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Aim
The Journal of Inonu Liver Transplantation Institute is a peer-reviewed open-access e-only publication in the field of liver transplantation publishing research articles on 
clinical, experimental liver transplantation, combined liver and other organ transplantation, and liver diseases. The journal welcomes original research articles, reviews, 
meta-analyses, case reports, and letters.
Overview
Journal of Inonu Liver Transplant Institute has been founded and established by Inonu Liver Transplant Institute in order to form a source of high-quality research in diseases 
and therapy of the liver and biliary tract. Both clinicians and basic science researchers are the target population of our journal. 
Scope 
Hepatobiliary disorders are a complex spectrum of diseases, usually requiring a multi-disciplinary approach that involves interventional radiologists, hepatologists, 
oncologists, hepatobiliary-transplant surgeons and translational researchers. The Journal of Inonu Liver Transplant Institute (JILTI) is internationally peer reviewed and 
provides a source for articles on prevention, diagnosis and cutting-edge therapy of hepatobiliary diseases and cancers which also includes liver transplantation, complex 
hepatobiliary surgical procedures, medical and immune therapies. In accordance with our aims, basic and translational research as applied to these diseases have utmost 
importance for our journal.
Keywords: Hepatobiliary diseases and cancers, liver surgery, liver transplantation, advanced therapy of hepatobiliary diseases, basic and translational research on 
hepatobiliary diseases.

Aim and Scope

Advertisement Policy
All advertisements are subject to the approval of the Publisher or Editor. 
Scientific content and editorial decisions are not influenced by advertisements. 
Advertisements are separate from scientific content. 
The sale and marketing of products within accepted advertisements are not allowed. 
The Editor or Publisher of the journal is not responsible for advertisements and their content. This 
responsibility entirely belongs to the advertiser. 
Accepted advertisements may be placed on any page approved by the Editor or Publisher. 
Advertising is conducted in accordance with the contract between the advertising company and the 
journal management. 
Advertising content must not include any discrimination based on language, religion, race, gender, age, 
disability, etc. 
Advertisements that are contrary to societal and publication ethics must not be published. 
Only advertisements that comply with national regulations and fulfill legal requirements, such as licens-
ing, are accepted for publication. 
Advertisements must adhere to competition laws and other relevant regulations. 
The journal management shall not be liable for any financial loss due to errors in advertising content.

Authorship Policy
Each individual listed as an author should fulfill the authorship criteria recommended by the Interna-
tional Committee of Medical Journal Editors (ICMJE). The ICMJE recommends that authorship should 
be based on the following 4 criteria:
Substantial contributions to the conception or design of the work, or the acquisition, analysis, or inter-
pretation of data for the work; AND
Drafting the work or revising it critically for important intellectual content; AND
Final approval of the version to be published; AND
Agreement to be accountable for all aspects of the work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appropriately investigated and resolved.
In addition to being accountable for their own work, authors should have confidence in the integrity of 
the contributions of their co-authors and each author should be able to identify which co-authors are 
responsible for other parts of the work.
All of those designated as authors should meet all four criteria for authorship, and all who meet the four 
criteria should be identified as authors. Those who provided a contribution but do not meet all four 
criteria should be recognized separately on the title page and in the Acknowledgements section at the 
conclusion of the manuscript.
The Journal of Inonu Liver Transplantation Institute requires that corresponding authors submit a signed 
and scanned version of the authorship contribution form available for download through during the 
initial submission process in order to appropriately indicate and observe authorship rights and to pre-
vent ghost or honorary authorship. Please note that the list of authors on the final manuscript will be 
presented in the order provided on this form. If the editorial board suspects a case of “gift authorship,” 
the submission will be rejected without further review. As part of the submission of the manuscript, the 
corresponding author should also send a short statement declaring that they accept all responsibility for 
authorship during the submission and review stages of the manuscript.

Ethics Policy
The Editorial Board of the Journal of Inonu Liver Transplantation Institute and the Publisher adheres to 
the principles of the International Council of Medical Journal Editors (ICMJE), the World Association of 
Medical Editors (WAME), the Council of Science Editors (CSE), the Committee on Publication Ethics 
(COPE), the US National Library of Medicine (NLM), the World Medical Association (WMA) and the 
European Association of Science Editors (EASE).
In accordance with the journal's policy, an approval of research protocols by an ethics committee in 
accordance with international agreements “WMA Declaration of Helsinki - Ethical Principles for Med-
ical Research Involving Human Subjects (last updated: October 2013, Fortaleza, Brazil)” , "Guide for 
the care and use of laboratory animals (8th edition, 2011)" and/or “International Guiding Principles 
for Biomedical Research Involving Animals (2012)” is required for all research studies. If the submitted 

manuscript does not include ethics committee approval, it will be reviewed according to COPE's guide-
line (Guidance for Editors: Research, Audit and Service Evaluations). If the study should have ethical 
approval, authors will be asked to provide ethical approval in order to proceed the review process. If 
they cannot provide ethical approval, their manuscript will be rejected and also their institutions and 
when needed, the related bodies in their country will be informed that such studies must have ethics 
committee approval. If they provide approval, review of the manuscript will continue.
For articles concerning experimental research on humans, a statement should be included that shows 
informed consent of patients and volunteers was obtained following a detailed explanation of the proce-
dures that they may undergo. The journal may request a copy of the Ethics Committee Approval received 
from the relevant authority. Informed consent must also be obtained for case reports and clinical images.
Studies using human or animal subjects should be approved by the appropriate institutional and lo-
cal Ministry of Health ethics committees. Ethics approval of research protocols in accordance with 
international agreements is required for experimental, clinical, and drug studies, as well as for some 
case reports. Ethics committee reports or an equivalent official document may be requested from the 
authors. For manuscripts involving experimental research on humans, a statement should be included 
that shows that written, informed consent of patients and volunteers was obtained. For studies carried 
out on animals, the measures taken to prevent pain and suffering of the animals should be stated clearly. 
A statement regarding patient consent, and the name of the ethics committee, the ethics committee 
approval date, and number should be stated in the Materials and Methods section of the manuscript. It 
is the authors’ responsibility to carefully protect patients’ anonymity.

Generative AI and Artificial Intelligence (AI) Use Policy
1. Use of AI Tools in Manuscript Preparation
According to the ICMJE recommendations, authors must disclose any use of generative AI or AI-as-
sisted technologies (e.g., ChatGPT, Claude, Gemini) in the preparation of their manuscript. This includes 
specifying the tool's name, version, and purpose in the appropriate section of the manuscript (e.g., 
Acknowledgments for writing assistance, or Methods for data analysis)
As emphasized by the World Association of Medical Editors (WAME), AI tools should only be used 
to improve language or readability under human oversight. Authors remain fully responsible for the 
integrity, accuracy, and originality of their work. AI tools cannot be listed as authors or cited as such.
2. Authorship and Accountability
In line with COPE’s position statement, authorship implies responsibilities that can only be fulfilled by 
humans. Every listed author must approve the final version, ensure the originality of the work, and take 
accountability for all aspects of the manuscript. AI cannot meet these requirements and must not be 
attributed authorship.
3. Use of AI in Figures and Visual Content
According to JILTI’s AI policy, AI-generated images or figures are generally not permitted, except when 
AI is part of the research methodology (e.g., in AI-assisted medical imaging). In such cases, full trans-
parency is required in the Methods section, including tool name, version, and technical parameters. Any 
AI-generated visual content must be clearly labeled as such.
4. Use of AI by Reviewers and Editors
Reviewers and editors are discouraged from using generative AI tools to evaluate or summarize 
manuscripts. If AI tools are used, the use must be disclosed, and confidentiality must not be compro-
mised (COPE, 2023).

Plagiarism Policy
All submissions are screened using similarity detection software at least two times: on submission and 
after completing revisions. In the event of alleged or suspected research misconduct, e.g., plagiarism, ci-
tation manipulation, or data falsification/fabrication, the editorial board will follow and act in accordance 
with COPE guidelines. Plagiarism, including self-plagiarism, that is identified at any stage will result in 
rejection of the manuscript.

Open Access Policy
The Journal of Inonu Liver Transplantation Institute supports the Budapest Open Access Initiative state-
ment of principles that promotes free access to research literature. The declaration defines open access 
to academic literature as free availability on the internet, permitting users to read, record, copy, print, 
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search, or link to the full text, examine them for indexing, use them as data for software or other lawful 
purposes without financial, legal, or technical barriers. Information sharing represents a public good, and 
is essential to the advancement of science. Therefore, articles published in this journal are available for 
use by researchers and other readers without permission from the author or the publisher provided 
that the author and the original source are cited. The articles in the Journal of Inonu Liver Transplanta-
tion Institute are accessible through search engines, websites, blogs, and other digital platforms. Addi-
tional details on the Budapest Open Access Initiative and their guidelines are available at https://www.
budapestopenaccessinitiative.org/

Open Access Statement
The journal is an open access journal and all content is freely available without charge to the user or 
his/her institution. Except for commercial purposes, users are allowed to read, download, copy, print, 
search, or link to the full texts of the articles in this journal without asking prior permission from the 
publisher or the author. This is in accordance with the BOAI definition of open access. The open access 
articles in the journal are licensed under the terms of the Creative Commons Attribution-NonCom-
mercial 4.0 International (CC BY-NC 4.0) license.

Licenses and Copyright Policy
Authors publishing with the journal retain the copyright to their work licensed under the Creative 
Commons Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0) and grant the Pub-
lisher non-exclusive commercial right to publish the work. CC BY-NC 4.0 license permits unrestricted, 
non-commercial use, distribution, and reproduction in any medium, provided the original work is prop-
erly cited.

Peer Review Policy
Only those manuscripts approved by its every individual author and that were not published before in 
or sent to another journal, are accepted for evaluation.
Submitted manuscripts that pass preliminary control are scanned for plagiarism using iThenticate soft-
ware. After plagiarism check, the eligible ones are evaluated by Editor-in-Chief for their originality, 
methodology, the importance of the subject covered and compliance with the journal scope. Editor-in-
Chief evaluates manuscripts for their scientific content without regard to ethnic origin, gender, sexual 
orientation, citizenship, religious belief or political philosophy of the authors and ensures a fair double-
blind peer review of the selected manuscripts.
The selected manuscripts are sent to at least two national/international referees for evaluation and 
publication decision is given by Editor-in-Chief upon modification by the authors in accordance with 
the referees’ claims.
Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers and 
is responsible for final decision for publication of the manuscripts in the Journal.
Reviewers’ judgments must be objective. Reviewers’ comments on the following aspects are expected 
while conducting the review.
•	 Does the manuscript contain new and significant information?
•	 Does the abstract clearly and accurately describe the content of the manuscript?
•	 Is the problem significant and concisely stated?
•	 Are the methods described comprehensively?
•	 Are the interpretations and consclusions justified by the results?
•	 Are adequate references made to other Works in the field?
•	 Is the language acceptable?
Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential 
and must report to the editor if they are aware of copyright infringement and plagiarism on the author’s 
side.
A reviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review 
will be impossible should notify the editor and excuse himself from the review process.
The editor informs the reviewers that the manuscripts are confidential information and that this is a 
privileged interaction. The reviewers and editorial board cannot discuss the manuscripts with other 
persons. The anonymity of the referees is important.

Archiving Policy
The content published by the Journal of Inonu Liver Transplantation Institute is electronically preserved 
by using Internat Archieve.

Fee Waiver Policy
There is no fee waiver.

Funding Sources Policy
All authors are required to declare what support they received to carry out their research. Declar-
ing funding sources acknowledges funders’ contributions, fulfills funding requirements, and promotes 
greater transparency in the research process.
Each author must individually declare all sources of funding received for the research submitted to the 
journal. This information includes the name of granting agencies, grant numbers, and a description of 
each funder’s role. If the funder has played no role in the research, this must be stated as well.
Authors are not required to provide the complete list of every single grant that supports them if the 
grant is not related to the research published.

Publication Charges Policy
The Journal of Inonu Liver Transplantation Institute assesses no submission fees, publication fees, or 
page charges.

Corrections Policy
If the editors or publisher learn from a third party that a published work contains a material error or 
inaccuracy, the authors must promptly correct or retract the article or provide the journal editors with 
evidence of the accuracy of the article.

Withdrawal Policy
The Journal of Inonu Liver Transplantation Institute is committed to providing high quality articles and 
uphold the publication ethics to advance the intellectual agenda of science. We expect our authors to 
comply with, best practice in publication ethics as well as in quality of their articles.
Withdrawal of a manuscript will be permitted only for the most compelling and unavoidable reasons. 
For withdrawal of a manuscript authors need to submit an "Article withdrawal Form", signed by all au-
thors mentioning the reason for withdrawal to the Editorial Office. The form is available from the web 
page of the journal. Authors must not assume that their manuscript has been withdrawn until they have 
received appropriate notification to this effect from the editorial office.
In a case where a manuscript has taken more than five months’ time for review process, that allows the 
author to withdraw manuscript.
Manuscript withdrawal penalty: After receiving the Article withdrawal Form, the Journal of Inonu Liver 
Transplantation Institute Editorial Board will investigate the reason of withdrawal.
If the reason finds to be acceptable, the author is allowed to withdraw the manuscript without paying 
any withdrawal penalty. If not the Journal of Inonu Liver Transplantation Institute will not accept any 
manuscripts from the same author for one year.
Important notes: Manuscripts may be withdrawn at any stage of review and publication process by 
submitting a request to the editorial office. Manuscript withdrawal will be permitted after submission 
only for the most compelling and unavoidable reasons.
If the author wants to withdraw a manuscript, the author needs to submit a completed "Article with-
drawal Form", signed by all authors of the manuscript stating the reasons for manuscript withdrawal.
The manuscript will not be withdrawn from publication process until a completed, signed form is re-
ceived by the editorial office. Authors must not assume that their manuscript has been withdrawn until 
they have received appropriate notification to this effect from the Journal of Inonu Liver Transplantation 
Institute editorial office.

Retraction Policy
The publisher will take all appropriate measures to modify the article in question, in close cooperation 
with the editors, in cases of alleged or proven scientific misconduct, fraudulent publication, or plagia-
rism. This includes the prompt publication of an erratum, disclosure, or retraction of the affected work 
in the most severe case. Together with the editors, the publisher will take reasonable steps to detect 
and prevent the publication of articles in which research misconduct occurs and will under no circum-
stances promote or knowingly allow such abuse to occur.

Complaint and Appeal Policy
Appeal and complaint cases are handled within the scope of COPE guidelines by the Editorial Board of 
the journal. Appeals should be based on the scientific content of the manuscript. The final decision on 
the appeal and complaint is made by Editor in Chief. An Ombudsperson or the Ethical Editor is assigned 
to resolve cases that cannot be resolved internally. Authors should get in contact with the Editor in 
Chief regarding their appeals and complaints via e-mail at kare@karepb.com.
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THE JOURNAL

The Journal of Inonu Liver Transplantation Institute (The Journal) is an international, scientific, open 
access periodical published in accordance with independent, unbiased, and double-blinded peer-review 
principles. The journal is the official publication of the Inonu Liver Transplantation Institute, and it is 
published in April, August and December, three times a year. The publication language of the journal 
is English.
The Journal aims to contribute to international literature by publishing high-quality manuscripts in the 
field of diseases and therapy of the liver and biliary tract. The journal’s target audience includes aca-
demics and expert physicians working in transplantation surgery specialists.

REVIEW PROCESS 

Manuscripts submitted to the Journal will undergo a double-blind peer-review process. Each submis-
sion will be reviewed by at least two external, independent peer reviewers who are experts in their 
field in order to ensure an unbiased evaluation process. The editorial board will invite an external and 
independent editor to manage the evaluation process of manuscripts submitted by editors or by the 
editorial board members of the journal. The editor-in-chief is the final authority in the decision-making 
process for all submissions.
Reviews are typically completed within one month of submission to the journal. Authors will be sent 
constructive reviewer comments intended to be useful. In general, the instructions, objections, and 
requests made by the reviewers should be followed. The revised manuscript should clearly and precisely 
indicate every step taken in accordance with the reviewers' notes. A list of responses and the correc-
tions made to each comment should be provided.

AUTHORSHIP  

Each individual listed as an author should fulfill the authorship criteria recommended by the Interna-
tional Committee of Medical Journal Editors (ICMJE - www.icmje.org). The ICMJE recommends that 
authorship be based on the following 4 criteria:
Substantial contributions to the conception or design of the work, or the acquisition, analysis, or inter-
pretation of data for the work; AND
Drafting the work or revising it critically for important intellectual content; AND
Final approval of the version to be published; AND
Agreement to be accountable for all aspects of the work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appropriately investigated and resolved.
In addition to being accountable for their own work, authors should have confidence in the integrity of 
the contributions of their co-authors and each author should be able to identify which co-authors are 
responsible for other parts of the work. 
All of those designated as authors should meet all four criteria for authorship, and all who meet the four 
criteria should be identified as authors. Those who do not meet all four criteria should be acknowledged 
on the title page of the manuscript.
The Journal requires that corresponding authors submit a signed and scanned version of the authorship 
contribution form (available for download through www.jilti.org) during the initial submission process in 
order to appropriately indicate and observe authorship rights and to prevent ghost or honorary author-
ship. If the editorial board suspects a case of “gift authorship,” the submission will be rejected without 
further review. As part of the submission of the manuscript, the corresponding author should also send 
a short statement declaring that they accept all responsibility for authorship during the submission and 
review stages of the manuscript.

ORCID ID 

The Open Researcher and Contributor ID (ORCID) number of each author must be submitted when 
creating an account for correspondence. To obtain an ORCID number, please visit  https://orcid.org/

PLAGIARISM DETECTION  

All submissions are screened using similarity detection software at least two times: on submission and 
after completing revisions. In the event of alleged or suspected research misconduct, e.g., plagiarism, 
citation manipulation, or data falsification/fabrication, the editorial board will follow and act in accor-
dance with COPE guidelines. Plagiarism, including self-plagiarism, that is detected at any stage will result 
in rejection of the manuscript.

PUBLICATION FEE - CHARGES  

This journal assesses no submission fees, publication fees, or page charges.

MANUSCRIPT PREPARATION  

Manuscripts should be prepared in accordance with the ICMJE-Recommendations for the Conduct, 
Reporting, Editing, and Publication of Scholarly Work in Medical Journals (updated in December 2015 
- http://www.icmje.org/icmje-recommendations.pdf). Authors are required to prepare manuscripts in ac-
cordance with the Consolidated Standards of Reporting Trials (CONSORT) guidelines for randomized 
research studies, the Strengthening the Reporting of Observational studies in Epidemiology (STROBE) 
guidelines for observational original research studies, the Standards for Reporting Diagnostic Accuracy 
(STARD) guidelines, the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines, the Animal Research: Reporting of In Vivo Experiments (ARRIVE) guidelines for experimental 
animal studies, case report guidelines (CARE) and the Transparent Reporting of Evaluations with Non-
randomised Designs (TREND) guidelines for non-randomized behavioral and public health evaluations.
Manuscripts may only be submitted through the journal’s online manuscript submission and evalua-
tion system, http://jag.journalagent.com/jilti/ Manuscripts submitted via any other medium will not be 
evaluated.
Manuscripts will first be submitted to a technical evaluation process in which the editorial staff will en-
sure that the manuscript has been prepared and submitted in accordance with the journal’s guidelines. 

Submissions that do not conform to the journal’s guidelines will be returned to the author with requests 
for technical correction.
The quality and clarity of the language used in a manuscript is very important. The editors may request 
that authors have the manuscript professionally edited if the language of the submission does not con-
form to the journal standards. The Journal uses American English. Please submit text of a quality ready 
for publication. Information about language editing and copyediting services pre- and post-submission 
may contact Kare Publishing at kare@karepb.com. Please refer to specific formatting requirements 
noted in the submission checklist and elsewhere in this document. 

MANUSCRIPT TYPES

Original Article: This is the most valued type of article, since it provides new information based on 
original research. The main text of an original article should be structured with Introduction, Methods, 
Results, Discussion, and Conclusion subheadings. Original articles are limited to 3500 words and 30 
references.
Editorial comment: Editorial comments provide a brief critical commentary offered by reviewers with 
experience and standing in the topic of a research article previously published in the journal. The au-
thors are selected and invited by the journal to provide the benefit of their expertise. The submission 
should not include an abstract, keywords, tables, figures, and images. The word count is limited to 1200 
and 15 references may be included. 
Review article: Two kinds of review are accepted for publication in the Journal: narrative review and 
systematic review. Reviews of relevant topics not recently discussed in this format that will be helpful 
to readers are welcomed.
Case report: There is limited space for case reports and therefore the journal selects reports of rare 
cases or conditions that reflect challenges in diagnosis and treatment, those offering new therapies or 
revealing knowledge not in the literature, or present something otherwise particularly interesting and 
educative. The abstract with structured of background, case and conclusion, is limited to 150 words and 
the report must include the subheadings of introduction, case report, and discussion, which includes a 
conclusion. A case report is limited to 1300 words and 15 references.
Image: Original, high-quality clinical or laboratory images will be considered for publication. If a photo of 
an identifiable patient is used, a consent form for its use must be completed and signed by the patient 
and enclosed with the submission. All printed information that might identify the patient or the authors’ 
institution (including, but not limited to the hospital or patient name, date, or place) should be removed 
from images. The submission should have no more than 3 authors, the case description is limited to 
a maximum of 200 words, the discussion section may contain no more than 200 words, and only 3 
references and 3 figures are permitted. 
Letter to the editor: A "Letter to the Editor" is a type of manuscript that discusses important or over-
looked aspects of a previously published article. This type of manuscript may also present articles on 
topics within the scope of the journal that are of interest to readers, particularly educational cases. Addi-
tionally, readers may use the "Letter to the Editor" format to share comments on published manuscripts.
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Abstract

Objectives: Methotrexate (MTX) is a potent antineoplastic and immunosuppressive drug; nevertheless, its therapeutic use is lim-
ited by hepatotoxicity, mostly driven by oxidative stress (OS). This research sought to examine the possible preventive impact of 
vinpocetine (VPC) against MTX-induced liver injury in rats.
Methods: Thirty-two female Wistar albino rats were randomly allocated into four groups: Control, MTX (20 mg/kg, single dose, 
intraperitoneally), VPC (10 mg/kg/day, intraperitoneally for 7 days), and MTX+VPC. Upon conclusion of the experiment, liver tissues 
and serum samples were obtained. Hepatic OS indicators, including malondialdehyde (MDA), superoxide dismutase (SOD), catalase 
(CAT), glutathione peroxidase (GPx), total antioxidant status (TAS), total oxidant status (TOS), and oxidative stress index (OSI), were 
assessed. Serum levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were assessed. Histopathological 
evaluation focused on sinusoidal dilation and congestion.
Results: The treatment of MTX markedly elevated liver levels of MDA, TOS, and OSI, while concurrently diminishing SOD, CAT, GPx, 
and TAS values, signifying substantial OS. VPC co-administration markedly reduced MTX-induced oxidative imbalance, as shown by 
decreased MDA and OSI levels and a partial recovery of antioxidant enzyme activity. Serum AST and ALT levels exhibited no signifi-
cant differences among the groups. Histopathological examination revealed that MTX caused considerable sinusoidal dilatation, 
which was somewhat reduced by VPC, but this reduction did not achieve statistical significance.
Conclusion: VPC offers partial protection against MTX-induced hepatic OS and early histopathological changes without influenc-
ing serum transaminase levels. These data indicate that VPC may function as a possible supplementary treatment to alleviate MTX-
induced hepatotoxicity.
Keywords: Methotrexate, vinpocetine, hepatotoxicity, oxidative stress, rat model
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Methotrexate (MTX) is an antifolate drug widely used 
in the treatment of several malignancies, including 

acute lymphoblastic leukemia and non-Hodgkin lympho-
ma, and is also commonly prescribed for chronic inflamma-
tory conditions such as rheumatoid arthritis and psoriasis.
[1,2] Although clinically successful, prolonged use of MTX is 
often linked to significant side effects, including hepato-
toxicity. MTX-induced hepatic injury presents via several 
pathogenic mechanisms, including oxidative stress (OS), 
inflammation, mitochondrial dysfunction, apoptosis, and, 
in some instances, fibrosis and cirrhosis.[3,4]

The pathophysiology of MTX-induced hepatotoxicity is 
marked by elevated production of reactive oxygen species 
(ROS), diminished endogenous antioxidant defenses like 
glutathione (GSH), and increased expression of pro-inflam-
matory cytokines, including tumor necrosis factor-alpha 
(TNF-α) and interleukin-1β (IL-1β). These mechanisms to-
gether induce hepatocyte injury and necrosis, resulting in 
compromised liver function, as shown by increased serum 
transaminase levels and significant histological damage.
[3,5] Consequently, the identification of safe and efficacious 
medicines that may safeguard the liver against MTX-in-
duced toxicity has emerged as a significant objective in 
both clinical and preclinical research.

Vinpocetine (VPC; ethyl apovincaminate), a semi-synthet-
ic derivative of the vinca alkaloid vincamine, is best known 
for its cerebral vasodilatory, neuroprotective, and noot-
ropic properties.[6] The pharmacological actions include 
the inhibition of phosphodiesterase-1 (PDE-1), blocking 
of voltage-gated sodium channels, and anti-inflammato-
ry activity predominantly via the suppression of the nu-
clear factor kappa B (NF-κB) signaling pathway.[7-9] VPC has 
significant antioxidant capabilities by neutralizing ROS 
and enhancing the activity of essential antioxidant en-
zymes, such as superoxide dismutase (SOD) and catalase 
(CAT).[9] Experimental investigations have shown VPC’s 
protective benefits in models of ischemia-reperfusion 
damage, diabetic nephropathy, and hepatic ischemia.[7,10] 

VPC augments antioxidant enzyme activity, diminishes 
lipid peroxidation, and inhibits inflammatory pathways. 
VPC enhances protective factors such as nuclear factor 
erythroid 2–related factor 2 (Nrf2) and heme oxygenase 1 
(HO-1), while inhibiting apoptosis-related proteins, lead-
ing to better liver histology and function in rats subjected 
to MTX exposure [11].

We hypothesize that VPC may mitigate MTX-induced he-
patic injury by reducing OS and preserving liver architec-
ture. The findings of this study may support the potential 
repositioning of VPC as an adjunct hepatoprotective agent 
in patients receiving MTX-based therapy.

Methods
A total of 32 female Wistar albino rats (300–350 g), sourced 
from the Inonu University Laboratory Animal Production 
and Research Center, were randomly assigned to four ex-
perimental groups. The animals were kept under regulated 
laboratory settings, with a controlled ambient tempera-
ture of 21±2 °C, relative humidity of 60±5%, and a 12-hour 
light/12-hour dark photoperiod. All rats were provided 
with a regular pellet diet and had unrestricted access to tap 
water throughout the research period.

Randomization methods were used for both group allo-
cation and for data collection and analysis, conducted by 
investigators unaware of the treatment conditions. The ex-
perimental methodology adhered to the National Institutes 
of Health criteria for animal research and conformed to the 
ARRIVE reporting requirements.[12] Ethical permission was 
obtained from the Inonu University Faculty of Medicine An-
imal Experiments Local Ethics Committee (approved date: 
October 11, 2018; meeting number: 2015/A-37). A simple 
randomization approach guaranteed an impartial alloca-
tion of animals among the experimental groups. The re-
quired minimum sample size was determined a priori using 
G*Power software (version 3.1.9.7, Heinrich Heine Universi-
ty, Düsseldorf, Germany). Based on effect sizes reported in 
previous experimental studies investigating MTX-induced 
hepatic OS and antioxidant interventions, a large effect size 
was assumed (f=0.40). The calculation was performed for 
a one-way ANOVA with four independent groups, with a 
significance level (α) of 0.05 and a statistical power (1−β) of 
0.80. Under these assumptions, the minimum total sample 
size required was 28 animals (7 per group). To compensate 
for potential experimental losses and to increase the ro-
bustness of the statistical analysis, 32 rats were included in 
the study (n=8 per group).

32 female Wistar albino rats were randomly divided into 
four groups:

•	 Control Group (n=8): The vehicle solution (0.5 mL) was 
administered intraperitoneally (i.p.) once daily for sev-
en days. 

•	 MTX Group (n=8): On day 1, a single dose of MTX (20 
mg/kg) was administered i.p., followed by daily i.p. ad-
ministration of 0.5 mL of the vehicle solution for seven 
days. 

•	 VPC Group (n=8): A single daily dose of 10 mg/kg VPC 
was administered i.p. for 7 days. 

•	 MTX+VPC Group (n=8): On the first day, a single dose 
of 20 mg/kg MTX was administered i.p., followed by a 
single daily dose of 10 mg/kg VPC administered i.p. for 
7 days. 
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The dosages, administration routes, and dosing regimens for 
MTX (Methotrexate DBL, 500 mg/20 mL; Koçak Farma, Istan-
bul, Türkiye) and VPC (CAS No. 42971-09-5; Sigma-Aldrich, St. 
Louis, MO, USA) were determined according to prior research 
conducted by Samdanci et al. and Ristić et al., respectively.
[13,14] On the eighth day of the experimental phase, the body 
weights of the rats were documented. Animals were anesthe-
tized with urethane (1.2 g/kg, intraperitoneal; CAS No. 51-79-
6; Sigma-Aldrich St. Louis, MO, USA), followed by the collec-
tion of blood samples from the inferior vena cava. Euthanasia 
was conducted surgically to guarantee exsanguination.

Subsequent to sacrifice, liver tissues were removed, irri-
gated with 0.9% NaCl isotonic saline to eliminate leftover 
blood, and weighed with a precision scale. Blood samples 
were centrifuged at 2000 rpm for 7 minutes to isolate se-
rum. The harvested liver tissues were divided symmetri-
cally for biochemical and histopathological assessments; 
one portion was fixed in 10% formaldehyde for histologi-
cal evaluation, while the remaining liver tissue and serum 
samples were appropriately packaged and stored at −80 °C 
until biochemical analyses were conducted.

Tissue Biochemical Analysis
Upon the commencement of the analyses, the tissues were 
washed by submerging them in a beaker filled with Tris-
HCl. Their weights were subsequently measured and docu-
mented. Tissues were homogenized for one minute in glass 
tubes using an IKA-WERKE T 25 B device with the addition 
of pH 7.4 Tris-HCl buffer. Homogenization was completed 
by including an additional quantity of buffer solution and 
homogenizing for an additional minute. A segment of the 
resultant homogenate was reserved for examination. The 
residual homogenate was subjected to centrifugation at 
4000 rpm for 45 minutes at +4 °C using a Hettich D 78532 
chilled centrifuge. The transparent supernatant was isolat-
ed for examination. Spectrophotometric measurements 
were conducted with SHIMADZU UV-160A and BİOTEK 
SYNERGY LX multi-mode reader instruments.

Malondialdehyde (MDA)
MDA was measured according to the method of Uchiya-
ma and Mihara [15]. The results obtained were expressed in 
nmol/g tissue.

Superoxide Dismutase (SOD)
SOD activity was determined using the method of Sun et 
al.[16] Results were calculated in U/mg protein.

Protein Quantification
Protein quantity analysis was performed using the modi-
fied Lowry method to calculate the data for the other mark-

ers studied.[17] The results were calculated according to the 
standard graph obtained and expressed in μg/mL.

Catalase (CAT)
CAT activity was determined according to Aebi’s method.[18] 
Results were reported as K/g protein.

Glutathione Peroxidase (GPx)
GPx activity was measured using the Paglia and Valentine 
method.[19] The activity calculated from the observed absor-
bance change during this process was given as U/mg protein.

Total Antioxidant Status (TAS), Total Oxidant Sta-
tus (TOS), and Oxidative Stress Index (OSI)
The TAS measurement was determined in the supernatant 
using the Erel method.[20] The unit is mmol Trolox equivalent 
per liter. TOS was quantified colorimetrically using the Erel 
technique, utilizing the supernatant produced.[21] The unit is 
μmol H2O2 equivalent/L. The OSI was calculated by dividing 
the TOS by the TAS. The unit is arbitrary unit (AU).[22]

Serum Biochemical Analysis
Serum samples were extracted from the deep freezer one 
day before biochemical analysis and allowed to defrost pri-
or to processing at the Inonu University Turgut Özal Medi-
cal Center Central Laboratory.

Histopathological Analysis
Upon completion of the experiment, liver tissues were pre-
served in 10% formaldehyde. After standard tissue prepa-
ration, paraffin-embedded blocks were created, and sec-
tions measuring 4–5 µm in thickness were acquired. The 
sections were stained with hematoxylin and eosin (H&E) 
for comprehensive histological evaluation.

Histopathological evaluation focused on sinusoidal dila-
tation and congestion. Tissue injury was assessed using a 
semi-quantitative scoring system as follows: 0, no patholog-
ical change; 1, mild injury; 2, moderate injury; and 3, severe 
injury. For each animal, ten randomly selected, non-overlap-
ping microscopic fields were examined at ×20 magnifica-
tion. Scoring was performed by an experienced histopathol-
ogist who was blinded to the experimental groups in order 
to minimize observer bias. The mean score for each animal 
was used for statistical analysis.

All histological analyses were performed using a Leica DFC-280 
research microscope alongside the Leica Q Win Image Analysis 
System (Leica Micros Imaging Solutions Ltd., Cambridge, UK).

Statistical Analysis
Statistical analyses were performed using statistical software 
developed by the Department of Biostatistics and Medical 
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Informatics, Faculty of Medicine, Inonu University [23]. Data 
distribution was assessed using normality tests, and since 
the variables did not follow a normal distribution, non-para-
metric tests were applied. Overall group comparisons were 
performed using the Kruskal–Wallis test. When a significant 
difference was detected, pairwise comparisons were con-
ducted using the Mann–Whitney U test. To control for infla-
tion of Type I error due to multiple comparisons, a Bonfer-
roni correction was applied, and the adjusted significance 
threshold was set at p<0.0083 (0.05/6). Data were expressed 
as median (minimum–maximum), and p values below the 
adjusted threshold were considered statistically significant.

Results

Body and Liver Weights of Rats
Table 1 demonstrates that liver weights exhibited no signif-
icant differences across the experimental groups (p>0.05), 
suggesting that neither MTX nor VPC treatment resulted in 
a notable alteration in liver mass. The ultimate body weight 
of rats in the MTX group was considerably lower than that 
of the Control group (p<0.05). The VPC therapy alone did 
not significantly affect the final body weight in comparison 
to the Control group. The co-administration of VPC with 
MTX considerably mitigated the body weight loss generat-
ed by MTX, resulting in final body weights that were mark-
edly greater than those in the MTX group (p<0.05).

Tissue Biochemical Findings
As shown in Figure 1 and Table 2, MTX administration 
caused a marked disruption of oxidative balance in liver tis-
sue, as indicated by significant increases in MDA, TOS, and 
OSI levels, along with significant decreases in antioxidant 
defense parameters, including SOD, CAT, GPx, and TAS, 
compared with the Control group (p<0.05).

Treatment with VPC alone induced considerable alterations in 
OS indicators, shown by increased MDA, TOS, and OSI levels, 
and diminished CAT and GPx activity compared to the Con-
trol group (p<0.05), although SOD and TAS levels were sim-

ilar. Co-administration of VPC with MTX markedly reduced 
MTX-induced oxidative damage, as shown by decreased MDA 
and OSI values and a partial recovery of antioxidant enzyme 
activity relative to the MTX group (p<0.05), while some pa-
rameters continued to deviate from Control values.

Serum Biochemical Findings
As shown in Table 3, serum liver enzyme levels did not dif-
fer significantly among the experimental groups. Neither 
MTX administration nor VPC treatment, whether individ-
ually or in conjunction, resulted in a statistically signifi-
cant alteration in serum aspartate aminotransferase (AST) 
or alanine aminotransferase (ALT) levels compared to the 
Control group (p>0.05), signifying the lack of pronounced 
hepatocellular damage under the experimental conditions 
employed.

Histopathological Findings
Liver injury was assessed for sinusoidal dilatation and con-
gestion. In the Control and VPC groups, the liver had a nor-
mal histological appearance, with the exception of modest 
alterations. In these groups, hepatocyte cords exhibiting 
anastomoses surrounding the central veins and the sinu-
soids situated between these cords were clearly visible (Fig. 
2a and b). In the MTX group, sinusoidal congestion paral-
leled that of the Control group; however, a substantial in-
crease in sinusoidal dilatation was seen (p<0.001) (Fig. 2c). 
The MTX+VPC group exhibited a little reduction in sinusoi-
dal dilatation; yet, this reduction was not statistically signif-
icant in comparison to the MTX group (Fig. 2d). The scores 
for histopathological assessment are shown in Table 4.

Discussion
The present study investigated the protective effects of 
VPC against MTX-induced liver injury in rats, focusing on 
OS parameters, serum liver enzymes, and histopathological 
alterations. The main findings show that MTX administra-
tion induced a marked oxidative imbalance in liver tissue, 
characterized by increased lipid peroxidation and oxidant 
status along with a significant reduction in endogenous 
antioxidant defenses. Co-administration of VPC partially 
attenuated these changes, supporting its antioxidant and 
hepatoprotective potential; however, this effect was not 
fully reflected in serum transaminase levels or in complete 
normalization of histological alterations.

OS is widely recognized as a central mechanism underlying 
MTX-induced hepatotoxicity.[5,24] Excessive production of ROS 
and depletion of antioxidant enzymes such as SOD, CAT, and 
GPx contribute to lipid peroxidation, mitochondrial dysfunc-
tion, and hepatocellular injury [25,26]. Consistent with previous 
studies, MTX-treated rats in the present study exhibited sig-

Table 1. Body and liver weights of rats

Groups Liver   
weight (g)

End of experiment rat 
weight (g)

Control 9.46 (5.73-11.16) 279 (242-340)a

MTX 9.05 (6.25-10.95) 229.5 (217-300)

VPC 8.17 (6.56-9.04) 265.5 (215-310)

MTX+VPC 8.17 (6.03-10.12) 252.5 (229-303)a

a: There is a statistically significant difference according to the MTX group 
(p<0.05). MTX: Methotrexate-treated group; VPC: Vinpocetine-treated group;  
MTX+VPC: Methotrexate- and Vinpocetine-treated group.
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nificantly elevated hepatic MDA, TOS, and OSI levels, along 
with decreased SOD, CAT, GPx, and TAS values, confirming the 
establishment of an oxidative injury model.[25,27,28] These find-
ings align with earlier reports demonstrating MTX-induced 
redox imbalance as a key driver of liver damage.

VPC administration alone produced moderate changes 
in certain OS parameters without causing marked histo-
pathological damage or alterations in serum AST and ALT 
levels. This finding suggests that VPC does not exert overt 
hepatotoxic effects under the applied experimental con-
ditions. Importantly, co-administration of VPC with MTX 
significantly reduced hepatic MDA and OSI levels and par-
tially restored antioxidant enzyme activities compared with 
the MTX group. These results indicate that VPC mitigates 
MTX-induced oxidative injury, likely through its free radical 
scavenging capacity and enhancement of endogenous an-

tioxidant systems. The observed effects are consistent with 
previous experimental studies reporting VPC-mediated up-
regulation of antioxidant enzymes and suppression of oxi-
dative damage in various organ injury models, including he-
patic ischemia-reperfusion and drug-induced toxicity. VPC, 
a synthetic vincamine derivative, shows consistent antioxi-
dant and hepatoprotective effects across in vitro and animal 
liver models of toxic and metabolic injury. In human liver L02 
cells, VPC (1–30 μM) showed strong, concentration-depen-
dent radical scavenging in the ABTS assay (≈87% at 30 μM) 
and reduced H₂O₂- and paracetamol-induced ROS, while in-
creasing intracellular GSH. VPC upregulated Nrf2 and HO-1, 
key regulators of endogenous antioxidant defenses, partly 
by competing with Nrf2 for kelch-like ECH-associated pro-
tein 1 (Keap1) binding and stabilizing Nrf2 protein.[30] In mul-
tiple rat models, VPC increased hepatic GSH and SOD and 

Figure 1. Liver tissue oxidative stress parameters.
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reduced MDA and nitric oxide (NO/NOx), indicating reduced 
lipid peroxidation and nitrosative stress.[11,30-33]

Despite the clear biochemical evidence of oxidative inju-
ry and partial protection by VPC, serum AST and ALT lev-
els did not differ significantly among groups. This finding 
suggests that the degree of hepatocellular damage in-
duced by a single MTX dose in the present model may be 

subclinical or insufficient to elicit measurable elevations in 
circulating transaminases. Serum liver enzymes are known 
to be relatively insensitive in early or mild hepatic injury, 
particularly when oxidative damage precedes overt cell 
necrosis. OS can clearly precede overt hepatocyte necrosis 
and histologic liver injury, so standard serum liver enzymes 
[ALT, AST, alkaline phosphatase (ALP), gamma-glutamyl 
transferase (GGT)] may stay normal in early or mild oxida-

a b

dc

Figure 2. The liver shows a normal histological appearance in the control (a) and VPC (b) groups. In 
the MTX group (c), sinusoidal dilatation (arrowheads) is noted. In the MTX+VPC group (d), sinusoidal 
dilatation (arrowheads) persists, albeit to a lesser extent. H&E; 20x.

Table 2. Liver tissue biochemical analysis results

Groups MDA  
(nmol/g tissue)

SOD 
(U/mg protein)

CAT  
(K/g protein)

GPx 
(U/mg protein)

TAS (mmol 
Trolox Eqv./L)

TOS 
(µmol H2O2 Eqv./L)

OSI 
(AU)

Control 4.75 
(2.99-6.18)

1.68  
(1.43-1.97)

36.80  
(23.50-51.90)

161.59  
(96.97-187.39)

1.96  
(1.44-2.83)

27.18  
(13.25-32.72)

11.83
(7.11-19.29)

MTX 8.76  
(7.99-13.10)a,b

1.24  
(0.97-1.49)a,b

26.76  
(17.03-33.10)a

87.02  
(63.83-126.72)a,b

1.38  
(0.80-2.19)a,b

32.98  
(26.51-50.33)a

24.62
(13.68-35.72)a

VPC 6.38  
(4.16-9.14)a

1.50  
(1.16-1.98)

21.86  
(15.95-27.96)a

126.04  
(97.82-163.63)a

1.92  
(1.56-2.38)

35.26 
(30.03-43.91)a

18.62
(13.95-26.89)a

MTX+VPC 6.35 
(4.98-8.90)a

1.28  
(0.91-1.56)a

21.39  
(18.41-30.52)a

116.53  
(91.14-165.97)a

2.07  
(1.17-3.18)

32.83  
(24.65-48.05)a

19.62
(7.74-25.84)a

a: There is a statistically significant difference compared to the Control group (p<0.05). b: There is a statistically significant difference compared to the VPC 
group (p<0.05). MDA: Malondialdehyde; SOD: Superoxide Dismutase; CAT: Catalase; GPx: Glutathione Peroxidase; TAS: Total Antioxidant Status; TOS: Total 
Oxidant Status; OSI: Oxidative Stress Index; AU: Arbitrary Unit; MTX: Methotrexate-treated group; VPC: Vinpocetine-treated group; MTX+VPC: Methotrexate- 
and Vinpocetine-treated group.
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tive damage and do not reliably reflect its onset or severity. 
ALT/AST rises often correlate with necrosis or substantial 
membrane damage, not with the earliest oxidative events. 
OS and lipid peroxidation can occur days before necrosis in 
liver and other organs in dietary choline deficiency mod-
els.[34] Reviews of OS in acute liver injury and drug-induced 
liver injury emphasize that mitochondrial OS, GSH deple-
tion, and ROS formation occur upstream of cell death and 
clinical enzyme release.[34-38] There is poor correlation at 
times between serum enzyme levels and true liver integ-
rity; selective enzyme release can occur without necrosis, 
and necrosis can progress despite relatively modest en-
zyme changes.[37,39] Subclinical or mild chronic hepatitis in 
humans and dogs can have normal ALT despite histolog-
ic inflammation or copper-associated injury, highlighting 
insensitivity in early disease.[40] Therefore, the discrepancy 
between tissue OS markers and serum biochemistry under-
scores the importance of evaluating both biochemical and 
histopathological parameters when assessing hepatotoxic-
ity. In this context, the lack of significant changes in serum 
AST and ALT, despite clear OS and histopathological alter-
ations in liver tissue, suggests that the present MTX model 
represents an early or subclinical stage of hepatotoxicity. 
At this stage, intracellular oxidative injury and microstruc-
tural disturbances may occur before sufficient hepatocyte 
membrane damage develops to cause enzyme leakage 
into the circulation. Therefore, tissue OS markers and histo-

logical evaluation appear to be more sensitive indicators of 
early MTX-induced liver injury in this experimental setting.

Histopathological examination further supported the bio-
chemical findings. MTX administration resulted in a signif-
icant increase in sinusoidal dilatation, indicating microcir-
culatory disturbance and early structural liver injury. VPC 
co-treatment produced a modest reduction in sinusoidal 
dilatation; however, this improvement did not reach sta-
tistical significance. VPC generally shows protective effects 
on hepatic structure, and in liver models, it can reduce his-
tologic damage, but specific data on sinusoidal dilatation 
are limited, and any reduction is likely modest. In diethyl-
nitrosamineinduced early hepatocellular carcinoma in rats, 
VPC improved liver ultrastructure, reduced OS and inflam-
matory signaling, and favorably modulated remodeling 
markers, indicating attenuation of structural liver damage 
and fibrosis.[33] In human hepatic L02 cells, VPC protected 
against H₂O₂ and acetaminopheninduced hepatotoxicity, 
reducing ROS and restoring antioxidant defenses through 
Nrf2/HO1 activation.[29] These effects would be expected to 
blunt microvascular/sinusoidal injury, though sinusoidal 
dilatation per se was not quantified. This partial histological 
protection may reflect the short duration of VPC treatment 
or the severity of MTX-induced injury, suggesting that lon-
ger treatment periods or different dosing regimens may be 
required to achieve more pronounced structural recovery.

Body weight loss observed in the MTX group further supports 
the systemic toxic effects of MTX, whereas partial restoration 
of body weight in the MTX+VPC group indicates an overall 
protective influence of VPC. Importantly, liver weights were 
not significantly altered, suggesting that functional and oxi-
dative changes preceded gross morphological alterations in 
liver mass. In cyclosporine A–induced hepatotoxicity in rats, 
liver function markers and OS indices were markedly altered, 
with clear microscopic damage, despite preserved lobular ar-
chitecture and no mention of early gross organ enlargement.
[41] Fluoride exposure in mice produced significant OS, enzyme 
leakage, and ultrastructural damage (vacuolar degeneration, 
dilated endoplasmic reticulum, mitochondrial membrane 
damage) before advanced structural collapse, again empha-
sizing that functional and oxidative disruption precede mas-
sive morphologic change.[42] High-sugar/high-energy diets in 
young rats increased serum AST/ALT and oxidative/inflamma-
tory markers along with early histopathological alterations, 
linking proinflammatory and OS mechanisms to early hepatic 
dysfunction before end-stage remodeling.[43] Reviews of liver 
OS emphasize that disturbed redox balance and mitochon-
drial dysfunction drive progression from simple steatosis to 
steatohepatitis, fibrosis, and hepatocellular carcinoma, acting 
upstream of gross fibrotic and mass changes.[44,45]

Table 3. Serum biochemical analysis results

Groups AST (IU/L) ALT (IU/L)

Control 177 (118-222) 35 (29-51)

MTX 164.5 (117-194) 35.5 (24-67)

VPC 182.5 (89-260) 30.5 (17-43)

MTX+VPC 122 (78-294) 26 (18-78)

There is no statistically significant difference between the groups (p>0.05). 
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;  MTX: 
Methotrexate-treated group; VPC: Vinpocetine-treated group;  MTX+VPC: 
Methotrexate- and Vinpocetine-treated group.

Table 4. Histopathological Evaluation Results

Groups Sinusoidal dilatation Sinusoidal congestion

Control 0.0 (0.0-1.0) 0.0 (0.0-0.1)

MTX 1.0 (0.0-3.0)a 0.0 (0.0-0.2)

VPC 0.0 (0.0-1.0) 0.0 (0.0-0.1)

MTX+VPC 1.0 (0.0-2.0) 0.0 (0.0-0.2)

a: Significant increase compared to the Control group (p<0.001). MTX: 
Methotrexate-treated group; VPC: Vinpocetine-treated group;  MTX+VPC: 
Methotrexate- and Vinpocetine-treated group.
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Several limitations of the present study should be acknowl-
edged. The evaluation was limited to a short-term MTX 
exposure model, and inflammatory cytokines, apoptotic 
markers, or molecular signaling pathways. A limitation of 
the present study is that mechanistic signaling pathways 
involved in OS, inflammation, and cell death, such as the 
Nrf2/HO-1 and NF-κB pathways, inflammatory cytokines, 
and apoptotic markers, were not directly investigated. Al-
though the observed biochemical and histopathological 
findings strongly support an antioxidant and hepatopro-
tective effect of VPC, the proposed molecular mechanisms 
are based on previous experimental evidence reported in 
the literature. Future studies incorporating molecular and 
protein-level analyses are warranted to clarify the precise 
signaling pathways responsible for the protective effects 
of VPC in MTX-induced hepatotoxicity. It should be noted 
that this study employed a short-term, single-dose MTX 
model that primarily reflects early or subclinical hepatotox-
icity; therefore, future studies using longer-term or repeat-
ed-dose MTX protocols are warranted to better simulate 
chronic clinical exposure and to further clarify the long-
term hepatoprotective potential of VPC.

Conclusion
The findings of this study demonstrate that MTX induc-
es significant OS and early histopathological alterations 
in rat liver tissue without causing overt changes in serum 
liver enzymes. VPC co-administration partially attenuates 
MTX-induced oxidative damage and improves antioxidant 
capacity, supporting its potential role as an adjunctive pro-
tective agent against MTX-related hepatotoxicity. Further 
experimental and clinical studies are warranted to clarify 
its therapeutic relevance and optimal treatment strategies.
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Abstract

Objectives: Hepatocellular carcinoma (HCC) remains one of the leading causes of cancer-related mortality worldwide. Despite the 
availability of systemic therapies, treatment resistance and tumor progression remain major challenges in HCC management. In-
creasing evidence indicates that aberrant activation of the fibroblast growth factor receptor 4 (FGFR4) axis and the phosphoinosit-
ide 3-kinase (PI3K) signaling pathway plays a critical role in hepatocarcinogenesis, tumor proliferation, and therapeutic resistance. 
Drug repositioning strategies offer an efficient approach for identifying new therapeutic applications for widely used non-onco-
logic drugs. This study aimed to investigate the potential inhibitory interactions of commonly prescribed drugs—atorvastatin, 
metformin, and celecoxib—against FGFR4 and PI3Kα through molecular docking analysis and to compare their binding profiles 
with sorafenib, a reference drug used in HCC treatment.
Methods: The crystal structures of FGFR4 and PI3Kα were retrieved from the Protein Data Bank and prepared using AutoDockTools. 
The three-dimensional structures of atorvastatin, metformin, celecoxib, and sorafenib were obtained from the PubChem database. 
Molecular docking simulations were performed using AutoDock 4 employing the Lamarckian Genetic Algorithm. The docking pro-
tocol was validated by redocking the co-crystallized ligand into the ATP-binding pocket, and root mean square deviation (RMSD) 
values below 2.0 Å were considered acceptable. Binding energies (ΔG), ligand–protein interaction profiles, and pharmacokinetic 
properties were analyzed using SwissADME.
Results: Docking simulations revealed that atorvastatin exhibited the strongest binding affinity toward both FGFR4 (-9.94 kcal/mol) 
and PI3Kα (-9.10 kcal/mol), demonstrating binding energies comparable to or stronger than the reference inhibitor. Celecoxib also 
showed notable binding affinity toward PI3Kα (-8.79 kcal/mol), whereas sorafenib demonstrated moderate binding interactions. 
In contrast, metformin exhibited relatively weak binding energies for both targets. Interaction analysis revealed that atorvastatin 
formed stabilizing hydrogen bonds and hydrophobic contacts with key residues within the ATP-binding pockets of FGFR4 and 
PI3Kα. ADMET prediction indicated that all investigated compounds satisfied Lipinski’s rule of five and displayed generally accept-
able pharmacokinetic properties.
Conclusion: These findings suggest that atorvastatin may interact strongly with both FGFR4 and PI3Kα signaling proteins, high-
lighting its potential as a dual-target modulator in hepatocellular carcinoma. The results provide preliminary in silico evidence sup-
porting the repositioning of commonly prescribed drugs in HCC therapy, warranting further experimental and clinical validation.
Keywords: Hepatocellular carcinoma, FGFR4, PI3K, drug repositioning, molecular docking, Sorafenib

Please cite this article as ”Yasar S. Molecular Docking Analysis Reveals Potential Dual Targeting of FGFR4 and PI3K by Atorvastatin in Hepa-
tocellular Carcinoma. J Inonu Liver Transpl Inst 2026;4(1):11–19”.

Address for correspondence: Seyma Yasar, MD. Department of Biostatistics and Medical Informatics, Faculty of Medicine,  
İnonu University, Malatya, Türkiye
E-mail: seyma.yasar@inonu.edu.tr

Submitted Date: 05.03.2026 Revised Date: 29.03.2026 Accepted Date: 20.04.2026 Available Online Date: 00.00.0000

Journal of Inonu Liver Transplantation Institute - Available online at www.jilti.org
OPEN ACCESS  This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

https://orcid.org/0000-0003-1300-3393


12 Journal of Inonu Liver Transplantation Institute

Hepatocellular carcinoma (HCC) is the predominant 
form of primary liver cancer and continues to repre-

sent a substantial global health challenge.[1] It ranks among 
the leading causes of cancer-related mortality worldwide, 
largely due to late diagnosis, rapid disease progression, 
and limited therapeutic options.[2] Although several sys-
temic therapies have been developed in recent years, the 
prognosis of advanced HCC remains poor, highlighting the 
need for novel therapeutic strategies and improved under-
standing of the molecular mechanisms underlying hepato-
carcinogenesis. Among the molecular pathways involved 
in HCC development, the fibroblast growth factor receptor 
4 (FGFR4) signaling axis has gained increasing attention.
[3] FGFR4 is predominantly expressed in hepatocytes and 
plays a crucial role in regulating hepatic metabolism, cell 
proliferation, and survival.[4] Aberrant activation of the 
FGF19–FGFR4 pathway has been associated with tumor 
growth, angiogenesis, and poor clinical outcomes in HCC 
patients. Consequently, FGFR4 has emerged as a promising 
therapeutic target in liver cancer.[5]

Another key signaling pathway implicated in hepatocel-
lular carcinoma is the phosphoinositide 3-kinase (PI3K)/
AKT/mTOR pathway.[6] Activation of the PI3K pathway con-
tributes to tumor cell growth, metabolic alterations, and 
resistance to anticancer therapies.[7] Mutations and over-
activation of PIK3CA, the catalytic subunit of PI3K, have 
been reported in multiple cancers, including HCC, and con-
tribute to tumor progression and therapeutic resistance. 
Drug repositioning has emerged as a promising strategy 
to identify new therapeutic applications for already ap-
proved drugs.[8] Compared with conventional drug discov-
ery, repositioning approaches offer significant advantag-
es, including reduced development time, lower cost, and 
well-characterized pharmacokinetic and safety profiles. 
Increasing epidemiological and experimental evidence 
suggests that certain widely used drugs—such as statins, 
antidiabetic agents, and non-steroidal anti-inflammatory 
drugs—may influence cancer development and progres-
sion. For instance, statins have been associated with a re-
duced incidence of hepatocellular carcinoma in several 
observational studies,[9] potentially through modulation 
of oncogenic signaling pathways. Similarly, metformin 
has demonstrated antitumor effects in multiple malignan-
cies by influencing metabolic and PI3K-related pathways.
[10] Celecoxib, a selective cyclooxygenase-2 inhibitor, has 
also been reported to exert anticancer properties through 
anti-inflammatory and antiproliferative mechanisms.[11] 

Despite these observations, the potential direct molec-
ular interactions between these drugs and key signaling 
proteins involved in HCC progression remain incompletely 
understood. Computational approaches such as molecular 

docking provide a valuable framework for investigating 
potential ligand–protein interactions and identifying novel 
inhibitory mechanisms.[12,13]

Therefore, the present study aimed to evaluate the poten-
tial interactions of atorvastatin, metformin, and celecoxib 
with FGFR4 and PI3K using molecular docking analysis. 
Sorafenib, an approved multikinase inhibitor used in HCC 
treatment, was included as a reference compound to com-
pare binding affinities and interaction profiles.

Methods

Protein Preparation
The three-dimensional crystal structures of fibroblast 
growth factor receptor 4 (FGFR4, UniProt ID: P22455) 
and phosphoinositide 3-kinase alpha (PI3Kα, UniProt ID: 
P42336) were retrieved from the Protein Data Bank (PDB). 
The crystal structures with PDB IDs 5JKG for FGFR4 and 4FA6 
for PI3Kα were selected based on their structural resolution 
and suitability for molecular docking analysis. The structure 
5JKG has a crystallographic resolution of 2.35 Å, whereas 
4FA6 has a resolution of 2.70 Å. Protein preparation was 
performed using AutoDockTools (ADT, version 1.5.6).[14] All 
crystallographic water molecules were removed from the 
protein structures, and polar hydrogen atoms were added. 
Kollman united atom charges were assigned to the protein 
structures. The co-crystallized ligands present in the crystal 
structures were extracted and saved separately for docking 
protocol validation. Additionally, electrostatic properties 
and solvation-related parameters of the proteins were eval-
uated using the Poisson–Boltzmann electrostatics server 
(https://server.poissonboltzmann.org/). This analysis was 
performed to characterize the electrostatic environment 
of the binding pockets prior to docking simulations. Fi-
nally, the prepared protein structures were converted into 
PDBQT format for subsequent docking calculations using 
AutoDock.

Ligand Preparation
The three-dimensional structures of atorvastatin, met-
formin, celecoxib, and sorafenib were retrieved from the 
PubChem database. Ligand structures were subjected to 
energy minimization prior to docking analysis. The ligands 
were prepared using AutoDockTools by assigning Gastei-
ger charges and defining rotatable bonds. All ligands were 
then converted into PDBQT format for docking simulations.

Docking Protocol Validation and Grid Definition
To ensure the reliability of the docking procedure, the 
docking protocol was validated by redocking the co-crys-
tallized ligands into their respective binding pockets. The 

https://server.poissonboltzmann.org/
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ligands originally present in the crystal structures of FGFR4 
and PI3Kα were extracted and subsequently redocked us-
ing the same docking parameters applied for the docking 
simulations. The docking calculations were focused on the 
ATP-binding pocket of each protein. The predicted binding 
poses were compared with the experimentally observed 
ligand conformations obtained from the crystal structures. 
The accuracy of the docking protocol was assessed by calcu-
lating the root mean square deviation (RMSD) between the 
redocked ligand pose and the crystallographic ligand con-
formation. RMSD values below 2.0 Å were considered indic-
ative of a reliable docking protocol. For docking simulations, 
grid maps were generated using AutoDockTools to cover the 
active binding sites of the target proteins. For FGFR4 (PDB ID: 
5JKG), the grid box center coordinates were set to x=-41.358, 
y=-16.614, z=377.853, with grid dimensions of 50×48×44 
points along the x, y, and z axes, respectively. For PI3Kα (PDB 
ID: 4FA6), the grid box center coordinates were defined as 
x=44.481, y=14.981, z=31.276, with grid dimensions of 
50×40×38 points along the x, y, and z axes. A grid spacing of 
0.375 Å was applied in all docking calculations to ensure ad-
equate coverage of the binding pockets while maintaining 
computational efficiency.

Molecular Docking
Docking calculations were performed using the AutoDock 
4 platform with the Lamarckian Genetic Algorithm as the 
search method. Additionally, to ensure full reproducibil-
ity of the docking protocol, all relevant parameters were 
explicitly defined. The grid box center coordinates and 
dimensions for both FGFR4 and PI3Kα were specified as 
described above. Each docking simulation was performed 
using 100 independent genetic algorithm runs, with a pop-
ulation size of 150, a maximum of 2,500,000 energy evalua-
tions, and 27,000 generations. The mutation rate and cross-
over rate were set to the default AutoDock values of 0.02 
and 0.80, respectively. All docking parameters were kept 
consistent across all ligand–protein complexes to ensure 
comparability of the results. The docking calculations were 
focused on the ATP-binding pockets of FGFR4 and PI3Kα, 
as defined by the grid box parameters described above. 
For each ligand–protein complex, 100 independent dock-
ing runs were performed to ensure adequate sampling of 
possible binding conformations and to account for the sto-
chastic nature of the Lamarckian Genetic Algorithm. The 
population size was set to 150 individuals, with a maximum 
number of 2,500,000 energy evaluations and 27,000 gen-
erations. All other docking parameters were maintained at 
their default AutoDock settings. To assess the reproducibil-
ity and stability of the docking results, the binding energies 
obtained from the 100 independent runs were analyzed, 

and the mean binding energy along with the standard de-
viation (mean±SD) was calculated for each ligand–target 
complex.

Following the docking simulations, the resulting ligand 
conformations were clustered according to their positional 
similarity. The optimal binding pose for each ligand was se-
lected based on the lowest predicted binding energy (ΔG) 
and the largest cluster size, which represents the most fa-
vorable and stable binding conformation.

Interaction Analysis
The molecular interactions between the docked ligands and 
the target proteins were analyzed to identify key binding 
features within the active sites. The best docking poses ob-
tained from AutoDock were examined to determine hydro-
gen bonds, hydrophobic interactions, and other non-cova-
lent interactions contributing to ligand binding stability. The 
ligand–protein interaction profiles were evaluated by analyz-
ing contacts with amino acid residues located in the ATP-bind-
ing pockets of FGFR4 and PI3Kα. Two-dimensional (2D) and 
three-dimensional (3D) interaction diagrams were generated 
to visualize the binding modes of the docked complexes and 
to identify key residues involved in ligand recognition.

ADMET (absorption, distribution, metabolism, ex-
cretion, and toxicity) Prediction
The pharmacokinetic and drug-likeness properties of the 
investigated compounds were evaluated using the Swis-
sADME web server (http://www.swissadme.ch).15] The sim-
plified molecular-input line-entry system (SMILES) struc-
tures of the ligands were retrieved from the PubChem 
database and used as input for the analysis. Several phys-
icochemical and pharmacokinetic parameters relevant to 
drug development were assessed, including molecular 
weight (MW), lipophilicity (LogP), hydrogen bond donors 
(HBD), hydrogen bond acceptors (HBA), topological polar 
surface area (TPSA), and molar refractivity (MR). In addition, 
drug-likeness was evaluated according to Lipinski’s rule of 
five. Predicted pharmacokinetic properties such as gastro-
intestinal (GI) absorption and blood–brain barrier (BBB) 
permeability were also analyzed to evaluate the suitability 
of the investigated molecules as potential drug candidates.

Statement on Ethics Committee Approval
This study was conducted entirely using in silico compu-
tational methods. No human participants, animal subjects, 
clinical data, or biological samples were used. All structural 
and chemical data were obtained from publicly available 
databases (Protein Data Bank and ChEMBL), which provide 
open-access and fully anonymized data. Therefore, ethics 
committee approval was not required for this study.

http://www.swissadme.ch
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Results

Docking Protocol Validation
Docking protocol validation was performed by redocking the 
co-crystallized ligands into the ATP-binding pockets of FGFR4 
and PI3Kα using the same docking parameters applied in the 
study. The predicted binding poses were compared with the 
experimentally determined crystallographic conformations.

The redocking procedure yielded RMSD values of 1.22 Å for 
FGFR4 and 0.57 Å for PI3Kα, both of which are well below the 
commonly accepted threshold of 2.0 Å. These results indi-
cate excellent agreement between the predicted and exper-
imental ligand conformations. The superposition of the crys-
tallographic and redocked ligand conformations is shown in 
Figure 1, demonstrating a high degree of structural overlap 
and confirming the reliability of the docking protocol.

Binding Energy Analysis
The binding affinities of the investigated ligands toward 
FGFR4 and PI3Kα were evaluated based on their predicted 
binding energies (ΔG) obtained from AutoDock simulations. 
The calculated docking scores are summarized in Table 1.

To evaluate the reproducibility of the docking simulations, 
mean binding energies and standard deviations were cal-
culated from 100 independent runs for each ligand–protein 
complex. The relatively low variability observed across runs 
supports the consistency of the predicted docking outcomes.

FGFR4 Docking Results
For the FGFR4 target, atorvastatin demonstrated the stron-
gest binding affinity with a docking energy of -9.94 kcal/
mol, which was even lower than that of the reference in-
hibitor LY-2874455 (-9.55 kcal/mol). This finding suggests 
a strong predicted interaction of atorvastatin within the 
FGFR4 binding pocket. Among the other investigated com-
pounds, sorafenib (-7.62 kcal/mol) and celecoxib (-7.43 kcal/
mol) showed moderate binding affinities toward FGFR4. In 
contrast, metformin displayed the weakest interaction with 
a docking score of -5.16 kcal/mol, indicating relatively low 
binding affinity for the FGFR4 active site.

PI3Kα Docking Results
Docking analysis against the PI3Kα target revealed that 
atorvastatin also exhibited the strongest binding affinity 
among the tested compounds with a docking energy of 
-9.10 kcal/mol, followed by celecoxib (-8.79 kcal/mol). The 
reference ligand demonstrated a binding energy of -8.92 
kcal/mol, indicating that atorvastatin displayed a compa-
rable or slightly stronger predicted interaction with the 

a

b

Figure 1. Docking protocol validation by redocking of co-crystallized 
ligands. (a) FGFR4 (PDB ID: 5JKG) and (b) PI3Kα (PDB ID: 4FA6). The 
superposition of the native (crystallographic) and redocked ligand 
conformations demonstrates strong agreement, with RMSD values 
of 1.22 Å and 0.57 Å, respectively.

Table 1. Table 1. Best docking scores and mean binding energy values (±SD) obtained from 100 independent docking runs against FGFR4 
and PI3Kα

Ligand FGFR4 (Best Score) FGFR4 (Mean±SD) PI3Kα (Best Score) PI3Kα (Mean±SD)

 Reference -9.55 -8.341±0.431 -8.92 -8.803±0.065

Atorvastatin -9.94 -9.5±0.3 -9.10 -8.8±0.2

Celecoxib -7.43 -7.039±0.310 -8.79 -8.248±0.372

Sorafenib -7.62 -7.248±0.373 -7.34 -6.822±0.284

Metformin -5.16 -5.121±0.020 -4.7 -4.691±0.003
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PI3Kα binding pocket. Sorafenib showed a moderate bind-
ing affinity with a docking energy of -7.34 kcal/mol, while 
metformin again demonstrated the lowest binding affinity 
toward PI3Kα with a docking score of -4.70 kcal/mol.

Overall, these findings indicate that atorvastatin exhibited 
the most favorable binding energies toward both FGFR4 
and PI3Kα, suggesting a potential interaction with key sig-
naling proteins involved in hepatocellular carcinoma.

Interaction Analysis
To further elucidate the structural basis of ligand binding, 
detailed interaction analyses were performed for the docked 
complexes within the active sites of FGFR4 and PI3Kα. Both 
two-dimensional (2D) interaction diagrams and three-di-
mensional (3D) binding pose visualizations were generated 
to characterize the molecular interactions. For FGFR4, ator-
vastatin exhibited a stable binding conformation within the 
ATP-binding pocket. The ligand formed a hydrogen bond 
with Arg483, which is located within the catalytic region of 
the kinase domain. In addition, multiple hydrophobic inter-
actions were observed with key residues including Leu473, 
Val550, and Ala553, contributing to the stabilization of the 
ligand within the binding cavity. These residues are known 
to be involved in ligand recognition and kinase activity.

For PI3Kα, atorvastatin also demonstrated a favorable bind-
ing orientation within the catalytic site. Hydrogen bond in-
teractions were identified with Lys833 and Asp841, while 
hydrophobic contacts were observed with residues such 
as Met804, Ile831, and Tyr867. These interactions support 
a stable ligand–protein complex and suggest effective ac-
commodation of the ligand within the active site. Although 
no prominent π–π stacking interactions were observed, 
the combination of hydrogen bonding and hydrophobic 
interactions appears to play a dominant role in stabilizing 
the ligand within both binding pockets.

The 2D interaction diagrams and 3D binding poses pre-
sented in Figures 2 and 3 further illustrate these interac-
tions and provide visual confirmation of the ligand–protein 
binding modes.

•	 (A) Three-dimensional representation of atorvastatin 
docked in the FGFR4 active site, illustrating its orienta-
tion within the catalytic region. 

•	 (B) Two-dimensional interaction diagram showing key 
ligand–protein interactions. Atorvastatin forms a hydro-
gen bond with Arg483, while hydrophobic interactions 
are observed with residues including Leu473, Val550, 
and Ala553. These interactions contribute to the stabili-
zation of the ligand within the binding pocket. 

Further analysis of the two-dimensional interaction dia-
gram revealed that atorvastatin formed a hydrogen bond 

with Arg483, while hydrophobic interactions were ob-
served with residues such as Leu473, Val550, and Ala553 
(Fig. 2b).

•	 (A) Three-dimensional visualization of atorvastatin po-
sitioned within the kinase active site, demonstrating its 
spatial orientation relative to surrounding residues. 

•	 (B) Two-dimensional interaction diagram illustrating 
ligand–protein interactions. Atorvastatin forms hydro-
gen bonds with Lys833 and Asp841, along with hydro-
phobic contacts involving Met804, Ile831, and Tyr867, 
supporting stable binding within the catalytic pocket. 

These residues are located within the ATP-binding region and 
are known to play a critical role in kinase activity. For PI3Kα, 
atorvastatin also demonstrated a favorable binding orien-

a

b

Figure 2. Interaction analysis of atorvastatin within the FGFR4 ATP-
binding pocket.
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tation within the catalytic pocket of the kinase domain. The 
ligand formed stabilizing interactions with residues lining 
the active site, suggesting a strong and stable binding con-
figuration (Fig. 3a). The two-dimensional interaction diagram 
further revealed hydrogen bonding and hydrophobic con-
tacts between atorvastatin and surrounding residues within 
the PI3Kα binding pocket (Fig. 3B). In particular, atorvastatin 
formed hydrogen bond interactions with Lys833 and Asp841, 
while additional hydrophobic contacts were observed with 
residues such as Met804, Ile831, and Tyr867, contributing to 
the stabilization of the ligand within the catalytic pocket.

ADMET Prediction
The predicted physicochemical and pharmacokinetic prop-
erties of the investigated ligands are presented in Table 2. 
All compounds satisfied Lipinski’s rule of five, indicating ac-
ceptable drug-likeness profiles.

Among the investigated ligands, atorvastatin exhibit-
ed the highest molecular weight (558.64 g/mol) and the 
largest number of rotatable bonds (RB=13), suggesting 
greater molecular flexibility compared with the other com-
pounds. In contrast, metformin showed the lowest molec-
ular weight (129.16 g/mol) and fewer structural features, 
reflecting its smaller and more polar molecular structure. 
In terms of lipophilicity, the iLogP values ranged between 
0.77 and 3.58, indicating moderate lipophilicity among 
the investigated ligands. Celecoxib demonstrated relative-
ly balanced physicochemical parameters with moderate 
molecular weight, lipophilicity, and polar surface area. The 
TPSA values ranged from 86.36 to 111.79 Å², suggesting 
suitable polarity for potential oral bioavailability.

Regarding pharmacokinetic predictions, high gastrointes-
tinal (GI) absorption was predicted for celecoxib and met-
formin, whereas atorvastatin and sorafenib were predicted 
to exhibit lower GI absorption. Additionally, none of the in-
vestigated compounds were predicted to cross the blood–
brain barrier (BBB), indicating limited central nervous sys-
tem penetration.

Overall, the ADMET analysis indicates that the investigated 
ligands possess generally acceptable physicochemical and 
pharmacokinetic properties according to the evaluated pa-
rameters.

Discussion
The present study investigated the potential interactions of 
commonly prescribed non-oncologic drugs with two key 
signaling proteins involved in hepatocellular carcinoma, 
FGFR4 and PI3Kα, using molecular docking analysis. The 
results demonstrated that atorvastatin exhibited the most 
favorable binding affinities toward both targets, with dock-
ing energies comparable to or stronger than those of the 
reference inhibitor. Interaction analysis further revealed 
that atorvastatin formed stabilizing hydrogen bonds and 
hydrophobic contacts within the ATP-binding pockets of 
both FGFR4 and PI3Kα. These findings suggest that ator-
vastatin may interact with critical residues located in the 
catalytic regions of these proteins and may potentially in-
fluence signaling pathways associated with HCC progres-
sion.

Aberrant activation of the FGFR4 signaling axis has been 
widely implicated in hepatocarcinogenesis, promoting 
tumor cell proliferation, survival, and resistance to thera-
py.[3,5,16] Similarly, dysregulation of the PI3K/AKT signaling 
pathway plays a central role in tumor growth, metabolic re-
programming, and resistance to anticancer therapies in he-
patocellular carcinoma.[6,17] Targeting these signaling path-
ways has therefore emerged as an important therapeutic 

Figure 3. Interaction analysis of atorvastatin within the PI3Kα 
catalytic binding pocket. 
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strategy in HCC management. The strong binding interac-
tions of atorvastatin with both FGFR4 and PI3Kα observed 
in this study may indicate a potential modulatory effect on 
these oncogenic signaling pathways.

Accumulating evidence suggests that statins, particular-
ly atorvastatin, may exert anticancer effects beyond their 
lipid-lowering properties. Several experimental and epide-
miological studies have reported that statin use is associ-
ated with a reduced risk of hepatocellular carcinoma and 
improved clinical outcomes in patients with chronic liver 
disease.[9,18] Proposed mechanisms include inhibition of tu-
mor cell proliferation, induction of apoptosis, and suppres-
sion of oncogenic signaling pathways such as PI3K/AKT.[19] 
In addition, statins have been reported to interfere with 
intracellular signaling cascades involved in tumor progres-
sion and angiogenesis. The binding interactions observed 
in the present docking analysis may provide a possible mo-
lecular explanation for these previously reported antican-
cer effects.

In addition to atorvastatin, celecoxib demonstrated rela-
tively strong binding affinity toward PI3Kα in the present 
analysis. Celecoxib is a selective cyclooxygenase-2 (COX-2) 
inhibitor that has been widely investigated for its anti-in-
flammatory and potential anticancer properties. Previous 
studies have suggested that COX-2 inhibition may sup-
press tumor growth, angiogenesis, and metastasis in sev-
eral malignancies.[20] The interaction of celecoxib with the 
PI3Kα binding pocket observed in this study may indicate 
a potential additional mechanism through which celecoxib 
could influence tumor-related signaling pathways.

As expected, sorafenib, a multi-kinase inhibitor commonly 
used in advanced hepatocellular carcinoma treatment, ex-
hibited moderate binding interactions with the investigat-
ed targets. Sorafenib primarily acts by inhibiting multiple 
kinases involved in tumor proliferation and angiogenesis, 
including RAF kinases and vascular endothelial growth fac-
tor receptors.[21] The docking results obtained in this study 

are consistent with the known multi-target activity of 
sorafenib. In contrast, metformin demonstrated relatively 
weak binding affinities toward both FGFR4 and PI3Kα com-
pared with the other investigated compounds. Although 
metformin has been reported to exert indirect anticancer 
effects through metabolic regulation and activation of 
the AMP-activated protein kinase (AMPK) pathway,[10] the 
docking results suggest that its potential interactions with 
these specific kinase targets may be limited.

In addition to the docking results, the pharmacokinetic 
properties of the investigated compounds were evaluat-
ed using SwissADME, providing further insight into their 
potential drug-likeness and clinical applicability. All com-
pounds satisfied Lipinski’s rule of five, suggesting favor-
able oral drug-like characteristics. Atorvastatin exhibited 
relatively higher molecular weight and lipophilicity com-
pared to the other compounds, which may influence its 
absorption and distribution properties. Although predict-
ed gastrointestinal (GI) absorption was lower for atorvas-
tatin and sorafenib, their established clinical use indicates 
that such limitations may be mitigated by formulation or 
dosing strategies. Celecoxib demonstrated balanced phys-
icochemical properties, including moderate lipophilicity 
and high predicted GI absorption, supporting its suitability 
as an orally active compound. In contrast, metformin, de-
spite its favorable GI absorption and low molecular weight, 
showed high polarity, which may limit its ability to inter-
act strongly with hydrophobic binding pockets, consistent 
with its weaker docking performance. Overall, the ADME 
analysis suggests that the investigated compounds pos-
sess acceptable pharmacokinetic profiles, supporting their 
potential as candidates for further investigation in drug re-
positioning strategies.

The findings of the present study also highlight the po-
tential value of drug repositioning strategies in identifying 
novel therapeutic candidates for hepatocellular carcinoma. 
Drug repositioning offers several advantages compared 

Table 2. Physicochemical properties and ADME parameter values of ligands calculated with the SwissADME program

Properties name Formula MW (g/mol) RB HBA HBD iLogP TPSA (Å²) MR Lipinski rule GI BBBP 

Reference (FGFR4) C21H19Cl2N5O2 444.31 7 5 2 2.77 88.85 118.08 Yes High No

Reference (PI3Kα) C16H18N6O 310.35 2 4 2 1.82 102.48 89.13 Yes High No

Atorvastatin C33H35FN2O5 558.64 13 6 4 3.58 111.79 158.26 Yes Low No

Celecoxib C17H14F3N3O2S 381.37 4 7 1 2.56 86.36 89.96 Yes High No

Sorafenib C21H16ClF3N4O3 464.82 9 7 3 3.42 92.35 112.48 Yes Low No

Metformin C4H11N5 129.16 3 2 4 0.77 88.99 36.93 Yes High No

MW: Molecular Weight; RB: Rotable Bond; HBA: H-Bond acceptor; HBD: H-bond donor; TPSA: Topological polar surface area; MR: Molar Refractivity; GIA: 
Gastrointestinal absorption; BBBP: permeant. Ligands in bold indicate compounds that show better binding affinity than the reference ligand.
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with traditional drug development approaches, including 
reduced development time, lower costs, and the availabil-
ity of well-established safety profiles.[8] In this context, the 
strong binding interactions of atorvastatin with both FGFR4 
and PI3Kα suggest that widely prescribed metabolic drugs 
may interact with oncogenic signaling pathways involved 
in HCC progression. The low RMSD values obtained from 
redocking further support the accuracy and reliability of 
the docking protocol used in this study. Despite the prom-
ising findings obtained from the molecular docking analy-
sis, several limitations should be acknowledged. First, the 
present study was based solely on in silico computational 
methods, and the predicted ligand–protein interactions 
require validation through in vitro biochemical assays and 
in vivo experimental studies. Furthermore, molecular dock-
ing provides a static representation of ligand binding and 
may not fully capture the dynamic nature of protein–ligand 
interactions under physiological conditions. Despite the 
promising findings obtained from the molecular docking 
analysis, several limitations should be acknowledged. First, 
the present study was based solely on in silico computa-
tional methods, and the predicted ligand–protein interac-
tions require validation through in vitro biochemical assays 
and in vivo experimental studies. Furthermore, molecular 
docking provides a static representation of ligand binding 
and may not fully capture the dynamic nature of protein–
ligand interactions under physiological conditions. Impor-
tantly, molecular docking represents a predictive com-
putational approach and does not directly demonstrate 
biological activity or therapeutic efficacy. Therefore, the 
findings of this study should be interpreted as hypothe-
sis-generating rather than confirmatory. Further validation 
through in vitro biochemical assays, cell-based studies, and 
in vivo models is necessary to confirm the functional and 
therapeutic relevance of these interactions.
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Abstract

Objectives: Morbid obesity is strongly associated with non-alcoholic fatty liver disease (NAFLD), and hepatic steatosis is highly 
prevalent among candidates for bariatric surgery. Given the invasive nature of liver biopsy, there is a growing need for reliable non-
invasive methods to assess hepatic steatosis. This study aimed to compare the diagnostic performance of insulin resistance–based 
indices (Homeostasis Model Assessment of Insulin Resistance [HOMA-IR] and Quantitative Insulin Sensitivity Check Index [QUICKI]) 
and biochemical scores (Hepatic Steatosis Index [HSI] and NAFLD Liver Fat Score [NAFLD-LFS]) in predicting ultrasonographically 
detected hepatic steatosis in patients with morbid obesity.
Methods: In this single-center retrospective observational study, 206 patients with morbid obesity who underwent primary lapa-
roscopic sleeve gastrectomy between March 2024 and February 2026 and had available preoperative laboratory and abdominal 
ultrasonography data were included. Insulin resistance indices (HOMA-IR, QUICKI) and composite scores (HSI and NAFLD-LFS) were 
calculated. Hepatic steatosis was graded ultrasonographically as grade 1–3 and categorized as mild (grade 1) and moderate-to-
severe (grade ≥2) for diagnostic performance analyses. Receiver operating characteristic (ROC) curve analysis was performed to 
evaluate diagnostic accuracy.
Results: Hepatic steatosis was classified as grade 1 in 28.2%, grade 2 in 59.2%, and grade 3 in 12.6% of patients. Steatosis grade 
showed positive correlations with HOMA-IR (r=0.244), HSI (r=0.354), NAFLD-LFS (r=0.297), HbA1c (r=0.274), transaminases, and glu-
cose/insulin levels, and a negative correlation with QUICKI. In ROC analysis, HSI demonstrated the highest diagnostic performance 
(AUC=0.716), followed by HbA1c (AUC=0.656) and NAFLD-LFS (AUC=0.645). In multivariable analysis, age (OR=1.04), BMI (OR=1.23), 
and NAFLD-LFS (OR=1.42) were identified as independent predictors, while female sex was associated with lower risk (OR=0.34).
Conclusion: In patients with morbid obesity, hepatic steatosis is significantly associated with metabolic parameters and insulin 
resistance. Among non-invasive indices, HSI demonstrated the highest diagnostic performance. HSI and NAFLD-LFS may serve as 
practical tools in the preoperative assessment of bariatric surgery candidates.
Keywords: Hepatic steatosis, hepatic steatosis index, morbid obesity, NAFLD liver fat score, non-invasive indices 
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Morbid obesity is a rapidly increasing global public 
health problem and is closely associated with meta-

bolic, cardiovascular, and hepatic complications.[1] Among 
these hepatic complications, non-alcoholic fatty liver dis-
ease (NAFLD) is one of the most common conditions, re-
cently redefined as metabolic dysfunction–associated 
steatotic liver disease (MASLD).[2,3] NAFLD is characterized 
by lipid accumulation in hepatocytes and encompasses a 
broad and progressive clinical spectrum, ranging from sim-
ple hepatic steatosis to non-alcoholic steatohepatitis, pro-
gressive fibrosis, and cirrhosis.[4]

NAFLD is highly prevalent, particularly in individuals with 
morbid obesity. Studies conducted in patients who are can-
didates for bariatric surgery have reported that the preva-
lence of NAFLD ranges between 60% and 90%.[4,5] This high 
prevalence reflects the strong pathophysiological relation-
ship between obesity and hepatic fat accumulation. Insulin 
resistance is considered one of the main mechanisms un-
derlying impaired hepatic lipid metabolism and increased 
triglyceride accumulation in hepatocytes.[6,7]

Liver biopsy is regarded as the gold standard for the assess-
ment of hepatic steatosis; however, its invasive nature and 
potential risk of complications limit its use in routine clin-
ical practice. Interest in non-invasive methods for evaluat-
ing hepatic steatosis has increased in recent years.[8] Insulin 
resistance-based indices and biochemical scores serve as 
alternative diagnostic tools for the assessment of hepatic 
steatosis.[9–11] However, studies evaluating the relationship 
between these indices and ultrasonographic hepatic ste-
atosis in morbidly obese individuals, particularly in bar-
iatric surgery candidates, are limited.[12,13] Demonstrating 
this relationship is clinically important for the non-invasive 
evaluation of hepatic steatosis.

In this study, we evaluated the relationship between insu-
lin resistance-based indices and ultrasonographically de-
tected hepatic steatosis in patients with morbid obesity, 
and investigated their potential clinical value in predicting 
ultrasonographically detected hepatic steatosis in candi-
dates for bariatric surgery.

Methods

Study Design and Population
This study was designed as a retrospective observational 
study. The study protocol was approved by the Non-In-
terventional Clinical Research Ethics Committee of Elazığ 
Fethi Sekin City Hospital (date: March 26, 2026; decision 
no: 2026/26-01) and was conducted in accordance with the 
principles of the Declaration of Helsinki.

The clinical, laboratory, and radiological data of consec-

utive patients who met the inclusion criteria and were 
scheduled for bariatric surgery for morbid obesity between 
March 2024 and February 2026 in the General Surgery De-
partment of Elazığ Fethi Sekin City Hospital were analyzed.

To ensure population homogeneity, only patients who un-
derwent primary laparoscopic sleeve gastrectomy were 
included in the study. Patients who underwent gastric by-
pass or revision bariatric surgery were excluded. All surgical 
procedures were performed using a standardized laparo-
scopic sleeve gastrectomy technique.[14]

Inclusion Criteria:

Age ≥18 years 

•	 Body mass index (BMI) ≥40 kg/m² or ≥35 kg/m² with 
obesity-related comorbidities 

•	 Undergoing primary laparoscopic sleeve gastrectomy 
for morbid obesity 

•	 Availability of preoperative laboratory data 

•	 Preoperative assessment of hepatic steatosis by ab-
dominal ultrasonography 

Exclusion Criteria:

•	 History of alcohol consumption 

•	 Presence of viral hepatitis 

•	 Use of hepatotoxic medications 

•	 Presence of chronic liver disease 

•	 Missing clinical or laboratory data

Laboratory Measurements and Index Calculations
Preoperative laboratory data were obtained from the hos-
pital information system. Fasting plasma glucose, fasting 
insulin, AST, ALT, HbA1c, and cortisol levels were recorded.

To evaluate insulin resistance, the homeostasis model as-
sessment of insulin resistance (HOMA-IR) and quantitative 
insulin sensitivity check index (QUICKI) were calculated.[15,16]

HOMA-IR was calculated using the following formula:[15] 
HOMA-IR = [fasting glucose (mg/dL) × fasting insulin (µIU/
mL)] / 405

QUICKI was calculated using the following formula:[16] 
QUICKI = 1 / [log(fasting insulin (µIU/mL)) + log(fasting glu-
cose (mg/dL))]

To assess hepatic steatosis, the Hepatic Steatosis Index (HSI) 
and NAFLD liver fat score (NAFLD-LFS) were calculated.[11,17]

The HSI was calculated as follows:[17] 
HSI = 8 × (ALT / AST) + BMI

Additional +2 points were awarded for female sex and +2 
points for the presence of diabetes mellitus.

NAFLD Liver Fat Score was calculated as follows:[11] 
NAFLD-LFS = −2.89 + 1.18 × metabolic syndrome + 0.45 × 
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diabetes + 0.15 × insulin + 0.04 × AST − 0.94 × (AST/ALT)

Metabolic syndrome was defined according to the Interna-
tional Diabetes Federation and harmonized criteria as the 
presence of ≥3 components.[18]

Data Collection and Variables
Demographic and clinical data of the included patients 
were obtained from electronic medical records. Age, sex, 
height, weight, and body mass index (BMI) were recorded. 
Comorbidities, including diabetes mellitus, hypertension, 
and hyperlipidemia, were also evaluated.

The primary outcome variable was the ultrasonographical-
ly determined grade of hepatic steatosis.

Ultrasonographic Assessment of Hepatic Steatosis
In all patients, the liver parenchyma was evaluated pre-
operatively using abdominal ultrasonography. Ultrasono-
graphic examinations were performed by experienced ra-
diologists who were blinded to the laboratory results.

Hepatic steatosis was graded based on ultrasonographic 
findings as follows: grade 1 (mild), grade 2 (moderate), and 
grade 3 (severe).

For the ROC analysis, hepatic steatosis was categorized into 
two groups: grade 1 (mild steatosis) and grade ≥2 (moder-
ate-to-severe steatosis).[19] However, the number of radiol-
ogists was limited, and interobserver variability was not 
assessed, which should be considered a limitation of the 
study.

Statistical Analysis
All statistical analyses were performed using IBM SPSS Sta-
tistics for Windows, version 26.0 (IBM Corp., Armonk, NY, 
USA).

The distribution of continuous variables was assessed using 
the Kolmogorov–Smirnov test and visual methods (histo-
grams and Q–Q plots). Normally distributed variables were 
expressed as mean ± standard deviation, while non-nor-
mally distributed variables were presented as median (in-
terquartile range). Categorical variables were expressed as 
numbers and percentages.

For comparisons between groups, the independent sam-
ples t-test was used for normally distributed variables, and 
the Mann–Whitney U test was used for non-normally dis-
tributed variables. Categorical variables were compared 
using the chi-squared test or Fisher’s exact test.

The relationships between ultrasonographic hepatic ste-
atosis grade and HOMA-IR, QUICKI, HSI, NAFLD-LFS, HbA1c, 
and other biochemical parameters were evaluated using 
Spearman’s correlation analysis.

The diagnostic performance of these indices in predicting 

ultrasonographically detected hepatic steatosis was eval-
uated using receiver operating characteristic (ROC) curve 
analysis. The area under the curve (AUC) with 95% confi-
dence intervals was calculated. Optimal cutoff values were 
determined using the Youden index.

Multivariate logistic regression analysis was performed to 
identify independent predictors of hepatic steatosis. Vari-
ables that were clinically relevant and had a p-value <0.10 
in the univariate analysis were included in the model. Re-
sults were presented as odds ratios (ORs) with 95% confi-
dence intervals.

Patients with missing data were excluded from the analysis, 
and a two-tailed p-value <0.05 was considered statistically 
significant.

Results

Patient Characteristics
A total of 206 patients were included in the study. The me-
dian age was 34 years (IQR: 27–45), and 62.6% of the pa-
tients were female. The median BMI was 42.97 kg/m² (IQR: 
40.82–46.06). Ultrasonographic evaluation revealed mild 
steatosis in 28.2% and moderate-to-severe steatosis in 
71.8% of the patients. The baseline characteristics are sum-
marized in Table 1.

Comparison According to Steatosis Severity
Patients with moderate-to-severe steatosis had signifi-
cantly higher BMI, glucose metabolism parameters, liver 
enzyme levels, HSI, and NAFLD-LFS values, whereas QUIC-
KI values were significantly lower. Male sex was more fre-
quent in this group (Table 2).

Table 1. Baseline characteristics of the study population

Variable Total cohort (n=206)

Age, years 34 (27–45)

Female, n (%) 129 (62.6)

Male, n (%) 77 (37.4)

BMI, kg/m² 42.97 (40.82–46.06)

Length of hospital stay, days 4 (4–5)

Diabetes mellitus, n (%) 45 (21.8)

Hypertension, n (%) 19 (9.2)

Grade 1 steatosis, n (%) 58 (28.2)

Grade 2 steatosis, n (%) 122 (59.2)

Grade 3 steatosis, n (%) 26 (12.6)

BMI, body mass index; IQR, interquartile range. Continuous variables are 
presented as mean ± standard deviation or median (interquartile range), as 
appropriate. Categorical variables are presented as number (percentage).
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Correlation and ROC Analysis
Steatosis grade was significantly positively correlated with 
HOMA-IR, HSI, NAFLD-LFS, and liver enzymes, whereas 
QUICKI was negatively correlated. Cortisol levels were not 
associated with steatosis grade (Table 3).

ROC analysis demonstrated that HSI had the highest diag-
nostic performance for predicting moderate-to-severe ste-
atosis (AUC=0.716), followed by HbA1c (AUC=0.656) and 
NAFLD-LFS (AUC=0.645) (Table 4).

Multivariable Logistic Regression Analysis
In multivariable analysis, age (OR=1.04), BMI (OR=1.23), 
and NAFLD-LFS (OR=1.42) were identified as independent 
predictors of moderate-to-severe steatosis, whereas fe-
male sex was associated with lower odds (OR=0.34). Other 
indices were not independent predictors (Table 5).

Discussion
This study demonstrated that insulin resistance-related in-
dices and biochemical parameters were significantly asso-
ciated with ultrasonographic hepatic steatosis in patients 
with morbid obesity undergoing bariatric surgery. Patients 
with moderate-to-severe steatosis exhibited a markedly 
adverse metabolic profile, and HSI showed the highest di-
agnostic performance, whereas age, BMI, and NAFLD-LFS 
emerged as independent predictors. These findings sug-
gest that hepatic steatosis in patients with morbid obesity 
represents a multifactorial metabolic condition that cannot 
be explained by insulin resistance alone.[20,21]

Table 2. Comparison between patients with mild steatosis and 
moderate-to-severe steatosis

Variable Grade 1  
(n=58)

Grade ≥2 
(n=148) p

Age, years 29 (25–36) 36.5 (28–46) 0.002

BMI, kg/m² 41.45  
(40.23–43.28)

43.94  
(41.25–47.07) <0.001

Fasting glucose, 
mg/dL

99.5  
(87.25–110.0) 106 (91–132) 0.033

Fasting insulin, 
µIU/mL

21.05  
(14.22–29.66)

24.39  
(15.99–37.36) 0.045

HOMA-IR 5.11  
(3.32–8.49)

6.38  
(4.51–11.22) 0.01

QUICKI 0.302  
(0.283–0.320)

0.293  
(0.273–0.307) 0.01

AST, U/L 19 (17–21) 23 (19–30) <0.001

ALT, U/L 21 (17.25–26) 30.5 (20–43.2) <0.001

HbA1c, % 5.6 (5.4–5.9) 5.9 (5.6–6.6) <0.001

HSI 52.85  
(51.05–55.26)

55.78  
(53.17–60.26) <0.001

NAFLD-LFS 0.48 (-0.91–1.74) 1.35 (0.20–3.43) 0.001

BMI, body mass index; IQR, interquartile range; HOMA-IR, homeostasis model 
assessment of insulin resistance; QUICKI, quantitative insulin sensitivity 
check index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; 
HbA1c, glycated hemoglobin; HSI, hepatic steatosis index; NAFLD-LFS, 
nonalcoholic fatty liver disease liver fat score. Comparisons between groups 
were performed using the Mann–Whitney U test. Continuous variables 
are presented as median (interquartile range). p<0.05 was considered 
statistically significant.

Table 3. Correlation between steatosis grade and metabolic/
biochemical parameters

Variable Correlation coefficient (r) p

HOMA-IR 0.244 <0.001

QUICKI -0.244 <0.001

HSI 0.354 <0.001

NAFLD-LFS 0.297 <0.001

HbA1c 0.274 <0.001

Fasting glucose 0.170 0.015

Fasting insulin 0.195 0.005

AST 0.366 <0.001

ALT 0.354 <0.001

Cortisol -0.002 0.982

HOMA-IR, homeostasis model assessment of insulin resistance; QUICKI, 
quantitative insulin sensitivity check index; HSI, hepatic steatosis index; 
NAFLD-LFS, nonalcoholic fatty liver disease liver fat score; HbA1c, 
glycated hemoglobin; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase. Spearman correlation analysis was used. p < 0.05 was 
considered statistically significant.

Table 4. Diagnostic performance of non-invasive indices for 
predicting moderate-to-severe steatosis: ROC analysis

Parameter AUC Cut-off Sensitivity 
(%)

Specificity 
(%)

HOMA-IR 0.616  
(0.536–0.696)

5.65 60.8 58.6

QUICKI 0.616 
(0.536–0.696)

0.298 60.8 58.6

HSI 0.716  
(0.642–0.790)

54.51 68.0 70.7

NAFLD-LFS 0.645  
(0.565–0.724)

-0.051 79.7 43.1

HbA1c 0.656  
(0.577–0.735)

5.8 63.3 62.1

AUC, area under the curve; CI, confidence interval; HOMA-IR, homeostasis model 
assessment of insulin resistance; QUICKI, quantitative insulin sensitivity check 
index; HSI, hepatic steatosis index; NAFLD-LFS, nonalcoholic fatty liver disease 
liver fat score; HbA1c, glycated hemoglobin. Receiver operating characteristic 
(ROC) analysis was performed to evaluate the diagnostic performance of each 
parameter. p<0.05 was considered statistically significant.
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Although ultrasonography is widely used in clinical prac-
tice, it is an operator-dependent modality with limited 
sensitivity, particularly in detecting mild hepatic steato-
sis (<20% liver fat content). Therefore, the findings of this 
study should be interpreted within the context of ultraso-
nography-based assessment and reflect ultrasonographi-
cally detected hepatic steatosis rather than histopatholog-
ically confirmed hepatic steatosis.[8,19]

Insulin resistance is widely recognized as a central mech-
anism in the pathogenesis of hepatic steatosis, primarily 
through increased lipolysis, elevated free fatty acid flux, 
and enhanced hepatic de novo lipogenesis. In line with pre-
vious studies, HOMA-IR and QUICKI were significantly asso-
ciated with steatosis severity in our cohort.[20,22] However, 
the loss of significance of HOMA-IR in multivariable analysis 
indicates that insulin resistance alone is insufficient to ex-
plain hepatic fat accumulation in morbid obesity. Addition-
al mechanisms, including adipocyte dysfunction, chronic 
low-grade inflammation, and metabolic reprogramming of 
hepatocytes, likely play critical roles.[23,24]

A key finding of this study is the superior diagnostic per-
formance of HSI compared to other parameters. Composite 
indices appear to outperform single biochemical markers, 
reflecting the multidimensional nature of hepatic steato-
sis. The superior performance of HSI in this cohort may be 
attributed to the high metabolic burden associated with 
morbid obesity, where indices incorporating anthropo-
metric parameters provide additional discriminative value 
beyond insulin resistance alone.[20,25] The inclusion of BMI 
and transaminase ratios in HSI likely enhances its ability 
to capture both metabolic burden and hepatic injury.[26,27] 
Similarly, NAFLD-LFS remained an independent predictor, 

possibly due to its incorporation of insulin resistance and 
metabolic syndrome components.[20] The identified cut-
off value of HSI may be useful in clinical decision-making, 
particularly for stratifying patients according to the risk of 
moderate-to-severe steatosis.

Some findings should be interpreted in the context of the 
underlying mathematical relationships. The identical diag-
nostic performance of HOMA-IR and QUICKI is expected, 
as they are inverse transformations of the same variables. 
Moreover, the lack of independent predictive value of HSI 
despite its strong ROC performance likely reflects collin-
earity with BMI and liver enzymes. Likewise, HOMA-IR and 
HbA1c lost significance after adjustment, whereas NA-
FLD-LFS retained its predictive value because of its com-
posite structure. These observations highlight the complex 
and interrelated nature of the metabolic determinants of 
hepatic steatosis.

Previous studies in the general population have frequently 
identified the Fatty Liver Index (FLI) as the most accurate 
non-invasive marker; however, in high-risk populations 
such as morbidly obese individuals, HSI and NAFLD-LFS 
have also demonstrated strong diagnostic performance.
[26,28] The prominence of HSI in our cohort suggests that in-
dices that incorporate anthropometric and hepatic param-
eters may better capture the spectrum of steatosis in this 
specific population.[21,29]

Although non-invasive indices have certain advantages, 
biopsy-based studies indicate that these tools may have 
limited accuracy in quantifying hepatic fat content at the 
individual level.[21,28] Therefore, such indices should be con-
sidered complementary tools for screening and risk strati-
fication rather than replacements for histopathological or 
advanced imaging methods.

From a clinical perspective, our findings support the use of 
simple, cost-effective, and non-invasive indices in the pre-
operative evaluation of bariatric surgery candidates. These 
tools may facilitate the early identification of high-risk pa-
tients and guide the selection of individuals who require 
further diagnostic evaluation. These findings suggest that 
non-invasive indices may help reduce the need for addi-
tional imaging or invasive diagnostic procedures, such as 
liver biopsy, in selected bariatric surgery candidates. In clin-
ical practice, the use of HSI may reduce the need for addi-
tional imaging or invasive evaluation in selected bariatric 
surgery candidates with a high probability of steatosis.[30–32]

This study has several strengths, including a relatively large 
sample size, a homogeneous surgical population, and 
a comparative evaluation of multiple indices within the 
same cohort. However, certain limitations should be ac-
knowledged. The retrospective design introduces poten-

Table 5. Multivariable logistic regression analysis for moderate-to-
severe steatosis

Variable OR 95% CI p

Age 1.04 1.01–1.08 0.022

Female sex 0.34 0.15–0.78 0.011

BMI 1.23 1.03–1.46 0.020

HOMA-IR 0.92 0.80–1.06 0.243

HSI 1.02 0.88–1.17 0.807

NAFLD-LFS 1.42 1.01–2.00 0.042

HbA1c 1.31 0.86–2.00 0.214

OR, odds ratio; CI, confidence interval; BMI, body mass index; HOMA-
IR, homeostasis model assessment of insulin resistance; HSI, hepatic 
steatosis index; NAFLD-LFS, nonalcoholic fatty liver disease liver fat score; 
HbA1c, glycated hemoglobin. Multivariable logistic regression analysis 
was performed to identify independent predictors of moderate-to-severe 
steatosis. p<0.05 was considered statistically significant.
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tial selection bias. The use of ultrasonography instead of 
liver biopsy may limit diagnostic accuracy. Additionally, the 
restriction of the study population to morbidly obese pa-
tients undergoing bariatric surgery limits generalizability. 
The absence of detailed lipid profile parameters is another 
limitation.

Future studies should validate these findings using prospec-
tive, multicenter designs that incorporate histopathologi-
cal confirmation. The development of combined predictive 
models and the integration of artificial intelligence–based 
approaches may improve the non-invasive assessment of 
hepatic steatosis. Population-specific scoring systems tai-
lored to morbid obesity also represent a promising area for 
further research.[24,33,34] Taken together, these results sup-
port the clinical utility of non-invasive indices as accessible 
tools for risk stratification in bariatric populations.

Conclusion 
HSI and NAFLD-LFS demonstrated superior diagnostic per-
formance compared with single insulin resistance markers 
in the assessment of ultrasonographically detected hepatic 
steatosis. Age, BMI, and NAFLD-LFS were identified as inde-
pendent predictors of moderate-to-severe steatosis, indi-
cating that the disease is driven by multifactorial metabolic 
mechanisms beyond insulin resistance alone.

These indices may serve as practical and cost-effective 
tools in the preoperative evaluation of bariatric surgery 
candidates. However, prospective, multicenter studies with 
histopathological confirmation are required to validate 
these findings. The development of combined indices and 
artificial intelligence–based models may further improve 
diagnostic accuracy.
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Abstract

Congenital extrahepatic portosystemic shunt (CEPS), also known as Abernethy malformation, is a rare vascular anomaly character-
ized by diversion of portal venous blood away from the liver into the systemic circulation. Type 1 malformations are defined by 
the complete absence of intrahepatic portal venous flow and require liver transplantation as definitive treatment. We report two 
pediatric patients diagnosed with Abernethy type 1B malformation. The first patient presented with progressive cholestasis, growth 
retardation, and impaired liver synthetic function. Due to clinical deterioration and absence of intrahepatic portal flow, living donor 
liver transplantation was performed with portal vein reconstruction using an interposition graft. The second patient presented with 
hyperammonemia and neurocognitive impairment. Imaging confirmed type 1B CEPS, along with a focal hepatic lesion consistent 
with a benign regenerative nodule. The patient underwent successful living donor liver transplantation with standard portal recon-
struction. Both patients had uneventful postoperative courses. During follow-up (18 and 24 months), liver function normalized and 
growth parameters improved, with no vascular complications observed. Liver transplantation remains the only definitive treatment 
for Abernethy type 1B malformation. Early diagnosis and meticulous surgical planning, particularly regarding portal inflow recon-
struction, are essential for optimal outcomes.
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Congenital extrahepatic portosystemic shunts (CEPS), 
first described by Abernethy, are rare vascular malfor-

mations in which portal venous blood bypasses the liver 
and drains directly into the systemic circulation.[1] These 
anomalies may result in significant metabolic disturbanc-
es and multisystem involvement in pediatric patients.[2,3] 
CEPS are classified into two main types based on the pres-
ence or absence of intrahepatic portal venous flow.[1,4] Al-
tered hepatic perfusion may lead to a variety of radiolog-
ical findings and the development of hepatic nodules.[5] 
In type 1 malformations, there is a complete absence of in-
trahepatic portal venous flow, and liver transplantation is 
considered the only definitive treatment.[6] In contrast, type 
2 malformations involve partial shunting with preserved 
portal perfusion and may be managed with alternative ap-
proaches depending on anatomical and clinical features.[7] 
Here, we present two pediatric cases of Abernethy type 1B 
malformation successfully treated with living donor liver 
transplantation.

Case Reports

Case 1
A pediatric patient was referred with persistent jaundice, 
growth retardation, and biochemical evidence of impaired 
liver function. Laboratory evaluation revealed elevated bili-
rubin levels, abnormal transaminases, and decreased albu-
min levels, indicating impaired hepatic synthetic function.

Imaging studies, including Doppler ultrasonography and 
contrast-enhanced computed tomography, demonstrated 
absence of intrahepatic portal venous branches and a por-
tosystemic shunt consistent with Abernethy type 1B mal-
formation.

Given progressive cholestasis, impaired liver function, and 
failure to thrive, liver transplantation was indicated. A living 
donor liver transplantation was performed.

Surgical Technique: Portal vein reconstruction was 
achieved using an interposition venous graft between the 
superior mesenteric vein–splenic vein confluence and the 
donor portal vein, ensuring adequate portal inflow.

The postoperative course was uneventful. Liver function 
normalized within weeks, and significant catch-up growth 
was observed during follow-up.

Case 2
The second patient presented with hyperammonemia and 
neurocognitive symptoms. Laboratory tests revealed elevated 
serum ammonia levels with mildly abnormal liver enzymes.

Radiological evaluation confirmed Abernethy type 1B mal-
formation with absence of intrahepatic portal venous flow. 

A focal hepatic lesion detected on imaging was character-
ized as a benign regenerative nodule, likely secondary to 
altered hepatic perfusion.

Due to persistent metabolic abnormalities and risk of com-
plications, living donor liver transplantation was performed 
with standard portal vein reconstruction.

The postoperative course was uneventful. Serum ammo-
nia levels normalized, and neurocognitive symptoms im-
proved. Follow-up imaging showed no recurrence of he-
patic lesions.

Discussion
Abernethy malformation is a rare but clinically significant 
vascular anomaly of the portal venous system.[1,4] Its ana-
tomical characteristics and embryological basis have been 
further detailed in anatomical studies.[8]

Patients may present with a wide spectrum of clinical 
manifestations, including cholestasis, hepatic dysfunction, 
hepatopulmonary syndrome, and neurocognitive impair-
ment due to hyperammonemia.[2,3] In addition, altered 
hepatic perfusion may predispose patients to the develop-
ment of benign regenerative nodules or malignant hepatic 
tumors.[5]

The classification of CEPS is essential for determining 
management strategies. In type 1 malformations, the ab-
sence of intrahepatic portal venous flow precludes shunt 
closure, making liver transplantation the only definitive 
treatment option.[6] Additional anatomical classifications 
have been proposed to guide surgical planning and opti-
mize portal inflow reconstruction.[11] Liver transplantation 
restores hepatic function, corrects metabolic abnormal-
ities, and reduces the risk of malignant transformation.
[12,13,14] A critical technical aspect of transplantation in 
these patients is the establishment of adequate portal in-
flow, which may require advanced surgical techniques.[11] 
Various surgical approaches, including the use of inter-
position grafts, have been described to achieve optimal 
portal vein reconstruction.[12,13] Our cases support previ-
ous reports demonstrating excellent outcomes follow-
ing liver transplantation in pediatric patients with type 
1B CEPS.[15]

Conclusion
Abernethy type 1B malformation is a rare condition that re-
quires early diagnosis and timely intervention. Liver trans-
plantation remains the only definitive treatment. Careful 
preoperative evaluation and appropriate surgical tech-
niques, particularly for portal inflow reconstruction, are es-
sential to achieve successful outcomes.
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Abstract

Advanced hepatocellular carcinoma (HCC) with extrahepatic metastases has a poor prognosis. Immune checkpoint inhibitors have 
recently become an important treatment option for certain types of cancer. A 58-year-old Kyrgyz male patient with a history of 
hepatitis B virus (HBV)-related liver cirrhosis for five years was referred to our hospital for liver transplant evaluation. However, a PET-
CT (positron emission tomography-computed tomography) scan performed prior to evaluation revealed metastases in the lungs 
and lymph nodes in different parts of the body. Dynamic liver MRI (magnetic resonance imaging) was consistent with multicentric 
hepatocellular carcinoma (HCC). The patient had no history of variceal bleeding, hepatic encephalopathy, or ascites. Liver function 
tests were not elevated, and the baseline AFP (alpha-fetoprotein) level was 463 ng/mL, with a Child-Pugh score of 6 (A). Due to the 
presence of extrahepatic disease, the patient was not eligible for liver transplantation, and systemic treatment was planned. Sys-
temic treatment was initiated with nivolumab 3 mg/kg + ipilimumab 1 mg/kg at 21-day intervals. These doses were started due to 
toxicity concerns. The first response evaluation showed an 80% reduction in intrahepatic disease burden and a marked reduction 
in the size and activity of other metastatic lesions. No side effects beyond grade 1 were observed in the patient. Thus, treatment 
was continued. In the second treatment response evaluation, although there was an increase in the metabolic activity of some 
extrahepatic lesions, the reduction in liver lesions was 50% less than the previous one. The patient's general condition was good, 
and he had no symptoms. The dual therapy started in July 2025 was continued in January 2026 with nivolumab 240 mg every two 
weeks. This case highlights an extraordinary response to dual immune checkpoint inhibition in metastatic HCC and demonstrates 
the potential of immunotherapy without compromising efficacy, with some dose adjustments to account for toxicity in selected 
patients with advanced disease.
Keywords: Case report, Hepatocellular carcinoma, Immunotherapy, Ipilimumab, Nivolumab
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The most common form of primary liver cancer is hepa-
tocellular carcinoma (HCC), which accounts for 90% of 

primary liver cancer cases. HCC is the sixth most common 
form of cancer diagnosed worldwide and the third lead-
ing cause of cancer-related mortality. Liver cancer can also 
present as cholangiocarcinoma, which is a form of cancer 
that occurs in the bile duct.[1] HCC predominantly affects in-
dividuals with pre-existing underlying conditions of chron-
ic liver diseases and cirrhosis. Furthermore, the incidence of 
HCC is considerably higher in males compared to females. 
There are several risk factors that are considered critical 
in the development of hepatocellular carcinoma. These 
include viral infections, metabolic syndrome, toxic sub-
stances, and immune-related disorders. In addition, hepa-
tocellular carcinoma is also resistant to chemotherapy and 
radiotherapy. The Barcelona Clinic Liver Cancer (BCLC) clas-
sification is universally accepted and used for the staging 
and management of HCC. Based on this algorithm, curative 
therapies such as surgical resection, local ablation, and liv-
er transplantation are the first choice for the treatment of 
early-stage HCC. For the treatment of advanced-stage HCC, 
locoregional therapies such as radiofrequency ablation 
and transarterial chemoembolization are the first choice. 
For those who cannot be treated with locoregional thera-
pies, systemic therapies are recommended. Finally, for the 
treatment of terminal-stage HCC, the best supportive care 
is recommended.[2]

Until 2008, there was no systemic therapy that demonstrat-
ed a clear overall survival benefit in advanced hepatocellu-
lar carcinoma (HCC). The multi-target tyrosine kinase inhib-
itor sorafenib was the first systemic agent to show a survival 
advantage in patients with advanced HCC in randomized 
phase III trials, leading to its approval for use in this setting. 
Subsequently, in 2018, another tyrosine kinase inhibitor, 
lenvatinib, was demonstrated in the phase III REFLECT trial 
to be non-inferior to sorafenib for overall survival in first-line 
treatment of unresectable HCC, thereby establishing lenva-
tinib as another first-line systemic therapy option.[3] Until 
the advent of these immune checkpoint inhibitor-based 
therapies, the median overall survival (OS) with first-line 
systemic therapies for advanced hepatocellular carcino-
ma (HCC) was generally in the range of 12-14 months with 
tyrosine kinase inhibitors. With the advent of these immu-
notherapy-based combinations, significant improvements 
in survival were demonstrated. In 2020, the combination 
of atezolizumab and bevacizumab was approved as a first-
line therapy for unresectable HCC, showing that median OS 
can be extended up to 19.2 months with these therapies, 
as demonstrated in clinical trials, compared with previous 
therapies. In 2022, the combination of tremelimumab and 
durvalumab was approved as a first-line therapy for unre-

sectable HCC, showing that median OS can be extended up 
to 16.4 months with these therapies, as demonstrated in 
clinical trials, compared with previous therapies. These im-
munotherapy-based combinations have been established 
as first-line therapy options with median OS ranging from 
16-19 months.[4,5]

Nivolumab, a PD-1 inhibitor, in combination with CTLA-4 
inhibitor ipilimumab, has demonstrated a significant OS 
advantage over lenvatinib or sorafenib in unresectable 
HCC in previously untreated patients. Moreover, this drug 
combination has demonstrated one of the best results in 
terms of ORR in this patient population, as demonstrated 
in the phase III CheckMate-9DW clinical trial, where the 
nivolumab + ipilimumab regimen demonstrated a median 
OS of 23.7 months compared with 20.6 months with len-
vatinib or sorafenib, along with an ORR of 36% compared 
with 13% with tyrosine kinase inhibitors.[6] The nivolumab 
+ ipilimumab regimen has been approved by the Food and 
Drug Administration (FDA) as a first-line therapy for adult 
patients with unresectable or metastatic hepatocellular 
carcinoma and has been increasingly used as a new stan-
dard of care for this patient population.

Case Report
A 58-year-old male patient of Kyrgyz origin was referred 
to our center for evaluation for liver transplantation. The 
patient had been followed at an outside institution for the 
past five years due to hepatitis B virus (HBV)–related chron-
ic liver disease. Dynamic contrast-enhanced computed to-
mography (CT) of the liver demonstrated lobulated hepat-
ic contours consistent with chronic liver disease. Multiple 
space-occupying lesions compatible with hepatocellular 
carcinoma (HCC) were observed, the largest measuring up 
to 12.5 cm in diameter and almost completely occupying 
the right hepatic lobe. These lesions showed arterial phase 
hyperenhancement with venous phase washout and con-
tained cystic and necrotic components.

^18F-FDG PET-CT revealed multiple metabolically active 
metastatic lymph nodes predominantly in the perihepatic 
and intra-abdominal regions, including the costophrenic 
angle and midclavicular line, as well as contrast-enhancing 
lesions in the lungs consistent with metastatic disease. Giv-
en the extent of the disease, the patient was not consid-
ered suitable for local ablative therapies or liver transplan-
tation. As the radiological findings were typical for HCC, 
histopathological confirmation was not deemed necessary.

Baseline laboratory evaluation revealed an alpha-fetopro-
tein (AFP) level of 463 ng/mL. HBV DNA level was 21,395 
copies/mL. Other laboratory parameters were as follows: 
total bilirubin 1.5 mg/dL, direct bilirubin 0.43 mg/dL, albu-
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min 2.7 g/dL, prothrombin time international normalized 
ratio (INR) 1.0, AST 70 U/L, ALT 32 U/L, hemoglobin 12.2 g/
dL, platelet count 234 ×10³/µL, and white blood cell count 
14.2 ×10³/µL. The patient had a Child–Pugh score of 6 
(class A) and an ALBI grade of 3. There was no prior history 
of hepatic encephalopathy or variceal bleeding. Physical 
examination revealed no evidence of ascites. The Eastern 
Cooperative Oncology Group (ECOG) performance status 
was 0. Apart from chronic hepatitis B infection, there was 
no significant comorbidity in the patient’s medical history.

On July 10, 2025, combination immunotherapy with 
nivolumab at a dose of 3 mg/kg and ipilimumab at a dose 
of 1 mg/kg, administered every 21 days, was initiated. Ap-
proximately 2.5 months after treatment initiation, an FDG 
PET-CT performed on September 24, 2025, demonstrated 
an approximately 80% reduction in viable tumor burden, 
consistent with a marked partial response according to RE-
CIST criteria (Fig. 1). At the same time, AFP had dropped 
to 10.5 ng/mL at the first interim evaluation. Combination 
therapy was therefore continued.

In the follow-up FDG PET-CT scan performed on January 
22, 2026, increased metabolic activity was detected in 
some mediastinal lymph nodes. However, a marked reduc-
tion in the intrahepatic tumor burden persisted. The cur-
rent AFP level had dropped to 6.3 ng/mL. This increase in 
activity in the mediastinal lymph nodes was interpreted as 
pseudoprogression. It was planned to continue treatment 
with nivolumab monotherapy at a dose of 240 mg every 
two weeks. No immune-related adverse events beyond 
grade 1 were observed during treatment. The patient re-
ceived nivolumab 240 mg on January 31, 2026, without any 
complications (Fig. 1).

Discussion
HCC is often asymptomatic during the early stages; there-
fore, the majority of cases are diagnosed at an advanced 
stage. Although the incidence is lower compared to other 
cancers, HCC ranks third among the cancers responsible for 
mortality worldwide. HBV infection is a major cause of HCC. 
Although the effectiveness of the HBV vaccine in preventing 
HBV-related HCC has been shown, especially in HBV-endem-
ic areas such as East Asia, HBV remains a major cause of HCC 
worldwide. The management of hepatocellular carcinoma 
is considered challenging due to the innate drug resistance 
observed. Tyrosine kinase inhibitors were considered the 
standard treatment for patients with advanced-stage hepa-
tocellular carcinoma until the early 2020s. However, recent 
treatment regimens targeting the immune system, either 
as monotherapy or in combination, have been established 
and are now considered the standard treatment regimens 
for the management of advanced-stage HCC. The immune 
system is considered an important regulator in controlling 
tumor progression. Liver cancer, like other cancers, uses 
natural physiological immune regulatory mechanisms to 
avoid an anti-tumor immune response by expressing immu-
nosuppressive ligands on tumor and stromal cells. Multiple 
immune checkpoint pathways have been identified in this 
process, most notably programmed cell death protein 1 (PD-
1) and its ligand PD-L1, cytotoxic T-lymphocyte–associated 
antigen 4 (CTLA-4), T-cell immunoglobulin and mucin-do-
main containing-3 (TIM-3), lymphocyte activation gene-3 
(LAG-3), and several others. Dysregulation of these pathways 
contributes to immune tolerance within the tumor microen-
vironment and promotes tumor growth and progression.
[7] In addition, a number of therapeutic agents targeting 
these immune checkpoints are currently in development. 
Against this background, combination immunotherapy with 
nivolumab, a PD-1 inhibitor, and ipilimumab, a CTLA-4 inhib-
itor, was initiated for our patient. This combination immuno-
therapy was granted regulatory approval in 2025 based on 
efficacy data from the CheckMate 9DW clinical trial.

In the CheckMate 9DW study, nivolumab was administered 
at a dose of 1 mg/kg in combination with ipilimumab at a 
dose of 3 mg/kg for four cycles. In the absence of disease 
progression, treatment was continued with nivolumab 
monotherapy at a fixed dose of 480 mg every four weeks. 
However, the incidence of treatment-related grade 3 or 
4 adverse events was significantly higher in the nivolum-
ab plus ipilimumab arm compared with the control arm, 
which consisted of sorafenib or lenvatinib.

The increase in toxicity among patients in the combination 
arm could also be explained by the increase in the dosage 
of ipilimumab, which is 3 mg/kg. It is worth noting that this 

a1

b1 b2

a2

Figure 1. (a1, a2) Pre-treatment PET-CT image of the patient. (b1, 
b2) PET-CT image obtained 2,5 months after treatment.
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approach was previously tested in metastatic malignant 
melanoma and was included in treatment guidelines as 
a standard therapeutic approach. Previous studies have 
shown that ipilimumab is linked with low tolerability com-
pared to nivolumab, supporting the claim that ipilimumab 
is a key contributor to toxicity.[8,9] In the CheckMate 9DW 
trial, the rationale for selecting nivolumab at a dose of 1 
mg/kg in combination with ipilimumab at a dose of 3 mg/
kg was based on results from a previously conducted multi-
arm, multi-cohort phase II study, in which this regimen 
demonstrated the greatest improvement in overall surviv-
al. However, in the same study, objective response rates 
were found to be comparable between the nivolumab 1 
mg/kg plus ipilimumab 3 mg/kg arm and the nivolumab 
3 mg/kg plus ipilimumab 1 mg/kg arm.[10] Considering the 
toxicity profile, the treatment of the patient was initiated 
with nivolumab at a dose of 3 mg/kg combined with ip-
ilimumab at a dose of 1 mg/kg administered every three 
weeks. After a period of six months with combination ther-
apy, treatment with nivolumab monotherapy at a dose of 
240 mg administered every two weeks was continued.

In fact, in the phase III CheckMate 9DW study, which led to 
this regimen being included as one of the standard treat-
ment options, it was noted that the clinical benefits were 
more pronounced in patients who did not experience any 
disease progression or death during the initial six months 
of treatment. It is also important to note that there was 
an improvement in survival benefits, especially in those 
patients who experienced complete or partial responses. 
This is in line with our patient, who experienced a positive 
response within the initial six months, a response that has 
been ongoing. Importantly, there were no adverse effects 
associated with treatment, which led to its discontinuation 
or reduction in dosage.

One of the other key points to highlight in this case we are 
presenting is the ALBI and CHILD-PUGH scores. The ALBI 
score is an objective prognostic tool that predicts liver re-
serve in patients with HCC, calculated using albumin and 
bilirubin levels. The CHILD-PUGH score, on the other hand, is 
a prognostic scoring tool that combines both laboratory pa-
rameters and clinical findings. This scoring did not influence 
the dose selection we used in treatment. At the time of diag-
nosis, liver reserve was poor due to the excessive tumor bur-
den in the liver, and the ALBI score was calculated as Grade 
3. Consequently, a discordance may have arisen between 
the ALBI and CHILD-PUGH scores in this particular patient. 
In clinical practice, both scoring tools are utilized. The score 
changed following a good response to treatment. Initially an 
ALBI Grade 3, it had improved to Grade 2 at the first interim 
assessment. Our case demonstrates that this treatment is ef-
fective even in a patient with poor liver reserve.

Conclusion
In conclusion, the combination of nivolumab and ipili-
mumab represents an effective first-line systemic treat-
ment option for selected patients with advanced-stage 
HCC. Moreover, individualized modifications to treatment 
scheduling and dosing, when applied within a reasonable 
clinical framework, may help preserve therapeutic efficacy 
while minimizing treatment-limiting toxicities, thereby im-
proving overall treatment tolerability.
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Dear Editor,

Any individual above the age of 65 years is defined as el-
derly, and it has been shown that major abdominal oper-
ations carry a high risk of morbidity and mortality when 
compared to patients of younger age.

Hepatocellular carcinoma (HCC) is the 6th most common 
cancer in both sexes and the 4th leading cause of can-
cer-related deaths.[1,2] HCC usually develops on a cirrhotic 
background, and therefore, liver transplantation (LT) is the 
only therapeutic modality that has the potential to cure 
both diseases simultaneously.[2] Diagnosis, treatment, and 
the course of HCC in the elderly are challenging. For this 
reason, we read the article by Gonultas et al.[3] with great in-
terest. The authors analyzed 535 patients who underwent 
LT for HCC between April 2006 and March 2025, including 
68 patients aged 65 years or older. Their data demonstrate 
a significant increase in elderly recipients over the last five 
years, rising from 2.5% (2002–2010) to 9.4% (2021–2025, 
p<0.001). Among HCC cases specifically, the proportion of 
elderly patients increased from 6.3% to 17.5% (p=0.039) 
over the same period.

While the survival rates in the elderly group were accept-
able, they were significantly lower than those of their 
younger counterparts, with a mean overall survival of 
2497.5 days versus 3793.5 days, respectively (p=0.012). 
The 1-, 5-, and 10-year survival rates for the elderly (81.5%, 
52.8%, and 39.7%) were also significantly lower than those 
of younger patients.

A critical finding in the data provided by Gonultas et al.[3] 
is that 60% (n=41) of the elderly patients were beyond the 
Milan criteria. Of these, 28 patients (68% of advanced cases) 
exceeded the Malatya criteria, and 26 (63%) exceeded the 
Expanded Malatya criteria. Notably, 32% of these cases had 
a total tumor diameter exceeding 8 cm. Although the au-
thors did not provide a specific analysis of these advanced 
cases—specifically regarding exact tumor diameters—the 
results remain acceptable despite the advanced stage of 
the disease. The inclusion of these advanced tumors may 
stem from the fact that these classifications were based on 
final pathology rather than pre-transplant imaging. Fur-
thermore, the higher rate of patients beyond the Milan cri-
teria in the elderly group may suggest a delay in diagnosis 
within this age group.
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The study also highlights the utility of the Malatya criteria, 
which incorporated an additional 13 patients beyond the Mi-
lan criteria (a ~25% expansion). In contrast, only two patients 
(7% of those beyond the Malatya criteria) met the Expanded 
Malatya criteria. In the younger cohort, 219 patients (46.9%) 
were beyond Milan; of these, 52 (24%) fell within the Malatya 
criteria and 27 (17%) within the Expanded Malatya criteria.

While these findings might suggest a difference in tumor 
biology or stage at diagnosis, the authors found no sig-
nificant differences in AFP levels or tumor differentiation 
between the age groups, which argues against a distinct 
biological divergence. Recurrence rates were also similar, 
though the younger group showed higher hepatic recur-
rence, while the elderly showed more frequent distant 
metastasis. A notable limitation of the study is the lack of 
data regarding locoregional therapy (LRT) and subsequent 
response rates. Such information would have provided 
valuable insight into the biological behavior of HCC across 
these two age groups. The authors have found age to be a 
factor increasing the risk of mortality, and their results are 
supported by previous studies.[4]

Nevertheless, the treatment of HCC in patients is not gov-
erned by age. However, the outcome of LT in elderly patients 
has contradictory results.[5-8] Selection of elderly patients 
for liver transplantation should be individualized, as there 
are no clear selection criteria in this age group. [8] Frailty is 
a very important factor when treating elderly individuals. 
Frailty can be defined as the presence of chronic systemic 
diseases and nutritional deficiencies that significantly com-
promise the outcomes of surgery and other systemic treat-
ments. This is particularly evident in oncological cases and 
major procedures such as liver transplantation.[9,10] There is 
not much that can be done for frail elderly patients other 
than offering the best supportive care.[4] It has been shown 
that in early-stage HCC, various treatment modalities such 
as local ablation or transarterial chemoembolization (TACE) 
resulted in comparable outcomes in elderly and non-elder-
ly patients. Furthermore, in intermediate-stage tumors, 
surgery or TACE resulted in similar overall survival in both 
elderly and non-elderly patients.[11]

There are various differences in HCC in the elderly when 
compared to adolescents and young adults. Older pa-
tients are more likely to have Hepatitis C (HCV) infection or 
Metabolic Dysfunction-Associated Steatotic Liver Disease 
(MASLD) (formerly NASH). In contrast, Hepatitis B (HBV) is 
less common in this age group.[12] Tumors in the elderly are 
frequently well-differentiated and may exhibit less aggres-
sive biological behavior. They are more likely to emerge 
as single nodules rather than multinodular diseases. High 
rates of concurrent conditions such as diabetes, hyperten-

sion, and cardiovascular disease are common, which often 
complicate the treatment decisions. In adolescents and 
young adults, tumor biology is more aggressive.[12] On the 
other hand, the diagnosis of HCC with routine surveillance 
is harder in elderly patients.

Conclusion
In conclusion, the treatment of HCC requires a multidisci-
plinary and individualized approach, and this is especially 
true for elderly patients. While the majority of them are frail 
and best supportive care may be required, some may ben-
efit from multimodal treatment, including liver transplan-
tation or major hepatic resections.
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