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EDITORIAL

From dysbiosis to MASLD: The central role of the gut 
microbiota

HEPATOLOGY FORUM Volume 7, Issue 2, 2026 | 85–87 DOI: 10.14744/hf.2026.21734

 Maxim Khalenkow1,  Eda Kaya2,3,  Ali Canbay2

1: Ghent University Hospital, Corneel Heymanslaan 10, 9000 Ghent, Belgium
2: Department of Medicine, Universitätsklinikum Knappschaftskrankenhaus Bochum, Ruhr University Bochum, Bochum, Germany
3: The Global NASH Council, Washington, DC, USA

Metabolic dysfunction–associated steatotic liver disease (MASLD) is the most prevalent 
chronic liver disease worldwide, yet treatment options remain limited.[1] Recent studies 
indicate that MASLD is associated with impaired pathophysiological mechanisms within 
the gut–liver axis, including increased intestinal permeability and consequent oxidative 
stress. These �ndings suggest that interventions targeting the gastrointestinal microbiota or 
restoring intestinal barrier integrity may attenuate downstream hepatic in�ammation.[2]

In this context, we read with great interest the study by Celik et al.,[3] which investigated 
the e�ects of rifaximin—an intestinal decontaminant used in the management of hepatic 
encephalopathy—in an experimental model of fructose-induced MASLD. In fructose-fed 
mice, rifaximin exerted signi�cant anti-in�ammatory and antioxidant e�ects. The authors 
also discussed that these changes might be associated with improvements in the intestinal 
micro�ora and reductions in in�ammatory parameters. Unfortunately, the authors did not 
include an analysis of the intestinal microbiota; therefore, it is di�cult to determine whether 
rifaximin exerts its e�ects primarily through barrier-related or microbiome-mediated 
mechanisms, or via alternative or direct anti-in�ammatory pathways. On the other hand, 
such an e�ect is plausible under rifaximin treatment. Previous mouse model studies have 
reported rifaximin-induced shifts in the gut microbiota, notably characterized by an increased 
abundance of Lactobacillus.[4] Moreover, Wan et al.[5] provided a mechanistic explanation for 
this variability by demonstrating that, in methionine–choline-de�cient diet–induced MASH, 
rifaximin ameliorated steatosis, in�ammation, and �brosis, apparently through a speci�c 
microbiome–bile acid–host signaling axis.

Gut-microbiome–associated disturbances in bile acid metabolism have also been linked 
to abnormalities in lipid metabolism and the development of MASLD. Bile acids play a key 
regulatory role by activating the farnesoid X receptor (FXR), which in turn modulates pathways 
involved in lipid metabolic control.[6] In a mouse model, treatment with rifaximin appeared 
to reduce levels of the secondary bile acid deoxycholic acid rather than a�ecting primary 
bile acids, and this reduction was associated with alterations in the gut microbiome. Because 
deoxycholic acid directly activates FXR, mice receiving rifaximin showed improvements 
in MASH, suggesting that microbiome-mediated changes in bile acid composition may 
contribute to the therapeutic e�ect.[7]
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The gut microbiota is implicated not only in MASH pathophysiology 
but also in the development of hepatocellular carcinoma (HCC). 
Comparative analyses have demonstrated a progressive reduction 
in the relative abundance of Bacteroidetes and, to a lesser extent, 
Actinobacteria across disease stages, from healthy controls to 
MASH and MASH-associated HCC.[8] Increasing evidence indicates 
stage-speci�c alterations in intestinal microbiota composition 
associated with liver disease severity, supporting the exploration 
of microbiota-targeted therapeutic strategies such as probiotics, 
antimicrobial agents, and fecal microbiota transplantation.[9] 
Clinical studies, however, demonstrate heterogeneous e�ects of 
rifaximin, with improvements in hepatic in�ammation and �brosis 
mainly observed in long-term rather than short-term interventions, 
suggesting that sustained modulation of the intestinal microbiota 
may be required to achieve meaningful bene�ts.[10,11] Taken 
together, the long-term e�ects of rifaximin on gut microbiota 
composition and liver health remain insu�ciently understood, 
and the mechanisms mediating �brotic and in�ammatory 
activation require further investigation. The e�ects of rifaximin are 
summarized in Figure 1.

Over recent years, substantial progress has been made in the �eld 
of MASLD, beginning with the establishment of an updated disease 
classi�cation,[12] followed by the conditional and full approval of the 
�rst pharmacological therapies for MASH, including resmetirom 
and semaglutide.[13] In this evolving therapeutic landscape, the gut 
microbiota and associated bile acid metabolism are expected to 

assume an increasingly important role. As knowledge continues to 
expand, microbiota-targeted strategies may enable modi�cation of 
disease trajectories and potentially allow prevention at early stages. 
In this regard, Celik et al.[3] demonstrated in a well-designed mouse 
model that rifaximin ameliorated steatohepatitis, with biochemical 
improvements translating into consistent histopathological 
�ndings, thereby contributing to the existing body of evidence. 
However, the e�ects of rifaximin on the human microbiota—
particularly whether these changes occur on an individual or 
generalizable level—and its long-term impact on metabolic 
and liver health remain insu�ciently understood and require 
further investigation. In particular, integrative studies bridging 
experimental models and clinical research, while comprehensively 
addressing the multifaceted e�ects of rifaximin, are still lacking and 
represent an important priority for future research.
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Figure 1. E�ects of rifaximin on gut microbiota regulation and metabolic dysfunction–associated steatohepatitis (MASH).
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INVITED EDITORIAL

AI redefines fibrosis patterns in steatotic liver disease: 
Opportunities and challenges

HEPATOLOGY FORUM Volume 7, Issue 2, 2026 | 88–90 DOI: 10.14744/hf.2026.86430

 Xiao-Dong Zhou1,2,  Yusuf Yilmaz3,  Ming-Hua Zheng1,2

1: MAFLD Research Center, Department of Hepatology, the First A�liated Hospital of Wenzhou Medical University, Wenzhou, China
2: Key Laboratory of Diagnosis and Treatment for the Development of Chronic Liver Disease in Zhejiang Province, Wenzhou, China
3: Department of Gastroenterology, School of Medicine, Recep Tayyip Erdogan University, Rize, Turkiye

Introduction

Steatotic liver disease (SLD) has emerged as a major global health burden, with rapidly 
rising prevalence and substantial contributions to both liver-related and cardiometabolic 
morbidity and mortality.[1] It comprises a heterogeneous group of chronic liver disorders 
with diverse pathophysiological drivers and variable clinical outcomes, posing signi�cant 
challenges for risk strati�cation and therapeutic development.[2] Across its major subtypes, 
including metabolic dysfunction-associated steatotic liver disease (MASLD), metabolic 
dysfunction-associated alcoholic liver disease (MetALD), and alcoholic liver disease (ALD), 
patients are exposed to di�ering constellations of metabolic stress, alcohol-related toxicity, 
and in�ammatory signaling. These distinct pathogenic in�uences may translate into variable 
patterns of �brotic remodeling and organ-speci�c complications. However, conventional 
histopathology, which relies largely on semiquantitative scoring systems and interobserver 
interpretation, often lacks the resolution to capture such spatial and mechanistic nuances, 
thereby limiting deeper insight into disease biology and individualized risk assessment.

AI-based digital pathology provides a transformative platform to overcome these limitations 
by enabling automated, quantitative, and spatially resolved tissue analysis.[3] This approach 
allows high-resolution mapping of collagen deposition, zonal �brosis patterns, and 
microenvironmental remodeling, providing a framework to link histologic features with 
underlying mechanisms and clinically relevant outcomes. By moving beyond global �brosis 
staging to “where and how” �brosis develops, AI-based approaches can elucidate both 
disease biology and individualized patient risk.

The potential of AI-based digital pathology spans several interrelated areas. First, AI-
based spatial analysis may help explain the heterogeneity of �brosis across SLD subtypes. 
MASLD, MetALD, and ALD represent distinct constellations of metabolic stress and 
alcohol-related injury, which may give rise to di�erent regional patterns of �brotic 
remodeling. In a recent study employing AI-based quantitative �brosis assessment 
with second harmonic generation imaging in 88 biopsy samples, investigators 
demonstrated that, despite comparable overall �brosis stages, MetALD and ALD exhibited 
signi�cantly greater collagen density in periportal and zone 2 regions than MASLD.[4] 
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Similarly, lean patients with MASLD may exhibit di�erent zonal 
distributions and collagen architectures compared with non-
lean patients, re�ecting di�erences in metabolic pathways, lipid 
deposition, and local in�ammatory responses. Mapping these spatial 
patterns could provide both diagnostic insight and a framework for 
understanding subtype-speci�c pathophysiology.

Second, digital pathology enables mechanistic studies of SLD 
by dissecting how spatially resolved microenvironmental factors 
drive �brosis. Regional variations in hepatic microcirculation and 
blood �ow along the hepatic vascular axis modulate exposure of 
hepatocytes and stellate cells to metabolic substrates, alcohol, and 
in�ammatory mediators. Metabolic dysfunction, cardiometabolic 
risk factors, and alcohol toxicity may therefore exert spatially 
distinct e�ects, promoting localized stellate cell activation, chronic 
in�ammation, and vascular remodeling, which shape collagen 
deposition and extracellular matrix architecture. Each of these 
risk factors can contribute to liver �brosis progression, but the 
relative in�uence of di�erent factors in speci�c hepatic zones 
requires further investigation.[5,6] High-resolution spatial mapping 
integrated with molecular pro�ling can clarify whether metabolic 
in�ammation and alcohol-induced injury act via separate or 
overlapping pathways. This mechanistic insight may inform the 
development of targeted therapies by identifying zone-speci�c and 
microenvironment-dependent �brogenic pathways, clarifying how 
interventions reshape spatial �brosis architecture, and supporting 
rational combination strategies that address both hepatic and 
cardiometabolic drivers of disease.[7]

Third, AI-based spatial analysis supports precision classi�cation and 
individualized management by linking �brosis patterns to clinical 
outcomes.[8] Patients with MASLD show heterogeneous trajectories: 
some primarily develop liver-related events such as cirrhosis or 
hepatocellular carcinoma, while others are prone to cardiometabolic 
complications.[9] AI-derived spatial signatures can identify �brosis 
patterns predictive of speci�c outcomes. For example, prior AI-
derived spatial analyses have shown that �brosis progression in 
central and pericentral regions correlates with subsequent renal 
function decline.[10] Additionally, spatial analysis can de�ne a 
cardiovascular-risk predominant MASLD subtype, characterized by 
�brosis patterns re�ecting systemic metabolic stress and a higher 
risk of cardiovascular events. Recognizing this subtype enables 
clinicians to prioritize cardiovascular risk management, including 
lifestyle modi�cation, blood pressure and lipid control, and cardiac 
monitoring, while simultaneously addressing liver-directed therapy. 
By integrating hepatic and systemic risk strati�cation, AI-based 
digital pathology provides a pathway toward precision hepatology 
and heart-liver co-management.[11]

Fourth, digital pathology may support region-speci�c monitoring 
and therapy by distinguishing areas of stable versus rapidly 
progressing �brosis within the same liver.[12] Fibrosis is rarely 
uniform, and di�erent regions may progress at di�erent rates 
due to local variations in blood supply, in�ammation, or stellate 
cell activation. Identifying rapidly progressing regions enables 
clinicians to prioritize surveillance and interventions in areas at 

highest risk, while avoiding unnecessary procedures in more stable 
regions. Such targeted monitoring could inform decisions on biopsy 
sampling, imaging follow-up, or even region-speci�c therapeutic 
approaches in the future. Moreover, mapping �brosis dynamics 
at high spatial resolution may help anticipate complications such 
as portal hypertension or segmental liver dysfunction by linking 
structural remodeling to functional consequences. By capturing 
the intrahepatic heterogeneity of disease progression, AI-based 
digital pathology provides a precise framework for individualized, 
risk-adapted patient management.

Fifth, AI-based digital pathology o�ers unique opportunities in clinical 
trials by providing objective, quantitative, and spatially resolved 
endpoints.[13] Traditional histologic scoring often lacks sensitivity to 
detect subtle changes or regional e�ects of interventions. By contrast, 
AI-derived measures such as qFibrosis can capture both progression 
and regression of �brosis on a continuous scale across multiple liver 
regions. For instance, strengthened lifestyle intervention in MASLD 
patients produced pronounced �brosis regression in the periportal 
region, as detected by qFibrosis, whereas conventional histology 
failed to capture these regional di�erences.[14] Importantly, di�erent 
pharmacologic agents may act on distinct microenvironments 
or �brosis patterns within the liver, and AI-based spatial analysis 
can reveal these region-speci�c e�ects. Such insights enable the 
rational design of combination therapies targeting complementary 
�brogenic pathways or spatially distinct microenvironments, thereby 
addressing the multifactorial nature of SLD and potentially enhancing 
overall e�cacy.[15] Spatially resolved, quantitative endpoints, 
therefore, facilitate earlier and more precise evaluation of treatment 
e�ects, improve di�erentiation between intervention groups and 
placebo responses, and may reduce sample size requirements or 
study duration. By integrating digital pathology into clinical trials, 
researchers can accelerate drug development, optimize patient 
selection, and better understand how interventions reshape liver 
architecture at a mechanistic level, ultimately supporting precision 
and combined therapeutic strategies.[13]

Despite its transformative potential, several challenges must 
be addressed before AI-based digital pathology can be widely 
implemented in clinical practice. First, standardization of image 
acquisition and algorithm training is critical, as variations in slide 
preparation, staining protocols, scanning resolution, and even 
tissue handling can introduce bias and a�ect the consistency of 
extracted features. Without rigorous standardization, results may 
not be comparable across laboratories or studies. Second, cross-
center reproducibility remains a major hurdle. Algorithms trained in 
one center may perform di�erently in another due to di�erences in 
patient populations, equipment, or local histology practices, limiting 
generalizability. Third, cost considerations and infrastructure 
requirements may pose barriers, as high-resolution scanners, 
computational resources, and specialized personnel are necessary 
to implement AI-based work�ows, potentially restricting access to 
larger or resource-limited centers. Fourth, validation in large and 
diverse cohorts is essential. Current studies are often limited by 
small sample sizes, homogenous populations, or single-center data, 
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raising concerns about the robustness and reliability of identi�ed 
spatial patterns when applied to broader patient populations. 
Finally, linking spatial histologic phenotypes to clinically meaningful 
outcomes requires carefully designed prospective studies. Only 
by correlating AI-derived tissue signatures with both hepatic 
endpoints (e.g., cirrhosis progression, hepatocellular carcinoma) 
and systemic outcomes (e.g., cardiovascular events, renal function) 
can we determine whether these digital biomarkers truly guide 
individualized management strategies and therapeutic decision-
making. Addressing these challenges is crucial for translating the 
promise of AI-based digital pathology into actionable clinical tools.

Conclusion

In conclusion, AI-based digital pathology should be regarded 
not merely as an advanced diagnostic tool but as a platform for 
understanding the spatial logic of liver disease. By capturing 
heterogeneity, linking microenvironmental mechanisms to �brosis 
architecture, and associating patterns with distinct clinical outcomes, 
digital pathology provides a roadmap for precision hepatology. In 
an era where metabolic liver disease and cardiovascular disease are 
increasingly intertwined, leveraging spatial tissue analytics to inform 
individualized, integrated management may represent one of the 
most impactful directions for both research and clinical care.
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ABSTRACT

Background and Aim: Hepatic encephalopathy is an important cause of morbidity 
in cirrhosis patients. The presence of spontaneous portosystemic shunts (SPSS) is 
associated with an increased risk of recurrent/refractory hepatic encephalopathy 
(HE). Embolization of SPSS has been shown to improve HE symptoms, but it may 
worsen portal hypertension and related complications. The aim of this study was to 
determine the e�cacy of SPSS embolization for recurrent/refractory HE.

Materials and Methods: Five databases were screened to identify studies assessing 
the e�cacy of SPSS embolization for HE. The random-e�ects model was used to 
calculate the pooled rates, and I2% values were used to assess heterogeneity.

Results: Twenty-one studies met the inclusion criteria, comprising a total of 331 
patients with recurrent or refractory HE despite medical management. The etiology of 
cirrhosis included ethanol abuse, chronic viral hepatitis, MASH, and others. Following 
embolization, 82% of patients had HE-related clinical improvement, and 71% of 
patients became free from HE-related hospitalization. The mean di�erence in pre- 
and post-embolization serum ammonia levels was 104 [77-130], p<0.01. Worsening 
portal hypertension following embolization presented as gastrointestinal bleeding 
(10%), new or aggravated varices (15%), and new or aggravated ascites (15%).

Conclusion: SPSS embolization demonstrated improvement in HE-related clinical 
symptoms with a decreased need for hospitalization, but it exacerbates portal 
hypertension, increasing the risks of ascites, varices, and gastrointestinal bleeding. 
Future randomized controlled trials are needed to evaluate the e�cacy of SPSS 
embolization against standard medical management.

Keywords: Cirrhosis, hepatic encephalopathy, spontaneous portosystemic shunts.
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Points to Note

• Synthesis of Current Evidence: 
SPSS embolization improves 
refractory/recurrent HE, lowers 
ammonia, and reduces HE-related 
hospitalization.

• Major Controversies: Its e�ect 
on portal hypertension remains 
uncertain because ascites, varices, 
and GI bleeding may worsen after 
embolization.

• Future Directions: Larger 
randomized trials are needed 
to compare embolization with 
standard medical therapy and 
de�ne optimal patient selection.
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Introduction

Hepatic encephalopathy (HE) is a reversible syndrome 
encompassing neuropsychiatric pathologies resulting from the 
accumulation of neurotoxins in the bloodstream.[1] HE occurs in 
patients with acute or advanced liver disease, as well as in those 
with portosystemic shunting even in the absence of liver disease.

Overt HE, characterized by a noticeable decline in cognitive and 
neurological function, a�ects 30-45% of patients with cirrhosis 
and leads to approximately 20,000 hospitalizations annually in 
the United States.[2-4] Inpatient management of HE is costly, with 
an average of $35,000 per hospital stay.[5] Morbidity is further 
complicated by an increased risk of falls, the inability to safely 
drive, and caregiver burden.[5]

Management of HE focuses on identifying precipitating factors, 
administering ammonia-lowering therapies, and preventing 
recurrence.[6] According to the American Association for the Study 
of Liver Diseases (AASLD), lactulose is recommended as the �rst-
line therapy for treating overt HE, with rifaximin added to prevent 
recurrence.[2]

Patients with overt HE who do not respond to medical 
management are classi�ed as having refractory HE. These patients 
may have developed spontaneous portosystemic shunts (SPSS), 
which are abnormal connections between the portal vein and 
systemic circulation.[6] While SPSS can act as “release valves” 
to reduce portal pressure, they bypass normal liver blood �ow, 
increasing the risk of recurrent or refractory HE. Embolization of 
large SPSS is being investigated as a potential preventive measure 
for HE recurrence and may o�er survival bene�ts.[7]

Although data on the clinical performance of SPSS embolization 
are currently limited to case series and small studies, we conducted 
a meta-analysis to comprehensively evaluate the e�cacy of shunt 
embolization in managing persistent or recurrent HE.

Materials and Methods

This study adhered to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) checklist to identify the 
e�cacy of SPSS embolization for the management of refractory/
recurrent HE (Supplementary Appendix A).

Search Strategy

The literature was searched by the authors (PP, ME) for the concepts 
of spontaneous portosystemic shunts, hepatic encephalopathy, 
embolization, portal hypertension, and cirrhosis. Search strategies 
were created using a combination of keywords and standardized 
index terms. Searches were conducted in Embase (81), Scopus (8), 
PubMed (103), Web of Science (58), and Medline (43). Full search 
strategies are provided in Supplementary Appendix B.

The titles and abstracts of the identi�ed studies were 
independently screened by two authors (PP and ME). Based on 
predetermined inclusion and exclusion criteria, studies that did 
not address our speci�c research question were excluded. The 
full texts of the selected articles were then reviewed for relevant 
information. Any discrepancy in article selection was resolved 
by mutual consensus after discussion with the third co-author 
(EZ). Additional relevant articles were manually searched from 
the bibliographic section of the selected articles, as well as the 
systematic and narrative articles on the topic.

Study Selection

For the purpose of this meta-analysis, we included studies 
that evaluated the e�cacy and safety of SPSS embolization 
for persistent or recurrent HE. Studies reporting data on adult 
patients (>18 years) with cirrhosis complicated by persistent or 
recurrent HE were included.

The exclusion criteria were as follows: (1) single-patient case 
reports, review articles, and editorials; (2) studies done in the 
pediatric (<18 years) population; (3) non-English-language studies; 
(4) non-human/animal studies; (5) non-clinical laboratory studies.

Data Abstraction and Quality Assessment

Two authors (E.Z. and H.K.) independently abstracted data from 
the studies using a pre-approved standardized form. Two authors 
(M.A.E., P.P.) independently assessed the quality of the studies 
to ascertain the risk of bias. This was done using the National 
Institute of Health (NIH) quality assessment tool for before-after 
(pre-post) studies with no control group (Table 1).

Outcomes Assessed

The outcomes assessed included clinical improvement in HE, 
changes in HE medication requirements, the need for HE-related 
hospitalization, changes in Model for End-Stage Liver Disease 
(MELD) score, serum ammonia levels, and serum creatinine levels. 
We also evaluated the development or worsening of varices and/
or ascites and the incidence of gastrointestinal bleeding (GIB) 
following SPSS embolization for the management of persistent or 
recurrent HE.

Statistical Analysis

Standard meta-analysis statistics were used, following the 
methods suggested by DerSimonian and Laird. The pooled 
e�cacy rates with the corresponding 95% con�dence intervals 
(CIs) were calculated by logit transformation using a random-
e�ects model. Heterogeneity between study-speci�c estimates 
was assessed using the Cochrane Q test and the I² statistic. 
Publication bias assessment is discussed under the validation of 
meta-analysis. All analyses were performed using Comprehensive 
Meta-Analysis (CMA) software, version 4 (BioStat, Englewood, NJ).
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Results

Search Results and Population Characteristics

The initial search yielded 270 references. After the removal of 
duplicates, a total of 194 studies, including full articles and abstracts, 
underwent formal title and abstract screening. Based on our inclusion 
and exclusion criteria, 21 studies involving a total of 331 patients 
were included (Fig.1).

The �nal analysis included 331 patients (205 male; mean age: 60.8±9.3) 
with recurrent or refractory HE despite medical management. The most 
common etiology of cirrhosis was ethanol use/abuse (30%), followed 
by chronic viral hepatitis (hepatitis B or hepatitis C, 30%), metabolic 
dysfunction-associated steatohepatitis (27%), and other causes 
(13%, including primary biliary cholangitis, autoimmune hepatitis, 
and cryptogenic cirrhosis). Mean MELD and Child-Pugh (CP) scores 
were 14.2±2.3 and 8.8±1.1, respectively. One or more types of shunts 
were present in each patient, and the most common type of shunt 
was splenorenal, which was present in 64% of patients. One or more 
procedures for SPSS embolization were performed in each patient, 

using techniques including, but not limited to, coils, glue, vascular 
plugs, and sclerosant injection via various transvenous approaches. 
Refer to Table 1 for the characteristics of the included studies.

Characteristics and Quality of Included Studies

Two authors (P.P. and M.E.) conducted an independent and blinded 
quality assessment of the included studies. Despite encountering 
some discrepancies, these were resolved by a third author (P.L.) in an 
independent and blinded manner. Our systematic review employed 
three types of quality assessment using the NIH scale: pre-post studies 
without control groups, controlled intervention studies, and case 
series assessments. The NIH scale was chosen for its comprehensive 
evaluation criteria suitable for diverse study designs.[8] According to 
the NIH scale, eleven studies received a score of 9, indicating high 
quality, whereas seven studies were deemed to be of fair quality, with 
scores ranging from 5 to 8, as shown in Supplementary Table 1 and 
Table 2. Fair-quality studies had insu�cient data, as they were based 
on abstracts rather than full-text articles. Despite this limitation, these 
abstracts were included because of their relevance to the research 
question and the lack of available full-text studies. In the case series 
studies, two of the included studies were regarded as high quality. 
Regarding the randomized controlled trial, one study was deemed 
high quality, with 11 points out of 14 in di�erent aspects, as per the 
NIH quality assessment for controlled intervention trials.

Pooled Outcomes

Clinical Success

Nineteen of 21 studies reported HE-related clinical improvement. 
A total of 261 (82%) patients experienced improvement in HE 
symptoms following one or more embolization procedures (I2=46%) 
(Fig. 2). Six studies reported the need for HE-related hospitalization 
following embolization (Supplementary Fig. 1). A total of 53 (71%) 
patients became free from HE-related hospitalization (I2=55%). The 
change in serum ammonia level was reported by seven studies. 
There was a signi�cant reduction noted between pre- and post-
embolization serum ammonia levels (mean di�erence=104 [77-130] 
mcg/dl, p<0.01, I2=77%) (Fig. 3). There was no signi�cant di�erence 
in pre- and post-embolization MELD scores (0.428 [-2.5-3.3], p=0.8) 
in 5 studies (Table 2).

Adverse Events

Sixteen studies reported the incidence of new or worsening portal 
hypertension following embolization. A total of 33 (15%) patients 
developed new or aggravated esophageal and/or gastric varices 
(I2=62%), and 34 (15%) patients developed new or worsening 
ascites (I2=2.5%) (Supplementary Fig. 2). The post-embolization 
course was complicated by gastrointestinal bleeding in 15 (10%) 
patients, as reported by 13 studies (I2=11%) (Fig. 4). A total of 26 
(15%) patients from 12 studies developed post-embolization fever 
and/or leukocytosis (I2=70%). No signi�cant di�erence was noted 
between pre- and post-embolization serum creatinine levels (mean 
di�erence=0.17 [-0.36-0.03] mg/dl, p=0.09, I2=56%) (Table 2).

Figure 1. Study selection �ow chart.
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Validation of Meta-Analysis

Sensitivity Analysis

To assess whether any one study had a dominant e�ect on the meta-
analysis, we excluded one study at a time and analyzed its e�ect on 
the main summary estimate. No single study signi�cantly a�ected 
the outcome or heterogeneity.

Heterogeneity

We assessed the dispersion of the calculated rates using the I2 
percentage values. Based on I2 analysis for heterogeneity, considerable 
heterogeneity was noted for the pooled di�erence in the pre- and 
post-embolization change in serum ammonia level and MELD score. 
The I2 values for the pooled rates are summarized in Table 2.

Prediction Interval

This meta-analysis was conducted using the random-e�ects model. 
Therefore, we calculated the prediction interval, which deals with the 
dispersion of the e�ects. The calculated prediction interval for the 
di�erence in means between pre- and post-embolization ammonia 
was 104 (95% interval, 18.5 to 189.5), and for new or aggravated 
varices, it was 0.148 (95% interval, 0.016 to 0.656).

Publication Bias

Based on visual inspection of the funnel plot, as well as quantitative 
measurement using the Egger regression test, there is evidence of 
publication bias for pre- and post-embolization ammonia (Egger’s 
2-tailed p-value=0.04). There is also evidence of publication bias for 
overall clinical success (Egger’s 2-tailed p-value=0.001). The funnel 
plot for publication bias is illustrated in Supplementary Figure 3.

Discussion

This study evaluated the e�cacy of SPSS embolization for patients with 
HE refractory to medical management. A total of 21 studies meeting 
the inclusion criteria were analyzed. SPSS embolization demonstrated 
e�cacy through clinical improvement in HE symptoms, reduced need 
for HE-related hospitalization, and a statistically signi�cant decrease 
in ammonia levels. Adverse events included post-embolization fever/
leukocytosis, GIB, and the development or worsening of pre-existing 
esophageal or gastric varices and/or ascites.

In our analysis of 19 studies, 82% of patients had clinical improvement 
in persistent or recurrent HE, reported as an increase in autonomy, 
improvement in cognitive symptoms, and a decrease in the need for 
HE medications after SPSS embolization. GIB and the development of 
new or exacerbated varices were reported in 10% and 15% of patients, 
respectively, following embolization. GIB following embolization 
may result from worsened portal hypertension or the progression of 
underlying cirrhosis. However, it is unclear whether SPSS embolization 
directly worsens portal hypertension, as the relationship between 
SPSS and the risk of GIB remains ambiguous.[30-32]

In our study, 15% of patients developed new-onset ascites 
or experienced a worsening of pre-existing ascites after SPSS 
embolization, likely due to increased portal hypertension. A recent 
study found that an elevation of the hepatic venous pressure gradient 
(HVPG) by >4 mm Hg from baseline and an absolute increase to >16 
mm Hg immediately post-embolization were signi�cant predictors of 
early- and late-onset ascites, respectively.[33]

Overt HE is one of the major complications of transjugular 
intrahepatic portosystemic shunt (TIPS).[34] Moreover, the presence 
of SPSS further increases the risk of overt HE following TIPS.[35] In their 

Table 2. Pooled outcomes

Outcomes Percentage (%) Mean di�erence I2% Studies (n)

Improvement in HE symptoms/clinical success 81.7 (73–87) – 46 19

Free from HE medications 12.3 (3–37) – 58 5

Decrease in need for HE medications 17.5 (7–35) – 42 5

Free from HE related hospitalizations 71.7 (48–87) – 55 6

No change in HE medications 22.0 (7–51) – 67 5

Development of new or worsening of pre-existing ascites 15.4 (11–21) – 2.5 16

Development of new or worsening of pre-existing varices 14.8 (8–26) – 62 16

Post-embolization gastrointestinal bleeding 10.0 (6–16) – 11 13

Post-embolization syndrome (fever and leukocytosis) 15.2 (6–32) – 70 12

Serum creatinine – -0.17 (-0.4–0.03), p=0.09 56 5

Serum ammonia – 104 (77–130), p<0.001 77 7

MELD score – 0.4 (-2.5–3.4), p=0.7 96 5

HE: Hepatic encephalopathy; MELD: Model for end stage liver disease.
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meta-analysis, Yang et al.[35] reported an increased risk of overt HE 
in patients undergoing TIPS without concurrent SPSS embolization 
compared to those with concurrent SPSS embolization, with no 
signi�cant di�erences in mortality, variceal bleeding, or shunt 
dysfunction. A recent meta-analysis reported a decreased risk of 
overt HE in patients undergoing TIPS along with concurrent large 
SPSS embolization compared to TIPS alone, without a signi�cant 
increase in recurrent variceal bleeding.[36] Our �ndings are consistent 
with these studies in that SPSS embolization decreases the risk of 
recurrent/refractory HE in patients with or without TIPS.

The presence and size of SPSS increased with liver dysfunction, 
as indicated by higher MELD scores.[37] Our analysis revealed 

no signi�cant di�erence in MELD scores before and after SPSS 
embolization (Table 2). However, the MELD score does not account for 
post-SPSS embolization complications related to portal hypertension, 
and its impact on other serious outcomes remains uncertain.[7]

In our analysis, 15% of patients developed fever and/or leukocytosis 
following SPSS embolization. Post-embolization fever is a common 
occurrence, primarily attributed to transient bacteremia following 
the injection of sclerosing agents.[38] In the majority of patients, fever 
subsided with conservative management.

To our knowledge, this is the �rst meta-analysis investigating 
the e�cacy of SPSS embolization for patients with persistent or 

Figure 2. Clinical success.

Figure 3. Mean di�erence in serum ammonia.
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recurrent HE. This analysis includes a diverse patient population 
with various shunt types and encompasses di�erent embolization 
techniques. Given that embolization remains a key treatment option 
for many patients in the absence of liver transplantation, our results 
demonstrating acceptable levels of heterogeneity are particularly 
signi�cant. This consistency across the included studies enhances the 
robustness of our �ndings in this patient group.

Our study is constrained by the following limitations. First, the 
prevalence of retrospective studies introduces inherent biases 
from historical data, which may a�ect the robustness of our 
�ndings. Second, 6 out of 21 studies included in the analysis  
originate from conference abstracts, which, by their nature, lack the 
comprehensive scrutiny and peer-review process characteristic of 
full-length publications. Third, the limited data on long-term and 
survival-related outcomes highlight the need for further research. 
Finally, data on shunt diameter, post-procedure changes in HVPG, 
and strati�ed outcomes based on MELD score were unavailable in 
the included studies and thus could not be analyzed. This highlights 
the need for further research to address these critical gaps in 
understanding.

Conclusion

In conclusion, SPSS embolization is an e�ective treatment for patients 
with recurrent or refractory HE. Careful patient selection is important 
to balance long-term bene�ts with potential complications. Future 
randomized controlled trials are needed to compare its e�cacy 
against standard medical management and to address technical 
factors and outcomes.
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ABSTRACT

Background and Aim: The GALAD score (Gender, Age, AFP, AFP-L3, and Des-gamma- 
carboxy prothrombin) is a mathematical model that incorporates gender, age, alpha-
fetoprotein (AFP), the lens culinaris agglutinin-reactive fraction of AFP (AFP-L3), and des-
gamma-carboxy prothrombin (DCP). It has been developed to assess the presence of 
hepatocellular carcinoma (HCC) in patients with chronic liver disease. This study aimed 
to evaluate the e�cacy of the GALAD score in predicting HCC and assessing its prognosis 
in patients with hepatitis C–related HCC who had received prior direct-acting antiviral 
(DAA) treatment.

Materials and Methods: This case-control study included patients with hepatitis C 
virus (HCV)-related liver cirrhosis who had been treated with DAAs, with or without HCC, 
recruited from the HCC clinic at Kasr Al-Ainy Hospital, Cairo University. Patients were 
followed until death or the end of the study period. Collected data included clinical 
and laboratory parameters, levels of DCP, AFP, and AFP-L3, imaging �ndings, treatment 
response, and survival outcomes. Logistic regression analysis was used to identify 
independent predictors of HCC, mortality, and recurrence.

Results: Eighty-eight patients with HCV-related HCC following DAA treatment and 88 
patients without HCC were recruited, with no signi�cant di�erences in gender or age 
between the two groups. Participants with HCC had a higher mean GALAD score than 
those without HCC (4.32±2.47 vs. 1.32±1.46, p<0.001). The area under the receiver 
operating characteristic (ROC) curve (AUC) for the GALAD score in diagnosing HCC at a 
cut-o� value of 3.805 was 0.849 (95% con�dence interval [CI]: 0.794–0.905, p<0.001), with 
a sensitivity of 59.3% and a speci�city of 97.7%. Multivariate logistic regression identi�ed 
liver sti�ness (odds ratio [OR]=1.140, 95% CI: 1.007–1.291, p=0.038) and the GALAD score 
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Highlights & Insights

• Scienti�c Gap: HCC may still 
occur or recur after successful DAA 
therapy for hepatitis C. This study 
assessed whether the GALAD score 
can help diagnose HCC and predict 
outcomes in these patients.

• Key Finding: The GALAD score 
showed good diagnostic accuracy 
for HCC (AUC=0.849). Liver sti�ness 
and GALAD were independent 
predictors, but GALAD poorly 
predicted mortality.

• Clinical Impact: GALAD may 
support post-DAA HCC diagnosis, 
but better tools are needed for 
mortality prediction.
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Introduction

Hepatocellular carcinoma (HCC) is the fourth most prevalent 
malignancy in Egypt and the sixth most common malignancy 
worldwide.[1] Because chronic hepatitis B and C infections are more 
prevalent in Africa than in most other regions, the incidence of HCC 
is higher in Africa, reaching 8.9 cases per 100,000 person-years.[2] 
Despite advancements in treatment, the global incidence of HCC 
continues to rise, with no corresponding improvement in survival.
[3] The Barcelona Clinic Liver Cancer (BCLC) classi�cation is widely 
used to stage HCC and guide treatment decisions.[4] Treatment of 
chronic hepatitis C infection with direct-acting antivirals (DAAs) has 
demonstrated excellent e�cacy.[5] However, regardless of whether 
sustained virologic response (SVR) is achieved, several recent studies 
have reported unexpected rates of de novo and recurrent HCC 
following DAA treatment.[6–8]

Several research trials have investigated potential molecular pathways 
through which DAAs may contribute to hepatocarcinogenesis. 
These mechanisms include the stimulation of angiogenesis, 
cytokine imbalance, and immune cell dysfunction.[9] The aim of HCC 
surveillance programs is to detect cancer at an early stage to allow 
curative treatment and thereby improve survival rates.[10] In the 
context of screening and surveillance, the GALAD model (Gender, Age, 
Alpha-fetoprotein, AFP-L3, and Des-gamma-carboxy prothrombin) 
has the potential to serve as a cost-e�ective tool.[11] Its high sensitivity 
and speci�city have been demonstrated in several studies across 
diverse ethnic populations.[12] The diagnostic accuracy of the GALAD 
score has been evaluated across various underlying etiologies 
of chronic liver disease, with adequate performance reported in 
patients with nonalcoholic fatty liver disease (NAFLD)-related HCC, as 
well as hepatitis B- and C-related HCC.[13–15] The present study aimed 
to evaluate the role of the GALAD score in predicting the occurrence 
of HCC following DAA treatment and in assessing HCC treatment 
outcomes, survival, and mortality.

Patients and Methods

Study Design and Patient Selection Criteria

This case-control study included adult patients (≥18 years) with 
hepatitis C virus (HCV)-related liver cirrhosis who had been treated 
with DAAs, with or without HCC. Patients were recruited from the 

multidisciplinary HCC clinic between January 2016 and January 
2022 and were followed until death or the end of the study period 
in June 2023. All procedures were conducted after approval by 
the Faculty of Medicine, Cairo University Ethics Committee and in 
accordance with the Declaration of Helsinki (1975), as revised in 
2008 (MS-524-2021/27.02.2022). Patients were excluded if they had 
recurrent HCC, had not received DAAs for HCV before developing 
HCC, had concomitant malignancies other than HCC, or had 
concomitant hepatitis B virus or human immunode�ciency virus 
(HIV) infection.

Data Collection

After providing written informed consent, all participants underwent 
a comprehensive clinical evaluation, including a full medical history 
and complete physical examination. Basic demographic data, 
manifestations of liver decompensation, history of DAA treatment, 
sustained virological response, and retreatment history were 
recorded. Laboratory investigations included complete blood count, 
liver function tests, international normalized ratio (INR), serum 
creatinine, alpha-fetoprotein (AFP), HCV antibodies, the Lens culinaris 
agglutinin–reactive fraction of alpha-fetoprotein (AFP-L3), and des-
gamma-carboxy prothrombin (DCP). These markers were measured 
using enzyme-linked immunosorbent assay (ELISA) kits supplied by 
SinoGeneClon Biotech Co., Ltd., and readings were obtained using 
the STAT FAX 2000 ELISA Reader. HCV RNA was assessed by reverse 
transcriptase real-time polymerase chain reaction (PCR) using the 
QIAGEN Rotor-Gene Q RT-PCR System. HCV RNA levels were measured 
before treatment and three months after completion of DAA therapy. 
All laboratory analyses were conducted at the Clinical and Chemical 
Pathology Department, Kasr Al-Ainy Hospital, Cairo University. The 
Child-Turcotte-Pugh score and Model for End-Stage Liver Disease 
(MELD) score were calculated, and performance status was assessed 
using the Eastern Cooperative Oncology Group (ECOG) performance 
status scale.[16]

Hepatocellular carcinoma was diagnosed according to American 
Association for the Study of Liver Diseases (AASLD) guidelines using 
triphasic computed tomography (CT), with or without magnetic 
resonance imaging (MRI). Tumor site, size, number of focal lesions, 
and the presence of vascular or nodal metastases were recorded. 
Participants with HCC were treated according to international guidelines 
and followed to assess treatment outcomes, recurrence, and survival. 

(OR=2.378, 95% CI: 1.171–4.831, p=0.017) as independent predictors of HCC. The GALAD score demonstrated low prognostic value for 
mortality, with an AUC of 0.564 (95% CI: 0.434–0.693). Patients with HCC recurrence had a slightly higher baseline GALAD score than 
those without recurrence (6.16 vs. 4.18, p=0.032).

Conclusion: The GALAD score demonstrated adequate diagnostic performance for predicting HCC following DAA therapy but showed 
low prognostic value.

Keywords: Hepatitis C virus, direct-acting antivirals, hepatocellular carcinoma, GALAD score.
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Table 1. Basic characteristics of studied groups
HCC group (n=88)

Mean (SD)
HCV group (n=88)

Mean (SD)
p

Age 62.20±8.12 62.86±8.43 0.338
Duration between DAAs intake and HCC development in months 19.93±16.01

Count % Count %
Sex 0.748

Male 58 65.9 60 68.2
Female 30 34.1 28 31.8

DAA
Yes 88 100 88 100

SVR 0.001
Yes 76 89.4 88 100
No 8 9.4 0 0.0
Unknown 1 1.2 0 0.0

CHILD score 0.012
A 64 72.7 72 81.8
B 20 22.7 8 9.1
C 4 4.5 8 9.1

Performance status
0 53 64.6 – –
1 24 29.3 – –
2 4 4.9 – –
3 1 1.2 – –

Variables with normal values HCC group HCV group p
Mean SD Mean SD

Hb 12.18 2.08 12.30 2.26 0.501
Albumin 3.68 0.58 3.84 0.63 0.037
Creatinine 0.96 0.23 1.00 0.63 0.214
 INR 1.18 0.19 1.19 0.20 0.859
CHILD score 6.55 5.40 6.13 2.35 0.215
MELD score 9.67 3.2 9.83 3.41 0.904
Total Bilirubin 1.21 1.10 1.20 1.45 0.269
ALT 37.23 27.91 30.83 32.20 0.001
AFP 806.58 2343.22 4.62 3.21 <0.001
GALAD score 4.32 2.47 1.32 1.46 <0.001

Median Median
AFP-L3 7.25 9.50 <0.001
DCP 551.00 277.00 <0.001

HCC group (n=88) HCV group (n=88) p
Count % Count %

Portal vein thrombosis <0.001
Thrombosis 17 19.3 1 1.1
Patent 71 80.7 74 84.1
Dilated 0 0.0 8 9.1
Attenuated 0 0.0 5 5.7

Hepatic focal lesion number
Single 51 58.0 0 0.0
Two 15 17.0 0 0.0
Multiple 22 25.0 0 0.0

BCLC stage
0 4 4.9 0 0.0
A 20 24.4 0 0.0
B 36 43.9 0 0.0
C 18 22.0 0 0.0
D 4 4.9 0 0.0

DAA: Direct-acting antiviral; SVR: Sustained virologic response; Hb: Hemoglobin; INR: International normalized ratio; CHILD score: Child-Turcotte-Pugh score; MELD score: 
Model for End-Stage Liver Disease score; AFP: Alpha-fetoprotein; GALAD score: Gender, Age, AFP, AFP-L3, and Des-gamma-carboxy prothrombin; AFP-L3: The lens culinaris 
agglutinin-reactive fraction of AFP; DCP: Des-gamma-carboxy prothrombin; BCLC: Barcelona Clinic Liver Cancer; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus.
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Overall survival was calculated from the date of HCC diagnosis to the 
date of death or the end of the study. All procedures were conducted in 
compliance with the Declaration of Helsinki (1975), as revised in 2008, 

and the ethical standards of the national and institutional committees 
responsible for human experimentation. The GALAD score was 
calculated using the following formula: 

Table 2. Baseline characteristics of patients with HCC according to survival status (alive vs dead)
Alive (n=49) Dead (n=35) p

Mean SD Mean SD
Age 62.57 8.77 61.77 7.61 0.467
Duration between DAAs intake and HCC development in months 21.86 16.56 18.02 15.71 0.354

Count % Count %
Sex 0.817

Male 32 65.3 22 62.9
Female 17 34.7 13 37.1

DAA
Yes 48 100.0 35 100.0 -----

SVR 0.691
Yes 41 89.1 31 88.6
No 5 10.9 3 8.6
Unknown 0 0.0 1 2.9

CHILD score 0.317
A 38 77.6 22 62.9
B 9 18.4 11 31.4
C 2 4.1 2 5.7

Performance status 0.026
0 28 63.6 23 65.7
1 16 36.4 7 20.0
2 0 0.0 4 11.4
3 0 0.0 1 2.9

Variables Alive Dead p
Mean SD Mean SD

Hb 12.22 2.36 12.09 1.67 0.530
Albumin 3.78 0.59 3.53 0.56 0.033
Creatinine 0.96 0.21 0.95 0.26 0.852
 INR 1.15 0.16 1.22 0.23 0.296
MELD score 9.11 3.04 10.56 3.38 0.028
CHILD Score 6.76 7.15 6.37 1.50 0.025
Total Bilirubin 1.21 1.33 1.26 0.74 0.116
ALT 34.29 31.26 40.76 24.44 0.116
AFP 396.93 1045.35 1457.29 3430.82 0.087
GALAD 4.13 2.32 4.65 2.68 0.327

Median Median
AFP-L3 7.50 7.00 0.471
DCP 564.00 544.50 0.430

Alive Dead p
Count % Count %

Portal vein thrombosis 0.001
Thrombosis 4 8.2 13 37.1
Patent 45 91.8 22 62.9

BCLC stage 0.022
0 4 9.1 0 0.0
A 12 27.3 7 20.0
B 21 47.7 13 37.1
C 7 15.9 11 31.4
D 0 0.0 4 11.4

DAA: Direct-acting antiviral; SVR: sustained virologic response; Hb: Hemoglobin; INR: International normalized ratio; CHILD score: Child-Turcotte-Pugh score; MELD score: 
Model for End-Stage Liver Disease score; AFP: Alpha-fetoprotein; GALAD score: Gender, Age, AFP, AFP-L3, and Des-gamma-carboxy prothrombin; AFP-L3: The lens culinaris 
agglutinin-reactive fraction of AFP; DCP: Des-gamma-carboxy prothrombin; BCLC: Barcelona Clinic Liver Cancer; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus.
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GALAD = –10.08 + 0.09 × age + 1.67 × gender + 2.34 log10 (AFP) + 0.04 
× AFP-L3 + 1.33 × log10 (DCP), 

where gender is coded as 0 for female and 1 for male.[17] HCC was staged 
according to the Barcelona Clinic Liver Cancer classi�cation.[4] Response 
to therapy in patients with HCC was evaluated using the mRECIST 
criteria (modi�ed Response Evaluation Criteria in Solid Tumors).[18]

Statistical Analysis

Data were entered and analyzed using the Statistical Package 
for the Social Sciences (SPSS), version 28 (IBM Corp., Armonk, 
NY, USA). Quantitative data were expressed as mean ± standard 
deviation, whereas categorical data were expressed as frequency 
and percentage. The non-parametric Mann-Whitney test was used 
to compare quantitative variables. The chi-square (χ²) test was used 
to compare categorical variables; however, when the expected 
frequency was less than �ve, an exact test was applied. The Spearman 
correlation coe�cient was used to assess associations between 
quantitative variables. Logistic regression analysis was performed to 
identify independent predictors of HCC, mortality, and recurrence. To 
determine the optimal GALAD score cut-o� value for identifying HCC 
and predicting mortality, a receiver operating characteristic (ROC) 
curve was constructed using the area under the curve analysis. A p 
value <0.05 was considered statistically signi�cant.

Results

This study included 88 patients with HCV-related HCC following 
DAA treatment and 88 patients without HCC. The two groups were 
matched for age and gender. Patients with HCC exhibited signi�cantly 

higher median liver sti�ness values, as measured by FibroScan. SVR 
was achieved in all patients without HCC and in 89.4% of patients 
with HCC (p=0.001) (Table 1). Median levels of AFP, DCP, and the 
GALAD score were signi�cantly higher in patients with HCC (Table 
2). The median duration between the end of DAA therapy and the 
development of HCC was one year.

Table 3 shows the diagnostic accuracy of the GALAD score and each of 
the studied markers independently using ROC curve analysis. The area 
under the ROC curve of the GALAD score for diagnosing HCC following 
DAA treatment at a cut-o� value of 3.805 was 0.849 (95% con�dence 
interval [CI]: 0.794–0.905, p<0.001), with a sensitivity of 59.3% and 
speci�city of 97.7% (Fig. 1). Independent predictors of HCC following 
DAA treatment identi�ed by multivariate logistic regression were liver 
sti�ness (odds ratio [OR]=1.140, 95% CI: 1.007–1.291, p=0.038) and 
GALAD score (OR=2.378, 95% CI: 1.171–4.831, p=0.017) (Table 4).

Figure 1. ROC curve for testing the diagnostic accuracy of GALAD score in early 
detection of HCC in comparison with AFP, AFP-L3, DCP.

ROC: Receiver operating characteristic; GALAD score: Gender, Age, AFP, AFP-L3, and 
Des-gamma-carboxy prothrombin; AFP-L3: The lens culinaris agglutinin-reactive fraction of 
AFP; DCP: Des-gamma-carboxy prothrombin.

Table 3. Diagnostic accuracy of GALAD score in early prediction of HCC

Test result 
variable(s)

Area under curve p 95% CI Cut-o� value Sensitivity % Speci�city %

Lower bound Upper bound

AFP 0.854 <0.001 0.794 0.915 7.9 74.4 94.3

DCP 0.860 <0.001 0.800 0.920 366 82.6 86.4

AFP-LP3 0.796 <0.001 0.730 0.862 8.25 68.2 77.3

GALAD 0.849 <0.001 0.794 0.905 3.805 59.3 97.7

AFP: Alpha-fetoprotein; CI: Con�dence interval; DCP: desgamma-carboxy prothrombin; GALAD: Gender, Age, AFP, AFP-L3, and Des-gammacarboxy prothrombin.

Table 4. Multivariate logistic regression for factors associated with the 
development of HCC

p OR 95% CI

Lower Upper

HCC

GALAD  2.378 1.171 4.831

Liver sti�ness by �broscan 0.038 1.140 1.007 1.291

OR: Odd ratios; CI: Con�dence interval; HCC: Hepatocellular carcinoma; GALAD: 
Gender, Age, AFP, AFP-L3, and Des-gammacarboxy prothrombin.
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HCC Treatment and Outcomes

Transarterial chemoembolization (TACE) was the most frequently 
used treatment modality, applied in 39 patients (44.3%), followed by 
transarterial radioembolization (TARE) and best supportive care, each 
used in nine patients (10.11%). According to the modi�ed RECIST 
criteria, 38 patients (45.0%) had progressive disease, 20 patients (23.8%) 
had a partial response, and �ve patients (6.0%) had stable disease. By 
the end of the study, the mortality rate was 41.7% (n=35). Hepatic 
encephalopathy was the most common cause of death (n=27, 79.4%). 
Recurrence of HCC was identi�ed in eight patients (9.5%) (Table 5). The 
GALAD score demonstrated poor predictive ability for mortality, with 
an area under the curve (AUC) of 0.564 (95% CI: 0.434–0.693). Factors 
a�ecting mortality in univariate analysis included ECOG performance 
status, portal vein status, BCLC stage, serum albumin level, MELD 
score, and liver sti�ness measured by FibroScan (Table 6). Multivariate 
regression analysis identi�ed portal vein thrombosis (OR=7.366, 95% 
CI: 2.022–26.835, p=0.002) and MELD score (OR=1.198, 95% CI: 1.027–
1.398, p=0.022) as independent predictors of mortality.

Univariate analysis of parameters in�uencing HCC recurrence is 
presented in Supplementary Table 1. These parameters included 
diabetes mellitus, Child-Pugh score, and GALAD score. The baseline 
GALAD score was signi�cantly higher in patients who experienced 
HCC recurrence (6.16 vs. 4.18, p=0.032).

Discussion

Hepatocellular carcinoma is a major global health concern, with chronic 
viral hepatitis B and C being the most frequently reported causes due 
to a variety of direct and indirect carcinogenic mechanisms.[19] Over 
the past several years, debate has emerged regarding the impact 
of DAAs on HCC development. Several studies have suggested that 
treatment of chronic HCV infection with direct-acting antivirals may 
be associated with an increased risk of de novo and recurrent HCC.[20]

In the current study, the median levels of AFP and DCP were 
higher among patients with HCC compared to those without HCC, 
which is consistent with the �ndings of Dating et al.[21] (p<0.0001). 
However, in contrast to the �ndings of Dating et al.[21] and Best et 
al.,[22] who reported elevated AFP-L3 levels in patients with HCC, 
our study demonstrated a signi�cantly lower median AFP-L3 level 
among patients with HCC.[21,22] Furthermore, liver sti�ness measured 
by FibroScan was signi�cantly higher among patients with HCC 
following DAA therapy compared with HCV patients without HCC 
following DAA therapy (32.63±24.3 vs. 11.24±4.71, p=0.001). This 
may be explained by the presence of tumor masses, which likely 
contribute to increased liver sti�ness.

In our study, the GALAD score demonstrated poor prognostic 
performance for predicting mortality among patients with HCC 
(AUC=0.564, 95% CI: 0.434–0.693).

Our study also evaluated the diagnostic accuracy of the GALAD score 
using ROC curve analysis, yielding an AUC of 0.849 (95% CI: 0.794–
0.905, p<0.001), with a sensitivity of 59.3% and speci�city of 97.7%. 
These �ndings are consistent with those of Best et al.,[22] who reported 
an area under the receiver operating characteristic curve (AUROC) 
of 0.9242 (95% CI: 0.8925–0.9559, p<0.0001) for the GALAD score. 
Similarly, a study by Huang et al.[23] demonstrated good diagnostic 
performance of the GALAD score, with an AUC of 0.869 (95% CI: 
0.845–0.891), sensitivity of 85.6%, and speci�city of 93.3%. The 
adequate diagnostic accuracy of the GALAD score may be attributed 
to its incorporation of multiple biomarkers (AFP, AFP-L3, and DCP), 
which re�ect intratumoral heterogeneity, in addition to demographic 
factors (age and sex) associated with increased HCC risk. Thus, the 
GALAD score o�ers higher sensitivity and speci�city compared to the 
use of individual markers alone.

Kushner et al.[24] proposed that modi�cations in the interferon gene 
expression environment and natural killer cell activity resulting 
from HCV eradication may underlie tumor recurrence following 
DAA therapy. Interferon genes may be suppressed by DAA therapy, 
potentially leading to enhanced cell proliferation and subsequent 
tumor growth. Furthermore, DAA therapy eliminates the in�ammatory 
response associated with chronic HCV infection, which may increase 
the risk of liver carcinogenesis.[24]

The primary limitation of this study is its relatively small sample size. 
Additionally, all participants were of Egyptian ethnicity, which may 
limit the generalizability of the results to other populations. The high 
mortality rate observed in this study may be attributed to several factors, 
including the frequent diagnosis of HCC at advanced stages (BCLC B 
or C), the advanced age of many patients, and recurrent episodes of 
hepatic encephalopathy, all of which adversely a�ected survival.

Conclusion

The GALAD score demonstrated adequate diagnostic performance 
for predicting de novo HCC following DAA therapy and was 
associated with HCC recurrence. However, it showed limited ability 
to predict mortality.

Table 5. Multivariate logistic regression for predictors of recurrence

p OR 95% CI

Lower Upper

Recurrence

CHILD score (B) 0.815 0.764 0.080 7.284

CHILD score (C) 0.020 13.750 1.513 124.989

OR: Odd ratios; CI: Con�dence interval; CHILD score: Child-Turcotte-Pugh score.

Table 6. Prediction of recurrence using GALAD score

Area under 
the curve

p 95% CI Cut-o� Sen. 
(%)

Spe. 
(%)

Lower 
bound

Upper 
bound

0.746 0.002 0.590 0.901 4.485 85.7 65.3

GALAD score: Gender, Age, AFP, AFP-L3, and Des-gamma-carboxy prothrombin; 
CI: Con�dence interval; Sen: Sensitivity; Spe: Speci�city.
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ABSTRACT

Background and Aim: Ubiquitin-speci�c protease 15 (USP15) is closely associated 
with the occurrence and progression of hepatocellular carcinoma (HCC). However, 
its role in shaping the immune landscape of HCC remains unclear.

Materials and Methods: The expression levels, proportions, and spatial distributions 
of USP15 and speci�c immune cell subsets in HCC tissues were evaluated using 
multiplex immunohistochemistry (mIHC).

Results: In the tumor parenchyma of HCC tissues, the in�ltration of immune cells, 
particularly natural killer (NK) cells, was signi�cantly reduced (p<0.05). Further 
analyses revealed that USP15 expression levels were signi�cantly associated with 
clinical stage and other clinicopathological parameters (p<0.05). In particular, NK 
cell in�ltration was signi�cantly correlated with N stage, M stage, and overall tumor–
node–metastasis (TNM) stage (p<0.05).

Conclusion: USP15 contributes to the establishment of an immunosuppressive 
tumor microenvironment in HCC by inhibiting T cell and NK cell in�ltration, 
facilitating programmed death-ligand 1 (PD-L1)-mediated immune evasion, and 
enhancing macrophage recruitment. These �ndings indicate that USP15 may serve 
as a potential therapeutic target for HCC.

Keywords: Hepatocellular carcinoma, immune cell in�ltrates, tumor immune microenvironment, 
ubiquitin-speci�c peptidase 15 (USP15).
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Introduction

Hepatocellular carcinoma (HCC) is the most common primary liver 
malignancy and is characterized by abnormal cell proliferation and 
dysregulation of the immune system. Consequently, HCC is often 
diagnosed at an advanced stage, which limits treatment options and 
contributes to a persistently high mortality rate.[1,2] Although various 
therapeutic strategies, including surgical resection, locoregional 
ablation, and systemic therapies, are available, the overall prognosis 
of patients with HCC remains poor. Because the e�cacy of 
programmed cell death protein 1 (PD-1)/programmed death-ligand 
1 (PD-L1)-based immunotherapies critically depends on the tumor 
microenvironment (TME), it is essential to elucidate the key factors 
that regulate the TME to optimize therapeutic responses, improve 
prognostic accuracy, and develop novel treatment strategies.

The liver is an immune-rich organ that contains numerous 
immune-active cells and defense mechanisms against pathogens. 
However, its ability to combat cancer is often compromised by 
tumor cell-mediated evasion mechanisms and the establishment 
of an immunosuppressive TME.[3] The composition of the TME is 
highly complex and heterogeneous, consisting of various cellular 
and acellular components, as well as the molecules they produce. 
These components can modulate immune function, ultimately 
suppressing e�ective antitumor immune responses while creating a 
microenvironment that favors tumor survival.

The dynamic interaction between the immune microenvironment 
and tumor cells drives tumorigenesis, progression, metastasis, and 
treatment response.[4] Immune cell populations within the immune 
microenvironment play crucial roles in the development of HCC 
by regulating antitumor immune responses. When the antitumor 
activity of immunocytes in HCC is impaired, the TME promotes cancer 
cell growth and metastasis while limiting the immune system’s 
ability to eliminate tumor cells.[5] Therefore, exploring changes in 
the TME during HCC progression, particularly alterations in the 
aforementioned immune cell populations, is essential for guiding 
HCC treatment strategies.

Ubiquitin-speci�c proteases (USPs) constitute the largest family of 
deubiquitinases (DUBs) and play pivotal roles in regulating tumor 
progression, immune cell function, immune responses, and the 
establishment of an immunosuppressive TME.[6,7] Ubiquitin-speci�c 
protease 15 (USP15) has been reported to be overexpressed in various 
malignancies, including glioblastoma, ovarian cancer, myeloma, 
and pancreatic cancer.[8] Our previous research demonstrated that 
USP15 expression is relatively low in normal liver tissue but markedly 
elevated in metastatic HCC. In addition, increased USP15 in HCC 
tissues is strongly associated with unfavorable clinical outcomes 
and negatively correlated with patient survival time.[9] These 
�ndings suggest that USP15 expression may be closely linked to 
in�ammatory and immune-mediated pathways that promote HCC 
metastatic spread, highlighting the pivotal role of USP15 in driving 
HCC progression and disease deterioration. Furthermore, some 
studies have suggested that ubiquitin-speci�c peptidase 6 (USP6) in 

pancreatic ductal adenocarcinoma is strongly associated with various 
immune cell in�ltrations.[10] Therefore, we hypothesize that members 
of the USP family may in�uence the immune response in the TME of 
HCC. Exploring the relationship between USP15 and the TME holds 
considerable clinical signi�cance and may provide deeper insights 
into the critical roles of USP15 in tumor development and immune 
regulation in patients with HCC.

This study aims to explore USP15 expression in HCC and analyze 
its impact on the TME, particularly on the in�ltration of immune 
cell subpopulations such as T cells and natural killer (NK) cells. 
Additionally, we investigated the association between USP15 
expression levels and the clinical characteristics of HCC patients to 
evaluate its potential as a therapeutic target.

Materials and Methods

Clinical Samples

Tumor tissue microarrays (TMAs; HLivH060CD03) were obtained from 
Shanghai Outdo Biotechnology. The array consists of 60 tissue cores, 
each with a diameter of 2.0 mm. The cohort includes two normal liver 
tissue samples, six cirrhotic specimens, 17 primary HCC lesions, and 
15 metastatic HCC samples. For the majority of HCC cases, paired 
sampling was performed between the central region of the primary 
tumor and the adjacent peritumoral liver tissue. In addition, a subset 
of advanced‐stage cases included distant hepatic tissue specimens. 
This study was conducted in accordance with the Declaration of 
Helsinki. All patients provided informed consent, and the study was 
approved by the Shanghai Outdo Ethics Committee (No: SHYJS-
CP-1601006) on January 4, 2016. USP15 expression levels across the 
HCC cohort were ranked in ascending order, and the median value 
(50th percentile) was used as the strati�cation threshold. The cohort 
was subsequently divided into two subgroups: those with above-
median USP15 expression (high-expression group) and those with 
below-median expression (low-expression group).

Antibody Information

The antibodies used in multiplex immunohistochemistry (mIHC) 
were as follows: PD-L1 antibody (AD80167) from Abcepta; USP15 
antibody (14354-1-AP) from Proteintech; cluster of di�erentiation 
56 (CD56) antibody (ZM0057) from Beijing Zhong Shan Golden 
Bridge Biological Technology Co., Ltd.; cluster of di�erentiation 4 
(CD4) antibody (PA285); cluster of di�erentiation 68 (CD68) antibody 
(PA014); cluster of di�erentiation 8 (CD8) antibody (PA577); forkhead 
box P3 (FoxP3) antibody (PA448); and cytokeratin (CK) antibody 
(PA125) from Suzhou Abcarta Medtech Co., Ltd.

Multiplex Immunohistochemistry

The experimental protocols were veri�ed by the EACRI IHC Core 
(Providence Cancer Institute, Portland, OR) following established 
guidelines.[11] Brie�y, tissue microarray (TMA) sections underwent 
sequential processing: initial baking at 63°C for one hour, followed 
by dewaxing in xylene and rehydration through graded ethanol. 
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Antigen unmasking was performed using an automated staining 
platform (Leica ST5020; Leica Biosystems). To neutralize endogenous 
peroxidase activity, slides were treated with 3% hydrogen peroxide 
for 10 minutes. Subsequent blocking with 5% bovine serum albumin 
(BSA) preceded a 60-minute incubation with primary antibodies 
targeting PD-L1 (ready to use), USP15 (1:200 dilution), CD56 (ready to 

use), CD4 (ready to use), CD68 (ready to use), CD8 (ready to use), FoxP3 
(ready to use), and cytokeratin (ready to use). Following three washes 
with Tris-bu�ered saline with Tween 20 (TBST), a secondary antibody 
(SM802; Dako; ready to use) was applied for 10 minutes. Fluorescent 
labeling was performed using Opal 7-color dye (PerkinElmer; 
NEL801001KT) diluted 1:100, with a 10-minute incubation at room 

Figure 1. (a, c) Statistical demonstration of overall expression levels of various cell types in TMA in the two mIHC panels respectively. (b, d) Statistical demonstration 
of the expression levels of various cell types in each clinical sample in the two mIHC panels respectively. (e). Representative multiplex immuno�uorescence image of a 
HCC tissue core selected for analysis of USP15-high peritumoral regions. Markers: USP15 (red), CD8 (T cells, green), CD4 (T cells, yellow), CK (tumor epithelial cells, cyan), 
FOX P3 (purple). Scale bar =200 µm. (f) The di�erence of USP15 in�ltration between di�erent progression of HCC.
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temperature. Antibody stripping between markers was achieved via 
microwave treatment in the citrate bu�er. Sequential staining cycles 
were repeated for all targets, followed by nuclear counterstaining 
with DAPI for 5 minutes and mounting with antifade medium. Two 
independent antibody panels were processed.

Whole-slide imaging was conducted using a TissueFAXS Spectra 
system (TissueGnostics GmbH, Austria). Acquired multispectral data 
were analyzed using StrataQuest software (v7.1.129; TissueGnostics), 
employing spectral unmixing to resolve individual �uorescence 
channels. Nuclear segmentation was performed using DAPI signals, 
and cytoplasmic or membrane markers were quanti�ed within a 
user-de�ned radius from the nuclei. Threshold parameters were 
dynamically adjusted for each marker to classify positive cells 
based on �uorescence intensity and spatial distribution. Multiplex 
positivity was determined through co-localization analysis of two 
or more markers, with cell counts and signal intensities recorded for 
statistical evaluation.

Statistical Analysis

USP15 expression and the levels of TME cells in HCC tumor tissues 
and paracancerous tissues were compared using the Wilcoxon test. 
Comparisons among multiple groups were performed using the 
Kruskal–Wallis test. The relationship between USP15 expression and 
immunohistochemical factors was examined using the Spearman 
rank correlation coe�cient. All statistical analyses were performed 
using SPSS version 22.0 (IBM Corporation, Armonk, NY, USA), and 
p<0.05 was considered statistically signi�cant.

Results

USP15 Expression Level Correlates with Clinical 
Characteristics and Progression in Patients with 
HCC

To investigate the regulatory role of USP15 within the TME of HCC, 
mIHC was used to detect USP15 expression and speci�c immune 
markers, including CD4 (a marker of CD4+ T cells), CD8 (a marker 
of CD8+ T cells), CD56 (a marker of NK cells), and CD68 (a marker of 
macrophages), in HCC tissues. The in�ltration of various immune cells 
in HCC tissues with high USP15 expression was analyzed (Fig. 1A-D), 
and their correlation with USP15 expression levels was assessed.

According to the mIHC results, USP15 staining was predominantly 
observed on the tumor cell membrane and in the cytoplasm, with 
a red positive signal (Fig. 1E). In contrast, USP15 staining varied 
among paracancerous tissues, with some samples showing strong 
staining and others weak staining. These �ndings indicate that 
USP15 may play a speci�c role in tumor cells, and its expression is 
upregulated during the progression of HCC (Fig. 1F), consistent with 
our previous research.

Our previous studies have revealed that USP15 expression is positively 
correlated with HCC recurrence.[9] To further investigate whether 
di�erential USP15 expression in HCC tissues is associated with 

clinical characteristics, we analyzed the clinical data of all patients 
with HCC. Our analysis revealed a strong association between high 
USP15 expression and advanced disease stages, showing a marked 
trend with M stage and a statistically signi�cant association with 
tumor–node–metastasis (TNM) stage (p<0.05) (Table 1). These results 
are consistent with our previous �ndings and suggest that USP15 
expression may serve as a therapeutic target in HCC.

USP15 as a Negative Regulatory Factor for T-Cell 
Infiltration

The activation and function of T cells are tightly regulated by various 
negative regulators to ensure that the immune system e�ectively 
combats foreign pathogens while preventing abnormal immune 
responses and autoimmune diseases.[12] Our results indicated 
signi�cant di�erences in the staining of CD4+ T cells, CD8+ T cells, 
and regulatory T (Treg) cells between HCC tissues and paracancerous 
tissues (p<0.05) (Fig. 2A-C). The observed low densities of CD4+ 
T cells and CD8+ T cells suggest limited in�ltration into the tumor 
parenchyma. These �ndings imply that USP15 may function as 
a negative regulator of T cells in HCC, with high USP15 expression 
correlating with reduced T-cell activation and in�ltration.

Furthermore, we observed a strong association between tumor 
epithelial cells (cytokeratin-positive, CK+) and both CD4+ T-cell 
expression and USP15+ CK+ cells. Speci�cally, CD4+ T-cell expression 
showed a signi�cant negative correlation (p<0.001) (Fig. 2D-E), 
whereas USP15+ CK+ cells showed a signi�cant positive correlation 
(p<0.001) (Fig. 2F). However, although a negative correlation was 

Table 1. Expression of USP15 in HCC of patients with di�erent clinical 
characteristics

Character Group Low High Total p 
value

r 
value

Age(year) ≤52 1 16 17 0.319 -0.213

>52 3 12 15

Tumor size ≤6.25 cm 2 6 8 1 0.16

>6.25 cm 1 7 8

T stage I-II 3 6 9 0.585 0.218

III 1 6 7

N stage N0 0 16 16 0.066 0.149

N1 4 11 15

M stage M0 0 1 1 0.038 0.402

M1 4 11 15

Pathological grade I 0 17 17 1 -0.203

II-III 0 2 2

TNM stage I-III 2 8 10 0.028 0.429

IV 4 10 14

USP15: Ubiquitin-speci�c protease 15; HCC: Hepatocellular carcinoma; TNM: 
Tumor node metastasis.



Original Research Volume 7, Issue 2, 2026 | 108–117

112 Hepatology Forum

observed between USP15+ CK+ cells and CD4+ T cells, it was not 
statistically signi�cant (p>0.05). Therefore, we speculate that USP15 
may in�uence CD4+ T cells indirectly through modulation of the 
tumor microenvironment rather than through direct interaction.

The Degree of NK Cell Infiltration Is Correlated 
with USP15 Expression and the Clinical Features 
of Patients with HCC

To better evaluate NK-cell in�ltration, we selected tumor peripheral 
regions exhibiting high USP15 expression for detailed analysis 
(Fig. 3A). The mIHC data revealed a signi�cant di�erence in NK-
cell in�ltration between HCC tissues and paracancerous tissues 
(p<0.001) (Fig. 3B). The low density of CD56+ cells indicates minimal 
NK-cell in�ltration in the tumor parenchyma (Fig. 3C). In addition, 
mIHC analysis revealed a signi�cant negative association between 
the level of NK-cell in�ltration and USP15+ cells (p<0.05) (Fig. 3D-
E). Similarly, the expression level of CD56+ cells was signi�cantly 
negatively correlated with USP15+ tumor epithelial cells (p<0.05) 
(Fig. 3F). To investigate potential associations between NK-cell 
in�ltration in HCC tissues and clinical characteristics, we analyzed the 
clinicopathological data of all patients with HCC. The results showed 
that NK-cell in�ltration was signi�cantly associated with the N stage, 
M stage, and TNM stage (p<0.05) (Table 2). Therefore, these �ndings 

suggest that high USP15 expression may inhibit NK-cell in�ltration, 
activation, and cytotoxic function within the TME.

USP15 Exhibits a Positive Correlation with PD-L1+ 
Cells and Tumor-Associated Macrophages

PD-L1, an important target for tumor immunotherapy, is expressed 
not only on tumor cells but also on tumor-associated macrophages 
(TAMs). Our mIHC analysis revealed a modest correlation between 
USP15 expression and PD-L1+ cells (Fig. 4A). Although the proportion 
of PD-L1+ cells showed no signi�cant di�erence between HCC tissues 
and adjacent normal tissues (Fig. 3C), we observed a signi�cant 
negative correlation between PD-L1+ cell in�ltration and tumor 
epithelial cell expression levels (p<0.05) (Fig. 4B). Concurrently, a 
signi�cant positive correlation was observed with the expression of 
PD-L1+ tumor epithelial cells (p<0.05) (Fig. 4C). These �ndings suggest 
that USP15 may be involved in regulating PD-L1+ cells, particularly 
PD-L1+ tumor epithelial cells.

Notably, our data demonstrated a modest positive correlation 
between PD-L1+ tumor epithelial cells and CD68+ cell in�ltration 
(p<0.05) (Fig. 4D). Therefore, the sequential chain of correlations 
from USP15+ cells to CD68+ cells may suggest that USP15+ tumor cells 
in�uence macrophage in�ltration indirectly via PD-L1 co-expression.

Figure 2. (a–c) Di�erential analysis of the percentage of CD4+ T cells, CD8+ T cells and Treg cells between cancer tissues and adjacent normal tissues. (d) Heat map of 
correlation analysis between indicators in panel 1. (e) Correlation analysis of Tumor epithelial cells (CK+) and CD4 + T cell expression, p<0.001, R=-0.627. (f) Correlation 
analysis of Tumor epithelial cells (CK+) and USP15+ Tumor epithelial cells expression, p<0.001, R=0.621.
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Discussion

In recent years, the TME has gradually emerged as a major focus of 
cancer research. In this study, we explored the relationship between 
USP15 and the TME by performing mIHC staining to analyze the 
expression of USP15 and various immune cell subsets associated 
with the TME in tissues from patients with HCC (Fig. 4E-F). Our 
�ndings revealed that USP15 signi�cantly in�uences tumor cell 
expression and shows negative correlations with the in�ltration of 
most immune cell types. Furthermore, our study demonstrated that 
USP15 is overexpressed in HCC tissues and is associated with adverse 
clinicopathological parameters. These �ndings suggest that USP15 
may function as an important immunomodulatory regulator in HCC 
and highlight its potential as a therapeutic target in HCC.

The therapeutic value of combining USP inhibitors with tumor 
immunotherapy has been increasingly recognized. For example, 
combination therapy strategies that synergistically enhance 
the e�cacy of anti-PD-1/PD-L1 immunotherapy by inhibiting 
deubiquitinating enzymes can reshape the in�ammatory TME. In 
addition, inhibition of USP22 expression has been shown to enhance 
the sensitivity of patients with pancreatic ductal adenocarcinoma to 
immunotherapy.[13,14] Therefore, our study provides a theoretical basis 
for the development of novel USP inhibitors.

The observed correlations between USP15 and immune cell 
in�ltration provide important insights into the potential role of USPs 
as therapeutic targets for HCC. Numerous mechanisms involved in 
tumorigenesis and tumor progression, including regulation of the 
TME, are closely associated with ubiquitination processes. Previous 

studies have reported that USP15 functions as a negative regulator of 
T-cell activation, and targeting USP15 may induce tumor cell apoptosis 
while enhancing the antitumor T-cell response.[15] These �ndings 
are consistent with our mIHC results. High USP15 expression was 
associated with reduced T-cell in�ltration and increased metastasis 
in HCC. This suggests that USP15 may promote tumorigenesis and 
disease progression through both intrinsic tumor-cell mechanisms 
and suppression of host antitumor immune defense.

Natural killer cells, as essential innate immune e�ector cells, play a 
critical role in defense against infections and tumor progression.
[16] However, the functional activity of NK cells within the TME can 
be inhibited by certain cytokines, such as interleukin-6 (IL-6), IL-10, 
and indoleamine 2,3-dioxygenase (IDO), which suppress NK-cell 
activity by promoting immunosuppressive cells and cytokines that 
antagonize NK-cell activation.[16,17] To examine the relationship 
between immune in�ltration and clinicopathological features of 
HCC, we performed a comprehensive clinical correlation analysis 
using patient-derived clinical data. Our results demonstrated 
signi�cant associations between NK-cell in�ltration and multiple 
clinicopathological features in patients with HCC. Therefore, we 
believe that the immunosuppressive TME represents one of the main 
limiting factors preventing NK cells from exerting e�ective immune 
responses. Future studies will further investigate the intrinsic 
mechanisms by which USP15 regulates NK-cell activity, with the aim 
of optimizing NK cell-based immunotherapy and identifying new 
therapeutic strategies for tumor immunotherapy.

Currently, TAMs are important targets for cancer therapy. Their two 
main subtypes, M1 and M2, can transform into each other in response 
to changes in the microenvironment. Among them, M2 macrophages 
promote the formation of an immunosuppressive TME by secreting 
various immunosuppressive factors, including transforming 
growth factor-β (TGF-β) and IL-10, thereby exacerbating the 
immunosuppressive state of the TME and leading to HCC metastasis 
and resistance to immunotherapy.[18-20] Previous studies have shown 
that downregulation of USP7 expression can induce phenotypic 
transformation of TAMs from the M2 to the M1 subtype through 
the p38 mitogen-activated protein kinase (MAPK) pathway, while 
also upregulating PD-L1 expression in the TME.[21] Both USP7 and 
USP15 belong to the USP family and play similar roles in regulating 
intracellular ubiquitination processes. Therefore, USP15 could be 
a new therapeutic target and prognostic factor. In this study, we 
initially attempted to determine the relationship between USP15 
and macrophages; however, no signi�cant changes in macrophage 
in�ltration were observed. We suspect that macrophages may instead 
undergo polarization changes, which provides a direction for our 
subsequent research. Furthermore, in both the tumor parenchyma 
and stroma of HCC, the co-expression of USP15 and PD-L1, as well 
as the co-expression of macrophages and PD-L1, was signi�cant, 
indicating a close relationship among these three factors. Therefore, 
we speculate that macrophages may alter their polarization state 
due to the combined e�ects of USP15 and PD-L1, thereby promoting 
tumor growth. Over the past decade, PD-L1/PD-1 monoclonal 
antibodies have been widely used in cancer treatment; however, anti-

Table 2. Expression of NK cells in hepatocellular carcinoma tissues of 
patients with di�erent clinical characteristics

Character Group Low High Total p 
value

r 
value

Age(year) ≤52 8 9 17 0.735 0.071

>52 6 9 15

Tumor size ≤6.25cm 6 2 8 0.608 0.258

>6.25cm 4 4 8

T stage I-II 6 3 9 1 0.098

III 4 3 7

N stage N0 4 12 16 0.031 0.333

N1 10 5 15

M stage M0 0 1 1 0.031 0.434

M1 10 5 15

Pathological grade I 4 13 17 1 -0.112

II-III 1 1 2

TNM stage I-III 7 3 10 0.011 0.492

IV 10 4 14

NK: Natural killer; TNM: Tumor node metastasis.
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Figure 3. (a) Representative immunohistochemical staining of peritumoral regions in HCC tissue microarray. Markers: USP15 (red), CD68 (macrophages, yellow), CD56 
(NK cells, green), CK (tumor epithelial cells, cyan), PD-L1 (purple). Scale bar =200 µm. (b, c) Di�erential analysis of the percentage of NK cells and PD-L1+ cells between 
HCC tissues and adjacent normal tissues respectively. (d) Heat map of correlation analysis between indicators in panel 1. (e) Correlation analysis of USP15+ cells and NK 
cells expression, p<0.05, R=-0.397. (f) Correlation analysis of NK cells and USP15+ Tumor epithelial cells expression, p<0.05, R=-0.368.
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PD-L1/PD-1 monotherapy still has unavoidable limitations. It has been 
reported that the immunotherapeutic e�ect of PD-1/PD-L1 inhibitors 
can be enhanced by inhibiting macrophage in�ltration in the TME.[22] 
Our �ndings suggest that combining USP15-targeted inhibition with 
PD-1/PD-L1 blockade may represent a novel therapeutic strategy for 
the treatment of hepatocellular carcinoma.

Our �ndings demonstrate that USP15 functions as a crucial immune 
regulatory factor in hepatocellular carcinoma, underscoring its 
potential as a therapeutic target. However, it is necessary to note 
that this study has several limitations. First, the cohort size is limited 
and the group distribution is imbalanced. For example, the M0 group 
contains only one patient, rendering statistical comparisons between 
M0 and M1 highly unstable and unreliable. Similarly, regarding lymph 
node stage, all N0 cases exhibited high USP15 expression, while 11 of 

15 N1 cases showed high expression (p=0.066). This indicates that the 
observed associations with M and N stages—although biologically 
suggestive—require validation in larger and more balanced 
independent cohorts. Second, although TMA technology enables 
e�cient high-throughput analysis, its limited sampling range may fail 
to fully capture intratumoral heterogeneity. To address this limitation, 
we conducted paired sampling of “peritumoral liver tissue - primary 
tumor site” for most HCC cases. For some advanced cases, we further 
included “distal liver tissue - peritumoral liver tissue - primary tumor 
site” for three-point sampling. However, this technical compensation 
still cannot fully overcome the challenges posed by intratumoral 
heterogeneity. Finally, although the present data support the 
potential of USP15 as a therapeutic target, the limited sample 
size, absence of survival analysis, and lack of functional validation 

Figure 4. (a) Correlation analysis of USP15+ cells and PD-L1+ cells expression, p<0.05, R=0.356. (b) Correlation analysis of tumor cells and PD-L1+ cells expression, 
p<0.005, R=-0.524. (c) Correlation analysis of PD-L1+ cells and PD-L1+ tumor epithelial cells expression, p<0.05, R=0.804. (d) Correlation analysis of PD-L1+ tumor epithe-
lial cells and macrophages expression, p<0.05, R=0.385. (e, f) Complex Heatmap based on the expression of di�erent cells in di�erent samples and the corresponding 
clinical information of each sample of two mIHC panels.
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preclude de�nitive clinical recommendations at this stage. In future 
studies, we will expand the cohort size, integrate comprehensive 
survival data, and perform in-depth mechanistic investigations to 
further elucidate the role of USP15 and robustly validate its potential 
as a viable therapeutic target in HCC. In summary, this study provides 
novel evidence supporting the role of USP15 in modulating the 
immune microenvironment of HCC. However, the aforementioned 
limitations underscore the need for larger and more diverse cohorts 
in future investigations for further validation.

Conclusion

In summary, our study investigated the role and regulatory e�ects of 
USP15 within the TME and characterized the tumor microenvironment 
of primary and metastatic liver tumors under di�erent USP15 
expression levels. We elucidated the critical role of USP15 in shaping 
the TME and driving the progression of HCC. Our �ndings demonstrate 
that high USP15 expression in HCC tissues is strongly associated with 
advanced clinical stages, including M stage and TNM stage, and 
correlates with reduced in�ltration of immune cells, particularly T 
cells and NK cells. Furthermore, USP15 shows a positive association 
with PD-L1+ cells and TAMs, suggesting its dual role in promoting 
immune evasion and fostering an immunosuppressive TME. These 
results underscore USP15 as a pivotal regulator of tumor-immune 
interactions in HCC, highlighting its potential as a therapeutic target.
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ABSTRACT

Background and Aim: The World Health Organization has a goal to eliminate the hepatitis 
C virus (HCV) by 2030. To achieve this, e�ective screening for HCV is essential. We evaluated 
the utility of the ELECSYS® HCV Duo immunoassay (Duo assay) for HCV screening.

Materials and Methods: This single-center retrospective study included 184 HCV patients 
from 2014 to 2017. We measured HCV antibody (Duo/Ab) and HCV core antigen (Duo/
cAg) using the Duo assay in HCV RNA-positive samples obtained before DAA therapy. We 
compared Duo/cAg positivity rates according to host and viral factors. We also performed 
logistic regression analysis and decision tree analysis to identify independent factors and 
pro�les for Duo/cAg false-negative results, respectively.

Results: Duo/Ab positivity rates were 100%, and Duo/cAg positivity rates were 78% in 
all subjects. Duo/cAg positivity rates were 40.0%, 78.6%, and 92.9% at HCV RNA levels 
≤4.9, 5.0–5.9, and ≥6.0 log IU/mL, respectively (p<0.0001). There were no signi�cant 
di�erences in Duo/cAg positivity rates by gender, age, body mass index, ALT >30 U/L, 
and HCV genotype. In multivariate analysis, the HCV RNA level (Unit −1.0 log IU/mL, OR 
5.49, CI 3.12–10.56, p<0.0001) was the only independent factor associated with Duo/cAg 
false-negative results. Decision tree analysis revealed that HCV RNA ≥5.7 log IU/mL was the 
pro�le associated with the lowest false-negative rate (7.4%). In contrast, HCV RNA <4.4 log 
IU/mL was the pro�le associated with the highest false-negative rate (100%).

Conclusion: The Duo assay identi�ed approximately 80% of HCV carriers without HCV RNA 
measurement, regardless of patient background, providing substantial clinical, economic, 
and time-saving bene�ts. However, clinicians should be aware of limitations in patients 
with low HCV RNA levels.

Keywords: HCV, HCV antibody, HCV antigen, HCV duo.

Hepatology Forum | Open Access

Highlights & Insights

• Scienti�c Gap: Despite the goal of 
eliminating HCV by 2030, many HCV 
patients remain undiagnosed. The 
ELECSYS® HCV Duo immunoassay 
(Duo assay) detects both antibodies 
and core antigens, but its sensitivity 
and speci�city in real-world practice 
are unclear.

• Key Finding: The Duo assay 
identi�ed 100% of HCV carriers via 
antibody detection and 78% via 
core antigen detection, with fewer 
false negatives in high viral load 
patients.

• Clinical Impact: The Duo assay is a 
rapid, cost-e�ective screening tool 
for diagnosing HCV without RNA 
testing, aiding early diagnosis and 
treatment.
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Introduction

Chronic hepatitis C virus (HCV) infection is a leading cause of liver 
cirrhosis, liver failure, and hepatocellular carcinoma (HCC).[1–3] 
Direct-acting antiviral agents (DAA) have contributed to high 
rates of sustained virological response (SVR) in patients with HCV-
related chronic liver disease.[4,5] However, in Japan, it is estimated 
that 300,000–600,000 untreated patients with HCV remain, and the 
eradication of HCV has not yet been achieved.[6]

The World Health Organization (WHO) has set a goal of eliminating 
HCV by 2030 in World.[7] An obstacle to achieving this goal is that HCV 
RNA is not measured in a large number of individuals with positive 
HCV antibody tests.[8,9] Therefore, they have not been diagnosed as 
HCV carriers and are missing the opportunity to receive treatment. 
Thus, it is crucial to e�ciently identify patients eligible for treatment 
among those who test positive for HCV antibodies.

The ELECSYS® HCV Duo immunoassay (Duo assay) was developed 
in 2022. The Duo assay is designed for the detection of HCV carriers 
through a simultaneous immunoassay for HCV antibodies (Duo/
Ab) and HCV core antigens (Duo/cAg) within a single platform. 
This assay provides rapid results with a processing time of only 27 
minutes. Notably, a positive Duo/cAg test result makes it possible 
for individuals to be diagnosed as HCV carriers on the same day 
their blood sample is collected.[10] Consequently, the Duo assay may 
reduce the need for additional HCV RNA measurement to identify 
infected individuals. Furthermore, the rapid identi�cation of HCV-
infected individuals is expected to improve medical consultation and 
increase the number of patients receiving antiviral therapy. However, 
there are still few reports on the diagnostic sensitivity and speci�city 
of the Duo assay as applied to real-world clinical practice.[10–12]

The aim of this study was to evaluate the usefulness of the Duo 
assay in the diagnosis of HCV carriers. In addition, we also identi�ed 
independent factors and pro�les for Duo/cAg false-negative results.

Materials and Methods

Study Design and Ethics

This study is a single-center retrospective study. The study was performed 
in accordance with the ethical principles described in the Declaration 
of Helsinki. It was approved by the Clinical Research Ethics Committee 
of our hospital on November 11, 2024 (approval no. 24152). An opt-out 
approach was used to obtain informed consent from the patients, and 
personal information was protected during data collection.

Patients

The subjects were 184 HCV patients who visited our hospital between 
January 2014 and December 2017. All patients were infected with 
HCV genotypes 1 or 2. HCV RNA-positive samples obtained before 
DAA treatment were used for analysis. According to the results of 
the Duo assay, all patients were classi�ed into Duo/cAg-positive or 
false-negative groups. In this study, a “false-negative” result for Duo/
cAg was de�ned as a negative Duo/cAg test in an HCV RNA-positive 

patient. We excluded patients who met any of the following criteria: 
HBV co-infection, HIV co-infection, or other liver diseases.

Laboratory Assessment

Measurement of Duo Assay

The Duo assay was measured using electrochemiluminescence 
immunoassay (ECLIA) for qualitative detection of HCV antibodies 
and HCV core antigens (ELECSYS® HCV Duo immunoassay; Roche 
Diagnostics GmbH, Mannheim, Germany). Stored serum samples 
were processed using the Cobas 8000 e801 machine following the 
manufacturer’s instructions (Roche Diagnostics GmbH). The results were 
reported as cuto� index (COI) values in three categories: the main result 
(Duo) and two modules consisting of Duo/Ab and Duo/cAg. The Duo 
result was automatically calculated from Duo/Ab and Duo/cAg values, 
with a COI of less than 1.0 indicating a non-reactive result and a COI of 
1.0 or greater indicating reactivity. Similarly, for both Duo/Ab and Duo/
cAg, COI values below 1.0 indicate non-reactive results, while values of 
1.0 or higher indicate reactivity for Duo/Ab and Duo/cAg, respectively.

Measurement of HCV RNA

HCV RNA was measured using a quantitative real-time polymerase 
chain reaction (Cobas TaqMan HCV Test, version 3.0; Roche 
Diagnostics, Basel, Switzerland). The results of the HCV RNA test were 
based on the clinical data at the time of blood collection.

Data Collection

Information on gender, age, body mass index (BMI), obesity, and 
history of cirrhosis or interferon (IFN) therapy or HCC treatment 
was collected from medical records. We measured the following 
laboratory tests: aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), gamma-glutamyl transpeptidase (GGT), 
albumin, total bilirubin, prothrombin time, creatinine, white blood 
cell count, hemoglobin, platelet count, �brosis-4 (FIB-4) index, alpha 
fetoprotein, and des-γ-carboxy prothrombin.

Statistical Analysis

Chi-square tests were used to analyze the association between 
categorical variables, and the Wilcoxon test was used for continuous 
variables. Factors associated with Duo/cAg false-negative results were 
statistically evaluated by univariate logistic regression models. Odds 
ratios and their 95% con�dence intervals with corresponding P values 
are presented. All statistical analyses were performed using JMP® Pro 
version 16.0 (SAS Institute Inc., Cary, North Carolina, USA). Statistical 
signi�cance was de�ned as p<0.05, as described previously.[13,14]

Comparison of Duo/cAg Positivity According to 
Host, Hepatic, and Viral Factors between the Duo/
Cag-Positive and False-Negative Groups

We compared the Duo/cAg positivity rate according to host factors, 
including age, gender, and BMI. We also compared the Duo/cAg 
positivity rate according to hepatic and viral factors, including ALT 
>30 U/L, HCV genotype, and HCV RNA levels.
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Independent Factors and Profiles of Duo/cAg False-
Negative Results

A logistic regression model was used to identify independent variables 
associated with Duo/cAg false-negative results in multivariate 
analysis. Explanatory variables were selected based on age, sex, 
creatinine, and HCV RNA levels in a stepwise manner, minimizing the 
Bayesian information criterion as previously described.[15]

The stepwise selection procedure was chosen because it provides an 
objective and algorithmic method for selecting the most statistically 
signi�cant set of variables.

Decision-Tree Algorithm

A decision-tree algorithm was constructed to reveal the pro�les 
associated with Duo/cAg false-negative results, as previously described.
[15,16] The initial classi�cation was the most important factor associated 
with Duo/cAg false-negative results. The patients were classi�ed 
according to the cuto� values indicated for each variable. The cuto� 
value was determined by decision tree analysis, which gave the best 
split of variables.[15] The following variables were used in the decision 
tree analysis: gender, age, BMI, AST, ALT, GGT, albumin, total bilirubin, 
prothrombin time, white blood cell count, hemoglobin, platelet count, 
FIB-4 index, alpha fetoprotein, des-gamma-carboxy prothrombin, HCV 
genotype, history of IFN therapy, history of HCC treatment, and HCV RNA.

Results

Usefulness of the Duo Assay to Identify Patients 
with HCV RNA Positive

Among the 184 HCV RNA-positive samples measured with the Duo 
assay, Duo/Ab positivity rates were 100% (184/184), and Duo/cAg 
positivity rates were 78% (143/184) (Fig. 1).

Comparison of the Patient Characteristics between 
Duo/cAg-Positive and False-negative Groups

Table 1 shows a comparison of the patient characteristics between 
the Duo/cAg-positive group (n=143) and the Duo/cAg false-negative 

group (n=41) in the Duo assay. No signi�cant di�erence was observed 
in gender, age, and BMI between the two groups (Fig. 2).

No signi�cant di�erence was also observed in ALT levels, albumin 
levels, bilirubin levels, prothrombin time, and FIB-4 index between 
the Duo/cAg-positive and false-negative groups (Fig. 3). There 
was no signi�cant di�erence in HCV genotype between the Duo/
cAg-positive and false-negative groups (Fig. 3). However, Duo/cAg 
positivity rates were lower according to the low HCV RNA viral load 
(p<0.0001) (Fig. 3).

Logistic Regression Analysis for Duo/cAg False 
Negative

There was a signi�cant di�erence in serum creatinine and HCV RNA 
levels between the Duo/cAg-positive and false-negative groups in 
univariate analysis. However, only the HCV RNA level was identi�ed 
as an independent factor (OR 5.49, CI 3.12–10.56, p<0.0001) related 
to Duo/cAg false-negative results in multivariate analysis (Table 2).

Decision Tree Analysis for Duo/cAg False Negative

The most impacted factor for Duo/cAg false-negative results was 
HCV RNA. In patients with HCV RNA ≥5.7 log IU/mL, 7.4% had false-
negative results. On the other hand, 43.4% had false-negative results 

Figure 1. Positivity rate of Duo/Ab and Duo/cAg using Duo assay. Figure 2. Duo/cAg positivity rate by patient background (gender, age, and BMI).

Figure 3. Duo/cAg positivity rate by patient background (ALT, HCV RNA, and 
HCV genotype).
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in patients with HCV RNA <5.7 log IU/mL. Of these patients, the second 
impacted factor was also HCV RNA, and 100% had false-negative 
results in patients with HCV RNA <4.4 log IU/mL (Fig. 4).

Discussion

The present study demonstrated that the Duo assay can identify 
100% of HCV carriers by HCV antibody detection and approximately 
80% of HCV carriers by HCV antigen detection without measuring 
HCV RNA. We also demonstrated that the HCV RNA level was the only 
independent factor and the most impacted factor in�uencing Duo/
cAg false-negative results in the Duo assay.

In this study, we examined 184 cases of HCV-RNA-positive patients. 
Of these, HCV genotype 1 is the major genotype and accounts for 
70.7% (130/184) of all subjects. Toyoda et al.[17] also reported that 

72.1% (7,706/10,688) of the cases were genotype 1. Thus, our database 
appears to have the general characteristics of HCV carriers before DAA 
treatment in Japan. However, we have to be cautious that this is a 
single-center, retrospective study on a Japanese cohort with only HCV 
genotypes 1 and 2. Kanokudom et al.[11] reported that the detection rate 
of HCV antigen was lower in HCV genotype 3a. Accordingly, our results 
may di�er from those of HCV genotype 3/4 and other genotypes.

Table 1. Comparison of host, hepatic, and viral factors between the Duo/cAg positive and false negative groups

Positive (HCV RNA+, Duo/cAg+)
(n=143)

False-negative (HCV RNA+, Duo/cAg-)
(n=41)

p

Median (IQR) Range (min–max) Median (IQR) Range (min–max)

Gender (female/male) 54.5%/45.5% (78/65) N/A 58.5%/41.5% (24/17) N/A 0.6504

Age (years) 67 (57–73) 27–91 65 (57–73) 32–82 0.3387

Proportion of age ≥65 years old (%) 59.4% (85/143) N/A 53.7% (22/41) N/A 0.5082

Body mass index (kg/m2) 23.0 (21.0–25.4) 16.6–32.9 22.3 (20.3–24.3) 16.8–28.7 0.0903

Prevalence of obesity (BMI ≥25 kg/m2) 25.9% (37/143) N/A 22.0% (9/41) N/A 0.6091

AST (U/L) 41 (29–59) 9–213 39 (28–71) 19–125 0.8593

ALT (U/L) 36 (26–54) 6–427 30 (21–72) 16–226 0.2984

GGT (U/L) 30 (20–43) 10–323 30 (18–66) 13–230 0.5287

Albumin (g/dL) 4.0 (3.7–4.3) 2.4–4.9 4.0 (3.7–4.2) 3.1–4.7 0.9536

Total bilirubin (mg/dL) 0.8 (0.6–1.0) 0.3–3.8 0.7 (0.6–0.9) 0.2–2.5 0.7658

Prothrombin time (%) 98 (86–108) 34–140 100 (84–110) 52-130 0.9104

Creatinine (mg/dL) 0.67 (0.56–0.79) 0.41–8.34 0.58 (0.47–0.74) 0.36–6.36 0.0067

White blood cell count (/μL) 4450 (3300–5600) 1600–9500 5000 (3800–6000) 1900–11200 0.1856

Hemoglobin (g/dL) 13.3 (12.2–14.4) 8.6–18.2 13.8 (12.7–15.0) 9.7-16.4 0.2001

Platelet count (×104/µL) 15.3 (10.3–19.6) 2.0–34.8 16.1 (11.6–21.5) 4.6–28.6 0.2427

FIB-4 index 3.06 (1.92–5.44) 0.57–29.44 2.82 (1.71–4.55) 0.63–13.94 0.3444

Alpha fetoprotein (ng/mL) 4.6 (2.8–11.3) 1.0–157.5 4.4 (2.7–7.7) 0.9-43.7 0.3636

Des-gamma-carboxy prothrombin (mAU/mL) 17 (14–22) 4–195 17 (15–23) 6-41 0.6964

HCV RNA (log IU/mL) 5.9 (5.5–6.5) 4.4–7.3 5.1 (4.4–5.6) 3.6-6.9 <0.0001

HCV genotype (1a+1b/2a+2b) 103/40 N/A 27/14 N/A 0.4440

Prevalence of pre-existing cirrhosis 44.1% (63/143) N/A 34.1% (14/41) N/A 0.2568

History of IFN therapy (%) (no/yes/unknown) 14.7% (105/21/17) N/A 7.3% (36/3/2) N/A 0.1571

History of HCC treatment 16.8% (24/143) N/A 17.1% (7/41) N/A 0.9651

Data are expressed as median (interquartile range [IQR]), range, or number. N/A: Not applicable; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: 
Gamma-glutamyl transpeptidase; FIB-4: Fibrosis-4; HCV RNA: Hepatitis C virus ribonucleic acid; IFN: Interferon; HCC: Hepatocellular carcinoma. 

Table 2. Independent factor for Duo/cAg false negative results

Variable Unit OR 95% CI p

HCV RNA -1.0 log IU/mL 5.49 3.12–10.56 <0.0001

Creatinine 1.0 mg/dL 0.75 0.37–1.20 0.2567

OR: Odds ratios; CI: Con�dence interval; HCV RNA: Hepatitis C virus ribonucleic 
acid.
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We demonstrated that the Duo assay can identify 100% of HCV carriers 
by HCV antibody detection and approximately 80% of HCV carriers by 
HCV antigen detection without the need for HCV RNA measurement. 
HCV antibody detection using the Duo assay has been reported in 
some studies to identify 100% of HCV carriers.[11,12] This demonstrates 
its viability as a screening method equivalent to conventional 
approaches. On the other hand, Inoue et al.[12] reported that the Duo 
assay identi�ed only 55% of patients who showed positive results of 
HCV core antigen. This lower identi�cation rate may be due to the 
high proportion (36.7%) of cases with HCV RNA ≤4 log IU/mL. Their 
study demonstrated a detection rate of 87.5% (48/55) for HCV RNA 
≥5.6 log IU/mL. Thus, our �ndings are in good agreement with the 
detection rates of Duo/Ab and Duo/cAg in previous studies.

We also demonstrated that the assay was e�ective at detecting HCV 
infection regardless of host factors such as gender, age, BMI, liver 
enzyme levels, and severity of liver disease. Unfortunately, we did not 
evaluate the impact of HIV co-infection on the detection rate of HCV 
antibody and antigen using the Duo assay. Juniastuti et al.[18] reported 
a high rate of seronegative HCV antibody in HIV-positive patients. 
On the other hand, Ananchuensook et al.[19] reported that the HCV 
Duo immunoassay e�ectively diagnosed HCV infection regardless of 
HIV status. These �ndings suggest that the HCV Duo is useful for the 
detection of HCV carriers in patients with HIV co-infection.

We identi�ed that the HCV RNA level was the only independent factor 
in�uencing Duo/cAg false-negative results. In addition, decision 
tree analysis revealed that the Duo/cAg false-negative rate for cases 
with HCV RNA levels <4.4 log IU/mL was 100%. These �ndings are 
consistent with previous studies suggesting that the sensitivity of HCV 
Ag detection assays is highly dependent on viral load.[10] The reason 

why higher viral loads result in more positive Ag results is thought to 
be due to increased production and release of HCV core Ag into the 
systemic blood circulation. Some studies have reported that Abbott’s 
HCV Ag assay demonstrates a higher positivity rate even in patients 
with low viral load.[20,21] Therefore, further improvements are needed 
to reduce false negatives in the Duo assay.

HCV-PCR is the current standard for evaluating direct-acting antiviral 
(DAA) e�cacy. However, if post-DAA initiation strategies using 
core antigen testing are validated,[22] the HCV Duo assay may o�er 
signi�cant medical-economic bene�ts. Simultaneous measurement 
of Duo/Ab and Duo/cAg incurs the same cost as conventional HCV Ab 
testing (USD 6.84 per test) and identi�es approximately 80% of HCV 
carriers without requiring HCV RNA testing. Given the high sustained 
virologic response (SVR) rate among HCV Ab-positive individuals,[23] 
this approach could reduce the cost of HCV RNA measurement (USD 
27.61 per test). Moreover, the Duo assay may be especially useful for 
non-hepatology specialists, who often do not order HCV RNA testing.
[8] Core antigen testing also shows adequate sensitivity in high-risk 
populations, such as people living with HIV or those who inject drugs, 
particularly in resource-limited settings, as recognized by the WHO. 
In addition to economic advantages, the Duo assay is time-e�cient, 
requiring only 27 minutes and allowing for same-day HCV Ab and Ag 
testing. This contrasts with RNA testing, which is typically ordered 
later. Thus, the Duo assay may promote earlier detection and increase 
referrals to hepatologists, o�ering an e�ective and practical tool for 
identifying HCV-infected individuals across diverse clinical settings.

This study has several limitations. First, it was a retrospective 
single-center design. Second, the study focused exclusively on a 
Japanese cohort with genotypes 1 and 2, limiting generalizability. 

Figure 4. The pro�le of Duo/cAg false negative using decision tree analysis. The patients were classi�ed according to the indicated cut-o� values of the variables. The 
pie graphs indicate the percentage of patients with Duo/cAg positive (white)/patients with Duo/cAg false negative (black) in each group.
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Third, the use of stored serum samples may have impacted antigen 
stability and assay performance. HCV Ag degradation may occur, 
especially in cases with low viral load. Thus, an international prospective 
multi-center study with multi-genotypic HCV is required to con�rm the 
broader applicability of the Duo assay. However, the strongest point of 
this study was that we assessed the usefulness in clinical practice and 
the characteristics of Duo/cAg false-negative results.

Conclusion

In conclusion, we demonstrated that Duo assay screening can identify 
approximately 80% of HCV carriers with no HCV RNA measurement. 
Additionally, the test o�ers signi�cant medical economic and time-
saving bene�ts by reducing HCV RNA measurement. Thus, the 
Duo assay may become an important screening test toward the 
elimination of HCV.
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ABSTRACT

Background and Aim: While liver biopsy remains the reference standard for assessing hepatic 
�brosis, the major prognostic factor in metabolic dysfunction-associated steatotic liver 
disease (MASLD), its inherent limitations have driven the search for innovative non-invasive 
diagnostic tests. In this study, we sought to evaluate the diagnostic accuracy of plasma PDGFRβ 
and PSD4 methylation levels, integrated within machine learning algorithms, for non-invasive 
staging of hepatic �brosis in patients with MASLD, and to compare its performance against 
established non-invasive biomarkers.

Materials and Methods: Patients with biopsy-proven MASLD and healthy controls were 
recruited from the three institutions. Quantitative methylation of circulating cell-free DNA 
was assessed using bisul�te modi�cation and pyrosequencing. The resulting data were 
used to develop linear discriminant analysis, random forest, and support vector machine 
algorithms to identify patients at di�erent stages of �brosis.

Results: The study included 234 patients with histologically con�rmed MASLD and 43 
healthy controls. Each dataset was validated using an independent cohort. Advanced �brosis 
was associated with elevated plasma PDGFRβ and PSD4 methylation levels in both the 
discovery and validation cohorts. The integration of plasma DNA methylation markers with 
clinical parameters demonstrated performance comparable to that of existing noninvasive 
biomarkers for detecting both signi�cant and advanced �brosis, achieving area under the 
curve scores exceeding 0.75 across all models.

Conclusion: Supervised machine learning algorithms incorporating plasma PDGFRβ and 
PSD4 DNA methylation levels show promise as a non-invasive approach for assessing hepatic 
�brosis in MASLD.

Keywords: Cell-free DNA, DNA methylation, liver �brosis, machine learning algorithms, 
MASLD, predictive models.
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Highlights & Insights

• Scienti�c Gap: Liver biopsy 
remains an imperfect gold standard 
for �brosis assessment due to 
sampling errors and inter-observer 
variability. Although non-invasive 
methods have improved evaluation, 
they cannot fully replace biopsy; 
accurate, timely �brosis detection 
in MASLD remains needed.

• Key Finding: Machine learning 
using cell-free epigenetic markers 
and clinical data identi�ed 
signi�cant di�erences in plasma 
PDGFRβ and PSD4 methylation by 
MASLD status and �brosis stage

• Clinical Impact: These methylation 
signatures may o�er a promising 
non-invasive approach for assessing 
�brosis in MASLD.
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Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD), 
is a complex and prevalent clinical condition, a�ecting over 30% of 
the global population.[1] It is closely associated with obesity, type 2 
diabetes, dyslipidemia and metabolic syndrome, which collectively 
contribute to hepatic injury and increase the risk of severe 
hepatic complications, including advanced �brosis, cirrhosis and 
hepatocellular carcinoma (HCC).[2,3] Notably, MASLD has emerged 
as the leading cause of chronic liver disease worldwide and is a 
signi�cant contributor to liver-related morbidity and mortality.

Until recently, no pharmacological treatment had received regulatory 
approval for MASLD. However, the U.S. Food and Drug Administration 
(FDA) has recently granted accelerated approval to resmetirom for 
the treatment of Metabolic dysfunction-associated steatohepatitis 
(MASH) in patients with moderate-to-advanced liver �brosis (stages 
F2 and F3). Notably, resmetirom, an oral thyroid hormone receptor-β 
-agonist, has demonstrated e�cacy in reducing hepatic �brosis and 
improving key histopathological features of MASH, including hepatic 
fat content and in�ammation.[4]

Fibrosis represents a critical prognostic determinant in chronic liver 
diseases of various etiologies. The early detection and accurate 
staging of hepatic �brosis are essential to prevent the progression 
to more advanced stages, such as decompensated cirrhosis.[5] While 
liver biopsy remains the reference standard for �brosis assessment, 
its invasive nature, susceptibility to sampling errors, and inter-
observer variability highlight the need for alternative diagnostic 
approaches.[3,6–8] Non-invasive techniques (NIT), including serum 
biomarkers, routine laboratory tests, scoring systems (e.g., FIB-4 
index, the NAFLD �brosis score), and imaging-based methods such 
as vibration-controlled Transient Elastography (VCTE; FibroScan®, 
Echosens, Paris, France), have emerged as valuable and e�ective tools 
for excluding advanced �brosis. Among these, VCTE is particularly 
e�ective for assessing liver sti�ness and staging �brosis in patients 
with MASLD. Nevertheless, limitations such as higher failure rates in 
obese individuals and practical challenges related to its application 
and stability restrict its broader feasibility.[9] Despite their utility, NITs 
cannot fully replace liver biopsy in clinical practice.[9,10]

The mechanisms driving the development and progression of 
MASLD are intricate and remain incompletely understood. Multiple 
factors, including dietary habits, lifestyle, genetic predisposition, 
and epigenetic modi�cations, have been implicated in the 
pathophysiology of MASLD.[11,12] Among these, DNA methylation, 
a key epigenetic modi�cation, predominantly occurs at cytosine-
guanine dinucleotides, known as CpG sites, and is closely linked 
to alterations in gene expression. DNA methylation is mediated 
by DNA methyltransferases (DNMTs), which catalyze the addition 
of a methyl group to the �fth carbon of the cytosine ring, forming 
5-methylcytosine. It plays a signi�cant role in the pathogenesis 
of metabolic disorders including obesity, diabetes, and MASLD.[13] 
Extensive research has demonstrated the association between DNA 
methylation patterns and liver diseases.[3,14–17] For example, Gerhard 

et al.[14] identi�ed the correlation between DNA methylation levels in 
patients with MASLD and key signaling pathways. Similarly, Xu et al.[16] 
identi�ed ten methylation markers for diagnosing HCC. Furthermore, 
our previous studies revealed signi�cantly higher DNA methylation 
levels within the PPARγ and PPARα promoters, two genes with anti-
�brogenic e�ects, in patients with severe MASLD.[17,18]

Predictive models are widely employed in the diagnosis and 
prognosis of liver diseases. For instance, Batista et al.[19] applied Linear 
Discriminant Analysis (LDA) to develop a model for predicting �brosis 
stages. Similarly, recent research has highlighted the e�ectiveness of 
the support vector machine (SVM) model in predicting �brosis risk 
based on the patients’ radiomics data.[20] Building on the signi�cance 
of predictive modeling, we evaluated whether methylation levels of 
circulating cell-free plasma DNA at speci�c CpG sites could serve as 
biomarkers to stratify �brosis stages in MASLD. Two genes, PDGFRβ 
and Pleckstrin and Sec7 Domain Containing 4 (PSD4), were selected 
due to their potential association with liver disease or �brosis biology.
[16,21] Subsequently, three predictive models were developed and 
compared to identify the most e�ective approach for �brosis stage 
strati�cation. These �ndings are anticipated to contribute to the 
development of novel NITs for liver �brosis, o�ering valuable insights 
for future diagnostic advancements.

Material and Methods

Study Cohorts

The study was conducted on MASLD patients (Discovery Cohort 
n=115, Validation Cohort n=119) and healthy individuals (Discovery 
Cohort n=21, Validation Cohort n=22). Blood samples and clinical data 
were collected after obtaining informed consent from participants 
in compliance with ethical standards and approved by Koc 
University Research Ethics Committees [approval number: 2015.053.
IRB1.014 (30.03.2015), 2016.024.IRB2.005 (15.02.2016), 2017.139.
IRB2.048 (10.09.2017), 2022.246.IRB2.040 (30.07.2022), 09.2018.086 
(24.09.2018)]. The study adhered to the ethical principles outlined in 
the Declaration of Helsinki. The diagnosis of MASLD was established 
based on the guidelines of American Association for the Study of 
Liver Diseases.[22] The �brosis severity in the study participants was 
assessed using histopathological evaluation. 

DNA Methylation and Pyrosequencing Analysis

200 μL of plasma was used for DNA extraction with the QIAamp 
DNA Blood Mini Kit (Qiagen, Hilden, Germany). The DNA was then 
treated with bisul�te using the EZ DNA Methylation Gold kit (Zymo 
Research, Irvine, CA, US) according to the manufacturer’s instructions. 
The bisul�te-modi�ed DNA was ampli�ed using custom-designed 
primers. The primers were designed using PyroMark Assay Design 
Software 2.0, and their sequences are provided in Supplementary 
Table 1. Ampli�cation was performed using the PyroMark-PCR kit 
(Qiagen) according to conditions in Supplementary Table 2. After 
thermal cycling, all samples were loaded onto a 1.5% agarose gel 
and run at 100 volts for 30 minutes. Samples were processed for the 
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pyrosequencing experiment only after their band intensities shown in 
Supplementary Figure 1 had been checked. Sample preparation and 
pyrosequencing were subsequently carried out on the PyroMark Q96 
ID instrument (Qiagen). Unmethylated and methylated EpiTect DNA 
controls (Qiagen) and negative PCR templates were used for each 
experiment. The average methylation percentages were analyzed 
using PyroMark software (version 2.5.8; Supplementary Fig. 2–6).

Predictive Models for Staging Fibrosis and 
Statistical Analysis

The discovery dataset was used to develop three binary classi�cation 
models aimed at distinguishing between di�erent stages of 
�brosis. The �rst model was designed to di�erentiate patients 
with signi�cant �brosis (F≥2) from healthy subjects and those with 
mild or no �brosis (F≤1). The second model focused on identifying 
patients with advanced �brosis (F≥3), while the third model aimed 
to di�erentiate patients with cirrhosis (F=4). To construct these 
models, three machine-learning algorithms were employed. Linear 
Discriminant Analysis was implemented using the LDA () function 
from the MASS package (version 7.3-60.0.1). The Random Forest 
algorithm was implemented using the random Forest () function 
in the randomForest R package (version 4.7-1.1). Finally, the SVM 
algorithm was implemented using the SVM () function from the 

e1071 package (version 1.7-14). These algorithms were selected to 
assess their accuracy in classifying �brosis stages using the provided 
data. Initially, the discovery dataset, consisting of 85 patients with 
MASLD and 21 healthy controls, was divided into a training set (70%) 
and a testing set (30%) using the create Data Partition () function 
from the caret R package (v 6.0-94). Hyperparameter optimization 
was performed through 5-fold cross-validation on the training set 
to maximize the area under the receiver operating characteristic 
(AUC ROC) curve. Once the models were trained and stabilized, 
the predict () function in caret was employed to estimate the class 
probabilities for the samples in the test set. The trained models were 
then independently validated on an external dataset comprising 103 
patients with MASLD and 22 healthy controls. Samples with missing 
feature data were excluded from the model training and prediction 
procedures. The pROC R package (v 1.18.5) was used to visualize the 
ROC curve. Performance metrics, including sensitivity, speci�city, 
positive predictive value (PPV), negative predictive value (NPV), 
precision, recall, and F1 scores, were calculated and presented in 
Supplementary Tables 3 and 4.

All statistical analyses were performed using GraphPad Prism 
version 9.0 (GraphPad Software, San Diego, CA, USA). For 
comparisons between cohorts, descriptive statistics were used. The 
Shapiro-Wilk test was used to check the normality of continuous 

Table 1. Demographic and clinical characteristics of patients

Discovery cohort (n=136) Validation cohort (n=141)

Healthy (n=21) MASLD (n=115) Healthy (n=22) MASLD (n=119)

Male, n (%) 11 (52.3) 69 (60.0) 7 (31.8) 57 (47.9)

Female, n (%) 10 (47.6) 46 (40.0) 15 (68.2) 62 (52.1)

Age (years)  37 (24, 42) 55 (47, 61) 35 (25, 40) 53 (46, 59)

Diabetes, n (%) 0 69 (60.0) 0 85 (71.4)

BMI (kg/m2) 23.9±2.1 29.5 (26.7, 34.2)**** 23.86±2.4 33.3 (29.7, 36.6)

Albumin (g/dL) 4.82±0.1** 4.5 (4, 4.8) 4.65±0.1 4.4 (4.1, 4.7)

ALT (IU/L), 22.0±10.0 40 (25.5, 69.5)* 19.93±7.3 49 (31.0, 98.0)

AST (IU/L) 21.68±7.6 32.7 (25.0, 47.0)** 19.10±5.3 41 (29.0, 62.0)

Platelet (x109), 258.5±56.4 213.5 (133.0, 285.0) 240.0±46.4 208.0 (148.0, 248.0)

FIB-4 Index 0.6±0.2 1.2 (0.7, 3.2)* 0.6±0.2 1.4 (1.0, 2.3)

Fibrosis stage, n (%)

0 – 16 (13.91) – 0 (0.00)

1 – 23 (20.00) – 25 (21.00)

2 – 16 (13.91) – 35 (29.41)

3 – 27 (23.48) – 30 (25.21)

4 – 33 (28.70) – 29 (24.37)

NAS score – 3.0 (2.0, 4.0)**** – 6.0 (5.0, 7.0)

Categorical variables are shown as frequencies (percentages). Normally distributed data are presented as “mean±standard deviation” and non-normally distributed 
data are presented as “median (interquartile range)”. Comparisons between cohorts of each subgroup were made using the Student’s t-test for continuous and Fisher’s 
exact test for categorical variables. Statistically signi�cant variables are annotated on the discovery cohort and p-values are given as p<0.05 (*), 0.01 (**), 0.0001 (****). 
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; MASLD: Metabolic dysfunction-associated steatotic liver disease; NAS: NAFLD 
Activity score.
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variables. Normally distributed variables were analyzed using 
the Student’s t-test and presented as “mean±standard deviation” 
whereas non-normally distributed variables were analyzed using 
the Mann-Whitney U test and presented as median (interquartile 
range). Categorical variables were analyzed with Fisher’s exact test 
and presented as frequencies (percentages). Two-tailed p-values 
<0.05 were considered statistically signi�cant.

Results

The study cohort included 43 healthy subjects and 234 patients 
diagnosed with MASLD. The histological assessments and Fibroscan 
evaluations revealed that 115 patients exhibited mild �brosis (stages 
F0-F2), whereas 119 had advanced �brosis (stages F3-F4). The general 
characteristics of study participants are summarized in Table 1. 

Higher plasma PDGFRβ and PSD4 DNA methylation are associated 
with advanced hepatic �brosis.

We investigated DNA methylation pro�les at speci�c CpG sites within 
PSD4, a locus recently implicated in HCC, and PDGFRβ, a receptor 
for PDGF strongly expressed in hepatic stellate cells and activated 
myo�broblasts.[16,21] Cell-free DNA was extracted from blood samples, 
and pyrosequencing assays were optimized for targeted CpG sites 
(Supplementary Table 1). Plasma DNA methylation levels were 
quanti�ed at �ve CpG loci within the PDGFRβ promoter and three 
CpG loci within the PSD4 promoter (Fig. 1, 2). The discovery cohort 
consisted of patients recruited from two centers. In this study, all 
CpG sites within PDGFRβ exhibited higher DNA methylation levels 
in patients with MASLD than in healthy controls (Fig. 1a-e). Notably, 
methylation levels at PDGFRβ CpGs 5 and 6 were signi�cantly higher 
in patients with MASLD and advanced �brosis (F3-F4) compared with 
those with mild �brosis (F0-F2) and healthy controls (Fig. 1a, b). Other 
CpG sites (CpG 7–9) showed higher methylation levels in MASLD 
groups than in healthy controls (Fig. 1c–e). These �ndings were 
validated in an independent patient cohort recruited from the third 
center (Fig. 2). The elevated methylation levels at PDGFRβ CpG sites 5 
and 6 in F3-4 MASLD remained signi�cant but were less pronounced 
in the validation cohort (Fig. 2a, b).

For the PSD4 promoter, plasma DNA methylation levels at all targeted 
CpG loci were considerably higher in patients with MASLD than 
in healthy controls in both the discovery and validation cohorts 
(p<0.001) (Fig. 1f-h, Fig. 2f-h). Remarkably, patients with advanced 
�brosis exhibited higher methylation levels than those with mild 
�brosis in both cohorts.

Machine Learning Algorithms for Accurate 
Staging of Liver Fibrosis

To identify �brosis stages, we developed predictive models 
integrating plasma DNA methylation data and clinical parameters. 
Four diagnostic approaches were assessed across four distinct 
datasets: the FIB-4 index, clinical data alone, DNA methylation levels 
alone, and a combination of clinical data and DNA methylation levels. 
Patients were strati�ed into four �brosis categories for comparison: 

mild/no �brosis (F0-1), signi�cant �brosis (≥F2), advanced �brosis 
(≥F3), and cirrhosis (F4). To benchmark the models’ performance, we 
conducted AUC analyses using three supervised machine learning 
approaches: (i) lda(), (ii) randomForest(), (iii) svm().

Among the three supervised machine learning algorithms tested, SVM 
achieved the best diagnostic performance for detecting signi�cant 
�brosis, advanced �brosis, and cirrhosis (Fig. 3). For identifying or 
excluding signi�cant �brosis, algorithms based on DNA methylation 
with or without clinical parameters performed comparably to the FIB-
4 index, achieving AUC values of 0.84, 0.87, and 0.81 in the discovery 
cohort, and 0.63, 0.81, and 0.76 in the validation cohort, respectively 
(Fig. 3a, b). In detecting advanced �brosis, SVM-based models 
outperformed the FIB-4 index, with higher positive predictive values 
of 0.87 and 0.74 compared with 0.66. For exclusion of advanced 
�brosis, all three methods demonstrated excellent negative predictive 
values (Supplementary Tables 3 and 4). Additionally, models based 
on plasma DNA methylation levels of PSD4 and PDGFRβ showed 
excellent diagnostic accuracy for detecting and ruling out stage 4 
�brosis (cirrhosis) (Supplementary Tables 3 and 4).

Overall, combining clinical data with DNA methylation levels yielded 
promising results for diagnosing or ruling out various stages of 
�brosis, with AUC values consistently exceeding 0.75. Detailed 
comparisons of cohort performance across predictive models are 
presented in Figure 3 and Supplementary Figures 7 and 8; sensitivity 
and speci�city metrics are provided in Supplementary Tables 3 and 4.

Discussion

Early and accurate identi�cation of hepatic �brosis is crucial for 
determining the clinical prognosis of chronic liver diseases and 
plays a vital role in preventing and treating advanced liver diseases.
[5] Signi�cant e�orts have been directed towards developing novel 
NITs, including blood-based biomarkers, for �brosis assessment.[9] 
In this study, we explored the potential of cell-free DNA methylation 
signatures as biomarkers for liver �brosis in MASLD. Speci�cally, we 
analyzed DNA methylation levels in two candidate genes (PDGFRβ 
and PSD4) and identi�ed signi�cant di�erences across distinct �brosis 
stages (signi�cant �brosis, advanced �brosis, and cirrhosis).

PDGFRβ is the receptor for PDGF-B, a well-established pro-�brotic 
growth factor predominantly produced by Kup�er cells, pericytes, 
and hepatic stellate cells. PDGF has a pivotal role in the extracellular 
matrix remodeling, particularly collagen synthesis and is implicated 
in various �broproliferative disorders.[23] In this study, a signi�cant 
increase in PDGFRβ methylation levels at 5 CpG sites was observed 
in patients with mild or advanced �brosis compared with healthy 
controls in the discovery cohort. Notably, CpG 5-6 methylation levels 
of PDGFRβ showed marked di�erences between MASLD F0-2 and 
MASLD F3-4 patients in the discovery data; in the validation cohort, 
the di�erence was modest but statistically signi�cant. Previous 
research by Lambrecht et al.[24] indicated that extracellular vesicles 
derived from activated murine and human hepatic stellate cells are 
enriched for PDGFRβ expression. Furthermore, circulating PDGFRβ 
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protein levels, combined with a PDGFR β-based (PRTA) score, were 
identi�ed as biomarkers of hepatic �brosis, achieving AUROC values 
of 0.78 for signi�cant �brosis, 0.74 for advanced �brosis, and 0.79 for 
cirrhosis across three di�erent etiologies. In our study, apoptotic or 
necrotic myo�broblasts might have contributed to the circulating 
cell-free DNA methylation pool, thereby leading to an increase in 
PDGFRβ methylation in association with hepatic �brosis.

PSD4 was previously identi�ed as a prominent circulating cell-free 
methylation marker for HCC in a large cohort study.[16] Additionally, 
prior research has demonstrated that TNF-α-induced phospho-p65 
activation leads to the recruitment of DNMT1, resulting in 
hypermethylation of the PSD4 promoter. This epigenetic 
modi�cation is associated with carcinogenesis, particularly in 
individuals with excessive alcohol consumption.[25] Based on these 

Figure 1. Plasma DNA methylation level of MASLD patients in the discovery cohort. Plots were shown as the correlation between the CpG methylation and �brosis 
stage of the MASLD. The analysis examines the plasma DNA methylation levels across �brosis stages F0-2 and F3-4, alongside those of healthy subjects. Bisul�te 
modi�cation and pyrosequencing were used to assess the plasma CpG methylation at �ve loci in PDGFRβ and three loci in the PSD4 gene. Changes in PDGFRβ (a–e) 
and PSD4 (f–h) CpG methylation levels are associated with the �brosis stage in the discovery cohort. DNA methylation is quanti�ed and represented as a percentage.

*p<0.05, **p<0.01 and ***p<0.001.
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�ndings, we investigated whether plasma methylation levels of 
the PSD4 gene are associated with �brosis stages in MASLD. Our 
analysis revealed that changes in cell-free DNA methylation within 
the PSD4 promoter region were remarkably consistent across 

cohorts and notably higher in MASLD patients than in healthy 
controls (Fig. 1f-h, Fig. 2f-h). These results suggest that PSD4 
methylation levels could serve as reliable predictors not only for 
hepatic �brosis but also for HCC.

Figure 2. Plasma DNA methylation level of MASLD patients in the validation cohort. Plots were shown as the correlation between the CpG methylation and �brosis 
stage of the MASLD. The analysis examines the plasma DNA methylation levels across �brosis stages F0-2 and F3-4, alongside those of healthy subjects in the val-
idation cohort. Bisul�te modi�cation and pyrosequencing were used to assess the plasma CpG methylation at �ve loci in PDGFRβ and three loci in the PSD4 gene. 
Changes in PDGFRβ (a–e) and PSD4 (f–h) CpG methylation levels are associated with the �brosis stage in the validation cohort. DNA methylation is quanti�ed and 
represented as a percentage.

*p<0.05, **p<0.01 and ***p<0.001.
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We next evaluated whether DNA methylation markers 
outperformed other biomarkers, including the FIB-4 index. To this 
end, we applied three widely used supervised machine learning 
algorithms: LDA, Random Forest, and SVM.[20,26,27] While di�erences 
were observed between cohorts for each marker, the AUROC scores 
consistently favored the combination of DNA methylation and 
clinical data in SVM analyses. The observed discrepancies between 
cohorts may be attributed to di�erences in sample size and �brosis 
severity among patients. Notably, SVM results demonstrated that 
combining DNA methylation markers with clinical data yielded 
strong diagnostic performance, as re�ected by AUROC scores and 
NPVs.[28–30] Importantly, even DNA methylation-based algorithms 
without incorporating clinical parameters showed robust 

performance in ruling out �brosis. These algorithms achieved an 
NPV of 0.83 for signi�cant �brosis and an NPV of 1 for advanced 
�brosis, highlighting their potential utility in primary care settings 
for stratifying MASLD patients and identifying those who require 
referral to specialized centers.

There are several limitations to this study. First, the relatively modest 
sample size may constrain the generalizability of our �ndings. Second, 
although multicenter, the data collection was limited to three medical 
centers within a single country, potentially introducing geographical 
and ethnic biases that may a�ect the generalizability of our results. 
Another signi�cant limitation concerns participant selection: 
study included only a subset of metabolic pro�les, which may not 
fully represent the diverse spectrum of metabolic manifestations 
observed in clinical practice. From an analytical perspective, although 
pyrosequencing provides highly accurate methylation analysis, its 
labor-intensive nature may present challenges for widespread clinical 
implementation. This methodological constraint could a�ect the 
immediate translation of our �ndings into routine clinical practice, 
particularly in resource-limited settings.

Conclusion

In conclusion, we explored the potential of machine learning 
algorithms as a non-invasive diagnostic tools for assessing �brosis 
in patients with MASLD. Our �ndings demonstrate that methylation 
levels in circulating cell-free DNA are signi�cantly altered in this 
patient group, aligning with prior research.[3] Collectively, our 
�ndings underscore the potential of DNA methylation as a biomarker 
for �brosis staging.

Online Appendix Link: https://hepatologyforum.org/storage/
upload/�les/1773648500-appendix-en.pdf
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Figure 3. SVM analysis model in MASLD patients. This �gure shows the SVM 
analysis in patients with di�erent stages of �brosis. (a–b) ROC curves of four 
markers (FIB-4, Clinical parameters, DNA Methylation, and Clinical Parameters 
+ DNA methylation combination) in the discovery and validation cohort of 
patients with signi�cant �brosis. (c–d) ROC curves of four markers (FIB-4, Clinical 
parameters, DNA Methylation, and Clinical Parameters + DNA methylation 
combination) in the discovery and validation cohort of patients with advanced 
�brosis. (e–f) ROC curves of four markers (FIB-4, Clinical parameters, DNA 
Methylation, and Clinical Parameters + DNA methylation combination) in 
cirrhotic patients’ discovery and validation cohort.
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Evaluation of percutaneous endobiliary punch biopsy in 
suspected malignant biliary strictures: Five-year experience 
from a tertiary center
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ABSTRACT

Background and Aim: To evaluate the diagnostic performance, technical feasibility, 
and safety of percutaneous endobiliary punch biopsy (PEPB) in patients with 
suspected malignant biliary strictures, particularly when endoscopic approaches are 
not feasible.

Materials and Methods: This retrospective, single-center study included 23 patients 
with radiologically con�rmed biliary strictures who underwent PEPB between January 
2020 and January 2025. All procedures were conducted under �uoroscopic guidance 
following percutaneous biliary drainage. Clinical, laboratory, and procedural data were 
reviewed.

Results: Biopsy samples were adequate for histopathological analysis in all cases. The 
technical success rate was 100%. Malignancy was detected by PEPB in 17 patients, 
while 3 cases were con�rmed as benign and 3 were false-negative results later proven 
malignant. PEPB demonstrated a sensitivity of 85%, speci�city of 100%, and an overall 
accuracy of 86.96%. Fisher’s exact test showed a signi�cant association between biopsy 
results and �nal diagnosis (p=0.011). Two minor complications (8.7%)—cholangitis and 
hemobilia—occurred and were managed conservatively.

Conclusion: PEPB is a safe, technically viable, and diagnostically accurate method for 
tissue sampling in biliary strictures. It o�ers a valuable alternative when endoscopic 
biopsy fails or is not feasible.

Keywords: Biliary obstruction, percutaneous intervention, punch biopsy.
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Highlights & Insights
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Introduction

Biliary system diseases are signi�cant clinical conditions that may 
develop due to benign or malignant causes and can lead to severe 
complications if not diagnosed early. Among these diseases, biliary 
obstruction holds a special place in terms of both diagnosis and 
treatment. Although various imaging and laboratory methods are used 
to determine the etiology of the obstruction, interventional procedures 
are often required for de�nitive diagnosis and treatment. These 
include Endoscopic Retrograde Cholangiopancreatography (ERCP), 
percutaneous transhepatic intervention, and surgical approaches.

Percutaneous transhepatic intervention serves as an alternative 
method in patients for whom endoscopic procedures are unsuitable 
or unsuccessful. Through percutaneous transhepatic access, not only 
can biliary drainage be established via catheter or stent placement, 
but therapeutic interventions such as stone removal and endobiliary 
ablation can also be performed. Recently, the introduction of 
endobiliary punch biopsy has expanded the diagnostic capabilities 
of percutaneous transhepatic procedures.

This study aims to evaluate the e�ectiveness and safety of 
percutaneous endobiliary punch biopsy (PEPB).

Materials and Methods

This retrospective, single-center, single-arm study included 23 
patients over the age of 18 with biliary stenosis. The cohort consisted 
of 14 males and 9 females, with a mean age of 67.

The study covers patients who underwent PEPB between January 
2020 and January 2025 after imaging and laboratory results indicated 
obstructive jaundice. Prior to the procedure, clinical, laboratory, 
and imaging results of the patients were reviewed. All patients 
underwent imaging with CT, MRI, or ultrasound. Retrospective 
analysis con�rmed biliary obstruction in all 23 patients before the 
intervention. The procedures were performed by two interventional 
radiologists experienced in biliary interventions, either during or 
after biliary decompression via percutaneous transhepatic access. 
Data obtained through histopathological analysis were recorded in a 
Microsoft Excel spreadsheet.

Ethical Approval

This study was approved by the Clinical Research Ethics Committee of 
Ondokuz Mayıs University (Application No: 2024/544; Date: March 28, 
2025). The research was conducted in accordance with the principles 
of the Declaration of Helsinki.

Patient Selection

The indication for biopsy was suspicion of malignant obstruction. 
Medical records, histopathology reports, diagnostic imaging, 
surgical reports (if applicable), and patient prognoses were 
retrospectively reviewed. Collected data included age, gender, 
technical success of the biopsy, lesion location, stricture length, 
complications, number of samples taken, laboratory values (ALP, 

GGT, direct and indirect bilirubin), imaging �ndings, pathology 
results, and surgical reports if available.

Clinical features included varying degrees of jaundice observed 
in mucous membranes and sclera, dark urine, epigastric pain, 
fatigue, abdominal distension, anorexia, pruritus, and acholic stool. 
Laboratory tests showed signs of liver injury with elevated total and 
direct bilirubin levels.

Some patients had pre-existing conditions. Five patients (21.7%) 
had a history of malignancy, including three with gastric cancer 
(13%), one with pancreatic cancer (4%), and one with colon cancer 
(4%). Informed consent was obtained from all patients before the 
procedure.

Histopathological diagnosis was established in all patients using 
PEPB. A pathological diagnosis was considered positive when 
compatible with radiological, clinical, surgical, or prognostic �ndings. 
If no tumor was found in pathology but imaging, clinical evidence, 
surgical report, or prognosis suggested malignancy, the pathology 
was considered negative.

Technique

PEPB procedures were conducted in our hospital’s Interventional 
Radiology Unit using a Digital Subtraction Angiography system 
(Innova, General Electric). Biopsies were performed under 
sedoanalgesia using midazolam and tramadol, along with local 
anesthesia via prilocaine at the skin entry site.

Biopsies were conducted in sessions following the placement 
of internal-external biliary drainage catheters. In cases with 
hilar strictures, two catheters were placed along the right and 

Figure 1. Con�rmation of the distal choledochal obstruction by cholangiography.



Volume 7, Issue 2, 2026 | 133–138 Percutaneous punch biopsy in biliary strictures

135Hepatology Forum

left intrahepatic bile ducts. For extrahepatic obstructions distal 
to the hilum, a single catheter was usually placed via the right 
intrahepatic duct. During biopsy, existing catheters were removed 
over guidewires. A 7 Fr, 45 cm long introducer sheath was inserted 
via the planned biopsy route, and a shorter sheath was placed on 
the alternate route if applicable. Cholangiography con�rmed the 
stricture site. Biopsy forceps were advanced through the long 
sheath to the proximal side of the stricture (Fig. 1). In cases where 
re-accessing the stricture post-biopsy might be challenging due to 
bleeding or edema, a guidewire was positioned through the sheath 
extending to the jejunum. Multiple tissue samples were obtained 
using endoscopic biopsy forceps through the stricture (Fig. 2). After 
sampling, double or single internal-external drainage catheters 
were re-inserted depending on stricture location. For some 
inoperable patients, metallic stents were placed upon request. 
Tissue samples were �xed in formalin. Specimens measuring at 
least 1–2 mm and structurally intact were considered suitable for 
histopathological examination.

Primary endpoints were technical success and complication rates. 
Additional metrics included the average number of biopsy samples, 
total procedure time (from start to obtaining suitable tissue), mean 
�uoroscopy time, and mean radiation exposure (in mSv).

Complications were classi�ed according to SIR standards for 
percutaneous biliary interventions: minor complications included 
those requiring no treatment (class A) or minimal treatment with 
overnight observation (class B). Major complications were those 
requiring short hospital stays under 48 hours (class C), major 
treatment or hospitalization over 48 hours (class D), permanent 
adverse sequelae (class E), or death.[1]

Statistics

Statistical analysis was performed using SPSS version 22.0 (IBM Corp., 
Armonk, NY, USA). Categorical variables were expressed as counts 
and percentages. Due to the small sample size and expected cell 
counts below �ve, associations between PEPB pathology results and 
�nal diagnosis were analyzed using Fisher’s Exact Test. A two-tailed p 
value <0.05 was considered statistically signi�cant.

Results

PEPB was technically successful in all 23 patients. Each patient yielded 
at least two and up to eleven samples. The localization of the biliary 
obstructions was determined to be in the intrahepatic bile ducts in 2 
patients and at the hepatic hilum or distal bile ducts in 21 patients. 
The detailed information for the biliary obstruction according 
to Bismuth–Corlette Classi�cation is given in Table 1. The mean 

Figure 2. (a) Collection of multiple tissue samples from the obstruction site using endoscopic biopsy forceps. (b) Placement of internal and external drainage catheters.

a b

Table 1. Radiological classi�cation of the biliary strictures and status 
of the prior ERCP attempts

Bismuth type n ERCP not 
attempted (n)

ERCP attempted 
but failed (n)

Type I 2 1 1

Type II 9 6 3

Type IIIa 2 2 0

Type IIIb 1 1 0

Type IV 9 7 2

Total 23 17 6

ERCP: Endoscopic retrograde cholangiopancreatography.
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�uoroscopy time was 18.2±5.2 minutes, and the mean radiation dose 
(air kerma) was 680±210 mGy.

Laboratory values prior to PEPB showed: mean age 67.4±10.2 years, 
total bilirubin 6.9±4.6 mg/dL, direct bilirubin 6.1±4.5 mg/dL, GGT 
287.0±217.5 IU/L, and ALP 443.1±264.0 IU/L.

All biopsy specimens were adequate for histopathological evaluation. 
Malignancy was detected by PEPB in 17 patients, including 16 cases of 
cholangiocarcinoma and one case of metastatic colon cancer. Three 
patients were reported as benign by PEPB but were later con�rmed to 
have malignancy based on surgical, radiological, or clinical follow-up 
�ndings, constituting false-negative results.

Accordingly, PEPB demonstrated a sensitivity of 85%, speci�city 
of 100%, accuracy of 86.96%, positive predictive value of 100%, 
and negative predictive value of 50%. Fisher’s exact test showed a 
statistically signi�cant association between PEPB pathology results 
and �nal diagnosis (p=0.011).

Detailed evaluation of the three false-negative cases revealed 
potential procedural and pathological limitations. In two patients, 
histopathological examination showed �brotic or necrotic 
tissue without viable tumor cells, suggesting sampling from 
non-representative areas of the stricture. In the remaining case, the 
tumor demonstrated predominantly submucosal growth with intact 
biliary epithelium, which may have limited the diagnostic yield of 
super�cial forceps biopsy. These �ndings highlight that false-negative 
results are more likely in tumors with subepithelial growth patterns 
or extensive necrosis.

Two complications (8.7%) were observed: the �rst was post-procedural 
cholangitis, which was treated successfully with antibiotics. The 
second was a hemobilia that regressed spontaneously without 
the need for surgical or other intervention, as con�rmed through 
multiple follow-up CT scans.

Discussion

The location of bile duct obstruction can be rapidly and accurately 
identi�ed using non-invasive imaging modalities such as ultrasound, 
CT, or MRI. However, tumors originating from the biliary epithelium 
are often very small and lack speci�c imaging characteristics.[2] 
Obtaining tissue samples for histological and pathological evaluation 
remains a cornerstone in the diagnosis of neoplasms.[3,4] While a 
lesion may be benign, the lower the di�erentiation of a malignant 
tumor, the higher its grade of malignancy, with increased potential 
for local invasion and metastasis.[5,6] Therefore, pathological diagnosis 
is crucial for accurate identi�cation of neoplasms and for guiding 
subsequent management.[7-9]

Nevertheless, obtaining biopsy samples in biliary system neoplasms 
continues to pose challenges. In cases where pathological diagnosis 
cannot be established through ERCP in biliary strictures, percutaneous 
transhepatic biopsy using forceps is employed. Percutaneous 
endobiliary punch biopsy (PEPB) not only provides diagnostic 
information for cancer but also o�ers a therapeutic approach for 

obstructive disease.[10] This technique, involving biopsy forceps via a 
percutaneous approach, was �rst reported in 1980[11] and has since 
undergone continuous development.[12-16] Studies have suggested that 
histological diagnosis with forceps biopsy is more successful than bile 
cytology or �ne-needle aspiration, with reported sensitivity ranging 
from 71% to 93%.[7,8,17-19] Accordingly, PEPB is a technically simple, 
minimally invasive procedure with low complication rates and high 
diagnostic yield compared to other established techniques.[2,10,19,20]

Although diagnostic and technical success rates of PEPB vary across 
the literature, in our study, the technical success rate was 100% and 
the diagnostic success rate was 86.96%. In three cases (13%), false-
negative results were obtained, though malignancy was con�rmed by 
clinical, radiological, or surgical �ndings. In our cohort, complications 
were observed in 2/23= %8.7: one case of post-procedural cholangitis 
and one case of hemobilia. Theoretically, bile leakage or severe 
bleeding due to injury to adjacent vascular structures can occur as 
complications of PEPB.[21] However, such complications have not been 
reported in the literature. A recent meta-analysis including 14 studies 
and 1,762 patients reported a sensitivity of 81%, speci�city of 100%, 
and a major complication rate of 3.1% for PEPB.[22] In a single-center 
retrospective study by Zhang et al.[23] involving 194 patients, the 
sensitivity, speci�city, and false-positive rate of PEPB were reported 
as 81.8%, 100%, and 0%, respectively. In a retrospective case series 
by Ozdemir et al.,[24] a 100% technical success rate, 87.5% diagnostic 
success rate, and 12.5% complication rate were reported.

Although the study period spanned �ve years, the number of included 
patients was relatively limited. This re�ects the highly selective 
indication for percutaneous endobiliary punch biopsy (PEPB) in our 
institution. The procedure was reserved for patients with suspected 
malignant biliary strictures in whom ERCP-based tissue acquisition 
was unsuccessful or not feasible due to anatomical constraints, prior 
interventions, or technical failure. Consequently, PEPB represents a 
niche diagnostic approach rather than a routinely performed procedure, 
explaining the low annual case volume. Given the descriptive nature of 
this case series, the primary objective of the study was to report the 
diagnostic performance of PEPB rather than to establish comparative 
superiority over ERCP-based tissue acquisition techniques.

One important limitation inherent to forceps-based biopsy techniques 
is the limited depth of tissue acquisition. Tumors exhibiting 
predominantly subepithelial growth patterns, extensive �brosis, or 
central necrosis may not be adequately sampled despite technically 
successful biopsy procedures. This limitation was also evident in our 
cohort, where false-negative results were primarily attributed to 
histopathological characteristics rather than procedural failure.

Several additional limitations should be acknowledged. This study has a 
retrospective design and lacks a direct control group using endoscopic 
sampling techniques, precluding direct comparative analysis. 
Furthermore, the relatively small sample size limits the statistical power 
of subgroup analyses. Despite these limitations, our �ndings provide 
clinically relevant real-world data on the diagnostic performance and 
safety of PEPB in a carefully selected patient population.
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Conclusion

From a technical perspective, PEPB is a simple, minimally invasive 
procedure with low complication rates and high diagnostic accuracy 
compared to other techniques. It has broadened the scope of biliary 
diagnostics and proved to be a reliable and accurate method for 
histopathological diagnosis of biliary neoplasms. PEPB is a safe, 
feasible, and e�ective technique that yields a high rate of true-positive 
results in diagnosing obstructive jaundice.
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ABSTRACT

Background and Aim: Sodium-glucose cotransporter-2 inhibitors may improve outcomes in 
liver cirrhosis, but comparative evidence between individual agents is limited. We compared 
real-world outcomes of empagli�ozin versus dapagli�ozin in adults with liver cirrhosis.

Materials and Methods: We conducted a multicenter retrospective cohort study using 
the TriNetX US Collaborative Network (69 healthcare organizations). Adults with cirrhosis 
who were newly prescribed empagli�ozin or dapagli�ozin after the diagnosis of cirrhosis 
between March 1, 2013 and January 1, 2025, were included. Propensity score matching (1:1) 
was used to balance baseline characteristics. Outcomes were assessed from day 1 after the 
index prescription through 5 years. Primary outcomes were all-cause mortality and all-cause 
hospitalization. Secondary outcomes included hepatic decompensation events. Tertiary 
outcomes included prognostic hepatic and renal biomarkers. Safety outcomes included the 
incidence of acute kidney injury, urinary tract infection, and diabetic ketoacidosis.

Results: Before matching, 17,700 empagli�ozin users and 8,619 dapagli�ozin users were 
identi�ed; 7,852 patients remained in each cohort after matching. Five-year mortality was 
similar between groups (12.7% vs. 12.6%; odds ratio [OR]: 1.012, 95% con�dence interval 
[CI]: 0.921–1.112; p=0.8075), as was the risk of hospitalization (14.7% vs. 13.4%; OR: 1.105, 
95% CI: 0.94–1.30; p=0.216). Empagli�ozin was associated with lower rates of hepatic 
encephalopathy (4.0% vs. 4.7%; OR: 0.84; p=0.0295), hepatorenal syndrome (1.0% vs. 1.6%; 
OR: 0.614; p=0.0007), and paracentesis (2.9% vs. 3.7%; OR: 0.785; p=0.0083). Albumin levels 
were higher and bilirubin levels were lower with empagli�ozin (p<0.01 for both). Safety 
outcomes were similar between groups.

Conclusion: In matched adults with cirrhosis, empagli�ozin and dapagli�ozin demonstrated 
comparable �ve-year mortality and hospitalization rates. However, empagli�ozin was 
associated with fewer selected decompensation events without an increase in adverse events.

Keywords: Cirrhosis, empagli�ozin, dapagli�ozin.
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Highlights & Insights

• Scienti�c Gap: Sodium-glucose 
cotransporter-2 inhibitors (SGLT2i) 
may bene�t cirrhosis patients, but 
comparative real-world data on 
empagli�ozin and dapagli�ozin are 
limited. This study compares their 
outcomes.

• Key Finding: Empagli�ozin and 
dapagli�ozin showed similar �ve-
year mortality and hospitalization 
rates. However, empagli�ozin was 
associated with fewer hepatic 
decompensation events, such 
as hepatic encephalopathy and 
hepatorenal syndrome.

• Clinical Impact: Empagli�ozin 
may o�er additional hepatic 
bene�ts over dapagli�ozin without 
increasing adverse events. Further 
research is needed to con�rm these 
�ndings.
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Introduction

Liver cirrhosis remains a major global health burden and is associated 
with substantial morbidity and mortality driven by hepatic 
decompensation, hepatocellular carcinoma (HCC), and progression 
to end-stage liver disease.[1] Despite advances in understanding the 
pathophysiology of cirrhosis, disease-modifying therapies remain 
limited, particularly for patients with decompensated disease.[2] 
The emerging concept of recompensated cirrhosis—de�ned as the 
resolution of prior decompensating events with improvement in 
hepatic function—has been linked to better long-term outcomes 
and represents a potential therapeutic target.[3] Concurrently, 
the rising prevalence of metabolic dysfunction–associated 
steatotic liver disease (MASLD) and its in�ammatory subtype, 
metabolic dysfunction–associated steatohepatitis (MASH), further 
underscores the need for novel strategies to improve outcomes in 
the cirrhosis population.[4]

Sodium-glucose cotransporter-2 inhibitors (SGLT2i), initially 
developed for the treatment of type 2 diabetes mellitus (T2DM), 
have demonstrated pleiotropic bene�ts extending beyond glycemic 
control, including cardioprotective, nephroprotective, and anti-
in�ammatory e�ects.[5,6] These agents are now routinely incorporated 
into the management of heart failure and chronic kidney disease 
(CKD), including in individuals without diabetes, supported by 
evidence from large clinical trials across diverse clinical settings.[7]

Increasing evidence suggests that SGLT2 inhibitors may also confer 
hepatoprotective e�ects. Preclinical and clinical studies have 
reported improvements in liver enzymes (alanine aminotransferase 
[ALT], aspartate aminotransferase [AST], and gamma-glutamyl 
transferase [GGT]), reductions in hepatic steatosis and �brosis, and 
potential mitigation of cirrhosis-related complications such as ascites, 
portal hypertension, and hepatic encephalopathy.[8–11] Proposed 
mechanisms include attenuation of oxidative stress and suppression 
of pro-in�ammatory cytokines (e.g., tumor necrosis factor alpha 
[TNF-α] and interleukin-6 [IL-6]), with downstream anti-in�ammatory 
and anti�brotic e�ects that may counter pathways implicated in 
cirrhosis progression.[12–17]

Despite these promising observations, comparative real-world 
data evaluating individual SGLT2i agents in cirrhosis are limited. 
Accordingly, we used a large real-world electronic health record 
database (TriNetX) to compare outcomes among patients with 
liver cirrhosis initiated on empagli�ozin versus dapagli�ozin. Using 
propensity score matching, we evaluated mortality, hospitalization, 
hepatic decompensation events, and safety outcomes to determine 
whether medication-speci�c di�erences exist within the SGLT2i class 
in this high-risk population.

Materials and Methods

Study Design and Data Source

We conducted a multicenter retrospective cohort study using the 
TriNetX Research Network, a federated health research platform 

that aggregates real-time, de-identi�ed electronic health record 
(EHR) data from more than 120 million patients across 69 healthcare 
organizations in the United States. This study used the TriNetX 
US Collaborative Network, which includes both structured and 
unstructured clinical data (e.g., diagnoses, medications, laboratory 
results, and procedures). Diagnoses were identi�ed using the 
International Classi�cation of Diseases, Tenth Revision (ICD-
10) codes; medications using RxNorm codes; procedures using 
Current Procedural Terminology (CPT) codes; and laboratory tests 
using Logical Observation Identi�ers Names and Codes (LOINC). 
All diagnostic, medication, procedure, laboratory, and encounter 
codes used for cohort construction and outcome ascertainment are 
provided in Supplementary Table 1A–E.

Study Population and Cohort Definition

Eligible patients were adults (aged ≥18 years) with a documented 
diagnosis of liver cirrhosis identi�ed using ICD-10 codes. Patients 
were excluded if they had a history of liver transplantation, renal 
transplantation, dialysis, primary biliary cholangitis, or primary 
sclerosing cholangitis. Two exposure cohorts were de�ned among 
eligible patients: patients prescribed empagli�ozin after cirrhosis 
diagnosis and patients prescribed dapagli�ozin after cirrhosis 
diagnosis.

The index date was de�ned as the �rst prescription for empagli�ozin 
or dapagli�ozin occurring after the initial cirrhosis diagnosis. Patients 
who received both medications or who were exposed to other 
sodium-glucose cotransporter-2 inhibitors were excluded. Patients 
who experienced any study outcome prior to the index date were 
excluded from the analysis of that speci�c outcome but remained 
eligible for analyses of other outcomes. The study period extended 
from March 1, 2013 (initial U.S. Food and Drug Administration [FDA] 
approval of SGLT2i), through January 1, 2025.

Covariates and Baseline Characteristics

Baseline characteristics and covariates were assessed during the 
�ve years preceding each patient’s index date. These included 
demographics (age, sex, race); comorbidities (type 2 diabetes mellitus, 
hypertension, heart failure, chronic kidney disease, and obesity); 
liver disease etiologies (e.g., alcoholic liver disease, nonalcoholic 
steatohepatitis, and chronic viral hepatitis); and medication 
exposures, including diuretics, beta-blockers, angiotensin-converting 
enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), 
statins, insulin, metformin, glucagon-like peptide-1 (GLP-1) receptor 
agonists, dipeptidyl peptidase-4 (DPP-4) inhibitors, and sulfonylureas. 
Procedural history, including transjugular intrahepatic portosystemic 
shunt (TIPS) placement, was also captured.

Laboratory parameters used to characterize baseline liver and 
renal function included aspartate aminotransferase, alanine 
aminotransferase, gamma-glutamyl transferase, total bilirubin, 
serum albumin, serum creatinine, estimated glomerular �ltration 
rate (eGFR), international normalized ratio (INR), hemoglobin A1c 
(HbA1c), platelet count, serum sodium, and body mass index (BMI).
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Study Outcomes

The primary outcomes were all-cause mortality and all-cause 
hospitalization during follow-up. Secondary outcomes were hepatic 
decompensation events, including ascites, need for peritoneal 
drainage, spontaneous bacterial peritonitis (SBP), jaundice, 
esophageal variceal bleeding, hepatic encephalopathy, hepatorenal 
syndrome (HRS), and hepatocellular carcinoma. Tertiary outcomes 
included laboratory markers re�ecting hepatic and renal function 
(e.g., AST, ALT, INR, serum albumin, serum creatinine, and eGFR). 
Safety outcomes included acute kidney injury (AKI), urinary tract 
infections (UTIs), and diabetic ketoacidosis (DKA).

Statistical Analysis

To reduce confounding, 1:1 propensity score matching (PSM) was 
performed using greedy nearest-neighbor matching without 
replacement and a caliper width of 0.1 pooled standard deviations 
within the TriNetX Analytics Platform (TriNetX LLC, Cambridge, 
MA, USA). Propensity scores were estimated via logistic regression 
including all prespeci�ed covariates. Balance after matching was 
evaluated using standardized mean di�erences (SMDs), with an 
absolute SMD<0.1 indicating acceptable balance.

All analyses were conducted within the TriNetX analytics platform 
using its built-in modules. For binary outcomes within the follow-
up window, TriNetX “Measure of Association” analyses were used 
to compute risk, risk di�erence, risk ratio, and odds ratios (OR), 
with corresponding 95% con�dence intervals (CI). Time-to-event 
outcomes were evaluated using TriNetX Kaplan–Meier survival 
analyses with log-rank testing; censoring was applied according to 
the platform rule that patients are censored after the last recorded 
clinical fact in their EHR. For laboratory outcomes, TriNetX laboratory 
analyses were used, which incorporated only the most recent 
laboratory value within the speci�ed time window; group means 
were compared using t-tests. All tests were two-sided, and p-values 
<0.05 were considered statistically signi�cant.

Ethical Approval/Waiver

This study was reviewed by a Phoenixville Hospital Institutional 
Review Board and determined to be exempt (No. 2025-109, 
September 10, 2025) because it involved the secondary analysis of 
de-identi�ed data obtained through the TriNetX platform. Our article 
was written in accordance with the Helsinki declaration.

Results

Cohort Selection and Baseline Characteristics

Among 720,923 adults with cirrhosis, 604,728 remained after 
exclusions. We identi�ed 17,700 empagli�ozin users (Group A) 
and 8,619 dapagli�ozin users (Group B). After 1:1 propensity 
score matching, 7,852 patients remained in each cohort. Baseline 
characteristics were well balanced after matching (absolute 
SMD<0.1 across covariates), with a small residual imbalance in serum 
albumin (SMD=0.102). Full baseline characteristics are shown in 
Supplementary Table 1.

Primary Outcomes: Mortality and Hospitalization

At �ve years, all-cause mortality did not di�er signi�cantly between 
cohorts (12.7% vs. 12.6%; OR: 1.012; 95% CI: 0.921–1.112; p=0.8075). 
Kaplan–Meier analysis similarly showed no signi�cant di�erence in 
time to death between empagli�ozin and dapagli�ozin (hazard ratio: 
0.970; 95% CI: 0.888–1.060; log-rank p=0.500) (Fig. 1). The risk of all-
cause hospitalization was also similar (14.7% vs. 13.4%; OR: 1.105; 
95% CI: 0.94–1.30; p=0.216).

Secondary Outcomes: Hepatic Decompensation 
Events

Composite hepatic decompensation was similar between groups 
(11% vs. 10.6%; OR: 1.004; 95% CI: 0.886–1.137; p=0.9516). 
However, empagli�ozin was associated with lower rates of hepatic 

Table 1. Hepatic and prognostic laboratory markers in the empagli�ozin and dapagli�ozin cohorts at �ve-year follow-up

Laboratory marker Empagli�ozin (n=7,852) 
Mean±SD

Dapagli�ozin (n=7,852) 
Mean±SD

p

Aspartate aminotransferase (AST) 57.86±336.33 57.37±227.51 0.9266

Alanine aminotransferase (ALT) 39.51±135.45 41.37±141.22 0.4636

Gamma-glutamyl transferase (GGT) 164.89±274.91 141.66±231.12 0.1013

Total bilirubin 1.22±2.36 1.34±2.83 0.0094

Serum albumin 3.69±0.72 3.61±0.74 <0.0001

International normalized ratio (INR) 1.37±0.67 1.39±0.68 0.1429

Platelets 181.43±92.25 179.72±91.88 0.302

Creatinine 1.26±0.94 1.29±0.83 0.0681

Glomerular �ltration rate (eGFR) 66.88±31.75 66.37±32.34 0.3654

Serum sodium 137.93±4.08 137.76±4.16 0.02

Values are presented as mean±standard deviation (SD).
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encephalopathy (4.0% vs. 4.7%; OR: 0.84; 95% CI: 0.717–0.983; 
p=0.0295), hepatorenal syndrome (1.0% vs. 1.6%; OR: 0.614; 95% 
CI: 0.462–0.816; p=0.0007), and paracentesis (2.9% vs. 3.7%; OR: 
0.785; 95% CI: 0.656–0.94; p=0.0083). Other hepatic outcomes 
were not signi�cantly di�erent (Table 2). These associations are 
summarized in Figure 2.

Tertiary Outcomes: Prognostic Markers

At �ve years, empagli�ozin users had higher albumin levels 
(3.69±0.72 vs. 3.61±0.74 g/dL; p<0.0001) and lower total bilirubin 
levels (1.22±2.36 vs. 1.34±2.83 mg/dL; p=0.0094). Serum sodium 
was also statistically, though modestly, higher with empagli�ozin 
(137.93±4.08 vs. 137.76±4.16 mmol/L; p=0.02). Other laboratory 
markers were similar (Table 1).

Adverse Events

Safety outcomes were comparable between cohorts: AKI (12.8% vs. 
13.6%; OR: 0.927; 95% CI: 0.823–1.045; p=0.214), UTI (6.5% vs. 6.9%; 
OR: 0.95; 95% CI: 0.825–1.095; p=0.4783), and DKA (0.8% vs. 0.8%; OR: 
0.966; 95% CI: 0.674–1.383; p=0.849).

Discussion

In this real-world retrospective cohort study, empagli�ozin and 
dapagli�ozin were associated with comparable �ve-year risks of 
mortality and all-cause hospitalization in matched adults with cirrhosis. 
However, empagli�ozin was associated with fewer selected hepatic 
decompensation events—particularly hepatic encephalopathy, 
hepatorenal syndrome, and paracentesis—along with modest 
di�erences in albumin and bilirubin levels, without an observed 
increase in AKI, UTI, or DKA. To our knowledge, this is the �rst large-
scale real-world comparison of these two agents in liver cirrhosis.

In the cirrhosis literature, empagli�ozin has been most consistently 
linked to improved ascites control and reduced need for therapeutic 
drainage, aligning with the lower paracentesis rates observed in our 
cohort.[18–20] A case report described resolution of refractory ascites 
and hepatic hydrothorax after empagli�ozin initiation in primary 
biliary cirrhosis;[18] a pilot study showed improved natriuresis and 
circulatory, cardiac, and renal parameters in cirrhotic patients with 
refractory ascites;[19] and a randomized trial demonstrated reduced 
large-volume paracentesis requirements and complete ascites 
resolution in a subset of patients when empagli�ozin was added 
to standard care.[20] Safety data in cirrhosis, though limited, support 
feasibility and are consistent with our similar rates of AKI, UTI, and 
DKA between cohorts.[21]

Figure 1. Kaplan–Meier survival curves for all-cause mortality after initiation of 
empagli�ozin versus dapagli�ozin in propensity score–matched adults with cir-
rhosis. Shaded areas indicate 95% con�dence intervals (CI). Groups were com-
pared using the log-rank test (χ²=0.455; p=0.500); hazard ratio of 0.970 (95% CI: 
0.888–1.060). Note: The y-axis is truncated (0.60–1.00) to improve visualization 
of between-group di�erences.

Figure 2. Forest plot of hepatic decompensation outcomes comparing em-
pagli�ozin and dapagli�ozin. Odds ratios (OR) with 95% con�dence intervals 
are shown for �ve-year outcomes after propensity score matching. The vertical 
reference line indicates OR=1.0.



Volume 7, Issue 2, 2026 | 139–145 Empagli�ozin versus dapagli�ozin in cirrhosis

143Hepatology Forum

Beyond cirrhosis, randomized trials in metabolic dysfunction-
associated steatotic liver disease populations show that empagli�ozin 
reduces hepatic fat content and improves liver-related biomarkers, 
providing a broader hepatometabolic rationale for di�erences in 
liver-related outcomes.[22–25] Across E-LIFT (E�ect of Empagli�ozin on 
Liver Fat in Patients with Type 2 Diabetes Mellitus) and subsequent 
placebo-controlled studies in type 2 diabetes, mixed diabetic and 
nondiabetic populations, and nondiabetic MASLD, empagli�ozin 
consistently reduced liver fat on imaging and was associated with 
favorable metabolic changes.[22–25]

Taken together, existing evidence most directly supports 
empagli�ozin’s role in ascites and volume-related management and 
hepatic steatosis reduction, which is directionally consistent with 
our �ndings of reduced paracentesis and modestly more favorable 
liver synthetic and cholestatic markers. The observed di�erences 
in hepatic encephalopathy and hepatorenal syndrome warrant 
prospective validation, as empagli�ozin-speci�c data for these 
endpoints remain limited.

The literature on dapagli�ozin in cirrhosis is more limited and mixed. 
A small randomized trial in cirrhotic patients with ascites reported 
improved natriuresis and ascites control but no survival or disease 
severity bene�t, along with higher rates of AKI and infections,[26] 
whereas a retrospective study in cirrhotic patients with diabetes 
found better ascites control, reduced diuretic requirements, and 
fewer complications, including hepatic encephalopathy, variceal 
bleeding, and infections.[27] These data suggest that dapagli�ozin 
may provide hepatic bene�ts in selected populations, but its safety 
pro�le in cirrhosis requires further clari�cation.

In our analysis, empagli�ozin was associated with slightly more 
favorable hepatic laboratory parameters, including higher serum 
albumin and lower bilirubin levels, suggesting better preservation 
of hepatic synthetic function and �uid homeostasis. This pattern is 
consistent with reports of reduced liver fat and improved metabolic 
and nutritional parameters with empagli�ozin in cirrhosis and MASLD.
[19,24] Overall, our �ndings add comparative e�ectiveness evidence and 

support the possibility that empagli�ozin may confer hepatic bene�ts 
beyond glycemic and cardiorenal e�ects, particularly with respect to 
hepatic decompensation events and selected hepatic biomarkers.

Limitations

This study has several limitations. First, its retrospective design and 
reliance on EHR-based administrative coding introduce the possibility 
of residual confounding and misclassi�cation. Although propensity 
score matching balanced measured covariates, unmeasured 
factors—such as cirrhosis severity (e.g., Model for End-Stage Liver 
Disease [MELD] or Child-Pugh scores), medication adherence, and 
alcohol consumption patterns—could not be assessed. Second, 
due to platform limitations, we could not ascertain cause-speci�c 
mortality or indications for hospitalization, nor could we determine 
the timing of SGLT2i discontinuation. Finally, generalizability may be 
limited to the healthcare systems represented in TriNetX.

Conclusion

In this large, real-world multicenter cohort study of patients with 
liver cirrhosis, empagli�ozin and dapagli�ozin were associated with 
comparable �ve-year risks of all-cause mortality and hospitalization 
after propensity score matching. However, empagli�ozin use was 
associated with a lower risk of key hepatic decompensation events—
particularly hepatic encephalopathy and hepatorenal syndrome—
and a reduced need for paracentesis, along with modestly more 
favorable liver function markers (higher albumin and lower bilirubin 
levels). Adverse event rates were similar between groups, supporting 
comparable short-term safety in this population. Collectively, 
these �ndings provide novel comparative e�ectiveness evidence 
suggesting that empagli�ozin may confer additional hepatic bene�ts 
within the SGLT2 inhibitor class in patients with cirrhosis. Prospective 
randomized studies are needed to con�rm these observations, clarify 
mechanisms, and guide optimal SGLT2 inhibitor selection in patients 
with advanced liver disease.

Table 2. Five-year hepatic outcomes in the empagli�ozin and dapagli�ozin cohorts after propensity score matching

Secondary outcome Empagli�ozin (n=7,852) 
n (%)

Dapagli�ozin (n=7,852) 
n (%)

OR 95% CI p

Composite hepatic decompensation 564 (11) 555 (10.6) 1.004 (0.886, 1.137) 0.9516

Ascites 466 (7.9) 489 (8.3) 0.948 (0.831, 1.082) 0.4311

Paracentesis 221 (2.9) 277 (3.7) 0.785 (0.656, 0.94) 0.0083

Unspeci�ed jaundice 112 (1.5) 112 (1.5) 1.002 (0.77, 1.305) 0.988

Spontaneous bacterial peritonitis 81 (1.0) 91 (1.2) 0.889 (0.658, 1.201) 0.4417

Esophageal varices with bleeding 73 (0.9) 98 (1.3) 0.743 (0.548, 1.008) 0.0554

Hepatic encephalopathy 299 (4.0) 353 (4.7) 0.84 (0.717, 0.983) 0.0295

Hepatorenal syndrome 78 (1.0) 126 (1.6) 0.614 (0.462, 0.816) 0.0007

Hepatocellular carcinoma 145 (1.9) 131 (1.7) 1.113 (0.877, 1.413) 0.3779

Values are presented as n (%). OR: Odds ratio; CI, Con�dence interval.
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Occult hepatitis B infection
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ABSTRACT

Occult Hepatitis B Infection (OBI) is a condition in which HBsAg tests are negative, 
but Hepatitis B virus (HBV) DNA is detectable in the liver, with or without low levels 
of HBV DNA in the blood (<200 IU/mL). The Hepatitis B surface antigen (HBsAg) 
negative status in OBI may result from the absence or low production of HBsAg due 
to immune system defense mechanisms or mutations in the S genome of HBV DNA, 
which make HBsAg undetectable. The gold standard for diagnosing OBI is testing for 
HBV DNA from liver tissue, with an alternative method being HBV DNA testing from 
serum. Patients with OBI may be at risk of transmitting HBV to others through blood 
transfusions or organ transplants. Reactivation may occur, especially in OBI patients 
who are immunocompromised or undergoing immunosuppressive therapy. Antiviral 
prophylaxis may be considered for OBI patients at risk of reactivation. Additionally, 
OBI patients also carry a risk of developing hepatocellular carcinoma (HCC), similar 
to those with non-occult hepatitis B infection. Antiviral therapy for OBI is generally 
not required unless the case represents false OBI due to HBsAg mutation.

Keywords: Hepatitis B surface antigen, hepatitis B virus, occult hepatitis B infection.
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Points to Note

• Synthesis of Current Evidence: 
Occult Hepatitis B Infection (OBI) 
is marked by undetectable HBsAg 
but detectable HBV DNA in the 
liver. It poses risks of transmission, 
reactivation, and hepatocellular 
carcinoma (HCC), particularly in 
immunocompromised patients. 
Prevalence is higher in Southeast 
Asia. Diagnosis relies on liver HBV 
DNA testing.

• Major Controversies: There are 
controversies regarding false OBI 
detection due to HBsAg mutations. 
The necessity of antiviral therapy 
for OBI remains debated.

• Future Directions: Future research 
should focus on improving 
diagnostics, exploring antiviral 
treatments, and understanding 
long-term risks like liver cancer.
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Introduction

Hepatitis B is a disease caused by the Hepatitis B virus (HBV). This 
disease has a wide spectrum, ranging from occult infection to 
fulminant hepatitis with cirrhosis and hepatocellular carcinoma 
(HCC).[1] In 2019, the World Health Organization (WHO) reported that 
296 million people were living with HBV infection, with 1.5 million 
new cases and 820,000 deaths annually due to complications such as 
cirrhosis and HCC.[2] The majority of HBV-related deaths occurred in 
Asia (74%). In Indonesia, the prevalence of HBV infection was 7.1%, 
based on data from Riskesdas in 2013. Occult Hepatitis B Infection 
(OBI) plays a signi�cant role in Hepatitis B cases in Indonesia.[3]

OBI is a condition in which Hepatitis B surface antigen (HBsAg) is 
negative, but viral replication is present in the liver, with low levels of 
HBV DNA (<200 IU/mL). Although HBV DNA is detected at low levels, 
patients with OBI can still transmit the virus.[4] The global prevalence 
of OBI among blood donors who tested negative for HBsAg was found 
to be 6.2% in a sample of 6,757,391 blood donors. Southeast Asia 
showed a higher prevalence of 16.73% among 2,243 blood donors.
[5] In Indonesia, OBI prevalence was 8.1% among 309 blood donors 
with negative HBsAg. This variation is attributed to di�erences in the 
endemicity of HBV infection.[1]

OBI was �rst reported in the 1970s in a post-transfusion patient who 
developed HBV infection despite receiving HBsAg-negative blood. In 
1999, HBV DNA was detected in a liver biopsy from a patient with 
chronic liver disease who tested negative for HBsAg. Since then, the 
term OBI has appeared in numerous medical publications. The primary 
concern regarding OBI is its clinical impact. Blood transfusion or liver 
transplantation from OBI donors places recipients at risk of Hepatitis 
B infection, similar to transfusions from donors who test positive for 
HBsAg. OBI can reactivate into full-blown Hepatitis B infection and 
progress to cirrhosis and HCC, particularly in immunosuppressed 
patients.[4] This paper explores the virology of HBV and the de�nition 
of OBI, disease progression, diagnosis, transmission risk, reactivation, 
complications, and treatment.

Definition of OBI

OBI is de�ned as the presence of competent HBV capable of 
replication, indicated by the detection of HBV DNA in the liver with or 
without the presence of HBV DNA in the patient’s blood, along with a 
negative HBsAg result using currently available HBsAg tests. The HBV 
DNA detected in OBI is typically intermittent and at low levels, usually 
less than 200 IU/mL or 1,000 viral copies/mL. This characteristic 
distinguishes OBI from overt Hepatitis B infection, in which a positive 
HBsAg result is accompanied by a high viral load.

OBI can be classi�ed based on antibody pro�les against HBV into 
seropositive and seronegative OBI. In seropositive OBI, antibodies 
against the HBV core (anti-HBc) are present. Approximately 80% of OBI 
cases are seropositive. In contrast, anti-HBc is absent in seronegative 
OBI. The undetectable HBsAg in OBI may result from HBsAg levels 
being too low to be detected, failure of HBsAg production, or 

mutations in HBsAg itself. Mutations in HBsAg cause “false OBI,” in 
which HBsAg tests are negative despite high levels of HBV DNA due 
to active viral replication.[4,6]

Hepatitis B Virology

Hepatitis B virus is an enveloped virus of small size (42–50 nm) 
containing partially double-stranded circular DNA. The viral envelope 
consists of lipids and HBsAg proteins on the surface, which vary in 
size (small, medium, and large). The nucleocapsid has an icosahedral 
shape with 90–120 Hepatitis B core (HBc) proteins or Hepatitis B 
core antigen (HBcAg). Inside the nucleocapsid are the HBV genome 
and viral polymerase. Hepatitis B e-antigen (HBeAg) is a product 
generated during the translation process and serves as a marker of 
viral replication.[7,8]

The genomic structure of HBV consists of the S, P, C, and X genes, 
which overlap with each other. The S gene, comprising the pre-S1, 
pre-S2, and S open reading frames (ORF), is responsible for the 
production of HBsAg. The P gene, the longest gene, encodes the 
viral polymerase. The C gene consists of the pre-C ORF and C ORF, 
which contribute to the formation of the HBc protein and the 
secretion of HBeAg. The X gene encodes the HBx protein, a non-
structural protein of HBV.

Disease Progression

The absence of HBsAg in OBI is caused by several mechanisms, 
including recovery from acute and chronic Hepatitis B infections, the 
absence of Hepatitis B infection markers in early infection (as seen 
in seronegative OBI), and mutations in the HBV S variant. A positive 
result for HBsAg and IgM antibodies against HBcAg (anti-HBc) can be 
found during acute Hepatitis B infection. The persistence of HBsAg 
for more than six months indicates chronic infection. Recovery from 
Hepatitis B infection may result in HBsAg becoming negative. In 
addition to anti-HBc, anti-HBs may also be detected as a marker of 
prior acute infection. However, it should be noted that in some cases 
of Hepatitis B infection, HBsAg may disappear spontaneously without 
any treatment.[1,6,9]

Seronegative OBI may result from the loss of anti-HBc or anti-
HBs during disease progression or from the complete absence of 
serological markers except for HBV DNA.[6,10] A summary of OBI 
progression is shown in Figure 1.

The persistence of HBV DNA in the hepatocytes of OBI patients is 
caused by the suppression of viral replication and protein expression 
by the host immune system. However, the immune system 
cannot completely eradicate the virus from infected hepatocytes. 
Suppression of HBV DNA transcription and replication results in low 
plasma HBV DNA levels. Nevertheless, the covalently closed circular 
DNA (cccDNA) of HBV in OBI remains capable of viral replication. 
Factors involved in suppressing HBV replication in OBI include the 
host immune response, coinfection, and epigenetic mechanisms. 
The immune system limits antigen expression through e�cient 
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T-cell responses. Coinfection with other viruses, such as Hepatitis 
C, can inhibit HBV replication. Epigenetic modi�cation, such as 
CpG methylation of cccDNA, can enhance histone methylation 
of cccDNA. This alteration modi�es transcriptional activity and 
reduces HBV mRNA formation, ultimately resulting in decreased 
HBV protein synthesis.[4,6,11]

Overt HBV infection begins with the presence of circulating virus 
in the bloodstream. The HBs protein on the viral surface initially 
binds to heparan sulfate proteoglycan (HSPG) with low a�nity. 
High-a�nity binding occurs between the HBs protein and sodium 
taurocholate co-transporting polypeptide (NTCP), forming the HBV–
NTCP complex. The HBV–NTCP complex then enters hepatocytes 
via endocytosis. Inside the hepatocyte, the relaxed circular DNA 
(rcDNA) is released into the nucleus, where it is converted into 
cccDNA or integrated into host DNA. The cccDNA is transcribed into 
HBV mRNA, which is then translated into viral proteins. The viral 
proteins, including HBsAg, are released into circulation and become 
detectable by diagnostic tests.[6,11,12]

In OBI, the infection starts with HBV nucleocapsids already present 
within hepatocytes, which then enter the nucleus to form rcDNA. The 
rcDNA is converted into cccDNA. The cccDNA undergoes methylation, 
speci�cally CpG methylation by DNA methyltransferase (DNMT), 
which prevents its expression. DNA methylation leads to the binding 
of DNA methyl-binding proteins (DNA MBP) to the methylated DNA, 
which then recruits transcriptional corepressors such as histone 
deacetylase (HDAC). Elevated levels of HDAC, along with histone 
methyltransferase (HMT) and Sirtuin 1 (Sirt1), enhance histone 
methylation, further suppressing cccDNA expression. This process 
results in HBx-mutated HBV, which produces less HBV mRNA. In HBx-
mutated HBV, the increase in apolipoprotein B mRNA-editing enzyme 
catalytic polypeptide-like 3 (APOBEC3) inhibits heterogeneous 
nuclear ribonucleoprotein K (hnRNPK), further decreasing HBV mRNA 
synthesis. The reduced HBV mRNA leads to the production of fewer 
HBV proteins. Additionally, increased microRNA (miRNA) activity also 
inhibits HBV protein synthesis, further decreasing the amount of 
protein formed.[6,11,12]

There are some cases in which HBsAg may not be detected by assays 
due to mutations. These conditions are referred to as “false OBI.” 
HBV DNA detected in false OBI cases can be high—comparable to 
that in overt Hepatitis B infection—but with negative HBsAg due 
to mutation. HBV with mutations in the S gene, particularly in the 

pre-S region, is referred to as the S variant. The S variant HBV can 
form modi�ed HBsAg with low antigenicity. This modi�ed HBsAg 
in HBV S variants cannot be detected by some commercial HBsAg 
tests, although cases of OBI due to S gene mutations are rare. S gene 
mutations most frequently occur in the α determinant sequence 
region. The substitution of glycine with arginine at position 145 
(G145R) is the most frequently reported mutation. This mutation was 
�rst identi�ed by Carman in 1990 in an infant born to a carrier mother 
who had been vaccinated and given immunoglobulin therapy since 
birth, yet the baby developed HBV infection.[13] A study by Araujo 
et al.[14] in Brazil, which sequenced DNA from OBI patients, found 
S mutations in the E164D, I195M, P217L, and P120S regions, with 
E164D and P120S located in the α determinant sequence region.

Diagnosis of OBI

The diagnosis of OBI is based on the detection of HBV DNA from a 
patient’s liver biopsy along with a negative HBsAg result. The gold 
standard for diagnosing OBI is testing for HBV DNA in liver biopsy 
samples; however, this test has not yet been standardized or 
validated. Other tests that may be performed include testing for HBV 
DNA in blood samples, as well as HBsAg, anti-HBc, and anti-HBs.[6,15] 
The diagnostic pathway for suspected OBI is illustrated in Figure 2.

HBV DNA

The recommended method for HBV DNA testing in liver tissue 
samples is nested PCR (Polymerase Chain Reaction) or real-time PCR, 
which ampli�es at least three regions of the viral genome.[4,6] A study 
by Faria et al.[16] compared nested PCR from liver biopsy using two 
protocols. Protocol 1 ampli�ed four regions of the viral genome, 
while Protocol 2 ampli�ed two regions to con�rm the diagnosis 
of OBI in 104 HBsAg-negative patients with chronic liver disease. 
Protocol 1 demonstrated higher sensitivity in detecting HBV DNA 
(12.5%) compared to Protocol 2 (8.7%).

HBV DNA testing from blood samples is more commonly used than 
liver tissue testing due to the ease of obtaining blood samples, 
whereas liver biopsy is more invasive. However, HBV DNA found 
in liver tissue remains the gold standard for diagnosing OBI. This is 
supported by a study conducted by Wang et al.,[15] which compared 
HBV DNA testing from liver tissue. Table 1 presents the results of three 
studies compiled by Wang et al.,[15] showing that HBV DNA detection 

Figure 1. Progression from hepatitis B infection to seropositive and seronegative OBI.
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in liver tissue had higher sensitivity for OBI than detection in blood 
samples.[17-19] This �nding is also supported by another study from 
Cakal et al.,[20] which assessed the presence of OBI in 59 patients with 
chronic Hepatitis C and negative HBsAg. In that study, 16 patients 
with negative HBsAg had positive HBV DNA in their liver tissue, but 
none of these patients had positive serum HBV DNA.[20]

HBV DNA detected in the blood of OBI patients is typically at low levels, 
usually <200 IU/mL, and 80–90% of cases show levels <20 IU/mL. 
Meanwhile, the detection limit of current commercial HBV DNA tests 
is 10–20 IU/mL. HBV DNA in the blood is also detected intermittently, 
making it harder to identify. Therefore, it is recommended that blood 
HBV DNA testing be performed more than once, using a sample 
volume of at least 1 mL. HBV DNA testing is crucial for distinguishing 
between true occult infection and “false OBI.”[15,21]

HBsAg

The detection limit for HBsAg testing ranges from 0.005–0.05 IU/mL 
(Table 2). HBsAg testing with a minimum detection limit of 0.005 
IU/mL can detect HBsAg in 5–48% of patients who were previously 
HBsAg-negative.[4,11,22–24] Although current commercial HBsAg tests 

can detect small amounts of HBsAg, they still have limited ability to 
identify HBsAg S variants. Therefore, the use of anti-HBs conjugates 
targeting multiple epitopes of HBsAg improves the ability to detect 
HBV S variants.[4,6]

Kuhns et al.[24] found in their study that the latest prototype HBsAg test 
with a lower detection limit could detect OBI in 3 of 7 HBV samples 
carrying HBsAg escape mutations. In the remaining four samples that 
were not detected, it was likely due to HBsAg levels being below the 
detection threshold rather than due to the mutations themselves. 
These mutations were detectable in other studies using HBsAg tests 
with the same prototype.[24,25]

Anti-HBc

The anti-HBc test can serve as an alternative for diagnosing OBI in organ 
or blood donors, patients who are about to receive immunosuppressive 
therapy, or for use in epidemiological studies. This test is particularly 
useful when liver tissue is unavailable and access to HBV DNA testing is 
limited or delayed. A negative result for HBV DNA in the blood on the 

Figure 2. Diagnosis pathway of OBI.

Table 2. Lower limit of detection of HBsAg test[11]

HBsAg test Manufacturer Lower limit 
detection 

(IU/mL)

Architect HBsAg QT Abbott Laboratories 0.05

Elecsys HBsAg II Roche Diagnostics 0.05

Liaison XL Murex HBsAg Quant DiaSorin 0.03

Lumipulse HBsAg-Quant Fujirebio, Inc. 0.005

Ultrahigh sensitive HISCL 
HBsAg

Sysmex Co, Ltd 0.0005

HBsAg: Hepatitis B surface antigen; HISCL: Highly sensitive chemiluminescent.

Table 1. OBI incidence based on detected HBV DNA from liver tissue 
compared to blood[15]

Study Country Year Sample 
size

OBI incidence

Liver 
tissue

Blood

Yuki et al.[17] Japan 2003 13 100% 21%

Komori et al.[18] Japan 2001 15 100% 13.3%

Knöll et al.[19] Germany 2006 545 41% 8.1%

HBV: Hepatitis B virus; OBI: Occult hepatitis B infection.
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�rst test does not rule out the diagnosis of OBI; therefore, additional 
anti-HBc testing is necessary. However, a negative anti-HBc result also 
does not exclude OBI, as seronegative OBI cases exist.[6,11]

This is supported by a study conducted by Cakal et al.,[20] which 
found that 18.71% of OBI patients were seronegative for both 
anti-HBc and anti-HBs. A positive anti-HBc result indicates past or 
current HBV infection; however, con�rming the diagnosis of OBI still 
requires HBV DNA testing.[6,11]

Anti-HBs

Anti-HBs is a protective marker against HBsAg infection. Its presence 
can neutralize the virus and resolve OBI, thereby reducing the 
likelihood of OBI.[11] This was demonstrated in a study by Cai et al.,[26] 
which showed that the incidence of OBI was higher in patients who 
were anti-HBs negative, as shown in Table 3. The data in Table 3 
highlight the role of anti-HBs in neutralizing HBV infection, resulting 
in a lower OBI incidence in individuals who are anti-HBs positive.

HBeAg

HBeAg is a circulating HBV antigen found in patient serum. Although 
HBeAg is not required for replication, its presence indicates active 
viral replication. Therefore, a negative HBeAg result does not rule out 
the diagnosis of OBI. A positive HBeAg in OBI cases contradicts the 
typically negative HBsAg result.[7] In a case report by Han et al.,[27] two 
patients were HBsAg negative but both HBV DNA and HBeAg were 
positive. They were later found to have HBV escape mutations.

HBcrAg

Hepatitis B core-related antigen (HBcrAg) consists of HBcAg, HBeAg, 
and the 22 kDa precore protein (p22cr). According to the European 
Association for the Study of the Liver[28] and a systematic review by 
Mak et al.[29] (Table 4), HBcrAg re�ects intrahepatic DNA and cccDNA. 
This is also supported by a case report by Yokoyama et al.[30] in Japan. 
In that case, a patient who was negative for HBsAg, HBeAg, anti-HBc, 
anti-HBs, and anti-HBe, and had undetectable HBV DNA (<1300 IU/
mL), was found to have elevated HBcrAg levels and experienced 
recurrence of hepatocellular carcinoma (HCC).

The use of HBcrAg to detect HCC complications in patients with 
negative HBsAg is also supported by a study by Hsieh et al.,[31] 
which found that positive HBcrAg signi�cantly increased the risk of 
developing HCC compared to patients with negative HBcrAg (OR 9.3 

[3.3–26.4]; p<0.001). This demonstrates that HBcrAg can help monitor 
the progression of OBI toward HCC. However, since HBcrAg testing is 
relatively new and studies on its correlation are still limited, it cannot 
yet be routinely used to diagnose OBI.

Transmission of OBI

In OBI, cccDNA can persist in hepatocytes for a long time, even when 
HBsAg is not detectable. Various studies related to blood donation 
from patients with OBI have shown that it can lead to Hepatitis B 
infection in the recipient. Blood product screening to prevent the 
transmission of HBV infection through transfusion usually relies on 
HBsAg testing. However, HBV infection from an OBI donor will not 
be detected using this parameter alone. Therefore, some blood 
transfusion units implement PCR screening for HBV DNA using a 
pooling system to reduce costs. Six to �fty HBsAg-negative donor 
samples are collected, pooled, and tested for HBV DNA by PCR. If a 
positive result is found, further HBV DNA testing is conducted on 
each sample to identify the positive one.[32]

The transmission rate of OBI through blood products is highest with 
fresh frozen plasma (FFP) and thrombocyte concentrate (TC), at 
85% and 51%, respectively. Blood products such as packed red cells 
(PRC) have a lower transmission rate, at 24%.[33] This is because FFP 
and TC contain more plasma volume than PRC, resulting in a higher 

Table 3. Incidence of OBI based on HBV serology[26]

Anti-HBs Anti- HBc Anti-HBe OBI incidence

+ + - 1.87% (13/695)

- + - 3.73% (10/268)

+ + + 6.27% (53/845)

- + + 15.61% (32/205)

HBs: Hepatitis B surface; HBc: Hepatitis B core; HBe: Hepatitis B e antigen; OBI: 
Occult hepatitis B infection.

Table 5. Post-transplantation HBV infection incidence in recipient from 
HBsAg negative donor[35]

Recipient serology HBV incidence 
without 

prophylaxis

HBV incidence 
with 

prophylaxisAnti-HBs Anti-HBc

- - 47.8% 12%c

- + 13.1%ab 3.4%c

+ - 9.7%a 0%

+ + 1.4%a N/A

a: Statistically signi�cant compared with naive HBV (negative anti-HBs and anti-
HBc) without prophylaxis; b: Statistically signi�cant compared with positive anti-
HBs and anti HBc without prophylaxis; c: Statistically signi�cant compared with 
group without prophylaxis;HBV: Hepatitis B virus; HBsAg: Hepatitis B surface 
antigen; HBs: Hepatitis B surface; HBc: Hepatitis B core.

Table 4. HBcrAg correlation with intrahepatic HBV DNA and cccDNA [29]

Sample 
size

Correlation 
coe�cient

p

HBcrAg with HBV DNA 93 0.7 <0.001

305 0.67 <0.0001

HBcrAg with cccDNA 93 0.64 <0.001

138 0.7 <0.0001

31 0.482 <0.006

HBV: Hepatitis B virus; HBcrAg: Hepatitis B core-related antigen.
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number of virions being transfused. This is supported by a case report 
by Candotti et al.,[34] which identi�ed nine cases of HBV infection 
in recipients from OBI donors. Seven of these cases involved FFP 
recipients, while two involved PRC recipients.

The risk of HBV transmission from OBI patients can also occur 
through organ transplantation. Liver transplant recipients are at a 
similar risk of HBV infection whether the organ donor has overt HBV 
infection or OBI.[4] A systematic review conducted by Cholongitas et 
al.[35] found that the incidence of HBV transmission from OBI donors 
was highest in recipients who had never been infected with HBV. 
The administration of prophylaxis, such as lamivudine, signi�cantly 
reduced the proportion of recipients who developed HBV infection. 
The most signi�cant reduction was observed in recipients who 
were HBV naïve, as shown in Table 5. Table 5 also highlights the 
protective e�ect of anti-HBs, with populations positive for anti-HBs 
showing a lower incidence of HBV infection compared to those 
who were anti-HBs negative.

Reactivation and Complications of OBI

Patients with OBI are at risk of reactivation. The reactivation of HBV 
in OBI patients is de�ned as seroconversion to HBsAg positivity 
or an increase in serum HBV DNA by at least 1 log above the lower 
detection limit in patients who were previously undetectable, or 
a 1-log increase in those who previously had low HBV DNA levels. 
Reactivation typically occurs in patients receiving chemotherapy 
or immunosuppressive therapy. Approximately 40% of OBI patients 
experience HBV reactivation during immunosuppressive treatment, 
with the highest risk observed in those receiving anti-CD20 therapy.

HBV reactivation can also occur in patients with immunode�ciency 
due to HIV infection. The American Association for the Study of Liver 
Diseases (AASLD) and the Infectious Diseases Society of America (IDSA) 
recommend that HIV patients undergo HBV DNA testing and Hepatitis 
B serology to detect potential OBI and assess the risk of reactivation. 
Antiviral prophylaxis, such as nucleotide analogs, may be given to OBI 
patients who are at risk of HBV reactivation. Patients considered at low 
risk do not require prophylaxis but should be closely monitored.[6,36]

OBI patients are also at risk of progressing to hepatocellular carcinoma 
(HCC), particularly those with chronic Hepatitis B. A study by Mak et 
al.[11] found that 60–70% of patients with HCC of unknown etiology 
in Asia and Europe had OBI in their liver tissue. Furthermore, among 
82 patients with cirrhosis of unknown cause who had OBI, 100% 
developed HCC within 5.8 years, while cirrhosis patients without OBI 
had only a 17.6% risk of developing HCC within 10 years.

Co-infection of OBI with Hepatitis C virus (HCV) further increases the 
risk of developing HCC. This co-infection leads to more severe liver 
damage compared to OBI without HCV co-infection.[4,7,11]

The presence of HBV DNA in OBI patients contributes to HCC 
progression because HBV DNA is proto-oncogenic within hepatocytes. 
HBV can integrate into the host genome and produce proteins with 
carcinogenic properties, such as the HBx protein, and also induce liver 

in�ammation. The integration of HBV into the host genome disrupts 
the cell cycle and promotes tumor progression. The HBx protein, a 
non-structural protein of HBV, can regulate the cell cycle, leading to 
dysregulation. This dysregulation causes mitochondrial dysfunction 
and uncontrolled cell proliferation, which supports HCC carcinogenesis.

Chronic liver in�ammation can result in continuous hepatocellular 
damage, progressing to liver cirrhosis. In cases of OBI with HBsAg 
mutations, HBsAg becomes undetectable and may accumulate 
within cells. This accumulation induces endoplasmic reticulum 
stress, leading to DNA damage, genomic instability, and progression 
toward cancer.[4,7,11]

Treatment

Treatment of OBI patients currently does not require antiviral therapy. 
If the goal is to completely eliminate HBV from the hepatocytes of 
OBI patients, strategies involving the direct elimination of cccDNA 
in hepatocytes can be considered. One such approach includes 
gene-editing techniques, such as CRISPR/Cas9, which speci�cally 
target cccDNA.

In addition to cccDNA elimination, another potential strategy is to 
enhance T-cell responses to eliminate infected hepatocytes in the liver. 
However, this therapeutic approach still requires further research. 
Therefore, current OBI management focuses primarily on preventing 
reactivation, transmission, and complications such as HCC.

It is important to note that in cases of false OBI, where HBsAg has 
mutated and is undetectable with current HBsAg tests, treatment 
should follow the same approach as for non-occult HBV infection, 
including the administration of antiviral therapy. Suspicion of 
mutation is particularly supported by a reactive HBeAg, which 
indicates active viral replication.[6,11]

Prophylactic therapy, such as lamivudine, may be given to OBI 
patients at risk of reactivation, especially those with detectable serum 
HBV DNA, even in small amounts. Prophylactic therapy should be 
continued for up to six months after the end of immunosuppressive 
treatment, or for 12 months after therapies targeting B cells. 
Monitoring should include liver function tests, HBV DNA, and HBsAg 
every three months.[37–39]

Conclusion

It is important to consider OBI when HBsAg is found to be negative, 
especially in endemic areas. Patients with OBI are at risk of 
transmitting HBV infection through blood transfusion and organ 
transplantation. Reactivation may occur, particularly in patients with 
HIV or those receiving immunosuppressive therapy, leading to overt 
HBV infection. They are also at risk of developing hepatocellular 
carcinoma due to persistent HBV infection.
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ABSTRACT

The liver is the central organ regulating the body’s metabolism; therefore, liver diseases 
negatively a�ect metabolic activities as well as the immune system. Momordica 
charantia L. is one of the medicinal plants used in folk medicine to prevent or treat liver 
diseases. M. charantia contains compounds with antioxidant and anti-in�ammatory 
properties that protect liver cells from free radical damage and reduce in�ammation. 
In addition, the phytochemicals of M. charantia may help regulate blood sugar levels, 
thereby supporting metabolism and reducing fat accumulation in the liver. Previous 
studies indicate that M. charantia has the potential to enhance liver function while 
reducing the incidence of fatty liver disease. This study aimed to summarize data 
from in vivo studies investigating the hepatoprotective mechanisms of M. charantia 
at various application doses, highlighting its potential as a future dietary supplement 
candidate. However, due to insu�cient evidence regarding its safety, the possibility 
of hepatotoxic e�ects should not be disregarded.

Keywords: Bitter melon, hepatoprotective e�ect, liver diseases, Momordica charantia, 
non-alcoholic fatty liver disease (NAFLD).
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Points to Note

• Synthesis of Current Evidence: 
This review examines whether 
bitter melon (Momordica charantia) 
has hepatoprotective e�ects.

• Major Controversies: Preclinical 
studies show M. charantia improves 
fatty liver, alcohol-related liver injury, 
and hepatocellular damage through 
antioxidant, anti-in�ammatory, 
and lipid-lowering e�ects, though 
clinical evidence is limited.

• Future Directions: Bitter melon may 
support liver health, but it should 
not be routinely recommended due 
to insu�cient human trials, dosing, 
and safety data.
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Introduction

The liver is responsible for several vital functions, including 
detoxi�cation, protein synthesis, the bile production and secretion, 
glucose metabolism, bilirubin metabolism, blood clotting, and 
control of immune function.[1] Several diseases and conditions are 
frequently associated with liver dysfunction, including hepatitis A, 
hepatitis B, hepatitis C, hepatitis E, alcohol-related liver diseases, 
autoimmune hepatitis, non-alcoholic fatty liver disease (NAFLD), 
drug-induced liver injury, and hepatocellular carcinoma.[2] Given 
the rising prevalence of liver diseases, there is an increasing 
need to identify plants and plant-derived compounds that can 
provide hepatoprotective bene�ts. Studies indicate that green 
tea, resveratrol, milk thistle, garlic, and artichoke are among the 
plants that demonstrate hepatoprotective properties.[3] Although 
these plants exhibit hepatoprotective e�ects, they may also 
become hepatotoxic when consumed in excessive amounts. Green 
tea, for instance, can induce hepatotoxicity due to its content of 
epigallocatechin gallate (EGCG). The safe dose of EGCG has been 
established as less than 338 mg per day. When this threshold is 
exceeded, EGCG may trigger oxidative damage and potentially lead 
to mutations.[4] The use of herbs in maintaining human health has a 
history spanning several centuries. In recent years, there has been 
a signi�cant increase in interest in the potential of medicinal plants 
for the protection and enhancement of liver health.

The fruits of Momordica charantia L. have been traditionally used 
for the prevention or treatment of liver diseases, particularly in 
Asian countries.[5] Therefore, this study focuses on investigating 
the hepatoprotective e�ects of M. charantia. Due to the limited 
number of clinical studies evaluating the hepatoprotective e�ects 
of M. charantia, the present study primarily focuses on evidence 
from in vivo and in vitro experiments. Although M. charantia has 
been used medicinally for a long time, recent studies suggest 
that the alpha-momorcharin compound isolated from its seeds 
may cause toxicity.[6] In addition, triterpenic compounds, namely 
22-hydroxy-23,24,24,25,26,27-pentanorcucurbit-5-en-3-one and 
3,7-dioxo-23,24,25,26,27-pentanorcucurbit-5-en-22-oic acid, isolated 
from M. charantia stems, have also been shown to cause toxicity in 
the HepG2 cell line.[7]

Search Strategy

Electronic literature sources were used to prepare this narrative 
review. The keywords Momordica charantia, bitter gourd, 
hepatoprotective e�ect, bitter melon, liver health, preclinical 
studies, and clinical studies were searched in the PubMed®, Scopus, 
Web of Science, Google Scholar, and EBSCOhost databases and 
combined using the search terms “AND,” “OR,” and “NOT.” As the 
study focused on hepatoprotective e�ects, other liver diseases 
were not included. Database searches were updated weekly. 
Clinical trials and in vivo studies were primarily included. As this 
research is a narrative review, no formal assessment of study 
quality was performed.

M. charantia

M. charantia, commonly known as “bitter melon” or “bitter gourd,” is 
a species belonging to the Cucurbitaceae family. M. charantia has 
a long history of use in traditional medicine for the treatment of 
various conditions, including anemia, diabetes, intestinal parasites, 
digestive system diseases, skin wounds, and liver diseases.[5] In 
Turkish traditional medicine, an oily macerate prepared by soaking 
the fruits in olive oil is used to treat gastrointestinal disorders and as 
a wound-healing agent.[8] In India, the fruits have been traditionally 
used for various therapeutic purposes, including the treatment of 
diabetes, psoriasis, and scabies, as well as for their abortifacient and 
antihelmintic e�ects.[9] M. charantia fruits are also frequently used for 
the treatment of jaundice in India.[10]

The pharmacological e�cacy of M. charantia has been demonstrated 
in scienti�c studies investigating its diverse chemical composition 
and traditional medicinal uses. These studies have examined 
its analgesic e�ect,[11] antidiabetic activity,[12] anti-in�ammatory 
activity,[13] hepatoprotective activity,[14] hypolipidemic e�ect,[15] 
and wound-healing activity.[16] The present study aims to review 
the literature on hepatoprotection, which is de�ned as the ability 
of a substance or treatment to protect the liver from damage or 
disease (Table 1).

The plant is a rich source of phytochemicals, consisting of various 
phytochemical groups found in di�erent parts of the plant in 
varying concentrations. It has been demonstrated that the roots of 
M. charantia contain a variety of phenolic compounds, including 
�avonoids and triterpene saponins (Fig. 1).[7] 

Non-Alcoholic Fatty Liver Disease

Non-alcoholic fatty liver disease has been reclassi�ed under 
the umbrella term steatotic liver disease. Metabolic dysfunction-
associated steatotic liver disease is the new name for the liver 
disease formerly known as NAFLD.[34] In recent times, there has 
been an alarming rise in the prevalence of NAFLD, which in now 
considered one of the most common forms of liver disease, a�ecting 
approximately 25% of the global population. The incidence of this 
disease is closely associated with the increasing prevalence of 
obesity.[35] NAFLD is a broad category that encompasses a spectrum 
of conditions ranging from simple steatosis (hepatic steatosis) to 
in�ammation (steatohepatitis), with or without �brosis, known 
as non-alcoholic steatohepatitis (NASH). Additionally, evidence 
suggests that NAFLD is associated with the development of cirrhosis 
and hepatocellular carcinoma (HCC).[36]

In a study utilizing a mouse model of NAFLD, the e�ect of M. charantia 
extract on the progression of NAFLD was examined following the 
administration of a high-fat diet for �ve days. When the experimental 
and control groups were compared, blood glucose, cholesterol, 
and low-density lipoprotein levels were found to decrease in the 
experimental group fed a high-fat diet. Histological examinations 
also revealed improvements in liver structure and function.[37] In 
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Table 1. Phytochemical constituents identi�ed in di�erent parts of Momordica charantia L.

Plant part Chemical components Chemical groups

Root Quercetin[17] Flavonoid

Kaempferol[17] Flavonoid

Catechin[17] Flavonoid

Chlorogenic acid[17] Flavonoid

Momordicoside X Cucurbitane-type triterpene saponin

3β, 7β, 25-trihydroxycucurbita-5 23(E)-dien-19-al[18] Cucurbitane-type triterpene saponin

Momordicin I[18] Cucurbitane-type triterpene saponin

Momordicin II[18] Cucurbitane-type triterpene saponin

Kuguaglycoside G[18] Cucurbitane-type triterpene saponin

Leaves Ca�eic acid[19] Phenolic compounds

Gallic acid[19] Phenolic compounds

Chlorogenic acid[19] Phenolic compounds

Karavilagenin F[20] Cucurbitane-type triterpene saponin

Karaviloside XII[20] Cucurbitane-type triterpene saponin

Karaviloside XIII[20] Cucurbitane-type triterpene saponin

Momordicine VI[20] Cucurbitane-type triterpene saponin

Momordicine VII[20] Cucurbitane-type triterpene saponin

Momordicine VIII[20] Cucurbitane-type triterpene saponin

(19R,23E)-5β,19-epoxy-19-methoxycucurbita-6,23,25-trien-3β-ol[20] Cucurbitane-type triterpene saponin

Kuguacin R[20] Cucurbitane-type triterpene saponin

Fruits Lycopene[21] Carotenoids

β-carotene[21] Carotenoids

Zeaxanthin[21] Carotenoids

Lutein[21] Carotenoids

Charantadiol A[22] Triterpene saponin

Charantagenin E[22] Triterpene saponin

Stigmasterol[22] Sterols

7,25-dihydroxycholesterol[22] Sterols

Goyaglycoside B[22] Triterpene saponin

Charantagenin D[22] Triterpene saponin

Kuguaglycoside C[22] Triterpene saponin

Momordicoside K[22] Triterpene saponin

Quinic acid[23] Phenolic compounds

Benzoic acid[23] Phenolic compounds

Gallic acid[23] Phenolic compounds

Seeds α-eleostearic acid (45.60%)[24] Fatty acids

Stearic acid (28%)[24] Fatty acids

Oleic acid (12.45%)[24] Fatty acids

Linoleic acid (8.90%)[24] Fatty acids

trans-Nerolidol (61.6%)[25] Sesquiterpene

Apiole (8.9%)[25] Phenylpropene

cis-Dihydrocarveol (4.9%)[25] Monoterpenoids

Germacrene D (4.4%)[25] Sesquiterpene



Volume 7, Issue 2, 2026 | 154–162 Hepatoprotective E�ects of Momordica charantia

157Hepatology Forum

a further study, the e�cacy of M. charantia compounds on the 
liver was evaluated by isolating the triterpenic saponins 3β, 7β, 
25-trihydroxycucurbita-5,23(E)-dien-19-al and momordicine II, which 
were observed to inhibit lipid accumulation in HepG2 cells.[38]

The impact of protein derived from M. charantia fruits on NAFLD 
was examined in both in vitro and in vivo assays. It was observed 
that pretreatment of HepG2 cells with this isolated protein 
protected them from cellular changes such as steatosis. It was also 
demonstrated that intracellular triglyceride levels decreased and 
bile acid production increased. In addition, while �ndings such 
as liver discoloration and swelling were observed in rats fed a 
high-fat diet, lipid accumulation was signi�cantly reduced and no 
hepatocyte growth was observed in the groups that received M. 
charantia protein at doses of 400 and 800 mg/kg.[39]

The e�ect of M. charantia juice on NAFLD development was 
investigated in mice at doses of 0.5 and 5 g/kg. In the M. charantia-
treated group, kidney fat mass and liver weight were signi�cantly 
lower than those in the fat-only diet group (p<0.05).[40]

Alcohol-Related Liver Disease

Chronic alcohol consumption can result in a range of liver damage, 
from fatty liver with microvesicular steatosis to cirrhosis and HCC. 
Furthermore, alcohol consumption has been shown to induce 
mitochondrial DNA damage in hepatocytes.[41] As the duration of 

alcohol consumption increases, there is a corresponding increase 
in lipid accumulation in hepatocytes, along with the activation of 
in�ammatory damage, �brogenesis, and carcinogenesis pathways.[42]

An 80% ethanol extract prepared from M. Charantia fruits was 
investigated for its protective e�ects against alcohol-induced 
liver damage in mice. The results of the analyses indicated a 
statistically signi�cant reduction in liver weight and in the levels of 
alanine aminotransferase and aspartate aminotransferase, which 
are biochemical markers of liver damage (p<0.05). Histological 
examinations also demonstrated a reduction in lipid accumulation 
within hepatocytes.[43]

Hepatocellular Carcinoma

Hepatocellular carcinoma is the most common primary liver cancer 
and its incidence is increasing. Diseases such as hepatitis B, hepatitis 
C, and NASH, as well as alcohol consumption, have been implicated 
in its etiology. Cirrhosis is known to be one of the strongest risk 
factors for HCC.[44]

A lectin isolated from M. charantia was investigated using in vitro 
and in vivo methods. In a study conducted using the HepG2 cell 
line, increased apoptosis was observed at higher doses (p<0.01). 
Histological evaluations in mice also revealed a signi�cant decrease 
in tumor volume (p<0.01).[45]

Momordica charantia L.

Figure 1. Molecular structure of M. charantia components (illustrated by the authors).



Review Article Volume 7, Issue 2, 2026 | 154–162

158 Hepatology Forum

Cucurbitan-type saponosides extracted from M. charantia fruits 
were assessed for their antiproliferative e�ects on Hep3B and 
HepG2 liver cell lines. The half maximal inhibitory concentration 
(IC50) values for caraviloside III were determined to be 16.68 µM for 
Hep3B and 4.12 µM for HepG2, indicating that it is the most e�ective 
saponoside. The IC50 values for 5-�uorouracil, which was used as the 
positive control, were determined to be 15.49 µM for Hep3B and 
33.58 µM for HepG2.[46]

The in vitro and in vivo e�ects of Momordica anti-HIV protein of 
30 kDa (MAP30) protein, isolated from M. charantia seeds, were 
evaluated in cancer cells. In vitro studies demonstrated that the 
compound induced cell cycle arrest at the S phase in the HepG2 cell 
line. In a mouse model of liver cancer, a dose of 2 mg/kg of MAP30 
was administered every two days. Consequently, a notable reduction 
in tumor volume and size was observed, as con�rmed by histological 
analysis (p<0.05).[47]

The oral administration of M. charantia seed oil to rats yielded 
statistically signi�cant outcomes. These included a reduction (p<0.05) 
in the mean number, diameter, and area of dysplastic nodules in the 
liver, as well as a reduction in the size of neoplastic lesions compared 
to the control group.[48]

Hepatoprotective Mechanisms of
M. charantia

The use of plants in natural medical treatments has a long history 
spanning thousands of years. Advances in science and technology 
have enabled the e�cacy and safety of herbal products to be studied 
in greater detail, and these products are now available in a variety of 
formulations. Formulation development is a crucial step in enhancing 
the e�cacy of herbal products while reducing their potential adverse 
e�ects on the human body. The components of each herbal product 
may have di�erent mechanisms of action; therefore, it is necessary to 
determine how these components can be used most e�ectively.[49]

Given that herbal extracts contain complex mixtures of 
phytochemicals, they exhibit a wide range of pharmacological e�ects 
through various mechanisms. Hazardous agents such as alcohol can 
damage hepatocytes and impair the normal functioning of their 
membranes. Consequently, the activities of transaminases and 
alkaline phosphatase increase as a result of this damage.[50]

Chronic alcohol consumption can lead to lipid oxidation, resulting 
in the disruption of membrane permeability. This process involves 
the formation of hydroxylethyl radicals, which primarily target 

Figure 2. Antioxidant e�ect mechanism of M. charantia (original creations). The e�ectiveness of Momordica charantia in protecting the membrane integrity of liver cells 
has been demonstrated by its ability to inhibit the alcohol-mediated lipid peroxidation process in the liver (illustrated by the author).
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polyunsaturated fatty acids. Certain fractions of M. charantia have 
been shown to maintain the membrane integrity of liver cells by 
inhibiting alcohol-induced lipid peroxidation in the liver.[31] The 
oxidative mechanism is illustrated in Figure 2.[51]

The use of antioxidants has been shown to inhibit the progression of 
liver disease and improve the e�ectiveness of current therapies by 
reducing oxidative stress. Antioxidants may promote the dissociation 
of nuclear factor erythroid 2–related factor 2 (Nrf2) from the complex 
by altering the phosphorylation of Kelch-like ECH-associated 
protein-1 (Keap1) or Nrf2, leading to Nrf2 activation. Activation of 
Nrf2 results in its translocation to the nucleus, where it interacts with 
the antioxidant response element. This process results in increased 
expression of genes encoding antioxidant enzymes and phase II 
detoxifying enzymes, which are essential for cellular protection 
and recovery. Moreover, several studies have shown that certain 
antioxidants or plant extracts rich in antioxidants protect against 
hepatotoxin-induced liver injury by enhancing Nrf2 activation.[52] The 
oxidative mechanism is illustrated in Figure 3.

Under unstressed conditions, the protein Keap1 represses Nrf2. 
However, in the presence of oxidative stress, Nrf2 is released 
from repression, thereby activating antioxidant genes and 
strengthening cellular defense mechanisms. In a study examining 
the hepatoprotective e�ects of M. charantia on NAFLD, serum 
concentrations of C-reactive protein and interleukin-6 were 
signi�cantly reduced following supplementation (p<0.05). 
Similarly, sterol regulatory element-binding protein 1 (SREBP-1), 

a principal regulator of lipogenesis and a potential contributor to 
the development of fatty liver, was reduced following M. charantia 
supplementation, accompanied by decreased expression of fatty 
acid synthase (FAS) and acetyl-CoA carboxylase 1 (ACC-1) proteins, 
as well as reduced cholesterol and triglyceride (TG) concentrations. 
In�ammatory processes have been shown to induce the production 
of tumor necrosis factor-alpha (TNF-α), which may stimulate the 
maturation of SREBP-1 and contribute to lipid accumulation in 
hepatocytes. Therefore, it can be suggested that the e�ects of 
M. charantia on SREBP-1 and its target genes may help reduce 
in�ammation. These �ndings indicate that M. charantia may serve as 
a promising agent for the prevention and treatment of NAFLD.[40]

The hepatoprotective properties of a formulation containing 
Ferula asafoetida, M. charantia, and Nardostachys jatamansi were 
examined in carbon tetrachloride-induced injury in rats. Enzymes 
including glutamate oxaloacetate transaminase, glutamate pyruvate 
transaminase, and alkaline phosphatases were selected as markers 
for the investigation. A statistically signi�cant decrease was observed 
in the levels of these enzymes (p<0.01).[53]

The acute toxicity of M. charantia fruits was investigated, and the 
median lethal dose (LD50) value was calculated to be >5000 mg/kg. 
Consequently, the fruit is considered relatively safe.[54] Nevertheless, 
research indicates that bitter melon may potentially interact with 
hypoglycemic drugs.[55] Furthermore, because M. charantia exhibits 
cytochrome P450 3A4 (CYP3A4) activity, there is a possibility 
of interaction with drugs metabolized by this enzyme.[56,57] The 
most frequently observed adverse e�ects are hypoglycemia and 
headaches.[55] Its use is not recommended during pregnancy and 
lactation. Studies in rats demonstrated the occurrence of cardiac 
hypertrophy in embryos, although no instances of lethality were 
observed.[58] Therefore, formulations containing M. charantia may 
potentially have adverse e�ects on the developing fetus.

Bioavailability

Bioavailability is one of the major challenges associated with herbal 
products.[59] It is important to investigate advanced technologies, 
such as nanoparticles and phytosomes, for bitter melon. Owing to 
the unpleasant �avor and limited bioavailability of M. charantia, 
innovative technologies such as nanoparticles and phytosomes 
may be utilized to enhance stability and bioavailability.[60] Studies 
involving nanoparticles have shown that herbal extracts may 
reduce toxicity while increasing activity.[61] The antibacterial 
e�cacy of silver nanoparticles synthesized from M. charantia 
extract has been examined. The nanoparticle-treated group 
exhibited a notable increase in activity (p<0.005).[62] A study using 
the Huh-7 liver cancer cell line showed that M. charantia copper-
iron nanoparticles promoted apoptosis. The IC50 was determined 
to be 324 μg/mL, indicating potential e�ectiveness.[63] Because 
nanoparticles are extremely small, they may also pose potential 
safety risks. Nanoparticle safety is a controversial subject due to 
the lack of evidence regarding both acute and chronic toxicity.[64]

Figure 3. Nrf2-related antioxidant mechanisms (original creations).
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Conclusion

Bitter melon (M. charantia) has a long history of use in traditional 
medicine spanning several centuries. Because the liver performs 
numerous essential functions in the body, maintaining liver health 
is of critical importance. Various pathways may contribute to the 
development of liver disorders; therefore, herbal compounds and 
extracts that act through multiple mechanisms play an important 
role. Studies investigating the hepatoprotective e�ects of M. 
charantia are summarized in Table 2. However, the lack of clinical trials 
and safety data represents a signi�cant obstacle to the development 
of M. charantia as a therapeutic agent. Its traditional medicinal use 
provides valuable insight for modern drug development, particularly 
in elucidating its chemical constituents and determining their 
mechanisms of action through scienti�c investigation. M. charantia 
may be used in combination with other herbs, such as milk thistle, 
and compounds bene�cial for liver health, such as curcumin and 
silymarin. Future studies may investigate potential synergistic 
e�ects between these agents. This review aimed to evaluate the 
hepatoprotective potential of M. charantia. However, the current 
state of clinical research and formulation development is insu�cient 
in several aspects. Moreover, another major limitation is the lack 
of clinical studies investigating the optimal dosage and duration 
required to achieve hepatoprotective e�ects.
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ABSTRACT

Swietenia macrophylla seeds (SMS), as a traditional medicine, are widely used against 
diabetes, hypertension, and malaria. To date, knowledge about the safety of human 
consumption remains limited. We herein reported two cases of drug-induced liver injury 
(DILI) caused by SMS. Both patients had positive antinuclear antibodies. Hepatotoxicity 
of SMS is characterized by elevated alanine aminotransferase and obvious autoimmune-
like hepatitis. Furthermore, the 2nd biopsy at the 3rd year of methylprednisolone treatment 
showed normal liver tissue, and then methylprednisolone was withdrawn. No recurrence 
occurred during one-year follow-up after methylprednisolone withdrawal. SMS may 
increase the risk of liver damage for patients with potential immune disorders, and 
patients with SMS-related DILI may bene�t from methylprednisolone.

Keywords: Autoimmune hepatitis, drug-induced liver injury, hepatotoxicity, methylprednisolone, 
Swietenia macrophylla.

Clinical Pearls

• Unique Features of the Case: 
Two cases of drug-induced liver 
injury (DILI) caused by Swietenia 
macrophylla seeds (SMS) are 
presented. Both patients had 
elevated liver enzymes and 
autoimmune-like hepatitis. 
One patient recovered fully 
with methylprednisolone, with 
normal liver tissue seen in the 
second biopsy after three years. 
No recurrence occurred during 
one-year follow-up after treatment 
withdrawal.

• Primary Lesson for Clinicians: 
Clinicians should exercise caution 
with SMS in patients with potential 
immune disorders, as it may cause 
liver damage. Methylprednisolone 
may be bene�cial for SMS-related 
DILI.
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Introduction

Drug-induced liver injury (DILI), which is an adverse drug reaction (ADR), 
has become a challenging problem worldwide. The annual incidence of 
DILI is estimated to be 23.8/100,000 in the general population from the 
mainland of China, and the leading causes of DILI include traditional 
Chinese medicine, herbal, and dietary supplements.[1]

Swietenia macrophylla, commonly known as sky fruit, is widely 
distributed in South America, Malaysia, southern China, and west 
India.[2,3] As a traditional medicine, Swietenia macrophylla seeds (SMS) 
are widely used for the treatment of diabetes, hypertension, malaria, 
and even wounds.[4–10] Mi et al.[2] reported that polyacetylenes 
extracted from the roots of Swietenia macrophylla demonstrated 
cytotoxicity against human hepatocellular carcinoma cell line, 
myeloid leukemia cell line, and gastric carcinoma cell line. SMS 
showed no acute toxicity in Sprague-Dawley rats.[4,11] Tan et al.[12] 
reported three cases of DILI caused by SMS, all of whom were 
elderly men aged from 72 to 80 years old. In addition, Shao et 
al.[13] reported a case of herb-induced autoimmune-like hepatitis 
associated with SMS. Histological features of autoimmune hepatitis 
(AIH), including interfacial in�ammation, “rosette”-like changes in 
the hepatocytes, and focal necrosis, were demonstrated in the case 
of SMS-related liver injury.[13] Thus, immune-mediated DILI and AIH 
could not be classi�ed clearly by histology. For patients with obvious 
histologic characteristics of AIH, immunosuppressive therapy can 
be recommended, and DILI can be established if there is no sign of 
recurrence after withdrawal of immunosuppressive therapy.[14] To 
date, the e�ect and safety of immunosuppressive therapy in patients 
with SMS-related autoimmune-like hepatitis remain limited.

We herein reported two cases of DILI caused by SMS. Both patients 
were followed up for four years, and methylprednisolone was 
administered for three years in one patient.

Case Report

Two patients were admitted to the Third People’s Hospital of Changzhou 
on October 17, 2018, at the same time. Patient 1 was a 57-year-old 
Chinese woman who presented with a 6-day history of fatigue and 

loss of appetite. She had jaundice on the skin and sclera. Liver function 
parameters were abnormal at the time of admission. She had alanine 
transaminase (ALT) levels nearly 35 times the upper limit of the normal 
range (1,402 U/L), whereas aspartate aminotransferase (AST), gamma-
glutamyl transpeptidase (GGT), and alkaline phosphatase (ALP) were 
also high (337 U/L, 420 U/L, and 158 U/L, respectively). Total bilirubin 
(TBIL) was more than 4 times the upper limit of the normal range (92 
μmol/L), with the majority being conjugated bilirubin (62.3 μmol/L). 
She had positive antinuclear antibodies (ANA, 1:100 titers, cytoplasmic 
granule type) and anti-Ro-52.

Patient 2 was the daughter of the aforementioned woman. She 
was 35 years old, with an asymptomatic rise in her liver enzymes. 
Laboratory tests showed elevated ALT (417 U/L), AST (117 U/L), and 
TBIL (36.5 μmol/L), with normal ALP (64 U/L) and GGT (39 U/L) levels. 
She had a high ANA titer (1:1000, centromere type) and positive anti-
centromere antibody.

Both patients had no history of liver diseases or alcohol abuse, and 
they had taken SMS as a traditional dietary supplement for two 
months. Serological markers of HAV, HBV, HCV, HDV, and HEV were 
all negative. Moreover, both patients had normal immunoglobulin 
pro�les. Informed consent was obtained from the two patients, and 
the clinical data were collected during the four-year follow-up period.

The two patients were diagnosed with SMS-induced DILI according 
to the Roussel Uclaf Causality Assessment Method (RUCAM), and 
the clinical type was classi�ed based on the R value.[1] According 
to RUCAM, the two patients were given scores of 8 and 7, and thus 
DILI was diagnosed by the diagnostic tool (http://www.hepatox.org/
rucam). Both patients had ALT levels ≥3× the upper limit of normal, 
and R values of ≥5 (29.95 and 21.99, respectively). Based on this, the 
hepatocellular type of DILI was classi�ed. SMS was withdrawn instantly 
at admission, and then glycyrrhizin was administered intravenously 
every day at a dose of 150 mg. Liver biochemistry improved markedly 
during the �rst two weeks after admission (Fig. 1).

The liver functions of Patient 1 appeared to be normal in the 1st 
month after admission, and she had a liver tissue biopsy. Histological 
features, including focal necrosis, interfacial in�ammation, 
“rosette”-like changes in the hepatocytes, and milder �brosis, 
were found. Then, AIH was considered, and methylprednisolone 

Figure 1. Clinical characteristics of patients with Swietenia macrophylla seeds induced liver injury.
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was administered at a dose of 24 mg per day. During the 3-year 
treatment with methylprednisolone, indices of liver function, 
immunoglobulins, and complements remained at normal levels, 
and methylprednisolone was reduced gradually. The 2nd biopsy 
in the 3rd year of treatment showed no signi�cant abnormality in 
liver tissue, and then methylprednisolone was withdrawn. No 
recurrence occurred during the one-year follow-up after withdrawal 
of methylprednisolone (Fig. 2).

Discussion

In the present study, two cases of DILI caused by SMS have been 
reported. Hepatotoxicity of SMS is characterized by elevated ALT 
and AIH-like in�ammation, and these histologic changes could be 
improved by methylprednisolone.

The clinical presentation of DILI varies widely, ranging from an 
asymptomatic rise in liver enzymes to liver failure. The severity of 
DILI is graded as mild, moderate, moderate to severe, severe, and 
fatal according to liver enzymes, TBIL, international normalized ratio, 
and complications. This can result from the use of drugs or dietary 
supplements, especially in patients with multiple drug consumption. 
However, it remains an exclusive diagnosis. Widespread use of RUCAM 
is highly recommended to evaluate the causality of suspected drugs. 
A liver biopsy may help to diagnose DILI when the RUCAM scale is 
less than 6, or when there is a possibility of autoimmune hepatitis. In 
cases with hepatocellular DILI, the peak ALT level decreases by >50% 
at 30–60 days after stopping the suspected o�ending drug, and 
then maintains normal levels during the follow-up. This is di�erent 
from autoimmune hepatitis. However, consistent with Shao et al.,[13] 
our case report suggested that SMS-induced DILI was di�cult to 
distinguish from AIH by liver biopsy.

According to the positive ANA in the two patients, it is possible that 
AIH may be a comorbidity with SMS-induced DILI. Although urgent 
administration of an immunosuppressive agent remains controversial 
for SMS-induced DILI, histological changes in Patient 1 demonstrated 
that the patient can bene�t from methylprednisolone. On the other 

hand, SMS should not be recommended to people with positive ANA. 
Collectively, these data suggest that SMS may increase the risk of liver 
damage for patients with potential immune disorders.

The mechanisms underlying SMS-induced DILI remain elusive, and 
new biomarkers for distinguishing SMS-related autoimmune-like 
hepatitis and AIH need to be further studied in the future.

Conclusion

In conclusion, SMS may increase the risk of liver damage for patients 
with potential immune disorders, and patients with SMS-related DILI 
may bene�t from methylprednisolone.
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CASE REPORT

Peritonitis due to brucellosis in a patient newly diagnosed 
with liver cirrhosis complicated by ascites: A case report and 
literature review
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ABSTRACT

Brucellosis is a common zoonotic disease with a wide variety of clinical manifestations. 
Spontaneous bacterial peritonitis (SBP) is a rare form among them. Here, we present 
the case of a 63-year-old woman with newly diagnosed liver cirrhosis complicated 
with ascites and diagnosed as spontaneous bacterial peritonitis with Brucella spp. 
growth in culture, and the literature is reviewed.

Keywords: Brucellosis, cirrhosis, peritonitis.

Clinical Pearls

• Unique Features of the Case: 
Brucella-related SBP revealed 
previously undiagnosed cirrhosis 
with ascites. Diagnosis was 
challenging because serum Brucella 
tests were negative, yet peritoneal 
�uid cultures were positive after 
raw-milk cheese exposure.

• Primary Lesson for Clinicians: In 
endemic areas, consider Brucella in 
cirrhotic patients with new-onset 
ascites or atypical/nonresponding 
SBP, even when serology is 
negative; culture-based diagnosis 
can enable timely targeted 
treatment.
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Introduction

Brucellosis is a zoonotic infection transmitted from infected animals 
to humans by ingesting food products or contacting tissues and 
�uids.[1] Its endemic regions include the Mediterranean basin 
countries, the Middle East, and Central Asian countries.[2] In particular, 
Eastern Mediterranean countries such as Syria, Turkiye, and Iraq show 
the highest prevalence rates, ranging from 0.029 to 200.41 cases per 
100,000 people.[3] Brucellosis typically manifests with insidious onset 
of fever, fatigue, night sweats, and joint pain. Brucellosis can a�ect 
any organ system and present a wide range of symptoms. Intra-
abdominal manifestations are rare, including cholecystitis, hepatic or 
splenic abscess, pancreatitis, ileitis, colitis, and peritonitis.[4] 

SBP related to brucellosis is particularly di�cult to recognize. It can be 
fatal if misdiagnosed and left untreated. A review of the literature shows 
that most of the cases reported with Brucella peritonitis had a previous 
diagnosis of chronic liver or kidney disease. Detection of Brucella spp. as 
the causative agent of SBP in immunocompetent individuals is rare.[5–7]

To further emphasize the importance of brucellosis in the di�erential 
diagnosis in regions where the disease is endemic, such as the 
Mediterranean basin, we present the case of newly diagnosed 
liver cirrhosis in a patient who developed SBP due to brucellosis. 
In addition, we provide a comprehensive review of the clinical 
manifestations, diagnostic methods, and therapeutic interventions 
of this rare condition.

Case Report

A 63-year-old woman presented with abdominal distension that started 
two months ago and gradually increased, weakness, and low blood 
pressure for the last week. She had no complaints of abdominal pain, 
high fever, nausea, or vomiting at presentation. She had a history of type 
2 diabetes mellitus (DM) for 20 years, total colectomy for liposarcoma 
in the colonic mesentery �ve years ago, and cholecystectomy for 
cholelithiasis two months ago. On physical examination: fever: 36°C, 
pulse: 92/min, blood pressure: 82/43 mmHg, SpO2: 92% (room air). 
On physical examination, the abdomen was found to be severely 
distended. There was di�use tenderness on palpation. There was no 
defense or rebound. On percussion, a matte with an upward-pointing 
opening was detected. Biochemical test results are given in Table 1.

On abdominal ultrasonography, the contours of the liver were 
micro-lobulated, and the left lobe corner section was blunted. The 
spleen was normal, and 11 cm of free �uid was observed in the 
deepest perihepatic area in each quadrant. Esophageal varices were 
detected in esophagogastroduodenoscopy. Viral hepatitis serology 
results are given in Table 2.

Autoimmune test results are given in Table 3. Because she had type 2 
DM with a BMI of 30 kg/m², metabolic dysfunction-associated fatty liver 
disease (MAFLD) was considered as the cause of liver cirrhosis. Diagnostic 
paracentesis results are given in Table 4. Ascitic �uid cultures were 
taken. On the second day of follow-up, abdominal pain and high fever 
(maximum 38°C) developed. Blood cultures were taken. Gram-negative 

coccobacilli were detected on direct Gram staining of peritoneal �uid. 
The patient was diagnosed as having spontaneous bacterial peritonitis 
and was put on piperacillin-tazobactam therapy. Brucella species 
growth was detected on the 5th day in the peritoneal �uid culture taken 

Table 1. Biochemical test results

Patient 
value

Reference 
range

Hemoglobin (g/dL) 12.7 13.0–17.5

Leukocyte count (per mm3) 9240 4000–11000

Platelet count (per mm3) 190,000 150,000–450,000

International normalized ratio (INR) 1.1 0.4–1.2

Creatinine (mg/dL) 0.89 0.7–1.1

Sodium (mEq/Liter) 131 135–145

Aspartate aminotransferase (U/L) 126 0–32

Alanine aminotransferase (U/L) 83 0–33

γ-glutamyl transferase (U/L) 140 0–42

Alkaline phosphatase (U/L) 166 35–104

Total bilirubin (mg/dL) 0.32 0.3–1.2

Direct bilirubin (mg/dL) 0.05 0.1–0.3

Albumin (g/dL) 2.7 3.5–5.2

Total protein (g/dL) 4.9 6.6–8.7

C-reactive protein (mg/L) 4.4 0–5

Table 2. Viral hepatitis serology

HBsAg Negative

Anti-HBc total Negative

Anti-HBs Positive (98 mIU/mL)

Anti-HAV IgG Positive

Anti-HCV Negative

HCV-RNA Negative

HBsAg: Hepatitis B surface antigen; HBc: Hepatitis B core; HBs: Hepatitis B 
surface; HAV: Hepatitis A virus; IgG: Immunoglobulin G; HCV: Hepatitis C virus; 
RNA: Ribonucleic acid.

Table 3. Autoimmune hepatitis tests

Smooth muscle antigen (SMA) Negative

Liver-kidney microsomal antigen (LKM) Negative

Antimitochondrial antigen (AMA) Negative

Table 4. Diagnostic paracentesis

Albumin concentration 0.71 g/dL

Total protein 1.28 g/dL

Total leukocyte count 1867/mm3

Neutrophils 443/mm3

Serum-ascitic albumin gradient 1.99
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from two di�erent samples. However, the serum Brucella agglutination 
test (Brucella standard tube agglutination test and Brucella ELISA test) 
was negative. We diagnosed the patient with seronegative Brucella 
peritonitis due to a negative serum serology titer for Brucella. Empirical 
piperacillin-tazobactam treatment was stopped, and rifampicin (600 
mg/dose, once daily, PO) and doxycycline (100 mg/dose, twice daily, 
PO) were administered. When her anamnesis was detailed, we learned 
that she had been consuming cheese made from raw milk until about 
two weeks ago. On the 7th day of treatment, the patient's fever returned 
to normal, abdominal pain decreased, and in control paracentesis, 
neutrophils were 84 in the peritoneal �uid cell count.

Discussion

Brucellosis is a multisystemic disease with diverse clinical manifestations, 
often characterized by non-speci�c symptoms or multisystemic 
involvement.[8] Peritonitis, although a rare complication of brucellosis, 
is more commonly observed in peritoneal dialysis patients and those 
with liver cirrhosis due to an increased risk of bacterial translocation.[7,9] 
Spontaneous bacterial peritonitis (SBP) is a frequent decompensation 
event in patients with cirrhosis, with an incidence of 15–20% and short-
term mortality ranging from 10–33%. While Gram-negative enteric 
bacteria are the predominant causative agents of SBP (90%), Brucella 
spp. are an extremely rare etiological agent.

In our patient, Brucella spp. were isolated from the peritoneal �uid, 
con�rming brucella-associated SBP. This diagnosis is rare and typically 
reported in patients with cirrhosis, chronic liver disease, or peritoneal 
dialysis. Although our patient lacked a prior diagnosis of cirrhosis or 
chronic liver disease, imaging �ndings (microlobulated liver contours, 
blunting of the left lobe corner, and hepatomegaly), endoscopic 
�ndings (grade-2 esophageal varices and portal hypertensive 
gastropathy), and elevated liver function tests strongly suggested 
underlying cirrhosis. The potential role of intestinal bacterial 
translocation in the decompensation process and its association 
with SBP has been highlighted in this case. Additionally, the patient’s 
two-month clinical history aligns with the typical incubation period of 
brucellosis, further supporting the suspicion of Brucella-related SBP.

The negative Brucella serology in our patient presents a diagnostic 
challenge. Seronegative brucellosis has been described in 
immunocompromised individuals or those with localized infections, 
emphasizing the importance of microbiological culture results for 
de�nitive diagnosis in such scenarios. This highlights the need for 
heightened clinical suspicion, particularly in endemic regions.

The decision to initiate piperacillin-tazobactam as the �rst-line 
treatment was guided by local antibiotic resistance patterns, empirical 
treatment guidelines, and the patient’s clinical presentation. Although 
this therapy initially led to clinical improvement, the absence of a 
follow-up diagnostic paracentesis at 48 hours is a limitation in this 
case. Standard SBP management protocols recommend repeat 
paracentesis to assess treatment response, mainly by monitoring 
changes in ascitic �uid white blood cell counts. The lack of such data 
limits our ability to con�rm the e�cacy of the empirical treatment 

and to delineate the contribution of subsequent speci�c brucellosis 
therapy to the patient’s overall recovery.

Di�erentiating brucella-related SBP from cirrhosis-associated SBP is 
crucial yet challenging. Features such as the rarity of Brucella as an SBP 
agent, the absence of a known source of infection in most cases, and 
the patient’s consumption of unpasteurized dairy products in endemic 
areas provide valuable diagnostic clues. Literature supports considering 
brucellosis in the di�erential diagnosis of new-onset ascites in patients 
with cirrhosis or those presenting with atypical features of SBP.

Brucella peritonitis lacks a standardized treatment protocol. 
Current guidelines for brucellosis recommend a six-week course of 
doxycycline combined with rifampicin or streptomycin.[10,11] Of the 
13 reported cases of brucella-associated SBP unrelated to peritoneal 
catheterization, most patients presented with abdominal pain, 
and fever was reported in a minority (Appendix 1). In our case, the 
patient exhibited both fever and abdominal pain, typical symptoms 
in brucellosis-related SBP. Notably, systemic brucellosis was absent in 
most reported cases (10/13), including ours.

Conclusion

In conclusion, brucella-associated SBP is a rare yet crucial diagnostic 
consideration, particularly in endemic regions. Patients with cirrhosis 
and new-onset ascites who fail to respond to standard SBP treatment 
should be evaluated for Brucella infection, especially if there is a 
history of exposure to unpasteurized dairy products or contact 
with infected animals. Enhanced awareness and early identi�cation 
can facilitate timely and appropriate therapy, potentially improving 
outcomes in atypical cases.

Online Appendix Link: https://hepatologyforum.org/storage/
upload/�les/1778482826-appendix-en.pdf
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Chanarin-Dorfman Syndrome: Two siblings with 
steatohepatitis, cirrhosis, and a novel mutation
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ABSTRACT

Chanarin-Dorfman Syndrome (CDS) is a rare autosomal recessive lipid storage 
disorder characterized by systemic triglyceride accumulation in various tissues, 
including the muscle, skin, central nervous system, liver, and white blood cells. 
Lipid accumulation results from mutations in the abhydrolase domain-containing 5 
(ABHD5) gene, located on the p arm of chromosome 3. This report describes two 
adult Turkish siblings diagnosed with CDS who exhibited clinical features such 
as ichthyosis and cirrhosis secondary to steatotic liver disease. Genetic analysis 
revealed a novel homozygous frameshift mutation in the ABHD5 gene, c.29_30del 
(p.Ser10CysfsTer26), a variant previously documented in only one pediatric case. This 
report underscores the necessity of considering CDS in the di�erential diagnosis of 
steatotic liver disease, particularly when associated with ichthyosis, and highlights 
its relevance in populations from the Mediterranean region where such cases may 
be underdiagnosed.

Keywords: Chanarin-Dorfman syndrome, cirrhosis, ichthyosis, steatohepatitis, steatotic liver 
disease.
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Clinical Pearls

• Unique Features of the Case: 
Two adult siblings with Chanarin–
Dorfman syndrome presented 
with advanced steatohepatitis 
and cirrhosis, despite normal lipid 
pro�les. A novel homozygous 
ABHD5 frameshift mutation was 
identi�ed. Multisystem involvement 
and phenotypic variability were 
evident within the same family.

• Primary Lesson for Clinicians: 
Consider CDS in unexplained 
steatotic liver disease with 
ichthyosis. Early recognition, 
peripheral smear evaluation, 
and genetic testing are essential, 
particularly in consanguineous 
populations, to enable timely 
management and prevent 
progression.
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Introduction

Chanarin-Dorfman Syndrome (CDS) is a rare non-lysosomal lipid 
storage disorder caused by mutations in the abhydrolase domain-
containing 5 (ABHD5) gene, leading to impaired intracellular lipolysis 
and accumulation of triglycerides in multiple tissues, such as skin 
�broblasts, intestinal mucosa, myocytes, hepatocytes, bone marrow, 
central nervous system cells, and leukocytes. Common manifestations 
include ichthyosis, liver involvement, and myopathy, and the 
diagnosis is based on the presence of ichthyosis and identi�cation 
of lipid droplets in granulocytes (Jordan’s anomaly) in a peripheral 
blood smear.[1–3]

Liver involvement, which manifests as macrovesicular steatosis, 
steatohepatitis, and cirrhosis, is a signi�cant cause of morbidity 
and mortality in patients with CDS, making early diagnosis and 
management crucial. Currently, no targeted treatment is available 
for individuals diagnosed with this syndrome. For those exhibiting 
hepatic steatosis, a diet low in fat and enriched with medium-chain 
fatty acids is recommended.[4–6] This report presents two siblings 
with CDS, emphasizing the liver-related aspects of the disease and 
discusses a novel mutation that may provide further insight into the 
genetic variability of the disease.

Case Report

Sibling 1

A 41-year-old male, followed up in dermatology and internal 
medicine clinics since the age of 15 for elevated liver enzymes and 
ichthyosis vulgaris, was admitted to our clinic with a request to 
investigate the etiology of decompensated cirrhosis and ascites. He 
was referred to our outpatient clinic for the evaluation of elevated 
alanine aminotransferase (ALT), aspartate aminotransferase (AST), 
gamma-glutamyl transferase (GGT), and ascites. The patient was 
initially assessed at another clinic, where an abdominal ultrasound 
performed �ve months prior indicated grade 2 hepatic steatosis, 
gallbladder wall thickening, pericholecystic �uid, and a 12.5 mm 
gallstone, suggestive of acute calculous cholecystitis.

The patient presented with fatigue and ichthyosis upon admission 
to our outpatient clinic. On physical examination, his height was 
1.7 m, weight was 79 kg, and body mass index (BMI) was 26.99 
kg/m². Hepatomegaly, hyperpigmentation, and hyperkeratosis 
were observed throughout his body, which was diagnosed as 
ichthyosis. Ascites was also noted, and other system examinations 
were normal. He was a non-smoker and had no alcohol intake. At 
the age of 15 years, he was diagnosed with ichthyosis, and at the 
age of 20 years, he was diagnosed with steatotic liver disease, and 
ursodeoxycholic acid 250 mg three times daily was started. The 
patient was diagnosed with gallstones at the age of 25 years. The 
patient’s parents were third-degree relatives (cousins), indicating 
a consanguineous marriage. The patient’s father, who was 
diagnosed with ichthyosis, underwent liver transplantation for 
steatotic liver disease at the age of 43 years. Additionally, several 

other family members, such as cousins, experienced premature 
mortality before the age of 40 years, and the speci�c causes of 
death remain unreported.

The patient underwent cholecystectomy for cholecystitis, during which 
cirrhotic nodules in the liver and minimal ascites in the abdominal 
cavity were observed. Two months post-surgery, paracentesis 
revealed a serum-ascites albumin gradient (SAAG) of 1.2 g/dL and a 
leukocyte count of 1300/μL. No bacterial growth was observed in the 
peritoneal culture, leading to a diagnosis of spontaneous bacterial 
peritonitis, which was treated with ceftriaxone. Follow-up imaging 
con�rmed hepatomegaly, steatosis, splenomegaly, and ascites. 
The patient also underwent esophagogastroscopy, which revealed 
gastritis and no varices. Subsequently, he underwent a liver biopsy, 
in which macrovesicular steatosis, steatohepatitis, and nodules 
consistent with cirrhosis were observed.

Laboratory tests revealed leukocyte 4.95 × 10³/μL, neutrophil 2.11 x 
10³/μL, lymphocyte 2.38 x 10³/μL, hemoglobin 15.6 g/dL, MCV 83.8 fL, 
and platelet 206 x 10³/μL. A peripheral blood smear revealed leukocytic 
vacuolation. Albumin 4.9 g/dL, creatinine 0.89 mg/dL, international 
normalized ratio (INR) 1.14, alpha-fetoprotein 3.87 µg/L, ALT 44 U/L 
(normal <41 U/L), AST 46 U/L (normal <40 U/L), alkaline phosphatase 
(ALP) 57 U/L, GGT 115 U/L (normal <71 U/L), direct bilirubin 0.29 mg/
dL, total bilirubin 0.48 mg/dL, and creatine phosphokinase (CPK) 
678 U/L (normal <220 U/L). No proteinuria or microalbuminuria was 
detected in the patient’s urine tests. His lipid pro�le was normal. No 
viral infections (hepatitis A, B, and C; CMV; EBV), celiac disease, thyroid 
dysfunction, hemochromatosis, or Wilson’s disease were found in the 
evaluations. In addition, abdominal Doppler ultrasonography showed 
normal �ow in all arteries and veins in the abdomen and portal system.

The transient elastography assessment revealed a controlled 
attenuation parameter (CAP) of 332 dB/m, indicative of severe 
steatosis (greater than 30% of hepatocytes a�ected). The liver 
sti�ness measurement (LSM) was 70.3 kPa, consistent with F4 �brosis, 
indicating cirrhosis.[7]

The patient, who presented with elevated CPK levels, was 
referred to the neurology department for further evaluation. 
Needle electromyography (EMG) was performed because of mild 
di�use muscle pain. EMG �ndings were indicative of signi�cant 
myopathy a�ecting both the upper and lower extremities (Fig. 1). 
Echocardiography revealed an ejection fraction of 58%, with evidence 
of diastolic dysfunction and delayed relaxation of the left ventricle. 
Pericardial thickness was normal. Ophthalmological examination 
revealed the presence of cataracts.

Sibling 2

A 39-year-old male, the younger brother of Sibling 1, had a known 
diagnosis of ichthyosis and had been under follow-up for steatotic 
liver disease over the past three years. Physical examination revealed 
that his height was 1.85 m, weight 75 kg, and BMI was 21.9 kg/m². 
He had hepatomegaly, hyperpigmentation, and hyperkeratosis 
throughout his body, consistent with his diagnosis of ichthyosis.
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Laboratory evaluation revealed the following results: albumin 4.3 
g/dL, creatinine 0.74 mg/dL, INR 1.07, alpha-fetoprotein 2.72 µg/L, 
ALT 128 U/L, AST 68 U/L, ALP 111 U/L, GGT 129 U/L, direct bilirubin 
0.19 mg/dL, total bilirubin 0.41 mg/dL, CPK 218 U/L, leukocyte 
count 5.95 x 10³/μL, neutrophils 2.11 x 10³/μL, lymphocytes 2.38 
x 10³/μL, hemoglobin 15.6 g/dL, MCV 83.8 fL, and platelet count 
206 x 10³/μL. Leukocytic vacuolations were noted on the peripheral 
blood smear. The patient’s lipid pro�le was within normal limits. 

Abdominal ultrasonography performed upon admission revealed 
an enlarged liver (191 mm) with smooth contours and grade 2 
hepatic steatosis. Transient elastography reported a CAP of 328 
dB/m, indicating S3 severe steatosis, and an LSM of 20.0 kPa, 
consistent with F4 �brosis/cirrhosis.[7] Ophthalmological and 
cardiological evaluations showed no abnormalities. A summary of 
the clinical characteristics and laboratory �ndings of the siblings is 
presented in Table 1.

Figure 1. Needle EMG results of Sibling 1 showing myopathic changes. (a) Electrical activity of general muscles. (b) Summary table of EMG results.

ba

Table 1. Clinical characteristics of the siblings

Clinical feature Sibling 1 Sibling 2

Ichthyosis + +

Leukocyte vacuoles + +

Creatine phosphokinase (U/L) 678 218 

Electromyographic examination Myopathy NA

Echocardiography Left ventricular diastolic dysfunction, ejection fraction 58% Normal

Lipid levels Normal Normal

Cataracts + –

AST (U/L) (Normal <40) 46 68

ALT (U/L) (Normal <40) 44 128

GGT (U/L) (Normal <71) 115 129

Hepatomegaly + +

Hepatosteatosis + +

Steatohepatitis + NA

Cirrhosis + +

Transient elastography Severe steatosis and F4 �brosis Severe steatosis and F4 �brosis

AST: Aspartate transaminase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyl transferase; NA: Not available.
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The siblings were born to consanguineous parents, a factor 
commonly associated with autosomal recessive disorders, including 
Chanarin-Dorfman Syndrome (CDS). A comprehensive family history 
revealed several relatives with early mortality potentially attributable 
to undiagnosed CDS or related complications. The diagnosis of CDS 
in both patients was established based on their distinctive clinical 
features, including ichthyosis, Jordan’s anomaly, and early-onset 
steatosis and cirrhosis, which occurred without known common 
etiological factors.[1,2]

Genetic analysis of both siblings identi�ed a homozygous frameshift 
variant in the ABHD5 gene, c.29_30del (p.Ser10CysfsTer26). This 
variant has not been previously documented in ClinVar; however, it 
has recently been reported in one pediatric CDS case.[8] According 
to the guidelines of the American College of Medical Genetics and 
Genomics (ACMG), this variant is classi�ed as likely pathogenic.[9]

Discussion

CDS is characterized by multiorgan involvement, with liver disease 
being a prominent feature. In this case, both siblings showed severe 
liver involvement, including steatosis and cirrhosis, which aligns 
with previous reports highlighting liver pathology as a major clinical 
manifestation of CDS.[3] The genetic basis, involving a novel mutation 
in the ABHD5 gene, leads to impaired activation of adipose triglyceride 
lipase (ATGL) and subsequent lipid accumulation, particularly in 
triglyceride-rich organs such as the liver.

Cutaneous, hepatic, and neurological involvement are typical �ndings 
in CDS. Mild or moderate nonbulbar ichthyosis may be seen alone 
or with multi-organ involvement. Di�use erythematous ichthyosis 
with mild white scales on the body folds, scalp, and face is a common 
presentation.[1,3] Since adolescence, our patients had complaints of 
ichthyosis. Therefore, CDS should be considered in the di�erential 
diagnosis in patients with systemic �ndings accompanying ichthyosis 
from a young age.

Both siblings presented with hepatic steatosis and elevated AST and 
ALT levels at an early age, and both had severe steatosis and cirrhosis 
in transient elastography evaluation. Liver biopsy of Sibling 1 
demonstrated steatohepatitis, macrovesicular steatosis, and cirrhosis. 
Liver involvement in CDS can range from steatosis to cirrhosis, with 
elevated liver enzyme levels being a common laboratory �nding. 
A recent review reported liver involvement in 86% of CDS patients, 
with 90% showing steatohepatitis, 74% exhibiting macrovesicular 
steatosis, and 10% presenting with cirrhosis.[3] Sibling 1 presented 
with a cataract, a feature observed in 22% of Chanarin-Dorfman 
Syndrome (CDS) cases, and myopathy, which has been reported in 
59% of patients according to a recent review.[3]

The mutation identi�ed, c.29_30del (p.Ser10CysfsTer26), is novel and 
has been previously documented in a single pediatric case with CDS 
who presented with similar clinical symptoms, including signi�cant 
liver involvement and skin lesions.[10] The discovery of this mutation 
in multiple unrelated cases may suggest a wider prevalence than 
previously thought and highlight the genetic diversity of CDS.

Although there is no de�nitive treatment for CDS, reduction in 
liver size and improvement in liver enzyme levels have been 
reported in some cases with low-fat diets containing medium-
chain triglycerides.[2,4] In our case, liver enzymes improved and 
liver size decreased after dietary modi�cation. Moreover, liver 
transplantation is an important treatment option in patients with 
decompensated cirrhosis.[3]

Conclusion

This case report of two siblings with CDS underscores the critical 
role of liver involvement in the clinical course of the disease and 
highlights a novel mutation in the ABHD5 gene. This emphasizes 
the need for early diagnosis through genetic testing and the 
importance of considering CDS in patients with unexplained 
steatotic liver disease, particularly in populations with high rates of 
consanguinity.
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