS-gFOBT or FIT every year

Stool DNA-FIT (mt-sDNA) every 1-3 years

CTC every 5 years

Flexible sigmoidoscopy every 5 years

Flexible sigmoidoscopy every 10 years + annual FIT
Colonoscopy screening every 10 years

USPSTF 2021

ACG 2021

FIT or HS-gFOBT test every 2 years
Colonoscopy every 10 years

Colonoscopy every 10 years
FIT or HS-gFOBT testing every year
mt-sDNA every 3 years

Average risk adults
to begin testing at
45 years of age

High risk populations:
Personal history of adenoma or sessile serrated polyp; Personal history of CRC;
Inflammatory bowel diseases (ulcerative colitis, Crohn's disease)

Figure 1 Colorectal cancer screening guideline recommendations from several societies. ACG: American College of Gastroenterology; ACP:
American College of Physicians; ACS: American Cancer Society; CRC: Colorectal cancer; CTC: Computed tomography colonography; FDR: First-degree relative;
FIT: Fecal immunochemical test; gFOBT: Guaiac-based fecal occult blood test; MT-sDNA: Multitarget stool DNA; NCCN: National Comprehensive Cancer Network;
QR: Qualified recommendation; SR: Strong recommendation; USPSTF: United States Preventative Service Task Force.

BARRIERS TO APPROPRIATE SCREENING STRATEGIES

Despite the proven mortality benefits, adherence to screening guidelines varies significantly between countries. In
Europe, the Netherlands has the highest adherence to screening guidelines, with a rate of 71.3%. Another 12 European
countries reported an adherence rate greater than 50% and Italy reported an adherence of 45.7%. However, Poland and
Belgium had an adherence rate below 20%[3]. Barriers affecting patient adherence include inadequate information and
consciousness about CRC and its screening measures, absence of doctor recommendations, emotional factors such as
anxiety, distress, and disgrace, in addition to social, spiritual, and sociodemographic factors including decreased income
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and feminine gender[15]. Ideally, total population screening based on clinical recommendations would be the most
efficient screening strategy to combat CRC; however, barriers to achieving total population screening are also limited by
human and financial resources, in addition to the aforementioned barriers.

Furthermore, establishing clear guidelines regarding who should be screened is still challenging, particularly with an
erratic disease such as CRC. For instance, previous recommendations involved screening adults who were older than 50
years. However, recent updates from the American Cancer Society and the United States Preventive Service Task Force
have extended screening recommendations to include individuals aged 45 and older due to an increase in the incidence of
CRC among younger adults[3]. Furthermore, in a recent systematic review of 24 clinical practice guidelines and five
consensus statements, the median overall quality and reporting were 54.0% and 42.0% and the applicability had low
quality in 83% of guidelines (24/29) which necessitates a revision and an enhancement of the current guidelines[16].

SCREENING STRATEGY OPTIMIZATION

In their retrospective study recently published in World | Gastroenterol, Agatsuma et al[17] elucidate the different stages of
CRC at the point of diagnosis according to the diagnostic routes by utilizing cancer registries from two Japanese
hospitals. They report that CRCs identified during hospital visits for comorbidities were diagnosed earlier, similar to
cancer screening, and emphasize that patients with comorbidities without periodic visits to the hospital should be
encouraged to undergo screening. With the high rate of CRC cases diagnosed via non-screening routes detected during
hospital visits for comorbidities, it is practical to also consider the population of patients with comorbidities who are not
routinely and periodically visiting the hospital, as this population of patients does not obtain early CRC recognition
benefits due to lesser number of hospital visits. However, the challenge of assessing the burden of comorbidities remains
unaddressed. Several studies have found that patients with chronic comorbid conditions harboring lower scores are more
likely to adhere to screening compared to patients with higher burden comorbidities. In a population-based study
conducted in Spain, it was found that patients with multiple minor chronic diseases were more inclined to participate in
screening compared to those with three or more major chronic diseases who were likely to participate less in screening
programs[12]. Wellbeing systems elaborated in the Population-Based Research Optimizing Screening by Personalized
Regimens consortium observed that with increased comorbidity, diagnosis with fecal blood testing only was less
common[18]. These patterns indicate a competing emphasis on morbidities and the notion of poor screening benefits for
patients with comorbidities[19]. Another factor contributing to the lower adherence of patients with comorbidities to
screening guidelines could be attributed to not being provided or suggested a screening measure by their healthcare
providers. It was reported that individuals with a chronic disease index score equal to 1 had 8%-9% chance of being given
a FIT, whereas those with a score greater than 4 identified as having an elevated disease burden were 13%-23% less likely
to be offered a FIT[20]. Thus, tackling adherence to screening in patients with comorbidities not visiting the hospital for
their routine check-ups should be addressed in the context of disease burden and screening emphasis.

Screening programs must be tailored to risk groups to provide approaches formulated to their risk of developing CRC
[21]. Furthermore, to determine whether screening is suitable in individualized cases, both patients and practitioners
ought to take into account the overall health of the patient, previous screening measures, and preferences[22]. In addition
to the comorbidity burden, which is highly valuable in identifying patients less likely to adhere to screening, certain risk
factors have been linked to tumorigenesis including smoking, lack of activity, excess fatness, and alcohol, which should
also be considered when selecting high-risk individuals. However, protective factors such as aspirin and nonsteroidal
anti-inflammatory drug use, and dietary interventions such as Mediterranean diet, high intake of fiber from fruits and
vegetables, and intake of certain nutraceuticals such as curcumin, resveratrol, and quercetin may play a preventive role.
Furthermore, the age at which CRC screening should begin needs to be identified to seize critical CRC cases while at the
same time considering the cost-effectiveness of these tests, looking at regional epidemiology, and weighing the
anticipated benefits vs harms.

CONCLUSION

Screening guidelines with limited adherence will not be effective in reducing CRC mortality and incidence. It is thus
crucial to address barriers limiting patient adherence to screening guidelines and target patients with comorbidities who
are not receiving routine clinical check-ups. Patients with comorbidities undergoing routine check-ups are diagnosed
early similar to patients who undergo regular screening tests. The reason behind this finding is that patients with
comorbidities undertake imaging studies and colonoscopies due to an abnormal test result or after experiencing certain
symptoms, which might result in an earlier diagnosis. Comorbidities are categorized into two; those with a high burden
and those with a low burden. High-burden comorbidities are inversely related to screening measures and should
therefore be targeted. As for physician recommendations for screening, this should also be tailored to high-burden
comorbidities
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Abstract

In this editorial, the roles of tata-box-binding protein-associated factor 15 (TAF15)
in oncogenesis, tumor behavior, and as a therapeutic target in cancers in the
context of gastrointestinal (GI) tumors are discussed concerning the publication
by Guo et al. TAF15 is a member of the FET protein family with a comprehensive
range of cellular processes. Besides, evidence has shown that TAF15 is involved in
many diseases, including cancers. TAF15 contributes to carcinogenesis and tumor
behavior in many tumors. Besides, its relationship with the mitogen-activated
protein kinases (MAPK) signaling pathway makes TAF15 a new target for the-
rapy. Although, the fact that there is few studies investigating the expression of
TAF15 constitutes a potential limitation in GI system, the association of TAF15
expression with aggressive tumor behavior and, similar to other organ tumors,
the influence of TAF15 on the MAPK signaling pathway emphasize that this
protein could serve as a new molecular biomarker to predict tumor behavior and
target therapeutic intervention in GI cancers. In conclusion, more studies should
be performed to better understand the prognostic and therapeutic role of TAF15
in GI tumors, especially in tumors resistant to therapy.

Key Words: Gastrointestinal cancer; Tata-box-binding protein-associated factor 15; Cell
proliferation; Cell migration; Prognosis

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

July 28,2024 | Volume30 | Issue28 |


https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v30.i28.3367
mailto:elpek@akdeniz.edu.tr

Elpek GO. TAF15 in GI tumors

Core Tip: Recently, the role of tata-binding protein associated factor 15 (TAF15) in many diseases, including cancer, has
been suggested. Current results support the hypothesis that TAF15 expression is related to aggressive behavior by
contributing to many pathways that are involved in tumor progression. Although its role in prognosis has not been entirely
determined in gastrointestinal cancers, the fact that increased TAF15 expression is associated with adverse clinicopatho-
logical parameters warrants further study with the aim of better understanding its role in predicting prognosis. Moreover,
based on its association with the mitogen-activated protein kinases signal pathway, its significance as a therapeutic target,
particularly in tumors resistant to treatment awaits investigation.

Citation: Elpek GO. Tata-box-binding protein-associated factor 15 as a new potential marker in gastrointestinal tumors. World J
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INTRODUCTION

Tata-box-binding protein-associated factor 15 (TAF15) is a type of RNA-binding protein that belongs to FET protein
family[1,2]. TAF15 is a crucial regulator of RNA metabolism and plays a significant role in the normal functions of RNA
[3-5]. Prior research has shown that chromosomal translocation of FET genes, including TAF15 can result in the formation
of fusion oncoproteins in several types of tumors, such as sarcomas and leukemias[6-8]. Moreover, the knockdown and
inhibition of TAF15 has an impact on the expression of a substantial number of genes, a considerable proportion of which
are implicated in the regulation of the cell cycle and programmed cell death[3,9-11]. Multiple studies have demonstrated
that TAF15 plays a role in various types of human diseases including malignancies[12-14]. The involvement of TAF15 in
the cellular interactions that promotes cell proliferation and migration has been demonstrated, suggesting a role in tumor
progression[15-17]. Recent studies have demonstrated that TAF15 has the ability to activate the mitogen-activated protein
kinases (MAPK) signaling pathway in malignant tumors[15-17]. Moreover, the contribution of TAF15 in the drug
tolerance of cancer cells has been noted[18,19]. Despite the existence of this evidence regarding the relationship of TAF15
with oncogenesis and tumor behavior, the exact role of this protein in these events and whether it can be used as a
therapeutic target has not been fully elucidated.

Therefore, in this article, the activity of TAF15, a protein with a multifaceted role, in cancer and its potential as a
treatment target are discussed in the context of gastrointestinal (GI) tumors[20-32].

TAF15

This protein is encoded by the TAF15 gene; this gene is located at chromosome 17q12 and was first reported in 2002 in a
case of B-cell anaplastic large cell lymphoma[33]. As noted above, TAF15 is a member of the FET protein family (FUS-
EWS), which contributes to cellular processes, including RNA splicing, transcription, mRNA transport, signaling,
modification, translation, and preservation of genomic integrity[1,9,11]. Several evidence indicates that the suppression of
the TAF15 gene with siRNA had a significant effect on the expression of a large number of genes, which are predom-
inantly linked to cell proliferation and death[3,4]. On the other hand, the diverse localization of TAF15 at the cell surface
and cytoplasm and its primary localization in the cell nucleus suggests that it has a function beyond DNA and RNA
binding[34,35]. The contribution of TAF15 to the cellular stress response, cell adhesion, and migration via its regulation
and interaction with numerous proteins has been demonstrated[36]. Accumulated data pointed out the contribution of
TAF15 in different forms of diseases, including malignant tumors.

TAF15 IN CANCERS

Recent experimental studies in lung carcinoma cell cultures have revealed a new role for TAF15 in carcinogenesis in
squamous cell carcinomas and its association with long noncoding RNAs in this process[36]. In parallel to these findings,
increased expression of TAF15 is associated with a decrease in survival rates. The contribution of TAF15 in carcinogenesis
by stabilizing the MAPK signaling pathway has been also observed, a finding of significant clinical relevance[16].
Additionally, in adenocarcinomas, TAF15 has been shown to participate in interleukin-6-activated epithelial-to-
mesenchymal transition and invasion to facilitate metastasis[37]. The experimental inhibition of TAF15 by transcriptional
intermediary factor-1y has been demonstrated to prevent this phenomenon, further highlighting the urgent need to
elucidate TAF15-related mechanisms for potential therapeutic interventions[37]. Moreover, blockade of TAF15 with an
antibody is a feasible approach for enhancing the cytotoxicity of radiation in lung cancer, and this approach may lead to
improved outcomes in non-small cell lung cancer patients with TAF15 overexpression[10].
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Figure 1 The transcription activation complex involving tata-box-binding protein-associated factor 15, and its relationship with the
mitogen-activated protein kinase signaling pathway. For the recruitment of RNA polymerase Il to protein coding gene promoters, a sequential addition of
specific general transcription factor is required. Transcription factor (TF) 1D recognizes a specific sequence, the tata-box, and binds to this motif by tata-box binding
protein (TBP) assisted by TBP-associated factors. This process creates a sharp bend in the promoter DNA. TBP recruits TFIIA, then TFIIB, to this promoter. TFIIB
recruits RNA polymerase Il and TFIIF to the promoter. TFIIE joins to this complex and recruits TFIIH leading to unwind DNA at promoter and form the transcription
bubble. The template strand of the transcription bubble engages with the RNA polymerase Il active site and RNA synthesis begins. TBP-associated factor 15 shuttles
between the nucleus and cytoplasm, and promotes the proliferation, migration and invasion of tumor cells via the activation of RAF1/MEK/ERK signaling pathway.
MAPK: Mitogen-activated protein kinase; TF: Transcription factor; TBP: Tata-box binding protein; TAF15: Tata-box-binding protein-associated factor 15.

In breast cancer, recruitment of TAF15 by LINC00504 stabilizes CEPB2 mRNA, which is associated with radio
resistance and contributes to its overexpression. In addition, LINC00504 silencing increased radiosensitivity by blocking
TAF15[17].

In melanomas, the association of TAF15 with oncogenesis and the impact of its suppression on the inhibition of tumor
cell proliferation have also been documented[35].

TAF15 IN GI CANCERS

Regarding GI system, in colorectal cancer cell cultures, the interaction of long noncoding RNA blood vessel epicardial
substance (BVES) antisense RNA 1 with miR-522-3p and TAF15 has been demonstrated to regulate BVES expression,
which might offer a perspective for colorectal cancer treatment, but further study is needed[38]. In an elegant study, Tang
et al[15] revealed significant upregulation of TAF15 in gastric cancer (GC) tumor tissues and cell lines. The overexpression
of TAF15 was found to be correlated with increased tumor size, advanced pathological stage, and invasion. Importantly,
the knockdown of TAF15 hindered the proliferation, migration, and invasion of tumor cells in cell culture and restrained
tumor growth. Furthermore, this knockdown resulted in substantial decreases in the phosphorylation levels of RAF1,
MEK, and ERK1/2, key components of the RAF1/MEK/ERK signaling, indicating the involvement of TAF15 in this
pathway and suggesting that it could serve as a promising molecular diagnostic marker or therapeutic target for GC. A
human antibody that recognizes a tumor-specific TAF15 antigen that inhibits tumor cell adhesion and spreading in
stomach cancer, PAT-BA4, has been described[35].

In GI stromal tumors (GISTs), the influence of TAF15 expression on oncogenesis and prognosis has been analyzed in a
recent report[39]. In this multidisciplinary study, the authors first discovered the significant upregulation of TAF15 in
tumor tissues and cell lines. This upregulation was reflected by the overexpression of TAF15 in 31 patients with GIST and
correlated with larger tumor size and high-risk stage, indicating its role in oncogenesis and tumor cell behavior. Although
the number of patients was limited, these findings suggest that the TAF15 may be effective in determining the prognosis
of GISTs and is worthy of further study. More interestingly, TAF15 knockdown, in addition to suppressing tumor cells
and inhibiting tumor growth, also reduced the levels of phosphorylated RAF1, MEK and ERK1/2 in these cells. This
observation suggested that TAF15 affects tumor cell behavior by regulating cell proliferation and migration via the RAF1/
MEK/ERK signaling pathway.

These data support previous findings that TAF15 acts via the RAF1/MEK/ERK signaling in tumor progression across
different tumor types and that TAF15 may be a potential therapeutic target in GI cancers, particularly in treatment-
resistant tumors (Figure 1).
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Furthermore, the discovery that 0-AMA, an RNAPII inhibitor, is effective in reducing drug tolerance in cancer cells
through TAF15 inhibition suggests that this protein may be a promising therapeutic target for preventing posttreatment
relapses in solid tumors[40]. These findings indicate that a pharmacological strategy involving the use of novel chemicals
that might also prevent aggressive behavior of tumor cells in patients with GI cancers by targeting TAF15.

Therefore, understanding the regulation of TAF15 is highly important considering the significant role of modifications
in dysregulation of its expression, which affects malignant transformation and tumor progression in GI tumors.
Moreover, new insight into its role as a distinct transcriptional regulator, together with its connection to signaling
networks, especially the RAF1/MEK/ERK pathway, will facilitate the advancement of therapies for these tumors.

CONCLUSION

Beyond its involvement in gene fusions, TAF15 is a protein with a broad repertoire of influences on cancers, considering
its roles in oncogenesis, tumor progression, and treatment. The expression of TAF15 in GI malignancies and its
relationship with aggressive tumor cell behavior warrant further studies in larger cohorts. The association of TAF15 with
progression-related clinicopathological factors and its value as an independent prognostic factor and indicator of
aggressive tumor behavior in patients with GI tumors require further study. More importantly, the close relationship
between TAF15 and the MAPK signaling pathway in GI cancers suggests that TAF15 may be a potential therapeutic
target, especially in treatment-resistant cases.
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Abstract

The perianal disease affects up to one-third of individuals with Crohn's disease
(CD), causing disabling symptoms and significant impairment in quality of life,
particularly for those with perianal fistulising CD (PFCD). The collaborative effort
between gastroenterologists and surgeons is essential for addressing PFCD to
achieve fistula closure and promote luminal healing. Limited fistula healing rates
with conventional therapies have prompted the emergence of new biological
agents, endoscopic procedures and surgical techniques that show promising
results. Among these, mesenchymal stem cells injection is a particularly hopeful
therapy. In addition to the burden of fistulas, individuals with perianal CD may
face an increased risk of developing anal cancer. This underscores the importance
of surveillance programmes and timely interventions to prevent late diagnoses
and poor outcomes. Currently, there is no established formal anal screening
programme. In this review, we provide an overview of the current state of the art
in managing PFCD, including novel medical, endoscopic and surgical approaches.
The discussion also focuses on the relevance of establishing an anal cancer
screening programme in CD, intending to propose a risk-based surveillance
algorithm. The validation of this surveillance programme would be a significant
step forward in improving patient care and outcomes.

Key Words: Inflammatory bowel disease; Crohn's disease; Perianal; Fistula; Anus diseases;
Management; Anal cancer; Screening
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Core Tip: Perianal fistulising Crohn's disease remains one of the most complex phenotypes of inflammatory bowel disease.
Effective management involves a multidisciplinary approach. This review seeks to assess the existing evidence and emerging
literature to provide clinicians with objective guidance for clinical practice concerning the optimal medical, endoscopic and
surgical treatment of perianal fistulas. Future directions in management are also being reviewed. Additionally, the discussion
underscores the significance of implementing an anal cancer screening programme, given the heightened risk faced by these
patients. An algorithm for anal cancer screening is proposed with the ultimate goal of enhancing patient outcomes.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic and progressive inflammatory condition affecting the gastrointestinal tract,
categorised into two major subtypes: Crohn's disease (CD) and ulcerative colitis (UC). These conditions are highly
disabling and can present with a broad spectrum of clinical manifestations, encompassing both intestinal and extra-
intestinal symptoms[1-3]. The perianal CD is one of the many phenotypes of IBD, presenting with skin tags, fissures and
anorectal stenosis, as well as fistulas and abscesses, affecting up to one-third of patients[4-6]. Individuals with perianal
fistulising CD (PFCD) experience a more challenging condition characterised by a substantial decrease in quality of life
due to incapacitating symptoms and limited treatment effectiveness. With the development of novel therapeutics, fistula
healing rates seem to be promising[7-9].

Rarely, PFCD can complicate malignancy, as patients might be at increased risk for anal canal-located and fistula-
related cancer development[3,10-12]. This risk increases with disease duration[3,11,12]. The patient prognosis is generally
poor due to a late diagnosis, and the lack of specificity of symptoms may explain why cancer diagnosis is often delayed
[11,13]. For this reason, surveillance programmes aimed at early detection of neoplastic lesions are urgent.

In this review, we discuss the management of PFCD with a focus on emerging therapies. We also propose an anal
cancer screening programme for individuals with IBD.

ANATOMY AND CLASSIFICATION

An adequate evaluation, characterisation and classification of perianal lesions are essential for determining the
appropriate therapeutic approach.

One commonly used classification system for perianal fistulas is the Parks classification, which categorises fistulas into
five anatomical categories based on their relation to the sphincter complex (superficial, intersphincteric, transsphincteric,
suprasphincteric and extrasphincteric)[14]. Another major classification system is the American Gastroenterological
Association classification, which divides perianal fistulas into two subtypes: Simple and complex. A simple fistula is
characterised by a low location, a single external opening, and no association with a perianal abscess, rectovaginal fistula
or anorectal stricture. A complex fistula has a high origin, may have multiple external openings, and is often associated
with a perianal abscess, a rectovaginal fistula or anorectal stricture[15]. Complex fistulas are more commonly found in
CD patients|[8].

DIAGNOSIS

Diagnostic modalities for PFCD include examination under anaesthesia (EUA), fistulography, computed tomography
[16], magnetic resonance imaging (MRI) and endoscopic ultrasound (EUS).

Imaging with fistulography or pelvic computed tomography has limited accuracy. In contrast, pelvic MRI, rectal EUS
and EUA are reasonably accurate methods for classifying PFCD. Combining either pelvic MRI or rectal EUS with surgical
evaluation may represent the optimal approach for clinical practice. The choice of imaging modality should depend on
local expertise[17].

MEDICAL THERAPY

The management of PFCD constitutes a difficult challenge in treating patients with IBD. In addition to unsatisfactory
fistula healing rates, these patients have an increased risk of more severe luminal disease[18]. The treatment goal for
fistulas is their closure, which requires addressing and preventing infection and abscesses, as well as promoting luminal
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healing[19]. The most recent advances in perianal fistula treatment in CD have shown promising efficacy and
underscored the importance of a multidisciplinary approach involving gastroenterologists and surgeons[7,20,21].
Our proposed algorithm for guiding management is presented in Figure 1.

Antibiotics
Antibiotics, especially ciprofloxacin and metronidazole, are commonly used as first-line treatments for PFCD. They are
often used as adjuncts to surgery, immunomodulatory or biological treatment to manage perianal sepsis effectively[22].

Several observational studies with small sample sizes have demonstrated the efficacy of metronidazole (at doses of 10-
20 mg/kg/day) and ciprofloxacin (at doses of 1000 mg/day) alone or in combination, achieving fistula closure in up to
50% of cases after six to eight weeks of treatment[23,24].

Adding antibiotics to thiopurines, infliximab (IFX) or adalimumab (ADA), has been shown to be significantly more
effective than these agents in monotherapy[25,26]. However, side effects such as digestive intolerance with high doses of
metronidazole or neuropathy with low but sustained doses, as well as disease recurrence upon discontinuation or dose
reduction of antibiotics, limit their long-term use[24].

Thiopurines

Evidence regarding the use of azathioprine or 6-mercaptopurine (6-MP) in monotherapy is indirect, as none of the studies
were specifically designed to evaluate the response of perianal disease to the medications. Therefore, the results should
be interpreted with caution.

A meta-analysis published in 1995 analysed five studies on azathioprine or 6-MP in PFCD as a secondary outcome. It
was found that thiopurines improved fistula symptoms and healing compared with a placebo (odds ratio 4.44, 95%CI:
1.5-13)[27].

A Cochrane review from 2016 reported no differences in fistula response between patients who received azathioprine
and those who were given a placebo (3 studies, 18 patients; relative risk: 2.0; 95%CI: 0.67-5.93). The overall quality of the
evidence was found to be low[28].

A randomised, double-blind, placebo-controlled trial of azathioprine or 6-MP therapy in patients with PFCD would be
of significant interest. Future research should also assess the efficacy and safety of the use of thiopurines with biologics in
PFCD. Currently, the most recent guidelines do not recommend the use of thiopurines as monotherapy but rather as an
adjuvant to anti-tumour necrosis factor (anti-TNF) agents[19,22].

Tacrolimus

The efficacy of tacrolimus in the treatment of PFCD was evaluated in a multicentre trial where 48 patients were
randomised to receive either placebo or tacrolimus orally at a dose of 0.2 mg/kg/day for 10 weeks[29]. Although there
was a significantly higher improvement in fistulas (defined as the closure of more than 50% of active fistulous orifices) in
the tacrolimus group (43% vs 8%), there were no differences in complete healing, defined as the closure of all fistulas for
at least four weeks (10% vs 8%). Furthermore, significant side effects were observed. However, some studies have shown
tacrolimus to be effective in inducing remission and serving as a bridge to treatment with azathioprine or 6-MP[30].

In 2011, a systematic review was published on the effect of tacrolimus on IBD[31]. It also analysed studies related to
PFCD and concluded that when administered orally long-term (six months), tacrolimus achieves improvement and
remission of perianal fistulas in 57% and 29% of cases, respectively. All studies reported side effects such as tremor,
paraesthesia and nephrotoxicity, which usually decrease with a dose reduction or discontinuation of tacrolimus.

A subsequent systematic review and meta-analysis showed similar results, indicating only a modest effect on fistula
response and remission rates for systemic administration of tacrolimus in patients with perianal CD, with a tolerable
incidence of adverse events[32].

Regarding topical tacrolimus, a recently published systematic review demonstrated no differences in fistula outcomes
when compared with placebo[33].

Anti-TNF agents

Anti-TNF drugs revolutionised the treatment of PFCD. Both IFX and ADA have shown their usefulness in the induction
and maintenance of remission in PFCD; data on certolizumab pegol (CZP) are scarce and inconclusive. No studies have
evaluated the resolution of perianal disease as a primary outcome with ADA or CZP.

In 1999, Present et al[34] published the first randomised trial, which included 94 patients with at least one active fistula.
Patients were treated with IFX at doses of 5 or 10 mg/kg, compared to a control group treated with a placebo. The 5 mg/
kg dose of IFX, administered via intravenous infusion and repeated at two and six weeks, was significantly superior to
placebo. It resulted in both complete healing of all fistulas (55% vs 13%) and a decrease of 50% or more in the number of
active fistulas (68% vs 26%).

Subsequently, the ACCENT II study demonstrated that IFX (5 mg/kg every eight weeks) was superior to placebo in
preventing recurrence at 12 months, with complete fistulous closure rates of 36% and 19%, respectively (P = 0.009)[35].

Recent interest has emerged in evaluating and optimising the therapeutic dosing of anti-TNF agents to enhance
outcomes. While optimal trough levels have been proposed for treating luminal disease, their adequacy for perianal
disease remains incompletely assessed. Several studies have shown a clear exposure-response relationship, with higher
serum therapeutic levels of IFX associated with improved outcomes in fistula closure[36-40]. Yarur et al[39] demonstrated
that achieving IFX levels of > 10.1 mcg/mL during maintenance therapy in PFCD may improve fistula healing rates.
Moreover, in the post hoc analysis of the ACCENT-II study, it was also observed that higher post-induction IFX concen-
trations are associated with early fistula response and complete fistula response[40].
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Figure 1 Suggested algorithm for management of perianal fistulising Crohn's disease. TNF: Tumour necrosis factor; LIFT: Ligation of the
intersphincteric fistula tract; VAAFT: Video-assisted anal fistula treatment; FiLaC: Fistula laser closure; MSC: Mesenchymal stem cell.

Regarding ADA, evidence of its effectiveness in PFCD comes from several post hoc analyses. In the CHARM study,
which included 113 patients with PFCD, it was concluded that 30% achieved fistula closure after 26 weeks of treatment,
compared to 13% in the placebo group. This effect was maintained throughout the 56 weeks of the study, with 33%
achieving fistula closure compared to 13%[41].

The CHOICE study demonstrated the effectiveness of ADA for PFCD following IFX failure, with fistula closure
associated with an improvement in quality of life observed in 39% of patients[42].

ADA studies have also found an association between higher serum levels and improved fistula outcomes, with levels
above 9.0 mg/mL consistently demonstrating increased rates of fistula closure[36,38,39,43].

The efficacy of CZP in achieving fistula closure has been analysed in the PRECISE 1 and 2 studies, with no significant
differences observed compared to placebo in the induction of remission[44,45]. In a subgroup analysis of 58 patients from
PRECISE 2 (55 of whom had PFCD) who responded to induction therapy with CZP and were randomised to placebo vs
anti-TNF, fistula closure was observed at week 26 in 36% of those who received certolizumab vs 17% of those who
received placebo (P = 0.038). However, this difference disappeared during the follow-up[46]. Based on the available
evidence, the recommendation for the use of CZP in the treatment of PFCD is limited.

The local injection of anti-TNF agents into perianal fistulas has been described as an effective therapeutic approach.
However, studies on this method have several limitations that should be taken into consideration, including small sample
sizes, short follow-up periods, a lack of controls and variability in the technique of injections and outcome measures[7,8].

Vedolizumab

Exploratory analyses from the GEMINI 2 trial suggested that vedolizumab might be effective in PFCD. In this study, data
from 57 patients with a draining fistula showed a non-significant trend towards improved fistula healing among patients
randomised to vedolizumab compared with those receiving a placebo[47]. A small sample size leads to imprecise
estimates of efficacy, which limits the extrapolation of results.

A large multicentre French study on vedolizumab in fistulising CD refractory to anti-TNF agents identified a low
success rate of vedolizumab. Less than a quarter of the 102 patients with active perianal CD achieved fistula closure.
Furthermore, one-third of patients with inactive perianal lesions at the initiation of vedolizumab treatment experienced
perianal CD recurrence[48].

The ENTERPRISE study was the only randomised controlled trial (RCT) that compared two different induction
schedules of vedolizumab (300 mg intravenously at weeks 0, 2, 6, 14 and 22 vs the same regimen plus an additional dose
at week 10). Sustained improvements in fistulising CD were seen with both vedolizumab regimens (42.9% of patients
achieved fistula closure at week 30), and an additional dose at week 10 does not appear to affect treatment outcomes[49].
However, the lack of a placebo control group and the small number of participants do not allow the study to provide a
definitive answer on the impact of vedolizumab on fistula closure.
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Ustekinumab
Limited evidence supports fistula healing with ustekinumab therapy.

No prospective study has specifically evaluated the efficacy of ustekinumab in PFCD.

The Spanish experience in a large multicentre study demonstrated clinical improvement in most of the patients with
active PFCD. Specifically, 11 (61%) patients showed clinical improvement in their perianal fistula. However, these
promising findings should be considered with caution because of the small number of patients assessed[50].

In the Dutch Initiative on Crohn and Colitis[51] registry, a nationwide prospective observational study, 36% of patients
achieved clinical remission of perianal fistulas after 24 weeks of treatment[52].

Results for fistula healing from the pivotal trials of ustekinumab UNITI-1, UNITI-2 and CERTIFI were published as an
abstract[53-55]. This post hoc analysis of 238 patients with PFCD revealed a non-significant trend towards improved
fistula healing in patients randomised to ustekinumab compared with placebo[55].

Further confirmation through RCTs is required to determine the beneficial role of ustekinumab in PFCD.

Hyperbaric oxygen therapy

Hyperbaric oxygen therapy (HBOT) involves the inhalation of 100% oxygen inside a pressurised chamber. While it is a
well-established treatment for certain conditions, its role in treating IBD remains somewhat controversial. In the context
of PFCD, HBOT has the potential to enhance tissue oxygen levels, creating an inhospitable environment for anaerobic
organisms. Additionally, it may diminish active inflammation by suppressing proinflammatory cytokines, enhancing the
host antibacterial response, promoting the synthesis of growth factors and stimulating angiogenesis, ultimately aiding in
the healing process of fistulas[51]. In a meta-analysis, complete fistula healing in PFCD was reported at 47.64% (22.05%-
74.54%), while partial healing was observed at 34.29% (17.33%-56.50%). The majority of adverse events were minor,
including intolerance, anxiety, difficulty normalising middle ear pressure, abdominal pain, vomiting, fatigue and visual
changes. Severe adverse events primarily involved middle ear barotrauma[56].

HBOT has also been investigated as a potential adjunctive therapy for perianal disease. Feitosa et al[57] showed that
adjunctive HBOT was associated with significant healing rates (80%) for PFCD.

In the HOT-TOPIC trial, Lansdorp et al[58] reported the long-term (week 60) follow-up of 20 patients with therapy-
refractory perianal fistulas in CD who underwent 40 sessions of HBOT over a period of eight weeks. Four patients (20%)
achieved a fibrotic fistula complex with no other signs of activity on MRI, indicating deep healing. Furthermore, 60% of
patients had inactive perianal disease, as measured by the perianal disease activity index at week 60. The absence of a
control group is a limitation of this study.

The overall scientific evidence suggests that HBOT is linked with beneficial effects in patients with IBD. However,
RCTs are needed to make a definitive recommendation.

ENDOSCOPIC THERAPY

The role of novel endoscopic therapies in PFCD management is now being studied. This growing interest and need are
likely related to the lower invasiveness of these procedures compared to surgical ones and the possibility of them being
performed on an outpatient basis.

Endoscopic fistulotomy

In a case series involving 29 patients with fistulas and IBD who underwent endoscopic fistulotomy, the technique was
found to be both safe and effective. Successful treatment was observed in 26 patients (89.6%)[59]. To date, no single
therapy has shown such high success rates. The main limitation of endoscopic fistulotomy is that it cannot be used for
long and complex fistulas[59-63].

Endoscopic seton placement

The use of endoscopic seton placement has been described in treating perianal fistula-associated abscesses, irrespective of
the presence of underlying IBD. While it proves to be effective in managing simple, single-tract perianal fistulas, it is not
feasible when dealing with complex or branched fistulas[62].

Endoscopic clipping with over-the-scope clips
Limited information exists in the literature regarding the use of over-the-scope clips in PFCD.

In a small retrospective study conducted at a single centre on refractory anal fistulas involving 10 patients, including
six individuals with perianal CD, the procedure showed technical success in all patients. Permanent fistula closure was
achieved in seven out of 10 patients (70%) within a median time of 72 days. Notably, among the six patients with CD, five
experienced successful closure of their anal fistulas[64]. The long-term efficacy of it is unknown.

The epithelialisation of the fistula track, along with the presence of inflammation and fibrosis at and around the fistula
opening, complicates the implementation of this technique in clinical practice[7,62].
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SURGICAL THERAPY

Managing PFCD remains a complex challenge that frequently requires a multidisciplinary approach[65]. Before initiating
surgical treatment, it is crucial to evaluate the presence of luminal inflammation, with special attention to proctitis. It is
recommended to adopt a conservative approach in such cases because the presence of inflammation is associated with
fistula persistence and a higher complication rate, including the need for proctectomy.

Conventional surgical therapies carry the risk of faecal incontinence or permanent stoma, in addition to disappointing
fistula closure rates. Consequently, research has been dedicated to finding effective treatments with fewer side effects.
Recently, the local injection of mesenchymal stem cells (MSCs) has emerged as the most promising minimally invasive
treatment for fistulas, demonstrating higher efficacy in PFCD management[66,67].

Seton placement

There is a consensus that managing sepsis and preventing perianal infections is essential prior to initiating any treatment
that impacts the immune system response. Therefore, loose setons should be positioned to prevent abscess formation[9,
20,21,68]. It is crucial to avoid treatments that disturb the sphincter, such as a cutting seton[20,69]. The optimal timing of
seton removal is uncertain. The removal of setons is necessary to allow for the complete healing of fistula tracks.
However, in some cases, patients may necessitate long-term setons to prevent or delay proctectomy[9,21].

Fistulotomy

In cases of simple fistulas without proctitis, fistulotomy is the most commonly employed technique, yielding favourable
outcomes. In patients with complex perianal fistulas, the use of fistulotomy may be avoided due to the risks of
impairment of continence, recurrence and poor wound healing, making this treatment rarely appropriate in the context of
CD[8,9,20].

Ligation of the intersphincteric fistula tract, advancement flaps and infill procedures

Surgical options for PFCD also include ligation of the intersphincteric fistula tract (LIFT), advancement flaps (AF), fistula
plugs and fibrin glue injection. A surgical attempt at fistula closure is recommended only after achieving endoscopic
remission of the proctitis[20].

For PFCD, no significant differences were observed between AF and LIFT for the overall success rate (61% vs 53%,
respectively), but continence was better preserved after LIFT[70]. Systematic reviews have demonstrated the effectiveness
of anal fistula plugs in approximately 50%-60% of fistulas related to CD[71,72]. This procedure is considered safe, with
reasonable success rates, low morbidity and a minimal risk of incontinence. However, the evidence supporting its efficacy
is not robust due to factors such as small cohort sizes, heterogeneity and a lack of standardisation. Fibrin glue is a conse-
rvative topical technique that preserves sphincter function. In a prospective RCT involving 36 patients with PFCD, fibrin
glue therapy demonstrated effective treatment in 38% of cases after eight weeks, compared with 16% of patients who
were observed without intervention after seton removal (P = 0.04)[73]. The benefit seemed to be greater for patients with
simple fistulas. A meta-analysis revealed no significant difference between fibrin glue and conventional surgery
(fistulotomy, seton and AF) concerning recurrence and faecal incontinence rates[74]. Glue and plugs can also be
administered via endoscopic procedures; however, their efficacy and safety still need to be proven[62].

Prospective studies with a large number of CD patients are further awaited.

Ablative procedures

Newer sphincter-preserving therapies, such as fistula laser closure (FiLaC) and video-assisted anal fistula treatment
(VAAFT), have been described for PFCD treatment[75-78]. Both techniques share the fundamental principle of destroying
the epithelium of the fistula tract. FiLaC achieves this using laser energy, while VAAFT accomplishes it through caute-
risation. Currently, these therapies are only available at a limited number of specialised centres. Despite presenting
promising results, the role of these procedures in PFCD needs to be established through comparative studies with other
techniques, and additional data are certainly required to make informed decisions.

MSCs
A notable increase in clinical trials has been focused on investigating the safety and effectiveness of MSCs in treating
PECD.

In the first RCT of adipose-derived MSCs (Cx601) for the treatment of 202 patients with complex treatment-refractory
PFCD, the results revealed that 50% of patients treated with Cx601 (darvadstrocel) achieved complete remission 24 weeks
after treatment, compared to 34% of the placebo group. The administration of stem cell treatment was well tolerated[79].

A subsequent randomised placebo-controlled trial aimed to assess the long-term efficacy and safety of a single local
administration of allogeneic expanded adipose-derived stem cells in patients with CD and perianal fistulas. One-year
outcome data demonstrated a significantly higher proportion of patients who received Cx601 (darvadstrocel) achieved
combined remission (56.3%) compared to controls (38.6%), showing a difference of 17.7% (P = 0.010). Combined remission
was defined as the closure of all treated external openings that were draining at baseline and the absence of collections >
2 cm on MRL

Despite the heterogeneity in protocols using allogeneic or autologous MSCs derived from bone marrow or adipose
tissue, different dosages of MSCs, variability in the number of times patients were treated, and use or non-use of
scaffolding in delivery, additional studies have demonstrated higher efficacy and a lower incidence of adverse events
with MSCs compared to control subjects for the treatment of PFCD[66,67].
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The findings from the mentioned studies provide positive indications of MSCs for treating PFCD, demonstrating
favourable outcomes in terms of both safety and effectiveness. However, the optimal dosage and the required number of
MSC injections for achieving the highest healing rates remain undetermined. Consequently, there is an opportunity to
refine treatment protocols in the field of cell-based therapy. The authors believe that this promising area holds the
potential to revolutionise the management of PFCD in the foreseeable future.

Faecal diversion and proctectomy

Guidelines recommend that in cases of refractory complex perianal CD, diverting the faecal stream may be necessary to
relieve clinical symptoms when medical and local surgical management strategies have failed. Patients should becoun-
selled about the low rates of successful reversal and the likelihood of progression to proctectomy[21,68]. Proctectomy is
effective but should be considered a last resort[80].

After faecal diversion, most patients experience initial clinical improvement; however, the probability of restoring
bowel continuity is low (around 20%). Furthermore, nearly half of the patients ultimately require proctectomy with a
permanent stoma for severe perianal disease[81,82]. Rectal involvement in CD was linked to a reduced likelihood of
restoring bowel continuity, and biological therapy did not appear to enhance the outcomes of faecal diversion[81].

ANAL CANCER RISK IN IBD

General considerations and pathogenesis

IBD of the colon is associated with a higher risk of certain complications, including the onset of colorectal cancer (CRC)
[83]. CRC significantly contributes to mortality rates among patients with CD[84]. Although the primary focus in IBD is
usually on CRC, emerging literature suggests that individuals with IBD, especially those with anal or perianal CD, have
an increased risk of anal cancer[10,83,85]. In an analysis of data collected in the French CESAME study from 19486 IBD
patients, Beaugerie et al[85] found an incidence rate ratio of 9.36 [95%CI: 2.61-33.54] for anorectal cancer in perianal CD
patients compared to CD patients without anal and/or perianal involvement. Patients who develop anal cancer are
typically those with long-standing anorectal inflammation[11,85]. In fact, early disease onset, disease duration exceeding
10 years, chronic colitis with high inflammatory activity and chronic active fistulas and stenosis appear to be associated
with malignant transformation[86]. These risk factors seem to validate the role of chronic inflammation in tumorigenesis,
providing yet another reason why we should be increasingly ambitious with our therapeutic targets in perianal CD. In
addition to systemic and local inflammatory processes, the pathophysiological mechanisms that lead to anal cancer in
IBD are also related to human papilloma virus (HPV) infection, decreased local gut immunity and drug-induced
immunosuppression[13,87].

Squamous-cell carcinoma (SCC) is the most frequent histological subtype of anal canal cancer, followed by adenocar-
cinoma[88]. SCC and adenocarcinoma can also develop from the fistula-lining epithelium in patients with perianal CD.
However, in comparison to the overall incidence of anal cancers in CD, the occurrence of cancer in perineal fistulas seems
to be relatively low[89].

Symptoms attributed to cancer are non-specific and often similar to those associated with anal and perianal diseases.
Bleeding, pain and discharge may be noted[90]. In the series reported by Matsui ef al[91], among 29 CD patients with
rectal and anal cancer, 20 were diagnosed because of cancer-related symptoms (persistent pain in 15 patients, mucus
discharge in four patients, and bleeding in four patients). All patients had advanced cancer despite the average duration
from symptom onset to diagnosis being only 4.2 months. In case of any changes in anal symptoms, patients with chronic
perianal CD should undergo appropriate studies to exclude the development of cancer. This may include a biopsy of any
suspicious lesion and a biopsy under anaesthesia or curettage of fistula tracts when needed[83]. Given that the non-
specificity of symptoms can lead to a delay in diagnosis and, consequently, a poor prognosis, preventive measures and
surveillance programmes aimed at early detection of asymptomatic lesions in high-risk CD patients seem justified.

ANAL CANCER PREVENTION AND SCREENING

HPV vaccination

Anal SCC and high-grade squamous intraepithelial lesion (HSIL), its precursor lesion, are attributable to HPV infection in
80%-85% of cases[90]. Prophylactic vaccination against oncogenic HPV is recommended by the European Crohn's and
Colitis Organisation for both young female and young male patients with IBD, similar to what is recommended in most
local guidelines for the general population. This recommendation is based on its efficacy in preventing cervical cancer
[92]. As an inactivated vaccine, it can be administered to immunocompromised IBD patients.

Screening

Routine screening for anal cancer in the general population is not justified due to its low prevalence. Due to the increased
risk of SCC in certain populations, such as HIV-infected patients, men who have sex with men, solid organ transplant
recipients or women with genital HPV-related cancer, screening programmes using anal cytology with HPV testing have
been recommended for them by several societies, such as the Infectious Diseases Society of America[93]. However, there
is no consensus on national and international guidelines regarding screening. Recommendations often vary and may be
conflicting, with a low strength of evidence, and largely based on achievements obtained in cervical cytology screening.
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Recently, the benefits of diagnosing and treating anal HSIL were demonstrated. In an RCT involving 4459 individuals
living with HIV, aged 35 years or older and with a biopsy-proven anal HSIL, it was demonstrated that the risk of anal
cancer was significantly lower with the treatment of HSIL than with active monitoring. This finding provides support for
the use of screening with cytology and treatment for precursor lesions in this high-risk group[94]. This finding may also
be relevant for other groups at increased risk for anal cancer. Perhaps an anal cancer screening programme could also be
justified for CD patients with high-risk factors for malignancy, namely those with anal and/or perianal involvement.

The incidence rates for anorectal cancer in the Beaugerie study do not distinguish between the different manifestations
of perianal CD, including patients with any anal and/or perianal lesion, and not only fistulising disease. Furthermore, the
risk analysis does not specify whether these manifestations occurred in the present or the past. As a result, the algorithm
proposed in this article, as illustrated in Figure 1, includes all phenotypes of anal and perianal CD, whether active or not.
Modalities of surveillance could be similar to those used in other high-risk groups, which include anal cytology with HPV
testing followed by high-resolution anoscopy and biopsy. The significance of randomised transanal biopsy under
anaesthesia for cancer surveillance in CD has been previously investigated, and its effectiveness was demonstrated in a
Japanese population, with a detection rate of neoplastic lesions reported at 5.8% (6 patients in 103 patients undergoing
surveillance)[95]. However, further investigated is warranted.

There is also a lack of evidence and, consequently, recommendations regarding time intervals for screening. We
suggest that the evaluation for anorectal cancer should be opportunistically incorporated into monitoring exams or as
part of CRC screening programmes. Perhaps screening every 24 to 36 months could be justified, as the risk, although
higher than in the general population and in the total IBD population, does not approach that of HIV-positive patients
over 35 years of age[93,96]. The optimal frequency of surveillance algorithms should be validated in future studies. Cases
with abnormal results should be referred to high-resolution anoscopy and treated accordingly. For patients experiencing
pain during a perianal examination or those with anal strictures, alternative surveillance algorithms should be
considered.

The diagnostic work-up for anal cancer when malignancy is clinically suspected is not included in our algorithm as it is
beyond the scope of the article. However, a heightened suspicion for malignancy should be upheld, and persistent or new
symptoms warrant thorough investigation.

The validation of our surveillance programme (Figure 2), which aims to detect asymptomatic lesions early in patients
with chronic perianal CD, is urgent to prevent late diagnoses and poor outcomes.

Crohn's disease with anal and/or perianal disease

Proctological evaluation, including anoscopy and anal
cytology with an HPV test (consider regular evaluation
during monitoring or screening exams)

Any abnormal result

A 4

Referral to high-resolution anoscopy (with biopsies of
suspicious lesions)

Crohn's disease without anal and/or perianal disease

No need for a surveillance programme

Figure 2 Proposed surveillance algorithm for anal cancer patients with Crohn's disease.

CONCLUSION

PFCD is one of the most feared phenotypes of IBD due to its complexity and the challenges associated with its treatment.
A multidisciplinary approach involving gastroenterologists, colorectal surgeons and other healthcare providers is often
necessary to optimise outcomes for affected patients. We still need to establish the best management strategies, and future
prospective controlled studies can aid in determining the optimal treatment algorithm for IBD. Nevertheless, stem cell
injection appears to be the most promising therapy. Patients with PFCD also face an increased risk of anal cancer. To
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prevent adverse outcomes, an algorithm for anal cancer screening in IBD is proposed. The optimal management of PFCD
should include not only the best medical and surgical therapies but also preventive measures to avoid negative outcomes.
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in 1883. In 1983, Kurt Semm completed the first laparoscopic appendectomy,
heralding a new era in appendectomy. However, appendectomy is associated
with certain complications and a rate of negative appendectomies. Studies have
suggested controversy over the impact of appendectomy on the development of
inflammatory bowel disease and Parkinson’s disease, but an increasing number of
studies indicate a possible positive correlation between appendectomy and
colorectal cancer, gallstones, and cardiovascular disease. With the recognition that
the appendix is not a vestigial organ and the advancement of endoscopic te-
chnology, Liu proposed the endoscopic retrograde appendicitis therapy. It is an
effective minimally invasive alternative for treating uncomplicated acute
appendicitis. Our team has developed an appendoscope with a disposable digital
imaging system operated through the biopsy channel of a colonoscope and
successfully applied it in the treatment of appendicitis. This article provides an
overview of the progress in endoscopic treatment for acute appendicitis and offers
a new perspective on the future direction of appendiceal disease treatment.
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Core Tip: In this article, our team has developed an appendoscope with a disposable digital imaging system operated through
the biopsy channel of a colonoscope and successfully applied it in the treatment of appendicitis. It provides an overview of
the progress in endoscopic treatment for acute appendicitis and offers a new perspective on the future direction of
appendiceal disease treatment.
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INTRODUCTION

Acute appendicitis is a common surgical emergency, most frequently occurring in the 10-20 age group, with a male-to-
female ratio of 1.4:1.0[1]. It is commonly caused by obstruction of the appendiceal lumen due to fecaliths, tumors, or
lymphoid hyperplasia[2]. The diagnosis of acute appendicitis still lacks a gold standard and requires a combination of
clinical presentation (Alvarado score)[3] and imaging modalities such as ultrasound or computed tomography (CT)/
magnetic resonance imaging (MRI) suggestive of appendicitis[4,5]. Liu[6] defines acute uncomplicated appendicitis as an
appendiceal diameter greater than 6mm, excluding appendiceal perforation and appendiceal tumors. For pregnant
women, children, and patients planning pregnancy who refuse CT scans, colonoscopy can be combined to confirm
appendicitis, with endoscopic findings including mucosal edema and the presence of pus or fecaliths at the appendiceal
orifice[7]. Acute appendicitis is classified into acute simple appendicitis, acute suppurative appendicitis, acute
gangrenous and perforated appendicitis, and inflammatory masses or periappendiceal abscesses formed by omental
wrapping[5]. Clinically, acute simple appendicitis and acute suppurative appendicitis are collectively referred to as acute
uncomplicated appendicitis; gangrenous and perforated appendicitis or those with periappendiceal abscesses are
collectively referred to as acute complicated appendicitis[8].

Traditional treatments for appendicitis include conservative antibiotic therapy and appendectomy, the latter
comprising open appendectomy (OA) and laparoscopic appendectomy (LA). Harris[9] performed the first OA in 1883. In
1983, Semm{[10] completed the first LA, heralding a new era in appendectomy. For over a century, appendectomy has
been the primary treatment for acute appendicitis. However, appendectomy is associated with a series of complications
such as wound infection, incisional hernia, intra-abdominal infection, intestinal obstruction, interstitial pneumonia,
urinary tract infection, cardiovascular accidents, etc[11-13]. Excessive surgical treatment can also lead to negative
appendectomies, with recent studies reporting rates as high as 8%-30%][14,15]. Studies have suggested controversy over
the impact of appendectomy on the development of inflammatory bowel disease and Parkinson’s disease[16,17], but an
increasing number of studies indicate a possible positive correlation between appendectomy and colorectal cancer,
gallstones, and cardiovascular disease[18-20].

Some scholars have proposed that the appendix is not a vestigial organ but can produce various immunoglobulins.
Moreover, due to its unique shape and position, the appendix is considered a reservoir or safe house for intestinal
microbiota, playing an important role in regulating the gut flora[21]. With the development of endoscopic minimally
invasive technology, Liu et al[22] proposed the endoscopic retrograde appendicitis therapy (ERAT). Our team has
developed an appendoscope, which has been successfully applied in clinical practice[23]. Both ERAT and the
appendoscope can achieve the goal of treating acute appendicitis while preserving the appendix.

ERAT

Inspired by the clinical application of endoscopic retrograde cholangiopancreatography (ERCP), Liu et al[22] first
proposed ERAT in 2012. The procedure is as follows: A colonoscope with a transparent cap at the tip is inserted into the
cecum, using the transparent cap to push aside the Gerlach’s valve at the appendiceal orifice, and the Seldinger technique
is used for appendiceal cannulation; after successful cannulation, aspiration of the appendiceal lumen is performed to
reduce luminal pressure; under X-ray guidance, a contrast agent is injected for appendiceal lumen imaging; appendiceal
lumen irrigation and/or lithotripsy are performed; and a stent is placed for drainage. Liu et al[24] conducted a
multicenter clinical study in 2015, involving 34 patients with a definitive diagnosis of acute uncomplicated appendicitis,
one of whom failed cannulation, resulting in a 97% success rate for ERAT. One patient (3%) underwent appendectomy
due to perforation within 48 hours postoperatively, and there were no long-term complications at 12-month follow-up,
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while two patients (6.2%) underwent appendectomy due to recurrent abdominal pain.

To evaluate the clinical efficacy of ERAT compared to LA in the treatment of acute appendicitis, retrospective studies
have been conducted. Yang ef al[25] included 422 patients (ERAT 79; LA 343) and found that the cure rate within one year
and the pain score 6 hours postoperatively in the ERAT group were significantly higher than in the LA group. Moreover,
compared to the LA group, the ERAT group had significantly shorter median operative time and median hospital stay.
There was no significant difference between the two groups in terms of median time to recurrence and incidence of
adverse events at one year. Ding et al[26] divided 210 patients with acute appendicitis into ERAT, LA, and OA groups.
The results showed that the operative time in the ERAT group was significantly shorter than in the LA and OA groups.
The postoperative hospital stay, postoperative bed rest time, surgery-related complications, and hospitalization costs
were all significantly lower in the ERAT group compared to the latter two groups.

To compare the efficacy of ERAT with antibiotic treatment for acute uncomplicated appendicitis, Li et al[27] conducted
a multicenter retrospective study. By comparing treatment success rates, median hospital stays, pain relief rate within 24
hours, and one-year follow-up recurrence rate, the ERAT group outperformed the antibiotic group. This may be because
fecaliths, the most common cause of acute appendicitis, can be endoscopically removed during ERAT, and a stent can be
placed to relieve luminal pressure. Pata et al[28] conducted a meta-analysis comparing ERAT with appendectomy or
antibiotic treatment for acute uncomplicated appendicitis. The results showed no significant differences in technical
success rates and one-year follow-up treatment efficacy among the three, but ERAT had advantages in postoperative pain
relief and hospital stay duration.

ERAT is an effective minimally invasive alternative for treating uncomplicated acute appendicitis. However, current
clinical studies are mostly from China. To further evaluate the safety and efficacy of ERAT, a comprehensive, interna-
tional, multicenter, randomized controlled prospective study is urgently needed.

NON-X-RAY-ASSISTED ERAT FOR SPECIAL POPULATIONS WITH ACUTE UNCOMPLICATED
APPENDICITIS

The ERAT procedure requires X-ray assistance, which carries a certain radiation risk. There have been successful cases of
ERAT performed without X-ray assistance. Kang et al[29] used contrast-enhanced ultrasound instead of endoscopic
retrograde appendiceal imaging in a prospective, randomized controlled trial to compare the efficacy of modified ERAT
(mERAT) with antibiotic treatment for children with acute uncomplicated appendicitis. The results showed that the
overall success rate of mERAT treatment (100.0%) was significantly higher than that of antibiotics (80.9%). The median
discharge time in the mERAT group was significantly shorter than that in the antibiotic treatment group (6.00 days + 1.76
days). mERAT provides a new treatment option for children with acute uncomplicated appendicitis. Liu et al[30] reported
a case of a pregnant woman at 18 weeks of gestation with acute appendicitis who successfully completed ERAT without
anesthesia and X-ray assistance. The patient’s abdominal pain was immediately relieved postoperatively, and the pain
was completely relieved the next day. The patient was discharged quickly without antibiotic treatment during hospital-
ization. Thus, non-X-ray-assisted ERAT is an effective treatment method for special populations such as children or
pregnant women with acute appendicitis.

ERAT FOR ACUTE COMPLICATED APPENDICITIS

Although ERAT is not routinely used for treating acute complicated appendicitis, there have been successful clinical case
reports to date. Song et al[31] reported a case of a 73-year-old elderly woman diagnosed with periappendiceal and
subhepatic abscesses. Due to poor baseline conditions and no surgical indications after multidisciplinary discussions, the
patient underwent ERAT with stent placement. Follow-up CT after 2 months showed no abscess, and there was no
recurrence after 6 years of follow-up. Li et al[32] reported a case of a 34-year-old woman diagnosed with acute
appendicitis complicated by a giant appendiceal abscess and intestinal obstruction. The patient underwent ERAT with
stent placement, and the intestinal obstruction was relieved postoperatively. A follow-up CT after 2 months showed
complete resolution of the abscess. Cui et al[33] from our team performed ERAT on 9 patients diagnosed with
appendiceal abscesses, and the patients had good prognoses postoperatively. Therefore, ERAT is an effective treatment
method for periappendiceal abscesses, but more extensive clinical studies are needed to confirm this.

FUNNEL-HOOD-ASSISTED ERAT

Luo et al[34] performed ERAT using an independently developed funnel-shaped hood with a small-diameter tip. A 33-
year-old male patient diagnosed with acute appendicitis experienced immediate relief of abdominal pain symptoms after
undergoing Funnel-hood-assisted ERAT, and the patient was discharged three days later. Funnel-hood-assisted ERAT is
a technological innovation that can reduce the difficulty of cannulating the appendiceal lumen, and it is expected to
improve the success rate of ERAT treatment and promote its clinical application.
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SPY-GLASS DS ASSISTED ERAT

The SpyGlass DS is a second-generation cholangioscopy system with an outer sheath diameter of 3.3 mm, equipped with
one biopsy channel (diameter 1.2 mm), one fiber optic channel (1.0 mm), and two irrigation channels. It allows direct
visualization of the biliary tract and is used for the diagnosis of biliary and pancreatic duct strictures, treatment of
difficult stones, and radiofrequency ablation of cholangiocarcinoma. The procedure can be completed without the need
for X-ray or ultrasound guidance.

Kong et al[35] reported on 14 cases of acute uncomplicated appendicitis treated with SpyGlass DS-assisted ERAT,
achieving a 100% success rate. The average operation time was 37.8 minutes * 22.0 minutes. All patients experienced
immediate postoperative relief of abdominal pain. The average postoperative hospital stay was 1.9 days + 0.7 days. No
recurrences were observed during a follow-up period of 2 months to 24 months. Additionally, Kong et al[36] successfully
performed SpyGlass DS-assisted ERAT on a patient diagnosed with acute appendicitis at 14 weeks + 2 days of pregnancy
without anesthesia, and the patient eventually gave birth at full term. Similarly, Wang et al[37] performed ERAT using a
digital single-operator cholangioscopy system in a pregnant woman. The patient’s abdominal pain was significantly
relieved postoperatively, and she was discharged without antibiotics. SpyGlass DS-assisted ERAT is a safe and effective
alternative for diagnosing and treating acute uncomplicated appendicitis, providing a treatment option for special
populations such as pregnant women who need to avoid or refuse X-ray exposure.

APPENDOSCOPIC TREATMENT OF ACUTE APPENDICITIS

Inspired by the SpyGlass DS, our team has successfully developed an appendoscope specifically designed for the
diagnosis and treatment of appendiceal diseases, which has passed ethical review and clinical trials and obtained a
national patent. The appendoscope is a disposable digital imaging system operated through the biopsy channel of a
colonoscope; it is equipped with an LED light source system and has two models with outer sheath diameters of 3.3 mm
or 2.6 mm, featuring a biopsy channel (diameter 2.0 mm or 1.2 mm) and two irrigation channels. The distal end of the
outer sheath can be adjusted in multiple directions for ease of operation. The appendoscope avoids complications related
to X-rays and contrast agents and provides more accurate and intuitive observation under direct endoscopic vision,
which is more conducive to the diagnosis and treatment of appendicitis. Compared to the SpyGlass DS, the
appendoscope has a more stable imaging system, wider biopsy and irrigation channels, and a price of around 5000 RMB,
which is significantly more affordable than the former (approximately 12000 RMB domestically).

Appendoscope Procedure: Patients undergo bowel preparation 6 hours before the procedure with 3.0 L of polyethylene
glycol electrolyte solution or 1.5 L of lactulose solution to cleanse the bowel. For patients with clinical symptoms of
nausea and vomiting or unable to cooperate with oral laxatives, five 500 mL saline enemas are administered 30 minutes
before the procedure. All patients receive intravenous general anesthesia and are positioned supine. A colonoscope
(Olympus 290 or Fuji 7000) with a transparent cap is inserted into the cecum, and the appendoscope is advanced through
the biopsy channel of the colonoscope into the appendiceal lumen to observe the interior, perform irrigation, stone
retrieval, and other treatments as needed. If a fecalith is seen obstructing the appendiceal orifice, stone retrieval treatment
can be performed first (Figure 1).

The first clinical application of the appendoscope was reported in June 2022 and published in the top international
endoscopy journal, Endoscopy. A 73-year-old female patient was diagnosed with chronic appendicitis. We observed a
fecalith obstructing the appendiceal orifice via colonoscopy. After removing the fecalith with a retrieval basket, we
inserted the appendoscope to observe the appendiceal lumen, where mucosal congestion and edema were visible, with
no residual fecalith. The patient experienced significant relief of abdominal pain postoperatively, with no related complic-
ations occurring. She was discharged one week later and has had no recurrence to date[23]. The clinical application of the
appendoscope for acute uncomplicated appendicitis has been completed in two cases. Both young patients were admitted
with abdominal pain and underwent appendoscopic examination after CT imaging suggested appendicitis. One patient
had a fecalith removed, and both were discharged within two days postoperatively without complications and had no
recurrence during follow-up (Table 1).

The appendoscope has achieved minimally invasive treatment of appendicitis, shortened hospital stay, and saved
medical costs, with favorable patient outcomes. Future large-scale clinical studies are still needed to verify the feasibility,
safety, and efficacy of appendoscopic treatment for acute appendicitis, providing clinical experience on how to improve
the success rate of treatment for acute appendicitis and reduce the incidence of complications.

CONCLUSION

With the booming development of endoscopic minimally invasive technology, the application of ERAT and related new
technologies has provided us with a new perspective on the treatment of acute appendicitis. Based on the use of biliary
endoscopy systems from ERCP and considering endoscopic costs, we have developed the appendoscope and successfully
applied it in the treatment of appendicitis. The appendoscope has the following advantages: (1) Direct insertion into the
appendiceal lumen allows for more precise and intuitive operation under direct vision; (2) Avoidance of X-ray and
contrast agent hazards; (3) Short operation time, short hospital stay, and fewer postoperative complications; and (4) Low
cost, reducing the economic burden on patients. However, due to the small sample size, the study has certain limitations.
We will increase the sample size in the later stage for further validation. The application of the appendoscope is not
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Table 1 One patient had a fecalith removed, and both were discharged within two days postoperatively without complications and had

no recurrence during follow-up

Operati Follow-
Patient Age Chief _pera on Appendiceal Abdominal pain Hospital .o ow-up .
ID Gender (years) complaint time lumen fecalith  relief time (days) stays time Complications
y P (minutes) y y (months)

1 Female 17 Abdominal 85) Yes 1 2 13 None

pain for 3 days
2 Male 24 Abdominal 32 No 1 1 12 None

pain for 2 days

Figure 1 Appendoscope treatment. A: Fecalith obstructing the appendiceal orifice; B: A retrieval basket enters the appendiceal lumen; C: Removal of fecalith
with the retrieval basket; D: Insertion of the appendoscope into the appendiceal lumen; E: Images of the appendiceal lumen; F: Pus and localized mucosal congestion
and edema.
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limited to the diagnosis and treatment of appendicitis. Currently, we are developing specialized biopsy forceps, stents,
and other accessories for the appendoscope, which is expected to become an important tool in the diagnosis and
treatment of benign and malignant appendiceal diseases.
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Abstract

BACKGROUND

Biliary stone disease is a highly prevalent condition and a leading cause of hospit-
alization worldwide. Hepatolithiasis with associated strictures has high residual
and recurrence rates after traditional multisession percutaneous transhepatic
cholangioscopic lithotripsy (PTCSL).

AIM
To study one-step PTCSL using the percutaneous transhepatic one-step biliary
fistulation (PTOBF) technique guided by three-dimensional (3D) visualization.

METHODS
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This was a retrospective, single-center study analyzing, 140 patients who, between October 2016 and October 2023,
underwent one-step PTCSL for hepatolithiasis. The patients were divided into two groups: The 3D-PTOBF group
and the PTOBF group. Stone clearance on choledochoscopy, complications, and long-term clearance and recurrence
rates were assessed.

RESULTS

Age, total bilirubin, direct bilirubin, Child-Pugh class, and stone location were similar between the 2 groups, but
there was a significant difference in bile duct strictures, with biliary strictures more common in the 3D-PTOBF
group (P = 0.001). The median follow-up time was 55.0 (55.0, 512.0) days. The immediate stone clearance ratio
(88.6% vs 27.1%, P = 0.000) and stricture resolution ratio (97.1% vs 78.6%, P = 0.001) in the 3D-PTOBF group were
significantly greater than those in the PTOBF group. Postoperative complication (8.6% vs 41.4%, P = 0.000) and
stone recurrence rates (7.1% vs 38.6%, P = 0.000) were significantly lower in the 3D-PTOBF group.

CONCLUSION

Three-dimensional visualization helps make one-step PTCSL a safe, effective, and promising treatment for patients
with complicated primary hepatolithiasis. The perioperative and long-term outcomes are satisfactory for patients
with complicated primary hepatolithiasis. This minimally invasive method has the potential to be used as a
substitute for hepatobiliary surgery.
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Core Tip: Hepatolithiasis is a clinical benign biliary tract disease with a high incidence and a leading cause of hospitalization,
seriously affecting the quality of life of patients. However, current treatment modalities have not achieved good curative
effects, with high rates of stone and stenosis retention and recurrence. In the present study we introduce a new technology
that one-step percutaneous transhepatic cholangioscopic lithotripsy using the percutaneous transhepatic one-step biliary
fistulation (PTOBF) technique guided by three-dimensional (3D) visualization technology. And we performed a randomized
trial to assess the efficacy and safety of 3D-PTOBEF in the treatment of patients with hepatolithiasis. We found that 3D-
PTOBEF offered significant improvement of immediate stone clearance ratio and stricture resolution ratio. 3D-PTOBF as a
safe, effective, and promising treatment for patients with complicated primary hepatolithiasis.
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INTRODUCTION

Hepatolithiasis, a common benign biliary tract disease in East Asia, is the presence of gallstones (calculi) in the biliary
ducts of the liver. According to statistics, hepatolithiasis accounts for 20% to 45% of patients who undergo surgery for
gallstones[1-4]. Women have a lifetime risk of developing gallstones approaching 25%[5]. Gallstones can cause several
clinical symptoms, such as biliary colic and jaundice, and some may be lethal. If left untreated, this causes bile flow
stagnation, recurrent cholangitis, liver parenchymal destruction, and, eventually, secondary biliary cirrhosis or cholan-
giocarcinoma[6].

Stone removal is the primary method for treating clinical symptoms. Current treatments for hepatolithiasis include
surgical resection of affected liver segments, laparoscopic surgery, endoscopic retrograde cholangiopancreatography, and
percutaneous transhepatic cholangioscopy lithotripsy (PTCSL). Surgical intervention is preferred when possible, but
many patients are ineligible due to multiple recurring surgeries, comorbidities, or anatomical factors[7]. In traditional
PTCSL surgery, an external biliary fistula must be gradually dilated over 2-3 weeks prior to lithotripsy using serial fascial
dilators[8]. This method is associated with longer hospitalization, a high recurrence rate, and a high rate of calculus
reoperation[9].

Recent technological advances have enabled modifications, such as percutaneous transhepatic one-step biliary
fistulation (PTOBF) combined with the rigid choledochoscopy technique, for optimizing the PTCSL procedure[10,11].
One-step PTCSL using the PTOBF technique enables the clearing of intrahepatic stones and the resolution of strictures.
Ultrasound (US) images cannot directly reveal the three-dimensional spatial relationships of calculi, bile ducts and blood
vessels. Thus, it is difficult to obtain their exact anatomical locations, which will influence the precision of the
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operation.Furthermore, the choledochoscope can only acquire the local abdominal information of the patient while the
corresponding global abdominal information is a little different from the preoperative two-dimensional (2D) computed
tomography (CT) image.

In recent years, 3D visualization technology has been employed to assist in making surgical decisions involving liver
resection[12-15]. With the assistance of 3D visualization, the liver anatomy, the morphological structure of the intrahe-
patic duct system, the location of liver lesions, and the spatial relationship with adjacent liver vessels can be displayed
visually and clearly from any angle[14]; this can prevent the excessive resection of liver tissues, maximally maintain
functional liver tissues, and aid in the development of individualized surgical plans[16].

The purpose of this study was to introduce a detailed protocol and assess the long-term outcomes of the application of
3D visualization technology in one-step PTCSL for the treatment of complex hepatolithiasis patients with biliary
strictures.

MATERIALS AND METHODS

Study design and participants

This retrospective study included 140 patients with complex hepatolithiasis from October 2016 to October 2023 at The
First Affiliated Hospital of Guangzhou Medical University. A total of 140 patients underwent one-step PTCSL with or
without 3D visualization. All patients provided written informed consent for participation in these procedures. Data were
gathered for all patients. For further evaluation, the patients were divided into two groups, the 3D-PTCSL group (n = 70)
and the PTCSL group (n = 70), who were subsequently compared. This study was approved by the Ethics Committee of
The First Affiliated Hospital of Guangzhou Medical University, No. 09, 2017.

3D model reconstruction

CT data were reconstructed in sections with the IQQA-3D Digital Medicine Central Server. Important anatomical
structures on the CT images, such as intrahepatic biliary ducts, calculi, and intrahepatic vessels, were extracted via
segmentation, and 3D models were generated by the surface rendering algorithm. The spatial distribution of the
intrahepatic duct system and the relationship between lesions and surrounding tissues from different perspectives could
be observed in the reconstructed model, which can be exported as a standard template library. In the 3D reconstruction
model, the anatomical features of the tissue structure, stone distribution, bile duct stricture, malformation, and vascular
arrangement were identified by magnifying, deleting, rotating, and transparentizing the patient’s organs (Figure 1).

Surgical procedure
All procedures were performed under general anesthesia by an experienced biliary surgeon. The one-step PTOBF
technique was utilized as follows (Figures 2 and 3, Video).

Preoperative planning: Important preoperative evaluation data, including the location of intrahepatic stones and
strictures, the degree of stricture, the biliary anatomy, and the relationship between the vasculature and biliary system,
were collected. The preoperative assessment tools include US, CT, magnetic resonance imaging (MRI) or magnetic
resonance cholangiopancreatography, and 3D visualization.

Three-dimensional visualization and US-guided puncture: According to preoperative planning, target biliary tract
puncture was performed using an 18G needle and a 0.035-inch hydrophilic guidewire under real-time intraoperative US
and 3D-model guidance. The patients were encouraged to hold their breath for 2 minutes during puncture to minimize
interference.

Establishing channel: After successful biliary puncture, the sinuses were expanded with serial fascial dilators from 8 Fr
to 14 Fr. A 14 Fr sheath was passed over the guidewire to establish the channel for the rigid choledochoscope.

Choledochoscopic stone removal: Small stones were flushed out with a “wash and suction” procedure. Larger stones
were removed by using a basket, a clamp, or electrohydraulic shock wave lithotripsy.

Managing anastomotic strictures: Choledochoscopy and cholangiography were used to confirm the degree and location
of the anastomotic stricture. A membranous stricture with a thin fibrous layer was designated as a mildly anastomotic
stricture and could be expanded with a 16 Fr or 18 Fr dilator. A scar-like stricture of the bile duct was designated a severe
anastomotic stricture. These could be dilated by flushing with mannitol solution, inserting a 40-W electric knife to cut the
open stricture, and/or employing a 4, 6 or 8 mm balloon dilatation catheter.

Supporting drainage tube insertion: A 14 Fr drainage tube was placed into each hepatolithiasis patient at the end of the
procedure. If the patient had strictures, a 16- or 18-Fr supporting drainage tube had to be placed across them. The
drainage tubes were exchanged every 2-3 months and removed 6 to 9 months after percutaneous transhepatic cholan-
gioscopy, when the strictures were resolved on the last endoscopic intervention.

Statistical analysis

Statistical analysis was performed using R version 3.4.1. Categorical variables are expressed as frequencies and
percentages. Continuous variables are expressed as the mean + SD or median (range). P values < 0.05 were considered to
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Figure 1 Details of the liver reconstruction model. A: lterative computed tomography images; B: The bile duct system involves the clearly visible hepatic
bile duct segments, and the hepatolithiasis is labeled in yellow; C: Reconstruction of the location and size of the hepatolithiasis; D: A complete liver reconstruction
model with intrahepatic bile duct stones.

Figure 2 Three-dimensional model combined with real-time B-ultrasonic navigation. A: Combination of three-dimensional reconstruction and B-

ultrasound for guiding one-step percutaneous transhepatic cholangioscopic lithotripsy (PTCSL); B: Using the percutaneous transhepatic one-step biliary fistulation
technique for one-step PTCSL.

indicate statistical significance.
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Figure 3 One-step percutaneous transhepatic cholangioscopic lithotripsy using the percutaneous transhepatic one-step biliary
fistulation technique. A: Ultrasound-guided puncture; B: Guidewire insertion; C: Fistula dilation D: Sheath insertion; E: Rigid choledochoscope exploration; F:
Stone clearance; G: Stricture resolution using an electric knife.
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RESULTS

Baseline characteristics of the patients

From October 2016 to October 2022, 140 patients who underwent one-step PTCSL for hepatolithiasis with biliary stricture
were eligible and included in the study. There were 54 male and 86 female patients, and the mean age was 19.1 + 11.4
years. The operation-related data, including age, sex, total bilirubin, direct bilirubin, alanine aminotransferase, Child-
Pugh class, stone, and stricture location, were similar between the 2 groups. There was a significant difference in bile duct
strictures, with biliary strictures more common in the 3D-PTOBF group (35.7% vs 7.1%, P = 0.001). A comparison of the
specific characteristics of the three groups is listed in Table 1.

Perioperative outcomes

The intraoperative data of the 2 groups are shown in Table 2. The immediate stone clearance ratio in the 3D-PTOBF group
was significantly greater than that in the PTOBF group after analysis (88.6% vs 27.1%, P = 0.000). The postoperative
complication rate were significantly lower in the 3D-PTOBF group (8.6% vs 41.4%, P = 0.000). No significant differences
were found between the groups in terms of the operation time and intraoperative blood loss.

Long-term results

The patients were followed up for a period that ranged between 55 and 512 days (mean 55 days). The stricture resolution
ratio (97.1% vs 78.6%, P = 0.001) in the 3D-PTOBF group was significantly better than that in the PTOBF group after
analysis. The stone recurrence rate (7.1% vs 38.6%, P = 0.000) was significantly lower in the 3D-PTOBF group. The final
total stone clearance rates were 77.1% (3D-PTOBF) and 78.6% (PTOBF). The reoperation rates were 1.4% (3D-PTOBF) and
12.9% (PTOBF) (Table 3).

DISCUSSION

This study demonstrated that 3D-guided one-step PTCSL using PTOBF is highly effective and safe for the treatment of
hepatolithiasis patients with associated biliary strictures. The procedure achieved an immediate stone clearance ratio of
88.6%, a final total stone clearance rate of 77.1%, a stricture resolution rate of 97.1%, a postoperative complication rate of
8.6%, and a stone recurrence rate of 7.1% over a median follow-up period of 55.0 (55.0, 512.0) days.

In one-step PTCSL, 3D visualization of the hepatobiliary tract is carried out beforehand to design an appropriate
preoperative plan via preoperative CT imaging, in which the calculi and bile duct stricture can be visually located[17].
According to the preoperative plan, percutaneous transhepatic cholangiography is performed intraoperatively under
real-time US navigation, and the sinus tract is expanded to an appropriate diameter (16-18 Fr). Then, a protective sheath
is used to ensure that biliary endoscopic surgery can be continued immediately without waiting for full recovery of the
sinus tissue. This approach significantly shortens the operation and treatment times. Due to the convenience of the
operation, multiple punctures can be made in a single operation to create multiple stone-extracting channels, which
significantly enhances the success rate of stone extraction[18,19]. This approach is especially suitable when primary
intrahepatic bile duct stones are distributed in a diffuse manner. In this case, one stone-extracting channel is not sufficient
to clear all the stones.

Previous 2D plane structure generated based on B-US, CT or MRI medical images is very different from the 3D bile
duct tree structure. Limited spatial information of 2D structure makes it difficult for determining the spatial locations of
the stones, therefore leading to high surgical risk and low efficiency of stone removal. The results of this study are
comparable to those of prior studies showing immediate clearance rates of 41%-46% with traditional multisession PTCSL
[20]. This reflects the technical complexity of clearing all stones in a single setting from the intrahepatic biliary tree. The
limited spatial information available in 2D makes it difficult to determine the spatial locations of the stones, leading to
high surgical risk and low stone removal efficiency. However, with 3D visualization technology and adjunctive
techniques such as biliary stenting and saline irrigation, the immediate stone clearance ratio in the 3D-PTOBF group was
88.6% (62/70). Three-dimensional visualization can promote one-step PTCSL with a preoperative simulated operation
plan, intraoperative digitization of the patient’s anatomy, and a predetermined diagnosis.

The long-term recurrence rate of 7.1% (5/70) in our study is also lower than the 15%-40% reported in the literature[21-
23]. This may be attributed to the complete initial stone clearance and prolonged biliary stenting performed to prevent
stricture recurrence in our patients. Our surgeons employ a rigid choledochoscope to treat stenosed bile ducts and leave
an 18 Fr drainage tube in the distal end of the stenosed bile ducts for 6-9 months[11]. Bacterial biofilms and bile sludge
cause blockage and restenosis of the bile ducts, so the drainage tubes need to be replaced every 3 months.

The postoperative complication rates were significantly lower in the 3D-PTOBF group than in the PTOBF group (8.6%
vs 41.4%, P = 0.000). The perioperative complication rate of traditional multisession PTCSL is between 15% and 23%.
Complex and dangerous situations that may occur in the actual operation can be simulated and estimated by 3D visual-
ization technology prior to the procedure. It is highly important to compare the advantages and disadvantages of
different surgical plans through simulation, as this can aid in developing reasonable individual surgical plans and
preoperative demonstrations for the patients.

Our study adds to the limited data on the long-term efficacy of one-step PTCSL. Fang et al[24] described 3D visual-
ization technology for treating hepatolithiasis patients in 2013. Yang et al[20] first described the PTOBF technique in 2013
[20]. However, these studies focused only on immediate outcomes. Our long-term follow-up provides evidence that 3D-
guided one-step PTCSL is beneficial and effective for treating complex hepatolithiasis.
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Table 1 Comparison of the preoperative data between the two groups, n (%)

Variables 3D-PTOBF (n=70) PTOBF (n=70) P value
Age (year) 50.5+17.3 49.0+17.2 0.608
Sex

Male 24 (34.3) 30 (42.9) 0.298
Female 46 (65.7) 40 (57.1)

TBIL (mmol/L) 33.9+329 30.8+33.6 0.581
DBIL (mmol/L) 13.3+18.1 13.4+20.3 0.990
ALT (U/L) 59.9 % 61.7 56.5 % 57.0 0.791
y-GGT (U/L) 210.6 +262.2 238.0+236.3 0517
ALB (g/L) 393+ 6.4 37.6+58 0.105
PT (second) 142+45 135+ 1.0 0.174

Child-Pugh score
Grade A 67 (95.7) 58 (82.9) 0.014
Grade B 3 (4.3) 12 (17.1)

Stone location

S1 1(14) 2(2.9) 0.559
S2 9 (12.9) 12 (17.1) 0.478
S3 11 (15.7) 13 (18.6) 0.654
S4 17 (24.3) 23 (32.9) 0.262
S5 4(5.7) 5(7.1) 0.730
S6 12 (17.1) 12 (17.1) 1.0

S7 8 (11.4) 16 (22.9) 0.137
S8 12 (17.1) 17 (24.3) 0.297
Common bile duct 23 (32.9) 13 (18.6) 0.053

Biliary stricture Location

S1 0 0 1.0

S2 1(1.4) 8 (11.4) 0.008
S3 8 (11.4) 12 (17.1) 0.334
S4 14 (20.0) 14 (20.0) 1.0

S5 4(5.7) 6 (8.5) 0.512
S6 11 (15.7) 6 (8.5) 0.196
S7 6 (8.6) 3(4.2) 0.301
S8 7 (10.0) 8 (11.4) 0.785
Bilio-enteric anastomosis 12 (17.1) 21 (30.0) 0.073
Common bile duct 25 (35.7) 5(7.1) 0.001

TBIL: Total bilirubin; DBIL: Direct bilirubin; ALT: Alanine aminotransferase; y-GGT: Gamma-glutamyl transpeptidase; ALB: Albumin; PT: Prothrombin
time; 3D: Three-dimensional; PTOBF: Percutaneouas transhepatic one-step biliary fistulation.

Clinically, choledochoscopy can only be performed until maturation of the sinus tract at least 1 week following
percutaneous biliary drainage[25]. The one-step approach avoids incremental fistula dilation and reduces overall hospit-
alization times. We introduced 3D visualization into the one-step PTCSL technique to further show that the reconstructed
3D model can be used to localize lesions with submillimeter accuracy and can therefore contribute to planning an
accurate puncture route before surgery and guide the puncture and stone extraction operations during surgery.
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Table 2 Patient outcomes, n (%)

Variables 3D-PTOBF (n=70) PTOBF (n=70) Pvalue
Operation time (minute) 55.2+34.0 59.8 £37.8 0.448
Intraoperative blood loss (mL) 26.5+52.1 164 +£13.4 0.117
Immediate stone clearance ratio 62 (88.6) 19 (27.1) 0.000"
Complications 6 (8.6) 29 (41.4) 0.000"
Hemobilia 1(1.4) 2(2.9) 0.559
Pulmonary infection 2(2.9) 4(5.7) 0.384
Cholangitis 2(29) 14 (20.0) 0.001
Pleural effusion 1(14) 9 (12.9) 0.009
4P < 0.001.

3D: Three-dimensional; PTOBF: Percutaneous transhepatic one-step biliary fistulation.

Table 3 Long-term results, n (%)

Variables 3D-PTOBF (n=70) PTOBF (n=170) P value
Follow-up time 498.0 +373.5 1031.3 +573.0 0.000°
Final stone clearance ratio 54 (77.1) 55 (78.6) 0.839
Stricture resolution ratio 68 (97.1) 55 (78.6) 0.001
Number of operations 3.0+15 29+18 0.535
Stone recurrence 5(7.1) 27 (38.6) 0.000°
Reoperation rate 1(1.4) 9 (12.9) 0.009
Late complications 9(12.9) 9 (12.9) 1.0
Cholangitis 8 (11.4) 7 (10.0) 0.785
Liver failure 1(14) 2(2.9) 0.559
2P <0.001.

3D: Three-dimensional; PTOBF: Percutaneous transhepatic one-step biliary fistulation.

There were still some limitations in this study. This was a single-center study with a limited number of patients; hence,
there was some inevitable selection bias between the groups that may have impacted the results.

CONCLUSION

This study confirmed that one-step PTCSL guided by 3D visualization can be used to safely puncture the biliary tract and
effectively remove stones, improving the treatment of patients with complicated primary hepatolithiasis. The periop-
erative and long-term outcomes for these complicated primary hepatolithiasis patients were satisfactory.
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Abstract

BACKGROUND
There is currently a shortage of accurate, efficient, and precise predictive instruments for rectal neuroendocrine
neoplasms (NENSs).

AIM
To develop a predictive model for individuals with rectal NENs (R-NENSs) using data from a large cohort.

METHODS

Data from patients with primary R-NENs were retrospectively collected from 17 large-scale referral medical centers
in China. Random forest and Cox proportional hazard models were used to identify the risk factors for overall
survival and progression-free survival, and two nomograms were constructed.

RESULTS

A total of 1408 patients with R-NENs were included. Tumor grade, T stage, tumor size, age, and a prognostic
nutritional index were important risk factors for prognosis. The GATIS score was calculated based on these five
indicators. For overall survival prediction, the respective C-indexes in the training set were 0.915 (95% confidence
interval: 0.866-0.964) for overall survival prediction and 0.908 (95% confidence interval: 0.872-0.944) for
progression-free survival prediction. According to decision curve analysis, net benefit of the GATIS score was
higher than that of a single factor. The time-dependent area under the receiver operating characteristic curve
showed that the predictive power of the GATIS score was higher than that of the TNM stage and pathological
grade at all time periods.

CONCLUSION
The GATIS score had a good predictive effect on the prognosis of patients with R-NENs, with efficacy superior to
that of the World Health Organization grade and TNM stage.

Key Words: Rectal neuroendocrine neoplasm; Nomogram; Random forest; Prognosis; Overall survival, Progression-free
survival

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

Core Tip: We utilized the data of 1408 patients with rectal neuroendocrine neoplasms from a large multicenter database of 17
large-scale Chinese medical centers. We found that tumor grade, T stage, tumor size, age, and a prognostic nutritional index
were independent predictors of prognosis in patients with rectal neuroendocrine neoplasms. In addition, we constructed the
GATIS score for overall survival and progression-free survival in these patients, which had a C-index of 0.915 for overall
survival and 0.908 for progression-free survival; moreover, it showed a better predictive power than that of the TNM stage
and pathological grade.
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Y, Zhang R, Zhang P. GATIS score for predicting the prognosis of rectal neuroendocrine neoplasms: A Chinese multicenter study of
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URL: https://www.wjgnet.com/1007-9327/full/v30/i28/3403.htm
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INTRODUCTION

Neuroendocrine neoplasms (NENSs) are rare tumors that originate from embryonic neuroendocrine cells and are charac-
terized by neuroendocrine markers[1,2]. They can occur in various organs throughout the body, with the rectum being a
common site of incidence (1.04 per 100000 people)[1,2]. Depending on the presence of hormone-related symptoms, NENs
can be divided into functional and non-functional types. Rectal NENs (R-NENs) are mostly non-functional[3]. The overall
prognosis of R-NENSs is favorable, with a 5-year survival rate as high as 90%[4].
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Currently, World Health Organization (WHO) classification and TNM staging are the two most commonly used
criteria for the prognosis of NENs|[5,6]. According to the morphology and malignant potential of the tumor cells, the
WHO 2010 criteria classify R-NENs as G1, G2, or G3. G1 and G2 are neuroendocrine tumors (NETs) with low malignant
potential, whereas G3 is usually a neuroendocrine carcinoma (NEC) or mixed adenoneuroendocrine carcinoma (MANEC)
with high malignant potential[5]. In recent years, the WHO 2019 classification has also classified some NETs with high
malignant potential as G3 to better stratify the prognosis; however, the evaluation criteria remain controversial[7].
Additionally, the WHO classification criteria are not effective in predicting the prognosis of patients with R-NENSs][8,9].
TNM staging has a distinct grading system for NET, whereas NEC/MANEC suggests the utilization of colorectal cancer
criteria, which are complex in classification and have limited predictive power for patient prognosis. Consequently,
developing an effective and precise prognostic assessment tool to guide the clinical diagnosis and treatment of R-NENSs is
essential.

Nomogram models based on multivariate regression analysis and integrating multiple predictors are useful for the
prognostic evaluation of various malignant tumors[10-12]. However, due to the low incidence of R-NENs, a nomogram
model with a large sample size is lacking. In this study, we retrospectively collected R-NENs data from 17 large referral
hospitals in China and constructed a prognostic model using the Cox proportional hazard model and random forest
method. Internal and external validations were conducted to assist in prognosis prediction, diagnosis, and treatment of
patients with R-NENSs.

MATERIALS AND METHODS

Patient inclusion

Data of patients with R-NENs admitted to 17 major referral hospitals in China between January 2010 and April 2022 were
retrospectively collected. The inclusion criterion was a pathological diagnosis of R-NENs, while the exclusion criterion
was simultaneous or metachronous malignancies at other sites (Figure 1). Patient data were collected and analyzed, and
the following patients were also excluded during the nomogram construction phase: (1) Patients with metastases at first
diagnosis; (2) Patients undergoing neoadjuvant therapy; and (3) Patients with incomplete clinicopathological and follow-
up information (Figure 1).

Rectal NENs
(n = 1459)
Combined with other malignancies (7 = 51)
Whole group —>: Analysis for overall clinicopathological features :
(n = 1408) ! i
Insufficient tumor size information (7 = 74)
Insufficient tumor grade information (7 = 16)
Insufficient follow-up information (77 = 90)
Neoadjuvant therapy (n = 23)
Distant metastasis (n = 22)
Model group i Prognostic analysis, model establishment, model E
(n=1183) 1 validation, and model comparison !

Figure 1 Patient selection flowchart. NENs: Neuroendocrine neoplasms.

Data collection and definition

The clinicopathological characteristics of the patients, including sex, age, preoperative hematologic examination, surgical
information, postoperative complications, and pathological conditions were collected. Preoperative hematologic
examination indicators were collected from patients at the initial diagnosis or within seven days before surgery. The
prognostic nutritional index (PNI) was calculated as serum albumin plus five times the peripheral blood lymphocyte
count. The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) were determined as the ratios of
peripheral blood neutrophils and platelets-to-lymphocytes, respectively. The WHO 2010 standard was used to classify R-
NENSs, while the American Joint Committee on Cancer 8" TNM staging criteria was used for NET, NEC, and MANEC
staging|[5,6]. Each center conducted individual follow-ups, with the last follow-up in July 2022. The primary outcome
measures were overall survival (OS) and progression-free survival (PFS), defined as the time from initial diagnosis to
death from any cause or final follow-up, and the time from initial diagnosis to disease progression, patient death
(whichever occurred earlier), or final follow-up.

Statistical analysis
SPSS version 25.0 (IBM, Armonk, New York, United States) was used for statistical analysis. Normally distributed data
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are expressed as mean + SD, whereas non-normally distributed data are expressed as median and interquartile range. The
t-test was used to compare normally distributed data, and the Mann-Whitney U-test was used to determine non-normally
distributed data. Truncated values, such as PNI, NLR, and PLR, were determined using the X-tile software. Kaplan-Meier
and Log-rank tests were employed to map and compare prognostic differences in patients. The Cox proportional hazards
model was used to identify independent risk factors for OS and PFS, and the random forest model was used to assess the
correlation between each factor and prognosis. Both the random forest and nomogram models were constructed using R
4.0.0. Statistical significance was set at P < 0.05 (two-tailed). The statistical methods used in this study were reviewed by
Yong Gan from the Huazhong University of Science and Technology.

RESULTS

Patient status

According to the inclusion-exclusion criteria, a total of 1408 patients with R-NENs were included in this study, of whom
591 (42.0%) were female and 817 (58.0%) were male, with a mean age of 51.9 + 12.1 years. Twenty-three (1.6%) patients
received neoadjuvant therapy and 1360 (96.6%) patients underwent complete tumor resection, of which 650 (47.8%)
underwent surgery and 710 (52.2%) underwent endoscopic resection. The mean tumor size was 1.3 + 1.2 cm. The
pathological classification was NET in 1307 (92.8%), NEC in 71 (5.0%), MANEC in 14 (1.0%), and unknown in 16 (1.1%)
patients. In total, 1149 (81.6%) were classified as G1, 158 (11.2%) as G2, 85 (6.0%) as G3, and 16 (1.1%) as unknown. Of the
total group, 1150 (81.7%) had T1, 140 (9.9%) had T2, 82 (5.8%) had T3, and 36 (2.6%) had T4 disease. A total of 103 patients
(7.3%) had lymph node metastases, and 61 (4.3%) had lymphovascular invasion. Ninety patients (6.4%) received
postoperative adjuvant therapy. Table 1 summarizes the demographic and clinicopathological characteristics of the
patients.

Nomogram construction and validation for OS prediction

Patients who did not receive neoadjuvant therapy, did not have distant metastases at diagnosis, or had complete data
were screened for nomogram construction (Figure 1). A total of 1183 patients with R-NENs were included in this study.
The median follow-up time for the entire group was 34 months, and 44 patients (3.7%) died during the follow-up period.
The 1-year, 3-year, and 5-year OS rates were 98.9%, 96.2%, and 94.7%, respectively. The patients were randomly divided
into a training dataset (819 cases, 69.2%) and a validation set (364 cases, 30.8%) in a 7:3 ratio. The clinicopathological
characteristics of the two groups of patients are shown in Table 2. There was no significant difference at baseline.

The median follow-up time of patients in the training dataset was 34 months, and the 1-year, 3-year, and 5-year OS
rates were 98.5%, 95.4%, and 94.2%, respectively. The optimal cut-off values of the PLR, NLR, and PNI hematologic
indicators for prognosis according to X-tile were 128.00, 1.45, and 46.57, respectively. A univariate analysis suggested that
age, PNI, tumor size, pathological type and grade, T stage, lymph node metastasis, TNM stage, lymphovascular invasion,
CgA staining, and adjuvant therapy were associated with prognosis. In the multivariate analysis, considering the colli-
nearity of the TNM stage with the T stage and LNM, TNM stage was not included. The multivariate analysis showed that
PNI [hazard ratio (HR) = 0.233, 95% confidence interval (CI): 0.109-0.499, P < 0.001], tumor size (1-2 cm, HR = 1.706,
95%Cl: 0.538-5.413, P = 0.364; > 2 cm, HR = 3.349, 95%ClI: 1.314-8.533, P = 0.011) and pathological grade (G2, HR = 4.211,
95%ClI: 1.603-11.059, P = 0.004; G3, HR = 30.681, 95%CI: 10.821-86.988, P < 0.001) were independent factors for OS. The
results of the log-rank test and Cox proportional hazards regression analysis for OS are shown in Table 3.

The random forest model was used for further screening and 1000 random trees were used. The model tended to
stabilize when the size of the training tree reached approximately 100. The importance of each clinicopathological factor
was assessed and ranked. The five indicators of minimal depth were tumor grade, T stage, tumor size, patient age, and
PNI. After considering the screening results of the two models, the five indicators, namely, tumor grade, T stage, tumor
size, age, and PNI, were included in the construction of the prognostic nomogram for OS in patients (Figure 2A).

Bootstrap resampling (1000 iterations) was used to verify the accuracy of the GATIS score; the C-index of OS in the
training set was 0.915 (95%Cl: 0.866-0.964), while the C-index in the validation set was 0.812 (0.702-0.923). The similarity
between the actual and predicted survival rates based on the GATIS scores was verified using a calibration plot. The
predicted 3-year and 5-year OS rates were consistent with the actual survival rates within a 10% error range indicated by
the dotted line. Similar results were obtained for the validation set (Figure 3A-D). The decision curve analysis of the
training dataset showed that the net benefit of the GATIS score was greater than that of a single factor (Figure 3E). The
time-dependent area under the receiver operating characteristic curve (TD-AUC) showed that the predictive power of the
GATIS score for OS was higher than that of the TNM stage and pathological grade at all time points (Figure 3F).

Nomogram construction and validation for PFS prediction

A univariate analysis suggested that age, NLR, PNI, tumor size, pathological type and grade, T stage, lymph node
metastasis, TNM stage, lymphovascular invasion, and adjuvant therapy were associated with PFS. In the multivariate
analysis, considering the collinearity of the TNM stage with T stage and LNM, TNM stage was not included. A
multivariate analysis showed that PNI (HR = 0.365, 95%CI: 0.135-0.583, P = 0.010), pathological grade (G2, HR = 2.937,
95%Cl: 1.011-8.535, P = 0.048; G3, HR = 7.126, 95%Cl: 2.685-18.913, P < 0.001) and T stage (T2, HR = 2.136, 95%CI: 1.236-
5.362, P = 0.025; T3, HR = 6.653, 95%ClI: 2.368-15.362, P = 0.001; T4, HR = 8.365, 95%CI: 3.325-13.325, P < 0.001) were
independent factors for PFS. The results of the log-rank test and Cox proportional hazards regression analysis for PFS are
shown in Table 3.
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Table 1 Clinicopathological data of patients with rectal neuroendocrine neoplasms, n (%)

All (n = 1408) n
Sex 1408
Female 591 (42.0)
Male 817 (58.0)
Age, year 51.9 (12.1) 1408
Size (cm) 1408
<1 872 (61.9)
1-2 291 (20.7)
>2 171 (12.1)
NA 74 (5.3)
Size (cm) 13 (1.2) 1334
Neoadjuvant therapy 1408
No 1385 (98.4)
Yes 23 (1.6)
Complete resection
No 48 (3.4)
Yes 1360 (96.6)
Pathological type 1408
NET 1307 (92.8)
NEC 71 (5.0)
MANEC 14 (1.0)
NA 16 (1.1)
Pathological grade, 1408
G1 1149 (81.6)
G2 158 (11.2)
G3 85 (6.0)
NA 16 (1.1)
T stage 1408
T1 1150 (81.7)
T2 140 (9.9)
T3 82 (5.8)
T4 36 (2.6)
Lymphatic metastasis 1408
No 1305 (92.7)
Yes 103 (7.3)
TNM stage 1408
I 1133 (80.5)
II 130 (9.2)
111 92 (6.5)
v 53 (3.8)
Lymph vascular invasion 1408
No 1347 (95.7)
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Yes
CgA
Negative
Positive
Syn
Negative
Positive
Adjuvant therapy
No

Yes

61 (4.3)

1046 (74.3)

362 (25.7)

381 (27.1)

1027 (72.9)

1318 (93.6)

90 (6.4)

1408

1408

1408

NET: Neuroendocrine tumor; NEC: Neuroendocrine carcinoma; MANEC: Mixed adenoneuroendocrine carcinoma; CgA: Chromogranin A; Syn:

Synaptophysin.
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Figure 2 The GATIS score. A: Nomogram for overall survival prediction; B: Nomogram for progression free survival prediction. PNI: Prognostic nutritional index;

OS: Overall survival; PFS: Progression free survival.
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Table 2 Characteristics of patients with rectal neuroendocrine neoplasms from training database and validation set (2010-2022), n (%)

All Training set Validation set
P value
n=1183 n=819 n =364
Sex 0.402
Female 504 (42.6) 356 (43.5) 148 (40.7)
Male 679 (57.4) 463 (56.5) 216 (59.3)
Age, year 51.7 (12.0) 51.5 (12.0) 52.3 (12.0) 0.291
Size, year 1.1 (1.0 1.1 (1.0) 12(1.2) 0.187
Size (cm) 0.300
<1 819 (69.2) 568 (69.4) 251 (69.0)
1-2 246 (20.8) 176 (21.5) 70 (19.2)
>2 118 (10.0) 75(9.2) 43 (11.8)
PLR 126.1 (52.3) 126.6 (54.3) 124.9 (47.6) 0.588
NLR 23 (5.1) 2.2 (2.5) 25(84) 0.559
PNI 54.1 (6.8) 54.2 (6.9) 53.9 (6.5) 0.455
Pathological type 0.824
NET 1134 (95.9) 786 (96.0) 348 (95.6)
NEC 44 (3.7) 29 (3.5) 15 (4.1)
MANEC 5(0.4) 4 (0.5) 1(0.3)
Pathological grade 0.876
Gl 1020 (86.2) 705 (86.1) 315 (86.5)
G2 114 (9.6) 81(9.9) 33 (9.1)
G3 49 (4.1) 33 (4.0) 16 (4.4)
T stage 0.358
T1 1010 (85.4) 707 (86.3) 303 (83.2)
T2 111 (9.4) 74 (9.0) 37 (10.2)
T3 45 (3.8) 29 (3.5) 16 (4.4)
T4 17 (1.4) 9(1.1) 822
Lymphatic metastasis 0.290
No 1107 (93.6) 771 (94.1) 336 (92.3)
Yes 76 (6.4) 48 (5.9) 28 (7.7)
TNM stage 0.227
I 996 (84.2) 699 (85.3) 297 (81.6)
I 108 (9.1) 71(8.7) 37 (10.2)
111 79 (6.7) 49 (6.0) 30 (8.2)
Lymph vascular invasion 0.252
No 1149 (97.1) 799 (97.6) 350 (96.2)
Yes 34 (2.9) 20 (2.4) 14 (3.8)
CgA 0.100
Negative 871 (73.6) 615 (75.1) 256 (70.3)
Positive 312 (26.4) 204 (24.9) 108 (29.7)
Syn 0.393
Negative 297 (25.1) 212 (25.9) 85 (23.4)
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Positive
Adjuvant therapy
No

Yes

886 (74.9) 607 (74.1)
1125 (95.1) 783 (95.6)
58 (4.9) 36 (4.4)

279 (76.6)

0.286

342 (94.0)

22 (6.0)

PLR: Platelet-to-lymphocyte ratio; NLR: Neutrophil-to-lymphocyte ratio; PNI: Prognostic nutritional index; NET: Neuroendocrine tumor; NEC:

Neuroendocrine carcinoma; MANEC: Mixed adenoneuroendocrine carcinoma; CgA: Chromogranin A; Syn: Synaptophysin.

Table 3 Univariate and multivariate analysis of clinicopathologic variables in relation to overall survival and progression free survival in

patients with rectal neuroendocrine neoplasms

Univariate analysis' Multivariate analysis' Univariate analysis’ Multivariate analysis’
HR (95%Cl) Pvalue  HR (95%Cl) Pvalue  HR (95%ClI) Pvalue  HR (95%Cl) P value
Sex (male) 1.148 (0.588- 0.686 1.168 (0.648- 0.605
2.243) 2.106)
Age (> 60) 2194 (1.115- 0.023 2.875 (1.505- <0.001
4317) 5.495)
PLR (> 128.00) 1.592 (0.818- 0.171 1.313 (0.668- 0.402
3.100) 2577)
NLR (> 1.45) 1.629 (0.740- 0.226 2.322 (1.106- 0.007
3.585) 4.874)
PNI (> 46.57) 0.144 (0.071- 0.023 0.233 (0.109- <0.001 0.130 (0.043- <0.001 0.365 (0.135- 0.010
0.295) 0.499) 0.392) 0.583)
Size (cm)
<1 - Ref. - Ref. - Ref.
1-2 6.190 (2.591- <0.001 1.706 (0.538- 0.364 4.960 (1.956- 0.001
14.790) 5.413) 12.580)
>2 13.439 (5.563- <0.001 3.349 (1.314- 0.011 10.240 (5.200- <0.001
32.468) 8.533) 25.200)
Pathological type
NET - Ref. - Ref.
NEC 31.177 (14.961- <0.001 15.121 (5.590- <0.001
64.968) 59.102)
MANEC 27.899 (6.399- <0.001 26.252 (6.203- <0.001
121.627) 85.32)
Pathological grade
Gl - Ref. - Ref. - Ref. - Ref.
G2 6.380 (2.582- 0.001 4.211 (1.603- 0.004 8.680 (2.830- <0.001 2.937 (1.011- 0.048
15.768) 11.059) 20.602) 8.535)
G3 48.175 (21.495- <0.001 30.681 (10.821- <0.001 25.362 (6.362- <0.001 7.126 (2.685- <0.001
107.969) 86.988) 62.325) 18.913)
T stage
T1 - Ref. - Ref. - Ref.
T2 3.234 (1.169- 0.024 13.370 (3.794- <0.001 2.136 (1.236- 0.025
8.945) 47.086) 5.362)
T3 17.473 (7.846- <0.001 12.630 (2.635- <0.001 6.653 (2.368- 0.001
38.915) 18.354) 15.362)
T4 23.081 (8.328- <0.001 26.368 (5.364- <0.001 8.365 (3.325- <0.001
63.964) 53.258) 13.325)
Lymph node 11.387 (5.786- <0.001 12440 (4172-  <0.001
metastasis (yes) 22.409) 37.112)
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TNM stage
I - Ref. - Ref.
II 3.280 (1.188- 0.022 6.839 (1.692- 0.006
9.056) 27.650)
I 14.524 (7.080- <0.001 17.792 (5.982- <0.001
29.797) 52.932)
Lymph vascular 5.753 (2.013- 0.001 5.899 (1.213- <0.001
invasion (yes) 16.447) 28.703)
CgA (positive) 1.992 (1.012- 0.046 1.188 (0.608- 0.512
3.919) 2.322)
Syn (positive) 1.161 (0.541- 0.702 0.960 (0.483- 0.919
2.492) 1.908)
Adjuvant therapy 10.775 (5.161- <0.001 13.110 (3.737- <0.001
(yes) 22.499) 45.962)

'Overall survival.

ZProgress free survival.

PLR: Platelet-to-lymphocyte ratio; NLR: Neutrophil-to-lymphocyte ratio; PNI: Prognostic nutritional index; NET: Neuroendocrine tumor; NEC:
Neuroendocrine carcinoma; MANEC: Mixed adenoneuroendocrine carcinoma; CgA: Chromogranin A; Syn: Synaptophysin; HR: Hazard ratio; CI:

confidence interval.

The random forest model was used for further screening and 1000 random trees were used. The model tended to
stabilize when the size of the training tree reached approximately 100. The importance of each clinicopathological factor
was assessed and ranked. The five indicators of minimal depth were tumor grade, T stage, tumor size, patient age, and
PNI. After considering the screening results of the two models, the five indicators of tumor grade, T stage, tumor size,
age, and PNI were included in the construction of the prognostic nomogram of PFS for R-NENs patients (Figure 2B).

Bootstrap resampling (1000 iterations) was used to verify the accuracy of the GATIS score; the C-index of PFS in the
training set was 0.908 (95%ClI: 0.872-0.944), while the C-index in the validation set was 0.865 (0.756-0.909). The similarity
between the actual and predicted survival rates based on the GATIS scores was verified using a calibration plot. The
predicted 3-year and 5-year PFS rates were consistent with the actual survival rates within the 10% error range indicated
by the dotted line. Similar results were obtained for the validation set (Figure 4A-D). The decision curve analysis curve of
the training dataset showed that the net benefit of the GATIS score was greater than that of a single factor (Figure 4E).
The TD-AUC results showed that the predictive power of the GATIS score for PFS was higher than that of the TNM stage
and pathological grade at all time points (Figure 4F).

DISCUSSION

Rectal NETs are rare and more common in the elderly, with a poorer prognosis in younger individuals[13,14]. There is no
evidence of sex or familial aggregation. Generally, R-NENs have a small diameter, and most patients are classified as G1,
with a good prognosis[13,14]. The 5-year survival rate can reach 90%[4]. In this study, the average tumor size was 1.3 cm,
and 81.6% of the patients had a pathological grade of G1. The 5-year OS rate was 94.7%, which is consistent with that in
previous reports.

Due to their rarity and limited sample size, the prognostic factors of R-NENSs, particularly the preoperative
hematologic factors, have not been fully elucidated. In this study, we found that the PNI was an independent prognostic
factor in patients with R-NENs. PNI, a nutrition-related indicator, has been confirmed to be inversely correlated with
patient prognosis in various tumors[15,16]. Our findings suggest that individuals with an elevated preoperative PNI,
indicating adequate nutritional status, exhibit a reduced risk of mortality. This finding suggests that preoperative
nutritional improvement in patients with R-NENs can help improve their prognosis. Additionally, we found that a large
tumor diameter and a high pathological grade were poor prognostic factors, which is consistent with previous studies[17,
18].

A random forest is an ensemble algorithm composed of decision trees belonging to the bagging (Bootstrap
Aggregation) method of ensemble learning. It is composed of numerous decision trees with no correlation between them.
When a new input sample is presented for classification, each decision tree in the forest is judged and classified
separately, and the most frequent result is considered the final result. A random forest can assess feature importance,
interactions between features, and balance errors; however, it may overfit noisy classification or regression problems. It
has been used for the prediction and model construction of various tumors with satisfactory results[19-21]. To the best of
our knowledge, this is the first randomized forest study on patients with R-NENs. We analyzed the correlation between
clinicopathological factors and patient’ prognoses and determined the importance of these factors. Five representative
indicators were identified: Tumor grade, T stage, tumor size, age, and PNL
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Figure 3 Nomogram validation for overall survival prediction. A: Calibration plot of 3-year overall survival (OS) for the training set; B: Calibration plot of 5-
year OS for the training set; C: Calibration plot of 3-year OS for the validation set; D: Calibration plot of 5-year OS for the validation set; E: The decision curve
analysis for OS; F: Time-dependent area under the receiver operating characteristic curve analysis for OS. OS: Overall survival; PNI: Prognostic nutritional index;
AUC: Area under the receiver operating characteristic curve.

WHO classification and TNM staging are currently the most commonly used prognostic evaluation systems for NENs;
however, several studies have shown that their predictive efficacy for R-NENSs is limited. Predictive models, including
scoring models and nomograms, have been widely studied and applied in the clinical practice for NENs; however, there
are few studies on nomogram models for R-NENs, most of which have small sample sizes and do not consider
preoperative hematologic factors[8,9,22,23]. In this study, we combined the results of the Cox proportional hazard and
random forest models and constructed a prognostic nomogram model for OS and PFS in R-NENs patients according to
the five screened variables. Good prediction performance was achieved in both the training and validation sets, and the
calibration analysis showed that there was a good fit between the predicted and actual survival rates. In addition, we
compared the predictive effect of the GATIS score with that of the WHO and TNM stages. The TD-AUC results showed
that the predictive efficacy of the GATIS score was better than that of the WHO and TNM stages at multiple follow-up
time points, suggesting that the GATIS scoring tool may provide a more accurate assessment of the prognosis of R-NENs
patients.

This study had some limitations. First, the follow-up time of this study was still short, and a longer follow-up is needed
to verify the validity of the GATIS score. Second, with the advancement of molecular and gene detection technologies,
more prognostic factors (e.g., genes or biological markers) may be identified. These variables were not included in the
GATIS score, and further research is required to identify them. Nevertheless, our study provides a useful tool for the
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Figure 4 Nomogram validation for progression free survival prediction. A: Calibration plot of 3-year progression free survival (PFS) for the training set;
B: Calibration plot of 5-year PFS for the training set; C: Calibration plot of 3-year PFS for the validation set; D: Calibration plot of 5-year PFS for the validation set; E:
The decision curve analysis for PFS; F: Time-dependent area under the receiver operating characteristic curve analysis for PFS. PFS: Progression free survival; PNI:
Prognostic nutritional index; AUC: Area under the receiver operating characteristic curve.

prognostic assessment of R-NENs after complete resection, offering a reference for diagnosis and treatment based on a
large sample size of patients with R-NENS.

CONCLUSION

In conclusion, our study showed that the overall prognosis of patients with R-NENs was favorable, and that tumor size,
tumor pathological grade, age, T stage, and preoperative PNI were important factors affecting the prognosis of patients.
The GATIS score based on the Cox HR model and random forest had a good predictive effect on the prognosis of patients
with R-NENSs, and its efficacy was superior than that of the WHO grade and TNM stage. The GATIS score can be used to
guide individualized treatment strategies and predict the individualized survival outcomes of patients with R-NENS, to
help improve the prognostic evaluation, strengthen patient stratification in clinical trials, and make prognosis-based
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decisions for patients with R-NENSs.
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METHODS

Prospective, observational questionnaire study performed between 2019 and 2021 in 235 patients with a chronic GI-
HPB disorder attending the Outpatient Department of the Maastricht University Medical Center. Validated
questionnaires and data from patient files were used to quantify the six dimensions of PH. Internal consistency was
tested with McDonald’s Omega. Zero-order Pearson correlations and t-tests were used to assess associations and
differences. A P value < 0.05 was considered significant.

RESULTS

The GI-HPB patients scored significantly worse in all dimensions of PH compared to control data or norm scores
from the general population. Regarding quality of life, participation and daily functioning, GI-HPB patients scored
in the same range as patients with chronic disorders in other organ systems, but depressive symptoms (in 35%) and
malnutrition (in 45%) were more frequent in patients with chronic GI-HPB disorders. Intercorrelation scores
between the six dimensions were only very weak to weak, forcing us to quantify each domain separately.

CONCLUSION
All six dimensions of PH are impaired in the GI-HPB patients. Malnutrition and depressive symptoms are more
prevalent compared to patients with chronic disorders in other organ systems.

Key Words: Positive health; Chronic gut disorders; Gastrointestinal disorders; Hepato-pancreatico-biliary disorders; Integrated
care

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

Core Tip: Patients with chronic gastrointestinal and hepato-pancreatico-biliary (GI-HPB) disorders experience complaints in
every dimension of positive health (PH). We described and quantified these complaints and compared the outcomes with
norm scores and other chronic diseases. We found that GI-HPB patients scored significantly worse in all dimensions of PH
compared to control data or norm scores from the general population. Regarding quality of life, participation and daily
functioning, GI-HPB patients scored in the same range as patients with chronic disorders in other organ systems, but
depressive symptoms (in 35%) and malnutrition (in 45%) were more frequent in patients with chronic GI-HPB disorders.
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INTRODUCTION

In the past decades, the prevalence of chronic disorders has steadily increased worldwide. In the Netherlands, over 55%
of all inhabitants had been diagnosed with at least one chronic disorder in 2021. Increasing age is associated with an even
higher prevalence of chronic disorders[1]. These developments have challenged healthcare providers to expand on the
conventional definition of “health” beyond the focus on “absence of disease”. Chronic disorders significantly impact not
only an individual’s physical well-being, but also mental well-being and social participation[2,3]. In 2011 Huber ef al[4]
proposed changing the focus of “health” to a more holistic vision, called “positive health” (PH). This approach
emphasises a person’s ability to cope with life’s challenges and maintain self-management in relation to six dimensions:
Bodily functions, mental well-being, quality of life (QOL), social participation, daily living and meaningfulness. By
assessing a patient’s functioning in these six dimensions, a broader insight into their life and well-being is obtained. This
integrated approach enables a more structured and potentially more relevant and personalised management of patients
with chronic disorders.

There is an ongoing debate of how best to measure and quantify PH. Previous research has focused on the separate
dimensions of PH, not on their coherence or through an integrated approach. To map PH during patient consultations, a
dialogue tool was developed by the Institute for Positive Health[5]. Using 44 items, the six dimensions of PH are explored
and the outcome visualised in a personal spider web. While this tool is helpful for individual clinical consultations, it
does not systematically quantify all the PH dimensions to allow individual follow-up, group comparisons or scientific
analyses. Recently, we proposed bridging this gap by measuring PH by merging validated, widely available ques-
tionnaire instruments that, taken together, cover all the various dimensions of PH[6]. As a next step, PH should be
quantified in patients with chronic disorders. Here we focus on a specific group of patients with chronic disorders.

Chronic gastrointestinal and hepato-pancreatico-biliary (GI-HPB) disorders are among the top 6 of most prevalent
chronically affected organ systems[7]. The impact of chronic GI-HPB disorders on individuals may be disproportionally
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high because the affected organ system frequently contributes to a malnourished state and persons with chronic GI-HPB
disorders are often younger than persons with chronic diseases in other organ systems.

The aim of the present study was to describe and quantify the six dimensions of PH in a group of patients with chronic
GI-HPB disorders, compare their scores with norm scores (control groups, Dutch population data, disease controls) and
test intercorrelations.

MATERIALS AND METHODS

Patient characteristics

In this prospective, single-centre, observational, explorative questionnaire study, chronic GI-HPB patients attending the
Gastroenterology-Hepatology Outpatient Clinic of the Maastricht University Medical Center (MUMC) were invited to
participate. The MUMC is a university hospital for tertiary care and also provides secondary care for inhabitants of
Maastricht and its surrounding area (250000 inhabitants). The Department of Gastroenterology-Hepatology has organised
its care for patients with chronic disorders into three clinical pathways for: (1) Inflammatory bowel diseases (IBD); (2)
Chronic hepato-pancreatico-biliary (HPB) disorders; and (3) Neurogastroenterology and motility (NGM) disorders, also
including functional gastrointestinal disorders, for which it is the national centre of expertise.

This survey is part of a more extensive MUMC study on PH in patients with chronic GI-HPB disorders. In the period
from 2019-2021, a group of 1170 GI-HPB patients were contacted, of whom 555 participated (response rate 47.4%). As the
questionnaire about meaningfulness was added later, only in a subset of 235 GI-HPB patients were all PH dimensions
quantified using the combined, validated questionnaires. The local Medical Ethics Committee confirmed in a written
statement that the Medical Research Involving Human Subjects Act (WMO) did not apply to this study (No. METC 2019-
1324).

Patients aged 18 years and older who had been diagnosed with a chronic GI-HPB disorder (IBD, HPB or NGM) and
were scheduled for an appointment at the Outpatient Clinic were invited by letter to participate in the study. The letter
contained detailed information about the study. After signing the informed consent form, the patients received the
questionnaires, filled them in and handed them back to the investigator after the clinical consultation. In addition to the
questionnaires, clinical data were collected from their electronic patient files (medical diagnoses, duration of complaints,
comorbidity, etc.).

Dimensions of PH
In Figure 1 the validated questionnaires and scales to quantify each of the six dimensions are presented. Each
questionnaire is addressed in more detail below.

Bodily functions
The bodily functions of GI-HPB patients were measured with the Gastrointestinal Symptom Rating Scale (GSRS)[8] that
separates abdominal complaints into five symptom clusters on a seven-point Likert scale: Reflux, Abdominal pain,
Indigestion, Diarrhoea and Constipation. McDonald’s Omega was adequate as a measure of internal consistency for the
GSRS (0.857).

In addition, we used the Short Nutritional Assessment Questionnaire (SNAQ), an instrument developed to screen for
malnutrition at hospitalisation. It provides insight into weight loss, loss of appetite and additional nutritional support[9].
A score > 2 points to moderate malnutrition, a score = 3 to severe malnutrition.

Mental well-being

To evaluate mental well-being, depressive complaints (nine items) were measured with the Patient Health Questionnaire
(PHQ-9)[10] and anxiety complaints (seven items) with the Generalized Anxiety Disorder (GAD-7)[11]. The PHQ-9 (range
0-27) and the GAD-7 (range 0-21) utilise answers on a four-point scale. Range of PHQ-9 scores: 5-9 mild; 10-14 moderate;
15-19 moderately severe; and 20-27 severe. Range of GAD-7 scores: 5-9 mild; 10-14 moderate; and 15-21 severe. A score of
> 10 represents the cut-off point to identify moderate to severe depression (PHQ-9) or moderate to severe anxiety
disorder (GAD-7), at which point treatment is considered[12]. McDonald’s Omega was adequate for PHQ-9 (0.882) and
GAD-7 (0.913).

The Short Form-36 (SF-36) is a questionnaire to quantify QOL and consists of nine subscales: e.g., physical functioning,
social functioning, and physical or emotional role limitations. We distributed the subscales of the SF-36 over the various
PH dimensions to find the best match with a specific dimension. Questions from the Mental Health subscale of the SF-36
were added to the Mental well-being dimension[13]. McDonald’s Omega was acceptable (0.864).

Meaningfulness

In 2020 the Disease Experience Questionnaire (DEQ) (Meaningfulness subscale, five items) was introduced and provides
insight into the meaningfulness dimension[14]. The DEQ uses a five-point Likert scale. A higher score indicates that the
chronic disorder is regarded as a more meaningful experience. Control data at the population level are not yet available.
McDonald’s Omega was adequate (0.750).

Quality of life
The EuroQol (EQ)-5D-5 L measures QOL in five dimensions using a five-point Likert scale: Mobility, self-care, daily
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Figure 1 Visual representation of the six dimensions of positive health (boxes of the inner circle) and the validated questionnaires used
to quantify each dimension (boxes of the outer circle).

activities, pain/discomfort and anxiety/depression. The patients” health status was measured on a VAS scale (0-100). To
obtain the EQ-5D-5L Crosswalk Value, a five-digit code consisting of the answers to the questions in the EQ-5D-5L was
mapped to health status scores based on the study of M Versteegh et al[15]. Additionally, the SF-36 Vitality and General
Health subscales were added to the PH QOL dimension.

Social and work participation

The Social functioning, Emotional role limitations and Physical role limitations subscales of the SF-36 were used to score
social and work participation. Participation was also measured with the Work Productivity and Activity Impairment-
General Health (WPAI: GH)[16]. Additionally, for the subgroup of working age (18-66 years), a set of questions tailored
to the Dutch work situation was used.

Daily functioning
The SF-36 Physical functioning subscale was used to assess daily functioning and daily activities.

Control data

GSRS outcomes were compared to those of a group of healthy controls (n = 215) which we used previously as a control
group for the Maastricht Irritable Bowel Syndrome Cohort[17]. Outcomes of the EQ-5D-5L and the SF-36 were compared
to norm scores for the Dutch population[13,18,19]. SNAQ, PHQ-9 and GAD-7 were compared with previously defined
cut-off values. For data on work participation, Dutch population control data were used[20].

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics, version 26.0. For the scales, internal consistency was tested
with McDonald’s Omega. Zero-order Pearson correlations and t-tests were used to assess associations and differences. A
P value < 0.05 was considered significant.

RESULTS

Patient characteristics
The group consisted of 235 chronic GI-HPB patients, mean age 50.2 years (SD 17.4), with more women than men (68.1%).
The distribution among the subgroups was IBD 31.1% (1 = 73), HPB 17.9% (n = 42) and NGM 51% (n = 120). Mean disease
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duration was 9.5 years (SD 10.3).
In 31.8% there were no comorbidities present, 19.7% had one comorbidity, 18.4% had two, and 30.1% had three or
more. Almost everyone had a somatic comorbidity; 1.8% had only a mental comorbidity.

Positive health by dimension
Bodily functions: GSRS scores for all five domains were significantly (P < 0.001) higher in GI-HPB patients compared to
healthy controls (Table 1).

Based on SNAQ data, moderate malnutrition (score 2) was present in 55 (23.9%) GI-HPB patients, while 50 (21.7%) had
a score of > 3 (severe malnutrition).

Mental well-being

A mental disorder had previously been diagnosed in 26 of the 235 patients (11%). Depressive symptoms (PHQ score = 10)
were present in 34.9% and anxiety symptoms (GAD-7 score > 10) in 21.6% of the GI-HPB patients (Table 2). Regarding the
Mental health subscale of the SF-36, the mean score of the GI-HPB group was significantly (P < 0.001) reduced compared
to the Dutch population norm score.

Meaningfulness
The GI-HPB group had a DEQ Meaningfulness subscale mean group score of 2.85 (SD 0.84; range 0-5). A higher score
points to a greater impact of the chronic disorder on meaningfulness.

Quality of life

EQ-5D-5L scores were significantly (P < 0.001) reduced in the GI-HPB group compared to the Dutch population norm
scores (Table 3). The Vitality and General perception of health subscales of the SF-36 were significantly (P < 0.001) lower
in the GI-HPB group compared to the Dutch population.

Participation
The scores in the SF-36 subscales related to social participation were significantly (P < 0.001) lower compared to the Dutch
population norm scores (Table 4).

From the group of 235 GI-HPB patients, 81% was of working age (18-66 years). Of them, 54% was actively working,
compared to 70% for the Dutch population (P < 0.001). Of those not working, the percentage of GI-HPB patients with a
disability benefit was 36%.

Daily functioning
The GI-HPB group scored significantly (P = 0.001) lower on the SF-36 Physical functioning subscale compared to the
Dutch population.

Correlations between PH dimensions

Correlations between the dimensions were weak (0.2-0.4) or very weak (0.0-0.2). Correlations between the various QOL
parameters (all subscales of SF-36, EQ-5D-5L and EQ-VAS) were moderate to strong (0.4-0.7), however. Patient character-
istics (disease duration, number of comorbidities, etc.) showed very weak to weak correlations with the various PH
dimensions. Higher GAD and PHQ scores indicating anxiety or depressive symptoms had a moderate negative
correlation (-0.4 to -0.6) with all the quality-of-life parameters except for SF mental health, where the correlation was
strong. Meaningfulness was the only parameter to show very weak correlations with all the other dimensions (0.0-0.2).

DISCUSSION

To arrive at an integrated assessment of patients with chronic disorders that includes their needs and wishes, it is
important to know more about the patients than just their physical condition. We have described and quantified the
health status of a group of patients with chronic GI-HPB disorders according to the six dimensions of PH by using an
integrative and quantitative approach. To our knowledge, this study is the first to report on PH status in patients with
chronic disorders using validated instruments for the various dimensions of PH. The results show that all dimensions of
the health status of patients with chronic GI-HPB disorders are substantially impaired.

The group of 235 GI-HPB patients was divided into three subgroups. We focused on the complete GI-HPB group, not
on comparisons between subgroups. Of the 235 GI-HPB patients, 68% had comorbidities. In the Dutch population,
comorbidity is present in 57% of subjects[1]. In chronic disorders of other organ systems, similar percentages of
comorbidity have been observed to our GI-HPB group[21-23]. Age, gender, BMI, disease duration and number of
comorbidities revealed only weak correlations with the scores on the various PH dimensions.

Bodily functions

In GI-HPB patients, GSRS were significantly higher in all symptom clusters compared to a historical control group. GSRS
scores in our chronic GI-HPB patients were in the range of those previously reported in patients with IBD or irritable
bowel syndrome. One limitation is that the GSRS only measures actual symptoms of the past seven days; it does not
cover a longer timeframe.
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Table 1 Data on bodily function scores in the 235 patients with chronic gastrointestinal and hepato-pancreatico-biliary disorders

Bodily functions GI-HPB patients Healthy controls

Patient characteristics n =235 n=215
Age, years 50.2 (17.4)° 44.5 (10.0)
Sex, female 68.1% 61.4%
BMI, kg/m? 25.6 (6.3)" 24.0 (3.8)

GSRS, mean (SD)
Reflux 2.24 (1.68)° 1.22 (0.53)
Abdominal pain 3.15 (1.39)° 1.65 (0.71)
Indigestion 3.48 (1.47)° 2.00 (0.89)
Diarrhoea 3.02 (1.72)° 1.41 (0.63)
Constipation 2.82 (1.61)" 1.61 (0.85)

SNAQ, 1 (%)

0-1 125 (54.3)
2: Moderately malnourished 55 (23.9)
> 3: Severely malnourished 50 (21.7)

2P < 0.01, indicate that characteristics of the gastrointestinal and hepato-pancreatico-biliary patients are significantly different from the Maastricht irritable
bowel syndrome healthy control group with respect to age and body mass index and Gastrointestinal Symptom Rating Scale symptom scores.

PP <0.001, indicate that characteristics of the gastrointestinal and hepato-pancreatico-biliary patients are significantly different from the Maastricht irritable
bowel syndrome healthy control group with respect to age and body mass index and Gastrointestinal Symptom Rating Scale symptom scores.

SNAQ: Short Nutritional Assessment Questionnaire; GI-HPB: Gastrointestinal and hepato-pancreatico-biliary; GSRS: Gastrointestinal Symptom Rating
Scale.

Table 2 Mental well-being scored with patient health questionnaire-9, generalized anxiety disorder-7 and short form-36 mental health

subscale, measured in 235 patients with chronic gastrointestinal and hepato-pancreatico-biliary disorders, n (%)

Mental well-being GI-HPB patients, n = 235 Norm score of Dutch population
PHQ total
0-9 149 (65.1)
10-max 80 (34.9)
GAD 7 total
0-9 178 (78.4)
10-max 49 (21.6)
SF-36
Mental Health, mean (SD) 68.5 (21.2)° 76.8
P <0.001.

Data on Short Form-36 Mental Health are given as mean (SD). PHQ-9: Patient Health Questionnaire; GAD-7: Generalized Anxiety Disorder; SF-36: Short
Form-36; GI-HPB: Gastrointestinal and hepato-pancreatico-biliary.

The SNAQ score is used as a screening instrument for malnutrition in the (pre)hospital setting. In this setting, 27% of
GI-HPB patients was previously found to be severely malnourished[24]. In the outpatient setting, severe malnutrition is
much less frequent: Around 10% has been reported in non-specified, chronically diseased patients. Surprisingly, in our
outpatient setting, 22% of the chronic GI-HPB patients was severely malnourished and 24% moderately malnourished.
Thus, almost half of our chronic GI-HPB population is in need of nutritional guidance/support. A substantial percentage
of these patients would not have been identified without the use of the SNAQ.

Mental well-being

Symptoms of depression and anxiety were more frequent in chronic GI-HPB patients compared to the Dutch population:
34.9% and 21.6% compared to 8.5% and 15%, respectively[25]. For patients with chronic diseases of other organ systems,
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Table 3 Quality of life measured with EuroQol and the short form-36 vitality and general perception of health subscales in 235 patients

with chronic gastrointestinal and hepato-pancreatico-biliary disorders and norm scores for the Dutch population

Quality of life GI-HPB patients, n = 235 Norm score of Dutch population
EQ-5D-5L
VAS, mean (SD) 58.7 (23.1)° 81.0
Crosswalk, value mean (SD) 0.66 (0.26)° 0.91
SE-36
Vitality, mean (SD) 422 (26.2)" 67.4
General perception of health, mean (SD) 38.4 (21.3)° 72.7
bp <0.001.

EQ-5D-5L: EuroQol; VAS: Visual Analogue Scale; SF-36: Short Form-36; GI-HPB: Gastrointestinal and hepato-pancreatico-biliary.

Table 4 Participation scored by the short form-36 social functioning, physical role limitations and emotional role limitations subscales,

and by work status in a group of 235 patients with chronic gastrointestinal and hepato-pancreatico-biliary disorders

Participation GI-HPB patients, n = 235 Norm score of Dutch population
SF-36, mean (SD)

Social functioning 60.1 (30.5)" 86.9

Physical role limitations 39.9 (43.2)° 794

Emotional role limitations 68.7 (42.6)" 84.1

Work, 1 (%)

Working age (18-66 years) 191 (81.3)
At work if working age (18-66 years) 103 (54)° 70%
°P < 0.001.

GI-HPB: Gastrointestinal and hepato-pancreatico-biliary; SF-36: Short Form-36.

prevalence data on depressive symptoms of 20%-30% and on anxiety symptoms of 16%-32% have been observed[26-28].
Depressive symptoms appear to be more prevalent in our chronic GI-HPB population compared to other chronically
diseased populations. Because mental disorders can influence GI-HPB symptoms, it is important to identify them. In a
large proportion of GI-HPB patients, mental symptoms were not recognized, although they are present to an extent that
treatment should be considered. We recommend more systematic screening for depression and anxiety disorder in
patients with chronic GI-HPB disorders and, when indicated, initiating targeted treatment.

Meaningfulness

The DEQ is designed to measure three disease experiences, including meaningfulness. A meaningful life is associated
with positive functioning: Life satisfaction, enjoyment of work, happiness, general positive affect, hope and a higher level
of well-being. Our GI-HPB group scored a mean of 2.85 on this scale. For comparison, a mean score of 3.16 has been
reported in the recent literature for patients with sarcoidosis, a chronic pulmonary disorder[14].

We anticipated that lower scores of physical, mental and social well-being would be associated with higher scores of
meaningfulness, pointing to a greater impact of the disease on well-being and functioning. Meaningfulness showed only
a very weak, insignificant correlation with all other dimensions of PH. For an integrated, multidimensional approach to
chronically diseased patients, it is essential to be informed about a patient’s opinion and rating of their life’s meaning-
fulness. In this respect, the DEQ is a first step that deserves further evaluation.

Quality of life
The GI-HPB patients scored significantly lower on all QOL parameters compared to the Dutch norm population. QOL
scores in the GI-HPB group are comparable to those found in various chronic disorders of other organ systems[29-31].

Social participation

Scores for the three SF-36 subscales related to social participation were all significantly lower compared to the Dutch
population as a whole but were in the range of patients with chronic diseases in other organ systems.
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Work participation was significantly lower in the GI-HPB group compared to the Dutch norm population (54% vs 71%)
but in the range of 40%-60% observed in patients with chronic diseases in other organ systems[32-34]. Of the GI-HPB
patients who were not working, only 36% received a disability benefit. Compared to other high-income countries, the
percentage of disabled people living in poverty is higher in the Netherlands due to a high threshold for the disability
benefit. Early recognition of problems in work participation is essential in order to refer patients for advice and support,
and thus prevent prolonged sick leave, resulting in a non-working status with disability pension or unemployment.

Daily functioning
For daily functioning (SF-36 Physical functioning subscale), the GI-HPB group scored significantly worse compared to the

Dutch norm population, while the score is in the range of patients with chronic disorders in other organ systems[30,35,
36].

Strengths and limitations

One strength of our study is that it bridges the gap between conceptualisation and implementation of PH by using
validated questionnaires to quantify each dimension in an integrated fashion. In this way, a broad and personalised
picture of a patient’s well-being was obtained. It allowed us to generate data for individual follow-up, for comparison
between groups and for scientific purposes. Although confirmation is needed from other GI-HPB centres and from
patients with chronic disorders of other organ systems, our data on PH in chronic GI-HPB patients provide a unique and
valuable insight. Our group is fairly representative of the chronic GI-HPB patient population as a whole, with a
somewhat higher percentage of patients with chronic NGM or functional disorders because we function as a national
NGM centre of expertise.

A limitation for generalisation to other patient groups is that we used an organ-specific instrument, the GSRS, for
physical symptom assessment. Assessment of PH in chronic disorders of other organ systems will require other organ-
specific or more general health-oriented instruments for physical symptom assessment that cover longer periods of time
than the past week or month.

In general, correlations between the various dimensions were relatively weak. Therefore, an inventory of PH should
contain instruments to score all the separate dimensions. For an individual patient, attention should be paid to all
dimensions to obtain an overall picture.

Implications

In the guidance and management of patients with chronic disorders, use of the PH concept may be helpful. Improving the
physical condition of a patient is essential but is not the ultimate goal. It serves as a first step towards better mental and
social well-being, daily functioning, work participation and a meaningful life.

CONCLUSION

In conclusion, describing and quantifying PH revealed that the health status of patients with chronic GI-HPB disorders is
substantially impaired in all dimensions. Regarding QOL, social and work participation, daily functioning and meaning-
fulness, the scores are in the range of patients with chronic disorders in other organ systems, while depressive symptoms
and malnutrition were more prevalent in patients with chronic GI-HPB disorders. Intercorrelation scores between the six
dimensions were very weak to weak, compelling us to quantify each domain separately. We have shown that quantifying
PH in patients with chronic disorders can be successfully performed in standard care using validated instruments.
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Abstract

BACKGROUND

Alcohol-associated liver disease (ALD) is a leading cause of liver-related mor-
bidity and mortality, but there are no therapeutic targets and modalities to
prevent ALD-related liver fibrosis. Peroxisome proliferator activated receptor
(PPAR) o and 6 play a key role in lipid metabolism and intestinal barrier homeo-
stasis, which are major contributors to the pathological progression of ALD.
Meanwhile, elafibranor (EFN), which is a dual PPARa and PPARS agonist, has
reached a phase III clinical trial for the treatment of metabolic dysfunction-
associated steatotic liver disease and primary biliary cholangitis. However, the
benefits of EFN for ALD treatment is unknown.

AIM
To evaluate the inhibitory effects of EFN on liver fibrosis and gut-intestinal barrier
dysfunction in an ALD mouse model.

METHODS

ALD-related liver fibrosis was induced in female C57BL/6] mice by feeding a
2.5% ethanol (EtOH)-containing Lieber-DeCarli liquid diet and intraperitoneally
injecting carbon tetrachloride thrice weekly (1 mL/kg) for 8 weeks. EFN (3 and 10
mg/kg/day) was orally administered during the experimental period. Histo-
logical and molecular analyses were performed to assess the effect of EFN on
steatohepatitis, fibrosis, and intestinal barrier integrity. The EFN effects on HepG2
lipotoxicity and Caco-2 barrier function were evaluated by cell-based assays.

RESULTS
The hepatic steatosis, apoptosis, and fibrosis in the ALD mice model were
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significantly attenuated by EFN treatment. EFN promoted lipolysis and B-oxidation and enhanced autophagic and
antioxidant capacities in EtOH-stimulated HepG2 cells, primarily through PPARa activation. Moreover, EFN
inhibited the Kupffer cell-mediated inflammatory response, with blunted hepatic exposure to lipopolysaccharide
(LPS) and toll like receptor 4 (TLR4)/nuclear factor kappa B (NF-xB) signaling. EFN improved intestinal hyperper-
meability by restoring tight junction proteins and autophagy and by inhibiting apoptosis and proinflammatory
responses. The protective effect on intestinal barrier function in the EtOH-stimulated Caco-2 cells was predom-
inantly mediated by PPARS activation.

CONCLUSION

EFN reduced ALD-related fibrosis by inhibiting lipid accumulation and apoptosis, enhancing hepatocyte
autophagic and antioxidant capacities, and suppressing LPS/TLR4/NF-xB-mediated inflammatory responses by
restoring intestinal barrier function.

Key Words: Liver fibrosis; Ethanol; Gut barrier function; Apoptosis; Autophagy; Peroxisome proliferator activated receptor
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Core Tip: Peroxisome proliferator activated receptor (PPAR) a and 8 play a key role in lipid metabolism and intestinal barrier
homeostasis, which are major contributors to alcohol-associated liver disease (ALD) pathogenesis. This study elucidates the
preventive effect of elafibranor, a dual PPARa/6 agonist from ALD-related liver fibrosis induced by ethanol plus carbon
tetrachloride in mice. This effect is involved in multifaceted regulatory functions: (1) Suppression of lipid accumulation and
improvement of autophagy in hepatocytes, which reduced apoptosis and enhanced antioxidant activities; and (2) Inhibition
of toll like receptor 4 pathway with blockade of hepatic influx of lipopolysaccharide by repairing intestinal barrier integrity.
This regimen represents a potential strategy against ALD-related liver fibrosis.
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INTRODUCTION

Alcohol-associated liver disease (ALD), which is a notorious harmful consequence of excessive alcohol consumption,
places an enormous burden worldwide[1-4]. ALD represents a spectrum of liver injury, ranging from hepatic steatosis to
more advanced stages with fibrosis progression, including steatohepatitis, cirrhosis, and even hepatocellular carcinoma
[1-4]. Currently, approximately 25% of cirrhosis-related mortality worldwide are causally related with alcohol
consumption[1-4]. Therefore, identification of therapeutic targets and modalities to prevent ALD-related liver fibrosis is
urgent.

ALD causes liver fibrosis through a multifaceted mechanism, which includes lipid accumulation, apoptosis, and
proinflammatory response. In the process of ethanol (EtOH) metabolism, EtOH and acetaldehyde are continuously
oxidized by alcohol dehydrogenase and aldehyde dehydrogenase, respectively, to generate large amounts of reduced
nicotinamide adenine dinucleotide[5,6]. These changes shift liver metabolism toward the reductive synthesis of lipids[5,
6]. Moreover, excessive EtOH consumption augments the activity of sterol regulatory element-binding protein-1c, which
is the master regulator of fatty acid synthesis, and dampens the activity of peroxisome proliferator activated receptor
(PPAR) a, which controls fatty acid breakdown[5-8]. Consequently, fatty acids, which are esterified into triglycerides
(TGs), accumulate in hepatocytes as lipid droplets[5-8].

The gut-liver crosstalk is also functionally involved in the pathophysiology of ALD[4-6,9,10]. Excessive alcohol
consumption compromises the integrity of the intestinal barrier by disrupting tight junctions, resulting in the transfer of
gut-derived lipopolysaccharides (LPS) to liver tissue; thereafter, LPS is recognized by toll like receptor 4 (TLR4), which is
expressed on the liver parenchyma and innate immune cells[9-11]. The LPS/TLR4 axis triggers the downstream
activation of nuclear factor kappa B (NF-xB), which is a master regulator of the proinflammatory response in ALD[9-11].

PPARa and PPARS have been known to represent promising therapeutic targets in chronic liver disease, including
ALDI[12,13]. PPARa is abundantly expressed in metabolically active tissues, such as the liver, heart, kidneys, and in-
testines. As described above, PPARa activation is functionally associated with the pathways of hepatic lipid metabolism,
including fatty acid oxidation, elongation, and desaturation and TG synthesis and breakdown[8]. Moreover, PPARa plays
a key role in protecting against oxidative stress by increasing the expression of antioxidant enzymes[14,15]. Therefore,
PPARa is a potential target for detoxifying EtOH-induced hepatotoxicity, thereby, preventing ALD progression.
Meanwhile, PPARS has been implicated in lipid metabolism and energy homeostasis in various organs, including the
liver[16]. In a recent animal study on metabolic dysfunction-associated steatohepatitis (MASH) models, PPARS was
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shown to reduce hepatic steatosis through autophagy-mediated fatty acid oxidation[17]. Moreover, because of its
intestinal expression, PPARS activation can increase the proliferation of intestinal epithelial cells and suppress
macrophage-derived inflammation[18]. Consistently, another study found that a selective PPARS agonist attenuated
EtOH-induced liver injury and improved gut barrier function in mice[19]. However, the efficacy of each monoagonist of
PPARa or PPARG alone in inhibiting liver fibrosis development in ALD appears to be limited.

Elafibranor (EFN), which is a dual PPARo/PPARGS agonist, has been developed reached a phase III clinical trial for
MASH]20]. Although EFN demonstrated a modest effect on the histological resolution of MASH, it had no beneficial
effect on fibrosis[20]. Meanwhile, a recent phase III clinical trial on primary biliary cholangitis has shown that EFN
treatment resulted in significantly greater improvements in the relevant biochemical indicators of cholestasis[21].
However, the effect of EFN on ALD-related fibrosis remains unclear. In the current study, we sought to elucidate the
benefits of EFN-mediated dual activation of PPARa/PPARS on ALD-related liver fibrosis, particularly its the effects on
lipotoxicity, oxidative stress, and intestinal barrier function.

MATERIALS AND METHODS

Animals and compounds

Ten-week-old female and male C57BL/6] mice (CLEA Japan, Osaka, Japan) were caged with free access to food and
water, under controlled temperature (23 + 3 °C) and humidity (50% + 20%) and a 12-hour light/dark cycle. This study
was reviewed and approved by the ethics committee of Nara Medical University (No. 13130) and was performed in
accordance with the Guide for Care and Use of Laboratory Animals of the National Research Council. EFN (code name
GFT505) was purchased from MedChemExpress (Monmouth Junction, NJ, United States). GW7647 and GSK3787 (Abcam,
Cambridge, United Kingdom) were used as selective antagonists of PPARa and PPARS, respectively.

In vivo experimental protocol

Female mice (n = 40) were randomly divided into four experimental groups (n = 10 each) and underwent treatment for 8
weeks (Figure 1A). The control group was fed a non-EtOH normal liquid diet (Research Diets, New Brunswick, NJ,
United States) and received intraperitoneal injections of corn oil (Nacalai Tesque, Kyoto, Japan) three times weekly.
Lactose hydrate (FUJIFILM, Wako Pure Chemical Corporation, Osaka, Japan) was administered as the vehicle for EFN.
The three ALD mice groups were fed a 2.5% (v/v) EtOH-containing Lieber-DeCarli liquid diet (research diets); received
intraperitoneal injection of carbon tetrachloride (CCl,) (FUJIFILM, Wako Pure Chemical Corporation) three times a week
(1 mL/kg); and received daily gavage of either: (1) Lactose hydrate as the vehicle; (2) Low dose EFN (3 mg/kg); or (3)
High dose EFN (10 mg/kg)[22]. Additionally, male mice (n = 24) were randomly divided into four experimental groups
(n = 6 each) and underwent treatment similar to female mice. After 8 weeks of experimental intervention, mice were
anesthetized by intravenous injection of 150 mg/kg sodium pentobarbital and euthanized. Blood was drawn from the
aorta, and the liver and ileum were removed immediately after sacrifice.

Cell culture

The human hepatocellular cell line HepG2 and the human activated hepatic stellate cell (HSC) line LX-2 were obtained
from the Japanese Collection of Research Bioresources Cell Bank (Osaka, Japan) and Merck KGaA (Darmstadt, Germany),
respectively. The human intestinal epithelial cell line Caco-2 was purchased from Riken BRC (Ibaraki, Japan). The cells
were suspended in Dulbecco’s modified Eagle medium (Nacalai tesque), which was supplemented with 10% fetal bovine
serum (Thermo Fisher Scientific, Waltham, MA, United States), 1% penicillin-streptomycin, 1% nonessential amino acids,
and 25 mmol/L glucose and incubated at 37 °C in a 5% CO, air environment. All assays for the Caco-2 cells were
performed after 10-20 passages. Depending on each assay, the cells were incubated with EtOH (0-50 mmol/L), EFN (0-30
M), GW7647 (10 pM), and GSK3787 (10 pM).

Biochemical analysis
Serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and gamma glutamyl transferase
(GGT) were measured using Mouse enzyme-linked immunosorbent assay (ELISA) kits for each enzyme (Abcam).

Histological and immunohistochemical analyses

Paraffin sections (4 pm) of mouse liver and ileum tissues were prepared with hematoxylin and eosin staining and Sirius-
Red staining. Two pathologists independently evaluated liver pathology scores by randomly magnifying 10 fields from
each slide by 400 x according to previously reported criteria[23]. Cell apoptosis in liver sections was measured by the
TdT-mediated dUTP Nick End Labeling (TUNEL) assay using an in situ apoptosis detection kit (Takara Bio Inc., Kusatsu,
Japan) according to the manufacturer’s instructions.

Immunohistochemical detection of Ki67, a-smooth muscle actin (SMA), and F4/80 (Supplementary Table 1) was
performed on paraffin liver sections (4 pm), and subsequent sections were exposed to HRP-antibody colored with DAB.
Paraffin ileum sections (4 pm) were prepared for immunofluorescence, incubated with primary antibody overnight,
followed by the secondary antibody, and then mounted with 4’,6-diamidino-2-phenylindole. The primary antibodies
included zonula occludens-1 (ZO-1), occludin, and claudin-2 (Supplementary Table 1). The secondary antibodies
included Alexa Fluor-conjugated secondary antibodies (1:200; Thermo Fisher Scientific). Semiquantitative analysis was
performed using Image] software version 64 (National Institutes of Health, Bethesda, MD, United States).
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Figure 1 Elafibranor on steatohepatitis and lipid accumulation in the alcohol-associated liver disease mice. A: In vivo experimental design; B:
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Changes in the body weights during the experimental period (n = 10); C: Liver/body weight at the end of experiment (n = 10); D: Serum levels of aspartate
aminotransferase, alanine aminotransferase and gamma glutamyl transferase (n = 10); E: Serum triglyceride level (n = 10); F: Representative microphotographs of
hematoxylin and eosin of the livers in the experimental mice; G: Hepatic pathological scores for steatosis and inflammation. Localized magnified images in the lower
left corner of each picture (n = 10); H: Hepatic triglyceride content; I: Hepatic free fatty acid concentration (n = 10); J-L: Hepatic mRNA level of the markers related to
lipogenesis (J), lipolysis (K), fatty acid oxidation (L) (n = 10). Glyceraldehyde-3-phosphate dehydrogenase was used as an internal control for real-time quantitative
polymerase chain reaction. Quantitative values are indicated as fold changes to the values of non-therapeutic group. Data are the mean + SD. °P < 0.01 vs non-
therapeutic group; °P < 0.05 vs vehicle-treated alcohol-associated liver disease group; °P < 0.01 vs vehicle-treated alcohol-associated liver disease group, significant
difference between groups by Student's t-test. NT: Non-therapeutic group; Veh: Vehicle-treated alcohol-associated liver disease group; EFN-L: Elafiblanor (3
mg/kg/day)-treated alcohol-associated liver disease group; EFN-H: Elafibranor (10 mg/kg/day)-treated alcohol-associated liver disease group; NLD: Normal liquid
diet; EtOH: Ethanol; CCL,: Carbon tetrachloride; EFN: Elafiblanor; Lw: Liver weight; Bw: Body weight; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; GGT: Gamma glutamyl transferase; TG: Triglyceride; H&E: Hematoxylin and eosin; FFA: Free fatty acid; FA: Fatty acid.

Real-time quantitative polymerase chain reaction

Total RNA was isolated from mouse liver and ileum tissue specimens and whole cell lysates using Trizol kit (Sigma-
Aldrich, Inc, St. Louis, MO, United States) according to the manufacturer’s instruction. The RNA was cleaned using the
QiagenRNeasy miniRNA cleanup kit (Qiagen, Valencia, CA, United States). The concentration of total RNA was
performed by measuring the absorbance of RNA sample solutions at 260 nm by using a NanoDrop ND-1000 UV-Vis
(Thermo Fisher Scientific). Total RNA (1.0 pg) was reverse transcribed using iScript cDNA reverse transcription kits (Bio-
Rad, Hercules, CA, United States) according to the manufacturer’s instructions. Quantitative polymerase chain reaction
was performed using the Fast Start Universal SYBR Green Master Mix (Applied Biosystems, Foster City, CA, United
States). Real-time quantitative polymerase chain reaction was performed using Applied Biosystems® 7500 Real-Time PCR
Systems (Thermo Fisher Scientific) with corresponding primers (Supplementary Table 2). Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was simultaneously assayed as a loading control. Data was analyzed using a 2**“" method.

Western blotting

According to the standard protocol, proteins were isolated from the mouse liver and ileum tissues in RIPA lysis buffer
(Sigma-Aldrich, St. Louis, MO, United States) plus Halt™ Protease and Phosphatase Inhibitor Cocktail (Thermo Fisher
Scientific). The protein concentrations were measured by Pierce™ BCA Protein Assay Kit (Thermo Fisher Scientific) and
normalized to 2.5 pg/pL. Protein samples were separated by sodium-dodecyl sulfate gel electrophoresis (Thermo Fisher
Scientific) and transferred to an Invitrolon™ polyvinylidene fluoride membrane (Thermo Fisher Scientific). After sealing
with 5% skimmed milk, the membranes were successively incubated overnight at 4 °C with diluted primary antibodies,
including LC3, IxBo, p-NFxB, NF-xB, Bcl-2, and Mcl-1 (Supplementary Table 1). The next day, the membrane was washed
and incubated with Amersham ECL IgG and HRP-linked F(ab)2 fragment (1:5000, Cytiva, Tokyo, Japan) as secondary
antibodies. Chemiluminescence was detected using a Clarity Western ECL Substrate (Bio-Rad, Hercules, CA, United
States) with Bright™ CL1500 Imaging System (Thermo Fisher Scientific). Densitometric analysis was performed using
Image] software version 64 (NIH).

TG and free fatty acid concentrations

The TG content in mouse serum, liver tissue, and cultured HepG2 was measured using Triglyceride-Glo™ Assay
(Promega, Madison, WI, United States), following the manufacturer’s instructions. The free fatty acid content in mouse
liver tissue was determined using the Free Fatty Acid Assay Kit (Abcam), according to the manufacturer’s instructions.
Protein content was normalized using Pierce™ BCA Protein Assay Kit (Thermo Fisher Scientific).

Cleaved caspase-3 levels and caspase-3/7 activity

To assess in vivo cell apoptosis, the cleaved caspase-3 concentrations in mouse liver and ileum tissues were measured
using the Cleaved-Caspase-3 (D175) ELISA Kit (Raybiotech, Norcross, GA, United States), according to the
manufacturer’s instructions. Protein content was normalized using Pierce™ BCA Protein Assay Kit (Thermo Fisher
Scientific). In vitro apoptosis in the HepG2 and Caco-2 cells (1 x 10° cells) was determined using the Caspase-Glo 3/7
Assay System (Promega), according to the manufacturer’s instructions.

Superoxide dismutase 1 and catalase levels

The levels of the antioxidant enzymes superoxide dismutase 1 (SOD1) and catalase (CAT) in mouse liver tissue were
measured using a Mouse Superoxide Dismutase 1 ELISA Kit (Abcam) and a Mouse Catalase ELISA Kit (CUSABIO,
Houston, TX, United States), respectively, following the manufacturers’ instructions. Both enzyme levels were also
determined in the cultured HepG2 cells using the Human Superoxide Dismutase 1 ELISA Kit and Human Catalase ELISA
Kit (Abcam), respectively, following the manufacturers’ instructions.

Hydroxyproline and tissue inhibitor of metalloproteinase 1 levels and matrix metalloproteinase activity

The mouse liver tissue concentrations of hydroxyproline and tissue inhibitor of metalloproteinase 1 (TIMP1) and activity
of matrix metalloproteinase (MMP) 2, MMP9, and MMP13 were assessed using a Hydroxyproline Assay Kit (Cell Biolabs,
San Diego), Mouse TIMP1 ELISA Kit (Abcam) and SensoLyte 490 MMP2, MMP9, and MMP-13 Assay Kits (AnaSpec,
Fremont, CA, United States), respectively, following the manufacturers” instructions.
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Fluorescein isothiocyanate-dextran intestinal permeability assay

The intestinal permeability was assessed by the in vivo fluorescein isothiocyanate (FITC)-dextran permeability assay using
additional experimental mice groups (1 = 10 for each group)[24]. After a 12-hour fast, the mice were administered a dose
of FITC-dextran (4 kDa) (Sigma-Aldrich) (600 mg/kg) dissolved in sterile phosphate-buffered saline by oral cannulation.
Then, 2.5 hours after FITC-dextran administration, approximately 200 pL of blood was drawn via the portal vein and
centrifuged for 15 minutes at 3500 x g at 4 °C. The plasma FITC-dextran concentrations were assessed in a plate reader
with an excitation wavelength of 490 nm and an emission wavelength of 520 nm.

Cell viability and proliferation assays

HepG2 or LX-2 cells were seeded in 96-well plates (5 x 10* cells/well) with Dulbecco’s modified Eagle medium
containing 10% fetal bovine serum for 24 hours. Thereafter, the cells were exposed with/without EtOH (50 mmol/L) and
in different concentrations of EFN (0-30 pM). Cell viability was determined using WST-8 Assay Kit (Abcam), according to
the manufacturer’s protocol.

Transepithelial electrical resistance

To evaluate the epithelial barrier function in Caco-2 cells, transepithelial electrical resistance (TEER) was measured using
a Millicell-ERS device (Millipore Corp., Bedford, MA, United States), as previously described[25]. The result was
multiplied by the effective membrane area to obtain the final TEER value. The electrical resistance was expressed in units
of Q/cm? using the surface area of the Trans-well insert.

Statistical analyses

Data are presented as mean + SD. Statistical significance was analyzed with a 2-sided Student’s t-test or one-way analysis
of variance, followed by Bonferroni’s multiple comparison test, as appropriate using GraphPad Prism version 9.0
(GraphPad Software, La Jolla, CA, United States). Statistical significance was defined as a P < 0.05. Additional methods
can be found online in the Supplementary material.

RESULTS

Effect of EFN on the activation of hepatic PPARa/6 signaling in the ALD mice

Figure 1A displays the in vivo study design to assess the effects of EFN on EtOH + CCl,-induced ALD-related liver injury
in mice. Initially, we verified the effect of EFN on the activation of PPARa and PPARS signaling in the liver and intestinal
tissues of ALD mice. In the ALD mice, the hepatic expression of PPARA was decreased and treatment with EFN increased
its expression (Supplementary Figure 1A). PPARa plays a key role in the regulation of lipid metabolism in the liver of
ALD by phospholipase A2 (PLA2)/cyclooxygenase (COX)-2 pathway[26]. Consistently, treatment with EFN increased the
hepatic level of PLA2 and COX-2 in parallel with increased hepatic PPARA expression in the ALD mice (Supplementary
Figure 1B). Meanwhile, the hepatic expression of PPARD was also decreased in the ALD mice but treatment with EFN
did not alter the hepatic expression of PPARD as well as its target gene, Cyp2b10 (Supplementary Figure 1C and D)[27].

EFN reduced steatohepatitis and lipid accumulation in the ALD mice

Compared with the control female mice, the ALD mice demonstrated inhibited body weight gain, and treatment with
both low and high doses of EFN did not significantly alter the body weight loss in the ALD mice (Figure 1B). Meanwhile,
the ALD mice showed marked hepatomegaly, which was attenuated by treatment with high-dose EFN (Figure 1C). The
serum levels of AST, ALT, and GGT were markedly elevated in the ALD mice, and treatment with EFN significantly
reduced the levels of AST and ALT but did not affect the GGT level (Figure 1D). As shown in Figure 1E, the ALD mice
exhibited hypertriglyceridemia, which was suppressed by EFN treatment. Histological analysis revealed hepatic steatosis
and necroinflammation in the ALD mice, and these histological changes were attenuated by EFN treatment (Figure 1F
and G). In accordance with the attenuation of hepatic steatosis, EFN treatment significantly reduced the hepatic levels of
TG and free fatty acid (Figure 1H and I). These inhibitory effects of EFN on steatohepatitis were also observed in male
mice as well as female mice (Supplementary Figure 2A-D).

Next, we evaluated the effect of EFN on lipid metabolism in the liver of the ALD mice. EFN did not change the hepatic
mRNA levels of the lipogenesis-related markers, including Srebfl, Fasn, and Scd1 (Figure 1]). Meanwhile, treatment with
EFN significantly increased the hepatic expressions of the markers related with lipolysis (i.e., Lipe, Plin2, and Mgll) and
fatty acid oxidation (i.e., Acaalb, Acox1, Cptlb, and Cpt2) (Figure 1K and L).

EFN suppressed hepatocyte apoptosis by improving autophagy and antioxidant activity in the ALD mice

We next assessed the effect of EFN on hepatocyte cell death in the ALD mice. In accordance with the progression of
steatosis and necroinflammation, the number of TUNEL-positive apoptotic hepatocytes were higher, whereas the number
of Ki67-positive proliferative hepatocytes were lower in the ALD mice than in the control mice (Figure 2A and B). EFN
treatment significantly decreased the apoptosis and increased hepatocyte proliferation in the ALD mice (Figure 2A and
B). Reflecting hepatocyte apoptosis, the level of cleaved caspase-3 in the liver tissue increased in the ALD mice, and this
was suppressed by EFN treatment (Figure 2C). The autophagy-related markers, including hepatic LC3-II levels, and the
expression of Atg7 and Beclin-1 were decreased in the ALD mice, indicating that EtOH + CCl, administration impaired
autophagy in mice (Figure 2D and E). To support this inference, the ALD mice showed an increase in the hepatic
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Figure 2 Elafibranor on hepatocyte cell death, autophagy and oxidative stress in the alcohol-associated liver disease mice. A:
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Representative microphotographs of TdT-mediated dUTP Nick End Labeling (TUNEL) and Ki67 staining of the livers in the experimental mice; B: Quantification of
TUNEL-positive hepatocytes and Ki67-positive hepatocytes in high-power field (n = 10); C: Cleaved caspase-3 level in the liver tissue (n = 10); D: Western blot for
LC3-1 and 2 protein level in the liver tissue. Actin was used as an internal control (n = 3); E: Hepatic mRNA level of the markers related to autophagy (n = 10); F:
Hepatic level of antioxidant enzymes, superoxide dismutase 1 and catalase (n = 10). Glyceraldehyde-3-phosphate dehydrogenase was used as an internal control for
real-time quantitative polymerase chain reaction (E and F). Quantitative values are indicated as fold changes to the values of non-therapeutic group (C-E). Data are
the mean + SD. ®P < 0.01 vs non-therapeutic group; °P < 0.05 vs vehicle-treated alcohol-associated liver disease group; °P < 0.01 vs vehicle-treated alcohol-
associated liver disease group, significant difference between groups by Student's t-test. NT: Non-therapeutic group; Veh: Vehicle-treated alcohol-associated liver
disease group; EFN-L: Elafiblanor (3 mg/kg/day)-treated alcohol-associated liver disease group; EFN-H: Elafibranor (10 mg/kg/day)-treated alcohol-associated liver
disease group; TUNEL: TdT-mediated dUTP Nick End Labeling; SOD: Superoxide dismutase; CAT: Catalase.

expression of p62, which is a predictor of autophagy flux and is inversely correlated with autophagy activity (Figure 2E).
Treatment with EFN induced the upregulation of LC3-II, Atg7, and Beclin-1 and downregulation of p62 (Figure 2D and E).

Moreover, EFN treatment increased the hepatic levels of antioxidant markers, including SOD1 and CAT, in the ALD mice
(Figure 2F).

EFN exerted an antifibrotic effect in the ALD mice

The ALD mice exhibited fibrotic livers as identified by Sirius-Red staining of liver sections (Figure 3A). Treatment with
EFN markedly reduced hepatic fibrosis at both doses (3 and 10 mg/kg), as well as the number of a-SMA" myofibroblasts,
which was increased in ALD mice (Figure 3A and B). Semiquantitative analysis showed that the degree of liver fibrosis
and HSC expansion was reduced to less than 50% after treatment with EFN, especially at a high dose (Figure 3B). Similar
to what was observed in the effect on steatohepatitis, the inhibition of fibrosis by EFN was observed not only in female
mice but also in male mice (Supplementary Figure 3A and B). In accordance with these changes in the histological
features, EFN treatment reduced the hepatic content of hydroxyproline in the ALD mice (Figure 3C). Moreover, the ALD
mice had increased hepatic mRNA expressions of profibrotic genes (i.e., Acta2, Collal, and Tgfb1), and this effect was
suppressed by EFN treatment (Figure 3D). We also assessed the activity of MMPs in regulating extracellular matrix
homeostasis. As shown in Figure 3E, the ALD mice exhibited increased activity of hepatic MMP2, MMP9, and MMP13,
and this effect was reduced by EFN treatment. These effects of EFN on MMP activity were associated with a decrease in
hepatic TIMP-1 levels (Figure 3F).

EFN protected against EtOH-stimulated steatosis and apoptosis in HepG2 cells but did not directly affect LX-2 cells
Following the ameliorative effect of EFN on alcoholic liver injury in mice, we analyzed its effects on hepatocytes and
activated HSCs using HepG2 and LX-2 cells. EtOH exposure increased the TG levels in HepG2 cells, and EFN effectively
suppressed this effect in a dose-dependent manner (Figure 4A). Regarding the markers of lipid metabolism, EFN did not
change the mRNA expression of SREBF1, but it increased those of LIPE, CPT1B, and CPT2 in the EtOH-exposed HepG2
cells (Figure 4B). Interestingly, the effect of EFN on lipid accumulation was negated by pretreatment with GW7647 but
was not changed by GSK3787 (Figure 4B), suggesting that this effect was mainly mediated by PPARa activation. As
shown in Figure 4C-E, EFN dose-dependently suppressed the decline in cell viability and increased caspase-3/7 activity
in EtOH-stimulated HepG2 cells. We also found that EFN improved autophagic activity, as indicated by the upregulation
of Atg7 and Beclin-1 and the downregulation of p62 in the EtOH-stimulated HepG2 cells (Figure 4F). Moreover, EFN
treatment increased the production of antioxidant markers in HepG2 cells (Figure 4G). These effects on cell survival,
autophagy, and oxidative stress were predominantly inhibited by pretreatment with GW7647 (Figure 4D-G). In contrast,
EFN did not affect cell proliferation or profibrogenic activity in the EtOH-stimulated LX-2 cells (Figure 4H and I).

EFN inhibited macrophage activation and TLR4/NF-kB signaling in the liver of ALD mice

The inflammatory status in the ALD mice liver was examined based on the EFN-induced improvement in hepatic inflam-
mation and fibrosis. F4/80* macrophages infiltration was observed in the liver of the ALD mice, which was attenuated by
EFN treatment (Figure 5A and B). In the pathogenesis of ALD progression, the LPS/TLR4 pathway plays a key role in the
hepatic activation of macrophages[9-11]. As shown in Figure 5C and D, the ALD mice showed an increase in hepatic
mRNA levels of LPS-binding protein (Lbp), a reactant that mediates innate immune responses triggered by LPS, and TIr4
and its coreceptor Cd14, which can recognize LPS. Notably, the upregulation of these genes was significantly suppressed
by EFN treatment (Figure 5C and D).

In ALD mice, these increased mRNA expression levels were accompanied by decreased IxBa protein levels and
augmented phosphorylation of NF-«B, indicating IxBo degradation and NF-xB phosphorylation (Figure 5E and F). EFN
treatment attenuated the TLR4-mediated activation of NF-xB in the ALD mice, consistent with the reduced hepatic
overload of LPS (Figure 5E and F). Consequently, EFN treatment reduced the hepatic expression of the proinflammatory
cytokines tumor necrosis factor-alpha (Tnfa), interleukin-6 (I16), and I11b and the chemokine Ccl2, which were increased in
the ALD mice (Figure 5G and H).

EFN protected the gut barrier integrity and restored intestinal autophagic activity in the ALD mice

Given that EFN reduced the hepatic Lbp expression (Figure 5C), we focused on the effect of EFN on intestinal barrier
integrity related to LPS influx into the liver. Intestinal PPARA and PPARD expressions were decreased in the ALD mice,
and treatment with EFN did not alter the intestinal expression of PPARA but increased that of PPARD (Supplementary
Figure 4A and B). Next, we validated the selected gene expression which is related to PPARS-mediated gut barrier
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Figure 3 Elafibranor on hepatic fibrosis development in the alcohol-associated liver disease mice. A: Representative microphotographs of sirius-
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red and a-smooth muscle actin (SMA) staining of the livers in the experimental mice; B: Quantification of sirius-red stained fibrotic area and a-SMA-positive area in
high-power field (n = 10); C: Hepatic concentration of hydroxyproline (n = 10); D: Hepatic mRNA level of profibrotic markers (n = 10); E: Hepatic activity of matrix
metalloproteinases (MMP)-2, MMP-9, and MMP-13 (n = 10); F: Hepatic level of tissue inhibitor of metalloproteinase 1 (n = 10). Glyceraldehyde-3-phosphate
dehydrogenase was used as an internal control for real-time quantitative polymerase chain reaction (D). Quantitative values are indicated as fold changes to the
values of non-therapeutic group (B, D and E). Data are the mean + SD. °P < 0.01 vs non-therapeutic group; °P < 0.05 vs vehicle-treated alcohol-associated liver
disease group; %P < 0.01 vs vehicle-treated alcohol-associated liver disease group, significant difference between groups by Student's t-test. NT: Non-therapeutic
group; Veh: Vehicle-treated alcohol-associated liver disease group; EFN-L: Elafiblanor (3 mg/kg/day)-treated alcohol-associated liver disease group; EFN-H:
Elafibranor (10 mg/kg/day)-treated alcohol-associated liver disease group; a-SMA: a-smooth muscle actin; MMP: Matrix metalloproteinases; TIMP1: Tissue inhibitor
of metalloproteinase 1.

homeostasis[19]. In the ALD mice, intestinal expression of Ftcd and Sox9 that are involved in reducing tight junction
proteins (TJPs), increasing inflammation, and inhibiting proliferation of epithelial cells were increased, and those of
Dhrs9, FoxM1, S100G, and MgI2 that promote gut barrier function and have anti-inflammatory properties, were decreased
(Supplementary Figure 4C and D). Notably, these changes in gene expression in ALD mice were significantly attenuated
by treatment with EFN (Supplementary Figure 4C and D). Figure 6A displays a marked decrease in the intestinal
expression of TJPs, including ZO-1, occludin, and claudin-2, in the ALD mice. Quantitative analysis revealed a reduced
TJP expression to less than 25% in the ALD mice, compared with that in the control mice (Figure 6B). Notably, treatment
with EFN effectively suppressed the loss of TJP expression in the ALD mice (Figure 6A and B). Consistently, the intestinal
mRNA levels of Zol, Ocln, and Cldn2 in the ALD mice were decreased by EFN treatment (Figure 6C). Along with the
decrease in TP expression, plasma levels of FITC-dextran, which leaked from the intestinal tract into the portal vein,
were elevated in the ALD mice (Figure 6D). In accordance with the restoration of TJP expression, EFN treatment inhibited
the leak of FITC-dextran from the intestine, as indicated by the decrease in its portal levels (Figure 6D).

To analyze the mechanism underlying the improvement of intestinal permeability, we further evaluated the effect of
EFN on apoptosis and inflammation in the intestines of the ALD mice. As shown in Figure 6F, the level of cleaved
caspase-3 was elevated, indicating promoted apoptosis in the intestine of the ALD mice. Concomitantly, the intestinal
expressions of the antiapoptotic markers Bcl-2 and Mcl-1 decreased (Figure 6F). We found that the promotion of epithelial
apoptosis was accompanied by autophagy dysfunction, as indicated by the downregulation of LC3-II; decrease in Atg5,
Atg7, and Beclin-1; and increase in p62 mRNA expressions in the intestine of the ALD mice (Figure 6F and G).
Remarkably, EFN treatment suppressed this impaired autophagy-induced epithelial apoptosis (Figure 6E-G). Moreover,
treatment with EFN decreased the expression of the M1 macrophage markers Tnfa, Il11b, and Nos2 and increased the
expression of the M2 macrophage marker Arg in the intestine of the ALD mice (Figure 6H).

EFN directly improved EtOH-stimulated apoptosis and permeability in Caco-2 cells

We further investigated the direct effects of EFN on intestinal barrier function using Caco-2 human intestinal cells. EtOH
stimulation dose-dependently deprived the Caco-2 cells of TJP expression and the results showed that EtOH stimulation
at 50 mmol/L induced the greatest decrease in TJP expression (Figure 7A). Consequently, TEER, which is a vital indicator
of epithelial cellular barrier integrity, was decreased by EtOH stimulation (Figure 7B). Treatment with EFN dose-
dependently restored TJP expression and attenuated the TEER decline in the EtOH (50 mmol/L)-stimulated Caco-2 cells
(Figure 7C and D). These effects of EFN on intestinal barrier function were inhibited by GW7647 and GSK3787 at a
significantly stronger degree by the latter (Figure 7C and D). These results suggested that the effect of EFN on intestinal
barrier function appeared to be predominantly mediated by PPARGS activation rather than by PPARa activation.
Reflecting the effect on the ALD mice, EFN significantly reduced caspase-3/7 activity, which was elevated after EtOH
stimulation of the Caco-2 cells (Figure 7E). This antiapoptotic effect of EFN was accompanied by an improvement in
autophagic activity, as indicated by the increased expressions of ATG5, ATG7, and BECLIN-1 and the decreased
expression of p62 (Figure 7F). Consistent with its action on intestinal barrier function, EFN was suggested to exert its
effects mainly through PPARG agonism.

DISCUSSION

ALD is based on two conditions, including hepatic injury and addictive disorder. Alcohol cessation is the cornerstone of
treatment and should be recommended to all patients with ALD. In fact, abstinence from excessive alcohol consumption
has been shown to improve clinical outcomes and prognosis, even in patients with ALD-related liver cirrhosis[28-30].
However, for most patients who seek treatment, considering sobriety as an acceptable, desirable, or realistic treatment
goal is difficult[28-30]. The present study demonstrated that EFN, which is a dual PPARa/PPARS agonist, effectively
prevented hepatic steatosis, inflammation, and fibrosis in an EtOH + CCl,-induced ALD mice model. We determined the
following multifaceted underlying mechanism that was mediated by PPARa/PPARS activation: (1) Suppression of lipid
accumulation and improvement of autophagy in hepatocytes, which reduced apoptosis and enhanced antioxidant
activities; and (2) Blockade of hepatic influx of LPS by repairing intestinal barrier integrity.

In response to alcohol abuse, lipid accumulation in hepatocytes is the initial stage of ALD[4-8]. Excessive alcohol intake
increases the cytosolic NADH/NAD" ratio in hepatocytes and impairs mitochondrial fatty acid p-oxidation, resulting in
lipid accumulation[4-8,31]. Our gene expression analysis suggested that the inhibitory effect of EFN on lipid accumu-
lation was based on the augmentation of lipolysis and fatty acid oxidation rather than on the inhibition of lipogenesis.
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Figure 4 Elafibranor on the ethanol-stimulated human hepatocytes and human hepatic stellate cells. A: Intracellular triglyceride content in HepG2
cells (n = 6); B: Intracellular mRNA level of the markers related to lipid metabolism in HepG2 cells (n = 6); C: Chronological change in HepG2 cell viability by
treatment with ethanol (EtOH) and/or elafibtanor (EFN) (n = 6); D: Effect of a selective antagonists of peroxisome proliferator activated receptor (PPAR)a. (GW7647)
or PPARS (GSK3787) on EtOH and EFN-treated HepG2 cell viability (incubation for 48 hours) (n = 6); E: Intracellular caspase 3/7 activity in HepG2 cells (n = 6); F:
Intracellular mRNA level of the markers related to autophagy in HepG2 cells (n = 6); G: Intracellular levels of superoxide dismutase 1 and catalase in HepG2 cells (n
= 6). HepG2 cells were incubated with (A and C) EtOH (0 or 50 mmol/L) and EFN (0, 5, 10, 30 pM) for 24 hours (A) or 0, 12, 24, and 48 hours (C), EtOH (0 or 50
mmol/L) and EFN (0 or 30 pM) for 48 hour following pretreatment with GW7647 (10 uM) or GSK3787 (10 uM) for 6 hours (B, D-G); H: Chronological change in LX-2
cell proliferation by treatment with EtOH and/or EFN (n = 6); I: Intracellular mRNA level of the profibrotic markers in LX-2 cells (n = 6). LX-2 cells were incubated with
EtOH (0 or 50 mmol/L) and EFN (0, 5, 10, and 30 uM) for 0, 24, 48 hours (H) or 24 hours (1). Glyceraldehyde-3-phosphate dehydrogenase was used as an internal
control for real-time quantitative polymerase chain reaction (B, F and I). Quantitative values are indicated as fold changes to the values of EtOH (-)/EFN (0 pM)-
treated group (B-F, H and I). Data are the mean + SD. °P < 0.01 vs ethanol (-)/elafibtanor (0 uM)-treated group; “P < 0.01 vs ethanol (+)/elafibtanor (0 uM)-treated
group; P < 0.01 vs ethanol (+)/elafibtanor (30 uM)-treated group. EtOH: Ethanol; EFN: Elafibtanor; SOD: Superoxide dismutase; CAT: Catalase; TG: Triglyceride.
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Figure 5 Elafibranor on Kupffer cell-mediated inflammatory response in the alcohol-associated liver disease mice. A: Representative
microphotographs of F4/80 staining of the livers in the experimental mice; B: Quantification of F4/80-positive cells in high-power field (n = 10); C and D: Hepatic
mRNA level of lipopolysaccharide-binding protein (C), toll like receptor 4 and CD14 (D) (n = 10); E: Western blot for the protein expression of IkBa, p-nuclear factor
kappa B (NFkB) and NF-kB in the liver tissue. Actin was used as an internal control; F: Quantification of the protein level of IkBa and the ratio of NF-«kB
phosphorylation based on western blotting (n = 10); G and H: Hepatic mRNA level of tumor necrosis factor-alpha, interleukin 1B (//7b), and /I6 (G), and Ccl2 (H) (n =
10). Glyceraldehyde-3-phosphate dehydrogenase was used as an internal control for real-time quantitative polymerase chain reaction (C, D, G and H). Quantitative
values are indicated as fold changes to the values of non-therapeutic group. Data are the mean + SD. 2P < 0.05 vs non-therapeutic group; °P < 0.01 vs non-
therapeutic group; °P < 0.05 vs vehicle-treated alcohol-associated liver disease group; °P < 0.01 vs vehicle-treated alcohol-associated liver disease group, significant
difference between groups by Student's t-test. NT: Non-therapeutic group; Veh: Vehicle-treated alcohol-associated liver disease group; EFN-L: Elafiblanor (3
mglkg/day)-treated alcohol-associated liver disease group; EFN-H: Elafibranor (10 mg/kg/day)-treated alcohol-associated liver disease group; NF-kB: Nuclear factor
kappa B; Lbp: Lipopolysaccharide-binding protein; TLR: Toll like receptor; TNF: Tumor necrosis factor; IL: Interleukin.
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Figure 6 Elafibranor on intestinal barrier function in the alcohol-associated liver disease mice. A: Representative microphotographs of ileum
sections immunofluorescent stained with tight junction proteins (TJPs) including zonula occludens-1 (ZO-1), occludin and claudin-2; B: Quantitation of ZO-1, occludin
and claudin-2 immunopositive area in high-power field (n = 10); C: Intestinal mRNA levels of TJPs (n = 10); D: Blood levels of fluorescein isothiocyanate-dextran (4
kDa) 4 hours after oral administration (n = 3); E: Cleaved caspase-3 level in the ileum tissue (n = 10); F: Western blot for the protein expression of Bcl-2, Mcl-1 and
LC3-1 and 2 in the ileum tissue. Actin was used as an internal control; G and H: Intestinal mRNA level of the markers related to autophagy (G) and macrophage
activation (H) (n = 10). Glyceraldehyde-3-phosphate dehydrogenase was used as an internal control for real-time quantitative polymerase chain reaction (C, G, and
H). Quantitative values are indicated as fold changes to the values of non-therapeutic group (B, C, E-H). Data are the mean + SD. P < 0.05 vs non-therapeutic
group; °P < 0.01 vs non-therapeutic group; °P < 0.05 vs vehicle-treated alcohol-associated liver disease group; 9P < 0.01 vs vehicle-treated alcohol-associated liver
disease group, significant difference between groups by Student’s t-test. NT: Non-therapeutic group; Veh: Vehicle-treated alcohol-associated liver disease group;
EFN-L: Elafiblanor (3 mg/kg/day)-treated alcohol-associated liver disease group; EFN-H: Elafibranor (10 mg/kg/day)-treated alcohol-associated liver disease group;
Z0-1: Zonula occludens-1; TNF: Tumor necrosis factor; IL: Interleukin; FITC: Fluorescein isothiocyanate.

Moreover, several studies have shown that autophagy protects the liver from alcohol-induced injury[32,33]. Autophagy is
known to promote cell survival by supplying nutrients during starvation and by selectively scavenging damaged
organelles, such as mitochondria[34]. Proper autophagy, such as mitophagy and lipid autophagy, assists in improving
alcohol-induced liver dysfunction, which leads to apoptosis secondary to damaged mitochondria and reactive oxygen
species accumulation in hepatocytes[29,35]. In the current study, EFN treatment attenuated hepatocyte apoptosis, with
improved autophagy and enhanced antioxidant capacity, in accordance with reduced lipid accumulation in the liver of
the ALD mice. Notably, the cell-based assay elucidated that these effects on EtOH-exposed HepG2 cells were predom-
inantly mediated by PPARa activation. Downregulation and/or dysfunction of PPARa is involved in the development of
ALD[36]. Kong et al[37] reported that pharmacological activation of PPARa attenuated steatohepatitis by increasing lipid
oxidation and downregulating proinflammatory factors in ALD models. In addition, the hepatic expression and
transcriptional activity of PPARa are closely associated with the induction of autophagy by directly increasing the
expression of several autophagy genes, such as LC3B[38]. Moreover, a recent animal study has shown that PPARa
activation reversed murine alcoholic liver injury and increased the levels of antioxidant enzymes, including CAT and
SOD1[39,40]. We used HepG2 cells as the hepatocyte-like cells for in vitro study. HepG2 cells are used to identify the
effects of alcohol on human hepatocyte-like cells due to the expression of ADH4, which metabolizes EtOH[41-43].
Moreover, HepG2 cells have been used to evaluate the PPAR-mediated pharmacological effect (including EFN) against
hepatocyte injury[44-46]. Therefore, there are no major obstacles to the use of HepG2 cells as human hepatocyte-like cells
in the present study. On the other hand, since HepG2 cells are essentially a hepatocellular carcinoma cell line, analysis of
the effects of EFN using primary cultured hepatocytes would be an issue for future study.

In some studies, a PPARa agonist was shown to ameliorate alcoholic liver injury, but its effect on liver fibrosis is
unknown or limited. Our findings demonstrated a marked inhibitory effect of EFN on liver fibrosis in the ALD mice. EFN
did not show a direct effect on LX-2 cells, which are activated HSCs, but it inhibited hepatic LPS/TLR4 pathway and
proinflammatory response, which both play crucial roles in the development of ALD-related fibrosis. Therefore, we
focused on the effect of EFN on intestinal barrier function, which functionally regulates LPS influx to the liver. We and
another group have reported that EtOH + CCl,-treated ALD mice showed intestinal barrier disruption and downregu-
lation of intestinal TJPs, including ZO-1, occludin, and claudin-2[25,47,48]. EEN effectively restored the expression of
TJPs, resulting in reduced intestinal permeability and hepatic LPS influx in the ALD mice. Moreover, we confirmed the
protective effect of EFN on intestinal barrier function in EtOH-exposed Caco-2 cells. A previous report showed that EFN

Beienideng>  VVIG | https://www.wjgnet.com 3441 July 28,2024 | Volume30 | Issue28 |



Koizumi A et al. PPARo and 6 on ALD-related fibrosis

A B
1.5 9 600 1 EtOH (mmol/L)
® 21 oo
500
- & Ocn O 10
2 1.0 ® ddn2 <400 - Q@ 25
¢ 5 ® 50
g > S 300
< b &
= [T}
Z 0.5 b F 200 1
[ b
b 100 -
0.0 0
0 10 25 50 0 30 60 120
EtOH (mmol/L) Time (minutes)
C D OEtOH O @ EtOH 50 + EFN 30
@ EtOH 50 < EtOH 50 + EFN 30 + GW7647
W o1 B Och B cuanz B EOH50 + EFN5  AEtOH 50 + EFN 30 + GSK3787
EtOH 50 + EFN 10
1.5 - . . 6001 O *
Lo .
c - 500 -
k) 1.0 . d —~
w - ~
8 g d d g § 4004
a € &
q>§ ° . d e b f =
< c : c e g 300 4 d
el e £ = c
q1 o . _
. : 200 b
. f
0.0 - - : 100
EtOH - + + + + + +i- + + + + + +i- + + + + + + 0 30 60 120
EFNO O 5 1030 30 30 0 0 5103030 30 0 0 5 10303030 Time (minutes)
GW7647 - = - - - 4 -i- - - - - cis - - - - 4 -
GSK3787 - - - - - - +i- - - - - - Hi- - - - - -4
E Caspase 3/7 activity F ATGS ATG7 BECLIN-1 p62
8 = b 2.5 = . . . b
. f ° f
2.0 - . . . s *
6 = c . °le
5 . . .
9} 5 . . .
g d o 1.5+ . . o
) a (]
E 4 - . 2 ° ° F I
S o < 1.0 - d . . .
= ° nEc e d |® d
2 - b fe () . b hd f >
. N : ﬁ: : ﬁ 5 E
0 a 0.0 ﬁ ° ﬁ ﬁ.
EtOH - + o+ + o+ EtOH + 0+ o+ +i- o+ o+ + +i- o+ 4+ o+ + o+ 4+ o+
EFN 0 0 30 30 30 EFN 0 0 30 30 30 0 0 30 30 30 0 0 30 30 0 30 30 30
GW7647 - - -+ - GW7647 - - - 4+ - i - - 4 -i- - - -+ -
GSK3787 - - - -+ GSK3787 - - - - +i- - - - +i- - - - - - -+

Figure 7 Elafibranor on the ethanol-stimulated human intestinal epithelial cells. A: Intracellular mRNA levels of tight junction proteins (TJPs) including
zonula occludens-1 (ZO-1), Ocln, and Cldn2 in ethanol (EtOH)-stimulated Caco-2 cells (n = 6); B: Integrity of the epithelial cellular barrier in EtOH-stimulated Caco-2
cells determined as transepithelial electrical resistance (TEER) (n = 6). Cells were incubated with different concentration of EtOH (0, 10, 25, and 50 mmol/L) for 120
minutes (A) and 0, 30, 60, and 120 minutes (B); C: Effect of elafibranor (EFN) on the TJPs mRNA expression in the EtOH-stimulated Caco-2 cells (n = 6); D: Effect of
EFN on the TEER in the EtOH-stimulated Caco-2 cells (n = 6). Cells were incubated with EtOH (0 or 50 mmol/L) and EFN (0, 5, 10, 30 uM) for 120 minutes (C) or 0,
30, 60, and 120 minutes (D) following pretreatment with GW7647 (10 uM) or GSK3787 (10 uM) for 15 minutes; E: Effect of EFN on the intracellular caspase 3/7
activity in the EtOH-stimulated Caco-2 cells (n = 6); F: Effect of EFN on mRNA expression of the markers related to autophagy in the EtOH-stimulated Caco-2 cells (n
= 6). Cells were incubated with EtOH (0 or 50 mmol/L) and EFN (0 or 30 uM) for 48 hours following pretreatment with a peroxisome proliferator activated receptor
(PPAR)a antagonist, GW7647 (10 uM) or a PPARS antagonist, GSK3787 (10 pM) for 6 hours (E and F). Glyceraldehyde-3-phosphate dehydrogenase was used as
an internal control for real-time quantitative polymerase chain reaction (A, C, and F). Quantitative values are indicated as fold changes to the values of EtOH (-)/EFN
(0 uM)-treated group (A, C, E, and F). Data are the mean % SD. °P < 0.01 vs ethanol (-)/elafibranor (0 uM)-treated group; °P < 0.05 vs ethanol (+)/elafibranor (0 uM)-
treated group; %P < 0.01 vs ethanol (+)/elafibranor (0 uM)-treated group; °P < 0.05 vs ethanol (+)/elafibranor (30 uM)-treated group; P < 0.01 vs ethanol (+)/elafibranor
(30 uM)-treated group. EtOH: Ethanol; EFN: Elafibtanor; TEER: Transepithelial electrical resistance; ZO-1: Zonula occludens-1.
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restored intestinal integrity in a mouse model of nonalcoholic steatohepatitis; this may be relevant to the findings of the
present study[46]. Moreover, a recent animal study has demonstrated that EFN increased the Beclin-1 and LC3-II levels
and autophagy flux and decreased the p62 and caspase levels in the gut of a different ALD model[49]. Interestingly, in
our study, the effects of EFN on intestinal barrier function were mainly mediated by PPARS activation. Several
mechanisms are involved in the regulatory effect of PPARS activation on intestinal barrier function. PPARS activation can
suppress macrophage-driven inflammation by downregulating the intestinal expressions of proinflammatory mediators,
including monocyte chemotactic protein-1 and IL-1B, and upregulating the expression of various anti-inflammatory genes
[19]. Furthermore, PPARS activation was reported to augment antiapoptotic pathways in intestinal epithelial cells[49] and
was suggested to enhance autophagy by increasing Beclin-1 and LC3II expressions in several types of cells[50]. These
findings supported our results on the prevention of intestinal barrier disruption through EFN-mediated PPARS
activation.

Our findings showed that EFN could affect hepatocytes and intestinal epithelial cells by activating PPARa and PPARS,
respectively. However, some studies have reported that PPARa activation affects intestinal epithelial cells[51,52]. PPARa
activation ameliorated chemical-induced colitis and enhanced intestinal barrier function in a rodent model of inflam-
matory bowel disease[51]. In Caco-2 cells, treatment with the PPARa activator fenofibrate protected barrier function,
attenuated junctional flexure, and increased Claudin-1 expression after exposure to high glucose levels or inflammatory
cytokines[52]. Meanwhile, PPARG has also been implicated in lipid metabolism and energy homeostasis in the liver[53].
Recent clinical studies demonstrated that treatment with PPARS agonists reduced the hepatic fat content in overweight
patients with mixed dyslipidemia[54,55]. Likewise, Tong et al[17] reported that the pharmacological and genetic
activation of PPARG had a beneficial effect in attenuating hepatic steatosis by activating autophagy in the hepatocytes of
obese mice. Despite this reported evidence, our in vitro study on EtOH-stimulated HepG2 or Caco-2 cells suggested that
the effects of PPARo on intestinal barrier function and PPARGS on hepatocytes were limited. However, the effectiveness of
EFN might have differed, depending on the experimental model; we did not identify the mechanism for the imbalanced
effect of EFN. Therefore, further studies using different ALD models are needed to focus on the EFN-mediated effects of
PPARGa on the intestine and of PPARS on hepatocytes.

In addition to the aforementioned limitation, the role of EFN in bile acid metabolism was not fully examined in the
current study. A PPARa agonist was reported to inhibit the expression of farnesoid X receptor target genes, thereby,
reducing hepatic bile acid levels[56]. Furthermore, a PPARS agonist was found to reduce bile acid accumulation in the
liver and small intestine, leading to attenuated EtOH-induced liver disease in mice[19]. Because the regulation of bile acid
is closely associated with both lipid metabolism and intestinal barrier homeostasis, further analysis of the relationship
between the EFN effect on bile acid metabolism and its ameliorative effect on alcoholic liver injury using the present
model would be important. Second, our results showed that EFN suppressed the LPS/TLR4 signaling in the liver tissue
of ALD mice, but the status of TLR4 activation were not specifically evaluated at the macrophage level. It has been
recognized that LPS/TLR4 pathway also plays a key role in HSC activation[57]. Thus, further studies are needed to prove
that the reduction of LPS influx into the liver by EFN mainly affects the activation of macrophages, including analysis of
macrophages and HSCs isolated from experimental mouse models.

Third, we found that EFN had a preventive effect on ALD alongside EtOH + CCl, exposure. In practice, however,
pharmacologic treatment is usually given when liver fibrosis has already developed. Thus, further investigation is needed
using a model of drug administration at the stage of advanced cirrhosis.

CONCLUSION

Taken together, EFN appeared to prevent the development of liver fibrosis in EtOH + CCl,-induced ALD mice. Notably,
EFN can exert dual pharmacological actions by activating PPARa, which mediated the inhibition of lipid accumulation
and apoptosis and the enhanced autophagic activity and antioxidative capacity of hepatocytes, and PPARS, which
mediated the protection of intestinal barrier function, resulting in suppression of the LPS/TLR4/NF-kB signaling
pathway in the liver. Although the safety of EFN has been proven in clinical trials on primary biliary cholangitis, our
results suggested that this drug may eventually emerge as a viable treatment option for ALD.
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Abstract

The population with metabolic dysfunction-associated fatty liver disease
(MAFLD) is increasingly common worldwide. Identification of people at risk of
progression to advanced stages is necessary to timely offer interventions and
appropriate care. Liver biopsy is currently considered the gold standard for the
diagnosis and staging of MAFLD, but it has associated risks and limitations. This
has spurred the exploration of non-invasive diagnostics for MAFLD, especially for
steatohepatitis and fibrosis. These non-invasive approaches mostly include
biomarkers and algorithms derived from anthropometric measurements, serum
tests, imaging or stool metagenome profiling. However, they still need rigorous
and widespread clinical validation for the diagnostic performance.

Key Words: Metabolic dysfunction-associated fatty liver disease; Non-invasive diag-
nostics; Circulating biomarkers; Imaging biomarkers; Stool microbial biomarkers
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Core Tip: Metabolic dysfunction-associated fatty liver disease (MAFLD) is a bur-
densome public health problem. The diagnostic assessment of MAFLD is an important
step for timely management. Extensive effort and encouraging progress have been made
to establish non-invasive tests to diagnose steatohepatitis and fibrosis.
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TO THE EDITOR

We read with great interest the article by Trinks et al[1] on the omics-based biomarkers as diagnostic tools for metabolic
dysfunction-associated fatty liver disease (MAFLD). Due to its global epidemic, MAFLD becomes a burdensome public
health problem[2]. The development of steatohepatitis, especially liver fibrosis, is most strongly associated with poorer
long-term outcomes and increased incidence of liver-related mortality[3-5]. It is in this context that identification of
people at risk of progression to advanced stages is necessary to timely offer interventions and appropriate care.
Currently, liver biopsy is still the reference standard for diagnosis and staging of MAFLD. However, it is an invasive
approach with poor compliance and a small but appreciable risk of complications[6]. Besides, it is also expensive, prone
to sampling bias, and has high intra- and interobserver variability[6-8]. These inherent limitations have driven the need
for non-invasive approaches to replace liver biopsy in severity assessment and risk stratification of patients with MASLD.
In this regard, extensive effort and encouraging progress have been made in this filed. There is now increased availability
of non-invasive tests, and some become increasingly incorporated into routine clinical practice[9-12]. These non-invasive
approaches mostly include biomarkers and algorithms derived from anthropometric measurements[9], serum tests[10],
imaging[11], or stool metagenome profiling[12].

Anthropometric measurements

Anthropometric indicators have been used for prediction of MASLD, such as body mass index, abdomen, waist, and
chest circumferences, and trunk fat. These indicators are easy to be determined with simple and affordable equipment,
thus making them ideal for use in remote areas or in primary clinical practice[9]. Recently, artificial intelligence, such as
machine learning and deep learning, has been applied to assist anthropometric diagnostics of MAFLD[13]. However,
these indicators are still limited by suboptimal accuracy, especially in detecting fibrosis[13].

Serum biomarkers and related panels

Increased serum triglycerides, alanine aminotransferase (ALT), aspartate aminotransferase (AST), or ALT/AST ratio are
not accurately predictive of MAFLD severity[14,15]. Related panels derived from these biochemical indicators are also
subject to low accuracy and specificity, such as fatty liver index for hepatic steatosis, and Bayesian Argumentation via
Delphi score (body mass index, AST/ALT ratio, and presence of diabetes) for hepatic fibrosis[16,17]. Despite these
limitations, they are still commonly used for screening owing to general applicability. Recently, some novel serum
biomarkers have been proposed as promising alternatives for diagnosis of non-alcoholic steatohepatitis (NASH) and
fibrosis. Circulating concentrations of cytokeratin-18 (CK-18) fragments were proposed to be the most reliable predictor
of steatohepatitis[18], and its combination with other indicators in a biomarker panel could further increase the diagnostic
performance[19]. However, it has relatively low power to determine the severity of NASH fibrosis[20]. Serum Pro-C3 and
metalloprotease-1 inhibitor, are emerging biomarkers for fibrosis with excellent diagnostic performance[21,22].
Subsequently, several biomarker panels are proposed, such as MACK-3 (HOMA-IR, AST, and CK-18 M30)[23] and
ADAPT (age, platelet count, diabetes, and PRO-C3)[24], and their diagnostic performance is evaluated in comparative
diagnostic accuracy studies[10,25]. In addition, the application of innovative omics technologies has screened out some
novel serum biomarkers[26,27], but their accuracy, reproducibility, and reliability have not yet gone through analytical/
biological and clinical cohort validation.

Imaging biomarkers

Conventional ultrasonography is the first-line imaging test for detecting hepatic steatosis[28], and newer quantitative
ultrasound-based techniques demonstrate superior performance[29]. As a contrast, magnetic resonance imaging-proton
density fat fraction is considered more accurate at quantifying liver fat than ultrasonography[30], and even liver biopsy
[31]. Current imaging-based biomarkers have poor diagnostic performance for steatohepatitis, especially distinguishing
steatohepatitis from fibrosis[32]. Ultrasound-based measurements of liver stiffness by vibration-controlled transient
elastography (VCTE), commercially marketed as FibroScan, have demonstrated very good diagnostic accuracy for
advanced fibrosis[33]. Likewise, magnetic resonance elastography (MRE) shows low failure rate in diagnosis of advanced
fibrosis[34]. More importantly, MRE outperforms VCTE in diagnostic accuracy for earlier stages of fibrosis[30].

Gut-microbiome-derived biomarkers

Dysregulation of the gut microbiome is implicated in the progression of MAFLD as evidenced by several studies[35,36].
This association could be translated into diagnostic capacity for MAFLD. A latest study characterized gut microbiome
compositions using metagenomic sequencing of stool samples from patients with biopsy-proven MAFLD, and
established a gut microbiome-based metagenomic signature to differentiate between mild or moderate and advanced
fibrosis[12]. These microbial biomarkers achieved robust diagnostic accuracy in small samples, and further studies are
needed to validate their clinical utility.

gﬁ;@ WJG | https://www.wjgnet.com 3448 July 28,2024 | Volume30 | Issue28 |


https://www.wjgnet.com/1007-9327/full/v30/i28/3447.htm
https://dx.doi.org/10.3748/wjg.v30.i28.3447

Qu B et al. Non-invasive diagnostics for MAFLD

In summary, progress has been made in the identification of novel non-invasive diagnostics for MAFLD, including
biomarkers and algorithms integrating biomarkers. Although none of biomarkers achieved the sufficient performance to
replace liver biopsy in diagnosis of steatohepatitis and fibrosis, some diagnostics are promising tools for identifying
advanced fibrosis.
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Abstract

Immunotherapy and the implementation of more aggressive treatment schemes
for locally advanced hepatocellular carcinomas have expanded the boundaries of
curative options. Because of these advancements, patients who were once
considered beyond the aim of a cure are now eligible for liver transplantation and
resection.
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Core Tip: The field of treatment for hepatocellular carcinoma is constantly evolving due
to the advances in highly effective chemotherapeutic regimens. The possible use of
drugs in the neoadjuvant setting as a powerful downstaging tool opens up the possibility
of liver transplantation or liver resection for patients once deemed incurable. The use of
these drugs in the adjuvant therapy setting could reinforce the results of surgery in the
treatment of hepatocellular carcinoma.
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TO THE EDITOR

We read with great interest the paper by Wu ef al[1], who presented a retrospective study comparing the oncological
outcomes of two arms of patients affected by hepatocellular carcinoma (HCC) with portal vein tumor thrombosis (PVTT)
with or without distant metastasis, who underwent either triple therapy with transarterial chemoembolization (TACE)
combined with PD-1 inhibitors and lenvatinib or TACE plus lenvatinib alone.

Despite the limits of the study (i.e., its retrospective nature, limited study population, and different proportions of
patients with metastatic disease in the two study groups), we agree with the authors of the study that multimodal
therapy for locally advanced HCC shows superior results in terms of local control of the disease, downstaging ability, and
prolonged time to progression.

We have already published a case of a patient with locally advanced HCC of segment IX with satellite nodules, alpha-
fetoprotein > 3000 ng/mL, left portal vein tumor thrombosis with partial response to TACE, and complete and persistent
radiological and biological responses to neoadjuvant therapy with lenvatinib[2]. However, since this publication,
treatment options have advanced and expanded. The application of immunotherapy with a PD-1 inhibitor and anti-
CTLA-4 has been proven as an effective tool to downstage locally-advanced HCC patients, allowing curative treatments
such as salvage liver transplantation and liver resection[3].

Patients who achieve a partial response after conversion therapy benefit from liver resection or liver transplantation as
the only curative option remaining. Indeed, it has been shown that surgery after locoregional treatment with a partial
response improves overall survival (OS)[4]. Performing surgery after conversion therapy that leads to a complete
response, however, remains a matter of debate. The gold standard therapeutic approach is still questionable, and solid
scientific evidence is lacking. There is evidence, though, that a watch-and-wait approach might be safe and feasible for
these patients[5]. Arguments in favor of surgical resection after complete radiological response include the possibility of
persistent microscopic residue only evident on resected specimens and the possibility of in situ recurrence after a
complete response. Future research on circulating molecular markers could provide an implementation strategy for a
watch-and-wait approach in well-selected cases. In our case, the patient remained cancer-free for more than 2 years and
was ineligible for liver transplantation as liver function remained stable and the disease did not recur.

When HCC involves the major portal vein branches, we believe radioembolization performs better for local control.
There is a better possibility of complete regression of neoplastic thrombosis[6], better control of microvascular invasion
[7], and improvement of time-to-progression compared to other transarterial locoregional therapies[8]. Stable and durable
response to radioembolization could serve as a tool to test HCC biology in the setting of downstaging prior to liver
transplantation. Many groups[7,8], including ours[6], have shown acceptable oncological outcomes of liver
transplantation in patients affected by HCC complicated by PVTT.

A mindset change is needed for the issue of treating HCC with PVTT. PVTT can partially or completely respond to
radiotherapy (stereotactic body radiation therapy/external beam radiation therapy/selective internal radiation therapy),
TACE, proton beam therapy, or systemic therapy, used alone or in combination, thus improving progression-free
survival and OS. Soin et al[9] showed 5-year OS and recurrence-free survival rates of 53% and 52%, respectively, in
patients who successfully downstaged to stable disease. These rates are far superior to the 10% OS at 3-year expected by
the Barcelona Clinic Liver Cancer (BCLC) staging and treatment algorithm. These data translate into a huge transplant
benefit measured for these categories of HCC patients.

Similar results have been achieved by Serenari et al[10] and Assalino et al[11] who showed a 5-year OS of 60% in
patients who were successfully downstaged and received a liver transplantation. Careful selection of patients with HCC
with favorable biology (small tumor sizes, low alpha-fetoprotein level, low tumor grade, low avidity on fluorodeoxy-
glucose-positron emission tomography) is warranted to obtain adequate oncological results. In this scenario, a living
donor donation may be advantageous because it is favorable for a planned and timely transplant and it avoids depletion
of the already scarce pool of deceased donors.

Under these premises, however, it could be postulated that brand new scenarios might be faced in the foreseeable
future. With the advent of highly active locoregional and biological therapies, after an appropriate test of time, two
questions arise: (1) Would it be possible to label patients within BCLC stage B and C who achieve complete response
biologically and radiologically as cured? or (2) Should we proceed to liver transplantation anyway, having achieved just a
very good downstaging? The vast majority of HCC patients seen in our clinics nowadays belong to BCLC stage B and C,
which is by definition biologically very aggressive. Offering a pre-emptive liver transplant, i.e., without radiologic or
biologic evidence of residual/recurrent disease, after an appropriate test of time, might represent the only potentially
curative option for these categories of HCC patients. However, as far as allocation policies are concerned, it remains
unclear whether these patients that might not have MELD scores sufficient to be listed for transplantation should be
prioritized or not and in what measure in a system that provides patients with untreatable HCC or with partial response
to bridge therapy with exception points in the waiting list. Regardless of what the right answer will be proven to be, we
should start looking at patients with locally advanced HCC or portal neoplastic thrombosis as a focus for our best efforts
in order to rescue a portion of them so that they are candidates for curative options, although those are few, according to
the principles of treatment stage migration and therapeutic hierarchy.

The results of the IMbrave(050 trial[12] demonstrated the ability of the combination of atezolizumab-bevacizumab to
improve the recurrence-free survival of patients with resected or ablated HCC. It is advisable to enroll patients with HCC
with a high risk of recurrence in prospective and randomized studies to further investigate the role in the adjuvant setting
of other lines of immunotherapy, such as durvalumab/tremelimumab. The latter combination of drugs, available in Italy
since last April and with areas of application similar to atezolizumab/bevacizumab and lenvatinib, showed promising
results in terms of overall survival compared to sorafenib in patients with unresectable HCC, in a recent phase-3 trial[13].
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In conclusion, we are facing a rapidly growing body of neoadjuvant systemic treatment schemes that may in the future
be used as adjuvant therapies. Robust data on which therapies will stand the test of time and represent the standardized
treatment for locally advanced HCC in the neoadjuvant and adjuvant settings are much needed. Undoubtedly, liver
transplantation and resection still represent curative options. Their utility is bound to increase as the abovementioned
therapies allow locally advanced HCC patients to become eligible for these treatments. Approximately 1700 liver
transplants were performed in Italy in 2023. Among those, more than half listed HCC as the main indication. The steady
decline of viral etiologies as main indications, along with the implementation of the highly active biologic therapies, will
continue to increase the number of liver transplantations performed for HCC.
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