The Official Journal of the Inonu Liver Transplantation Institute

Journal of
Inonu Liver Transplantation Institute

A Network Phenotyping
Strategy approach in a
Turkish HCC dataset from
Inonu University and
comparison of patients
s S selected for transplant and

e those who were not

25T
20T 231 %

Transplant No transplant

www.jilti.org

Volume: 3 Issue: 1 April 2025 E-ISSN 2980-2059



4
i

Editor-in-Chief

Sezai Yilmaz

INONU LIVER TRANSPLANTATION

INSTITUTE

Department of Surgery and Liver Transplant Institute, Inonu University Faculty of Medicine, 44280, Malatya, Tirkiye

Brian I. Carr

Liver Transplant Institute, Inonu University Faculty of Medicine, 44280, Malatya, Tirkiye

Editor
Sami Akbulut

Department of Surgery and Liver Transplant Institute, Inonu University Faculty of Medicine, 44280, Malatya, Tirkiye

Associate Editors

Tevfik Tolga Sahin

Department of Surgery and Liver Transplant Institute, Inonu University
Faculty of Medicine, 44280, Malatya, Tirkiye

Sinasi Sevmis

Department of Surgery and Organ Transplant Program Yeni Yuzyil
University Faculty of Medicine, 34010, Istanbul, Ttirkiye

Sertac Usta

Department of Surgery and Liver Transplant Institute, Inonu University
Faculty of Medicine, 44280, Malatya, Turkiye

Murat Harputluoglu

Department of Gastroenterology and Hepatology, Inonu University
Faculty of Medicine, 44280, Malatya, Turkiye

Volkan Ince

Department of Surgery and Liver Transplant Institute, Inonu University
Faculty of Medicine, 44280, Malatya, Turkiye

Emrah Otan

Department of Surgery and Liver Transplant Institute, Inonu University
Faculty of Medicine, 44280, Malatya, Turkiye

Burak Isik

Department of Surgery and Liver Transplant Institute, Inonu University
Faculty of Medicine, 44280, Malatya, Turkiye

Ramazan Kutlu

Department of Radiology, Inonu University Faculty of Medicine, 44280,
Malatya, Tirkiye

Advisory Board

Burcin Ekser

Division of Transplant Surgery, Department of Surgery, Indiana University
School of Medicine, Indianapolis, IN, USA

Timucin Taner

Division of Transplant Surgery, Department of Surgery, Department of
Immunology, Mayo Clinic, Rochester, MN 55905, USA

Ahmet Gurakar

Division of Gastroenterology and Hepatology, School of Medicine, Johns
Hopkins University, Baltimore, MD 21205, USA

Fuat Saner

Department of General, Visceral- and Transplant Surgery, Medical Center
University Duisburg-Essen, 45147 Essen, Germany

Mehmet Ozturk

International Biomedicine and Genome Center Biobank, 35340, Balcova,
[zmir, Tdrkiye

Cemil Colak

Department of Biostatistics and Medical Informatics, Inonu University
Faculty of Medicine, 44280, Malatya, Turkiye

Mustafa Cengiz Yakicier

Department of Molecular Biology and Genetics, Acibadem Mehmet Al
Aydinlar University, Istanbul, Ttrkiye

Nuru Bayramov

Department of General Surgery and Transplantology, Azerbaijan Medical
University, Baku, Azerbaijan

Cuneyt Kayaalp

Department of Surgery, Director of Gastrointestinal Surgery, Chief of
Abdominal Transplantation, Yeditepe University Medical Faculty 34752,
Istanbul, Turkiye

Yaman Tokat

Application and Research Center of Organ Transplantation, Ege
University Faculty of Medicine, lzmir, Tirkiye

Sukru Emre

Application and Research Center of Organ Transplantation, Ege
University Faculty of Medicine, 35100, lzmir, Tirkiye

Aysegul Sagir Kahraman

Department of Radiology, Inonu University Faculty of Medicine, 44280,
Malatya, Tirkiye

John Fung

The Transplantation Institute, Department of Surgery, University of
Chicago, Chicago, IL, USA

Masao Omata

Department of Gastroenterology, Yamanashi Prefectural Central
Hospital, Kofu-city, Yamanashi, Japan

Edoardo Giovanni Giannini

Gastroenterology Unit, Department of Internal Medicine, Unviersity of
Genoa, Ospedale Policlinico San Martino-IRCCS per I'Oncologia, Genoa, Italy
Giuliano Ramadori

Department of Gastroenterology and Endocrinology, University Hospital,
Georg-August University Goettingen, 37075 Goettingen, Germany

Nese Atabey

[zmir Biomedicine and Genome Center Biobank and Biomolecular
Resources Platform (IBG-Biobank), 35340, Balcova, lzmir, Tiirkiye



4
Czjfﬂ

Statistical Editor
Cemil Colak

INONU LIVER TRANSPLANTATION INSTITUTE

Department of Biostatistics and Medical Informatics, Inonu University Faculty of Medicine, 44280, Malatya, Turkiye

Emek Guldogan

Department of Biostatistics and Medical Informatics, Inonu University Faculty of Medicine, 44280, Malatya, Turkiye

Harika Gozukara Bag

Department of Biostatistics and Medical Informatics, Inonu University Faculty of Medicine, 44280, Malatya, Turkiye

Ahmet Kadir Arslan

Department of Biostatistics and Medical Informatics, Inonu University Faculty of Medicine, 44280, Malatya, Tirkiye

Language Editor
Brian I. Carr

Liver Transplant Institute, Inonu University Faculty of Medicine, 44280, Malatya, Turkey

Emrah Otan

Department of Surgery and Liver Transplant Institute, Inonu University Faculty of Medicine, 44280, Malatya, Tirkiye

Tevfik Tolga Sahin

Department of Surgery and Liver Transplant Institute, Inonu University Faculty of Medicine, 44280, Malatya, Tirkiye

Publications Coordinator
Derya Yilmaz

Liver Transplant Institute, Inonu University Faculty of Medicine, 44280, Malatya, Turkiye

About the Journal

Main Title: Journal of Inonu Liver Transplantation Institute

Serial Key Title: Journal of Inonu Liver Transplantation Institute
Abbreviation: | Inonu Liver Transpl Inst

Serial Type: Journal

Editors-in-Chief: Sezai Yilmaz, MD, Prof. (sezaiyilmaz@inonu.edu:tr),
Brian |. Carr, MD. Prof. (brianicarr@hotmail.com)

Publisher: Inonu University Liver Transplant Institute

Bulgurlu, 44000 Battalgazi, Malatya, Turkiye

+90 (0422) 341 06 60

derya.yilmaz@inonu.edu.tr

Journal Description: Our journal is supported by Inonu Liver
Transplantation Institute officially, and is a blind peer-reviewed free
open-access journal, published three issue in a year (April, August,
December).

Format: Electronic version E-ISSN 2980-2059. (online)

Start Year: 2022

Aim and Scope: 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.

Average Duration of the First Review Round: 2 months

Type of Publications: Research Article, Review Article, Meta-Analyses,
Case Report, Letter to the Editor

Language of Publication: English

Frequency: 3 issues per year (April, August, December)

Fee or Charges: This journal assesses NO submission fees, publication
fees (article processing charges), or page charges.

Paper Submission: Click here in order to submit your paper. https://jag.
journalagent.com/jitti/

License: Journal of Inonu Liver Transplantation Institute is licensed under
a Creative Commons Attribution 4.0 International License.

Ly

Publisher:  KARE PUBLISHING

Address: Géztepe Mah. Fahrettin Kerim Gékay Cad. No: 200 Da: 2, Géztepe, Kadikdy, Istanbul-Tiirkiye

Phone: +90216 550 61 |1
Fax: +9021255061 12
e-mail: kare@kareyayincilik.com
web: www.kareyayincilik.com

Publication Type: International Periodical
Publication Date: April 2025
Printing: Yildinm Printing House, Istanbul
Phone: +90 212 629 80 37



JOURNAL OF INONU LIVER TRANSPLANTATION

Aim and Scope
Aim
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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.
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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, 201 1)" 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.

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 statement
of principles that promotes free access to research literature. The declaration defines open access to aca-
demic literature as free availability on the internet, permitting users to read, record, copy, print, 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 Transplantation Institute are accessible through
search engines, websites, blogs, and other digital platforms. Additional 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 Com-
mons Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0) and grant the Publisher non-
exclusive commercial right to publish the work. CC BY-NC 4.0 license permits unrestricted, non-com-
mercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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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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Information for the Authors

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.

Al 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 wwwijilti.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:/Awwicmje.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 ltems 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://jagjournalagent.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.
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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 |5 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 |50 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.

Key Features:

*  The "Letter to the Editor" should be unstructured and should not include an abstract, keywords,
tables, figures, images, or other media.

*  The manuscript being commented on must be properly cited within the "Letter to the Editor"

*  Our journal considers all feedback on published articles. However, we emphasize that comments
should be scientifically relevant and meaningful to the discussion. Irrelevant or unfounded com-
ments may be rejected.

ICMJE Guidelines:

Our journal adheres to the guidelines set forth by the ICMJE (International Committee of Medical

Journal Editors). According to ICMJE, "Letters to the Editor" should be a platform for responsible

debate, critique, and discussion. These letters may raise substantial criticisms or questions about

previously published articles, and authors of the discussed articles are expected to respond to these
criticisms.

ICMJE also notes that editors have the right to edit these letters for length, grammar, and style. How-

ever, all letters should contribute constructively to the academic discussion and critique, and those

deemed irrelevant or unfounded may be rejected.

You can view the ICMJE guidelines on "Correspondence" here.

Table I. Limitations for each manuscript type.

Type of manuscript Wordlimit ~ Abstract word limit  Reference limit ~ Table limit ~ Figure limit
Original Article 4000-5000 350-400 40-50 6 6
Review Article 5000-6000 350-400 50-60 6 10
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Abstract

Hepatocellular Carcinoma (HCC) is the primary malignancy of the liver, which is typically associated with underlying chronic liver
diseases, such as cirrhosis, hepatitis B, or hepatitis C infections. Inflammation is a prevailing concern for liver disorders with docu-
mented impacts on the tumorigenic and metastatic propensities of individuals afflicted with HCC. Portal vein tumor thrombus
(PVTT) is a widespread problem among patients with HCC, manifesting in approximately 50% of cases. A comprehensive under-
standing of the PVTT mechanism is imperative to comprehend and address the challenges associated with HCC progression. The
intricate nature of the mechanism underlying PVTT formation and its influence on metastasis progression remains to be fully eluci-
dated. Given that the portal venous system's microenvironment is conducive to tumor cells' survival and further metastasis, a criti-
cal exploration of the associations and parallels among metastasis, epithelial-mesenchymal transition (EMT), and PVTT becomes
paramount. Signaling pathways play diverse roles in the progression of various diseases, with particular significance attributed
to their role in HCC advancement, which highlights the necessity for precise determination of their effects in the context of HCC
and PVTT. We highlight the significance of understanding the interplay between EMT, inflammation, and PVTT in the HCC context.
Furthermore, we revisit the signaling pathways impacting this interconnected network, providing useful perspectives to support
research initiatives. This review aims to guide research studies toward promising outcomes in exploring HCC complexities by defin-
ing the possible association between PVTT and EMT, thus identifying potential target areas for advanced therapeutics.
Keywords: Hepatocellular carcinoma, portal vein tumor thrombus, Inflammation, Epithelial to mesenchymal transition, signaling
pathway.
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in patients with localized, 10% in patients with regional,
and 2% in with metastatic disease.”? At an early stage of
HCC, surgical resection, liver transplant, and local ablation

H epatocellular carcinoma (HCC) stands as the predomi-
nant liver cancer globally, representing approximately
90% of liver cancer cases. The prognosis of HCC is closely

tied to the tumor stage, with early diagnosis over 70% sur-
vival rates at five years, contrasting starkly with less than
20% for advanced stages within the same timeframe.l" Life
expectancy for HCC patients hinges on the cancer diag-
nosis and stage, prevalent survival is poor, 5-year relative
survival rate is 18.4%. The 5-year survival rates reach 33%
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can increase the survival of the patients, whereas at an ad-
vanced stage, chemotherapy has no satisfactory effect, and
this situation leads to a poor prognosis.® One of the most
popular treatment methods for patients with intermedi-
ate-stage, well-preserved liver function, and unresectable
multinodular lesions, who lack vascular invasion or extra-
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hepatic spread is Transarterial chemoembolization (TACE).
However, TACE is not recommended for advanced-stage
HCC patients. Immune checkpoint inhibition (ICl) has been
successful in treating cancer patients, including those with
HCC, by improving efficacy and safety and enhancing long-
term survival outcomes. A combination of two ICls target-
ing different immune checkpoint pathways is considered
in clinical trials.®! The etiology of HCC is primarily linked
to environmental, dietary, or lifestyle factors, with the in-
terplay between these factors and genetic elements giv-
ing rise to its development. Significant risk factors include
liver cirrhosis, hepatitis B virus (HBV) and hepatitis C virus
(HCV) infection, excessive alcohol consumption, aflatoxin
B1 ingestion, nonalcoholic steatohepatitis (NASH), perina-
tal transmission and maternal viral load.® HCC exhibits as-
sociations with various parameters and occasionally arises
on a previously compromised liver, often in the context of
chronic hepatopathy or cirrhosis. Additionally, hereditary
diseases such as hemochromatosis, Wilson's disease, and
a-1-antitrypsin deficiency may influence the HCC process.®!

Inflammation and HCC

Infection typically elicits inflammation as a well-known re-
sponse; however, this immune reaction does not always
confer complete protection. In certain instances, such as in
the context of cancer, infections can result in non-resolv-

Journal of Inonu Liver Transplantation Institute

ing inflammation due to the host's defense mechanisms.
The progression of various cancer types is profoundly in-
fluenced by the tumor microenvironment, orchestrated
through signaling pathways crucial for proliferation and
survival.®? Within the domain of liver diseases, inflamma-
tion is a significant concern, notably amplifying the tumori-
genic and metastatic capabilities of HCC patients. Since
HCC is the predominant type of liver cancer and is signifi-
cantly impacted by inflammation, it is categorized as an
inflammation-linked cancer, primarily manifesting in situ-
ations of inflammation or hepatic injury.®!

Numerous studies revealed that deregulated microenvi-
ronments substantially impact tumorigenesis.”! Liver in-
flammation ensues upon exposure to various substances,
inducing microenvironmental changes and triggering in-
flammatory cascades. Factors such as HBV, HCV, diabetes,
obesity, excessive alcohol consumption, and metabolic
diseases are principal contributors to inflammation. These
factors predominantly lead to fibrosis and cirrhosis, conse-
quently propelling the progression of HCC (Fig. 1).©

EMT and Metastasis in HCC Progression

Epithelial-mesenchymal transition (EMT) is a cellular pro-
cess during which epithelial cells acquire mesenchymal
characteristics, achieved by the upregulation of mesen-
chymal related markers and the downregulation of epi-

Figure 1. Microenvironmental changes lead to inflammation, fibrosis, and cirrhosis, consequently triggering the progression of HCC.
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thelial markers. A bona-fide EMT is characterized by the
well-known cadherin switch, where the down regulation of
E-cadherin is compensated by the upregulation of N-cad-
herin."This is associated with apparent changes in cellular
phenotypes of epithelial cells, such as loss of apical-basal
polarity, modulation of the cytoskeleton, and decrease in
cell-cell adhesive properties. During the EMT process, cells
may either individually or collectively gain mesenchymal
characteristics and increase the ability of invasion and mo-
tility. The accumulated loss or gain of epithelial/mesenchy-
mal (E/M) characteristics drives a cell toward diverse inter-
mediate states in a fluid and reversible manner between
a complete epithelial and a complete mesenchymal state
usually referred to as epithelial mesenchymal plasticity
(EMP).0M

Throughout the evolution of multicellular organisms, vari-
ous phenomena have shaped their development, includ-
ing the emergence of specialized cell types and the di-
versification of cellular phenotypes. EMT is central to this
divergence of cell phenotypes, a critical process observed
in early development and normal cell differentiation. EMT
is the primary mechanism facilitating the organization of
highly specialized tissues and organ systems in diverse
organisms. Given its significant roles in organismal devel-
opment, several key components of molecular pathways
associated with the EMT process have been identified, in-
cluding Zeb1/2, Snail/Slug, Twist, Six1, Cripto, and TGFp.
021 EMT is vital in various physiological and pathological
processes such as embryogenesis, inflammation, fibrosis,
wound healing, and cancer development, and is classified
into three EMT-types accordingly. Recent studies have un-
derscored the impact of EMT on the progression of metas-
tasis in carcinogenic tumors.'> EMT, a highly conserved
program in developmental contexts, assumes a dual role
in cancer. While its reactivation enables cancer cells to
acquire malignant traits such as mobility, resistance to
apoptotic stimuli, invasiveness, increased tumor stemness,
and heightened resistance to chemotherapy and immu-
notherapy, it fundamentally contributes to the metastasis
process.l'

In the context of cancer progression, the description of hy-
brid E/M states have gained wide attention. This fluid state
is largely observed in circulating tumor cells (CTCs) asso-
ciated with various types of cancers and their metastases.
This is clearly a manifestation of the complexity of the in-
terplay between tumor biology, its microenvironment, and
EMP. Which can be considered as a major cause of tumor
heterogeneity.'®'” The phenotypic heterogeneity of these
various hybrid E/M states depends on the tissue of origin of
the tumor cell, specific combinations of expressed EMT-TFs,
and chromatin modifications.

The development and progression of HCC involve intricate
processes encompassing chronic inflammation, tissue re-
modeling, genetic changes, and modifications in cellular
signaling. Within this complex scenario, microenvironmen-
tal factors play a pivotal role in modulating these crucial
processes, with inflammatory components emerging as
the foremost contributors to tumor proliferation, angio-
genesis, and metastasis.'® Metastasis poses the most formi-
dable challenge in cancer treatment, constituting a com-
plex process involving diverse pathways and cascades. The
intricacy of metastasis extends beyond the intrinsic char-
acteristics of tumor cells, encompassing the microenviron-
ment as a critical driver of key factors. The involvement of
infiltrated immune cells is crucial in the metastatic process,
with their secreted cytokines, chemokines, and growth fac-
tors playing decisive roles in conferring metastatic and in-
vasive properties to cancer cells.'®'1 HCC tends to invade
vascular structures. Macrovascular invasion refers to the
macroscopically observable tumor in the vein, however mi-
crovascular invasion (MVI) refers to the presence of tumor
cells inside portal or hepatic venous systems.?” In addition
to the macrometastasis process, patients with advanced
stages of HCC have high tumor recurrence rates after re-
section or orthotopic liver transplantation. This can be con-
sidered as a consequence of the tumor in other parts of the
liver, positive resection margins, tumor invasion of the he-
patic vasculature, and microscopic metastasis, collectively
leading to the consideration of HCC as a micrometastatic
disease.l?!

In the metastatic process, the EMT program can induce
cancer cells to generate proinflammatory factors. Tumori-
genesis involves the production of various matrix metallo-
proteinases (MMPs), cytokines, and chemokines. This pro-
duction cascade is initiated to provoke a response against
danger signals emanating from the tumor. The production
process involves different cell types, including cancer, den-
dritic, cancer-associated fibroblasts, and endothelial cells.
In the progression of HCC, the transcription factors Snail,
Slug, Twist, and Zeb are upregulated, significantly promot-
ing EMT. Previous research has highlighted the involvement
of EMT-related exosomes, microRNAs, long non-coding
RNAs, and regulatory signaling pathways in HCC progres-
sion. The associations between EMT-related mechanisms
and HCC progression underline the role of EMT and point
to a promising new avenue for targeted therapy.?*-24

Portal Vein Tumor Thrombus (PVTT): Understand-
ing its Impact on HCC Progression

In HCC patients, PVTT poses a significant challenge for HCC
treatment, occurring in approximately 50% of cases.?” This
complication is significantly linked to poor liver function,



aggressive tumor biology, elevated tumor number and
size, and heightened levels of serum markers such as AFP.
261 The portal venous system plays a pivotal role in HCC pro-
gression; when the primary tumor infiltrates this system,
HCC can extend into portal vein branches, leading to in-
conspicuous intrahepatic metastasis within neighboring
liver sections. This mechanism notably impacts the early
intrahepatic recurrence. The prognosis of HCC patients
exhibits considerable variation and experiences a drastic
decline with the presence of PVTT. Without PVTT, a 5-year
survival rate of around 18%, while in the presence of PVTT,
it diminishes to a mere 2.7 to 4 months.228

Consequently, PVTT demonstrates diverse associations
with cancer progression, potentially playing an essential
role in inflammation and metastasis. A specific study fo-
cused on inflammatory biomarkers and the presence of
PVTT revealed significant increases in inflammation mark-
ers, including the neutrophil-to-lymphocyte ratio (NLR),
platelet count-to-lymphocyte ratio (PLR), erythrocyte
sedimentation rate (ESR), and gamma-glutamyl transpep-
tidase (GGTP) in patients with PVTT compared to those
without.” Another study delving into inflammatory cells
and metastasis highlighted the facilitative role of inflam-
matory cells and their mediators in tumor cell invasion,
extravasation, and metastatic outgrowth.B’ A noteworthy
finding in patients with cirrhosis revealed that markers of
systemic inflammation, specifically IL-6 and lymphopenia,
predict PVTT independently of markers of portal hyperten-
sion, shedding light on a previously overlooked factor (IL-
6) in the pathogenesis of portal vein thrombosis (PVT).B"
Furthermore, research has emphasized the pivotal role of
systemic inflammation in portal vein thrombosis, with in-
terleukin 6, a significant inflammatory cytokine, indepen-
dently associated with this complication. The correlation
between interleukin-6 levels and PVT necessitates further
examination.B?

Major Signaling Pathways in EMT and PVTT:
Unraveling Cellular Associations

Signaling pathways play a central role in preserving diverse
cellular contexts. Beyond their fundamental functions,
they serve as conduits that elucidate intricate cellular as-
sociations, enabling the definition of interactions and their
consequences. Key signaling pathways implicated in EMT
include TGF3, Wnt, Notch, and Hedgehog.53!

TGF Signaling Pathway: Bridging EMT and PVTT

TGFp is a cytokine secreted with significant roles, including
regulating cell proliferation, migration, and differentiation
across various cell types. In cancer progression, the late
stage undergoes substantial changes thatimpact function-
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al pathways. Cancer cells maintain responsiveness to TGF3
but develop resistance to its cytostatic effects, making
TGFB a key promoter of tumorigenesis by inducing EMT.
BATGFR is a potent EMT inducer linked to crucial signaling
pathways, such as the Wnt/p-catenin signaling pathway. It
has been extensively studied in the context of metastasis
and EMT, and its role in cancer-related inflammation needs
precise definition.?>*¢ The TGFP pathway impacts metasta-
sis and EMT in the cancer scenario and is essential to in-
flammation, particularly for HCC. Studies indicate that HBV
infection and the activity of the TGF3-miR-34a-CCL22 axis
act as potent etiological factors predisposing HCC patients
to develop PVTT.E” Another research study delineated the
effect of the TGFP pathway on PVTT, associating the imbal-
ance of TGF31/BMP-7 pathways with large tumor size, mi-
crovascular invasion, PVTT, and poor differentiation.B®

Wnt/B-catenin Signaling Pathway: Orchestrating EMT
and PVTT

The Wnt/-catenin signaling pathway is crucial in various
cellular functions, including proliferation, development,
differentiation, and disease progression. Research studies
illustrate the involvement of the Wnt/(3-catenin signaling
pathway in the EMT process. The Wnt/B-catenin pathway
has a dual role in mediating EMT. It was shown to induce
EMT via miR-300.5% In contrast, inhibition of Wnt signaling
through siRNAs targeting the long non-coding RNA UCA1
was shown to inhibit EMT.#%

Additionally, studies have indicated that microRNA-136
serves as an activator of both Wnt signaling and EMT, es-
tablishing a clear association between the Wnt/B-catenin
signaling pathway and EMT."*" In various human malignan-
cies, the upregulation of different microRNAs (miRNAs) has
been observed, and these miRNAs are closely linked to crit-
ical functions such as cell proliferation, differentiation, mi-
gration, invasion, and apoptosis.*? Generally, PVTT is con-
sidered a distinct type of metastasis in HCC. In this context,
altered miRNAs may contribute to PVTT development by
mediating the genes involved in tumor metastasis. Recent
studies on PVTT have established a connection between
the Wnt/B-catenin pathway and PVTT formation through
specific microRNAs. The upregulation of miR-517b-3p re-
cently activated the Wnt/B-catenin signaling pathway,
increasing cell proliferation, migration, and invasion, thus
promoting PVTT.1 344

Notch Signaling Pathway: Balancing Proliferation and
Apoptosis in HCC

The Notch signaling pathway, a conserved mechanism
maintaining a delicate equilibrium between cell prolifera-
tion and apoptosis, plays a crucial role in developing and
progressing various malignancies.™ Its significance ex-
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tends to HCC progression, influencing neoplastic growth,
invasion capability, and stem-like properties. Despite this, a
comprehensive understanding of the deregulated expres-
sion of individual Notch receptors and ligands and resulting
phenotypic changes still need to be improved in the HCC.
sl The Notch coactivator MAML1 has been identified as a
contributor to the aggressiveness of different cancer types,
including HCC.#” Recent studies have highlighted the as-
sociation between aberrant Notch1 expression and HCC
metastatic disease through the Notch1-Snail1-E-cadherin
pathway. Notably, the knockdown of Notch1 reversed HCC
tumor metastasis in a mouse model.*®

Furthermore, investigations revealed that the CD90 bio-
marker was exclusively detected in HCC patient samples,
indicating a correlation of this biomarker with poor prog-
nosis. Isolated CD90+ populations from HCC cell lines ex-
hibited increased tumorigenicity, chemoresistance, tumor
invasion, and metastasis through Notch signaling activa-
tion.® The literature on HCC lacks a comprehensive expla-
nation for the association between Notch signaling and
PVTT, yet assuming an association between Notch sig-
naling and EMT leading to PVTT is plausible. An in-depth
understanding of the critical role of EMT or similarities in
PVTT formation and a better comprehension of mechanis-
tic regulation opens new avenues for developing potential
therapeutic targets of clinical importance.

Hedgehog Signaling Pathway: Navigating EMT and PVTT
Complexity

The hedgehog (Hh) signaling pathway, a foundational and
conserved route, is pivotal in governing embryonic devel-
opment and tissue repair. Its activation during develop-
ment regulates the EMT process. Aberrant activation of
the Hh signaling pathway assumes various roles, including
malignant transformation, progression, drug resistance,
and metastatic processes in several solid tumors, includ-
ing HCC.® Overexpression of Hh protein markers in liver
tumor tissues correlates with aggressive features and poor
survival. Multiple studies have demonstrated that the Hh
pathway sustains tumor growth, metastasis, and a mesen-
chymal phenotype.?'*2 In HCC patients, the predominant
cause of death is local invasion and metastasis in other or-
gans. Research indicates that mRNA levels of the receptor
(PTCH1) and GLI1, both Hh components, indicate recur-
rence after resection.®® Given that PVTT is considered an
HCC-specific metastasis, the Hh signaling pathway may
exhibit a complex association with the PVTT mechanism,
akin to EMT.

While various signal transduction or molecular pathways
associated with PVTT have been identified, the precise
mechanisms of PVTT remain largely unknown [78]. Analy-

ses of dysregulated genes between HCC and PVTT suggest
that extracellular matrix receptor interaction correlates
with HCC Field venous metastases.’>??! Other factors pro-
posed to contribute to PVTT development include vascu-
lar endothelial cells, immune cells in the tumor microen-
vironment, genomic irregularities, sequential alterations
of mRNA expression, DNA methylation of differentially
expressed genes, cancer stem cells, dysregulation of ex-
tracellular matrix organization, and focal adhesion.">
The complete mechanisms of PVTT formation have mostly
remained unidentified. Traditionally, it was believed that
PVTT forms following the direct invasion of a liver tumor,
resulting in a hepatic artery-portal vein fistula and portal
vein countercurrent. However, recent studies have detect-
ed a distinct PVTT (dPVTT), a noteworthy type of PVTT dis-
tant from the liver tumor nodule. Comparative proteomics
studies revealed that dPVTT-owned molecular signatures
are different from those of liver tumors, suggesting that the
mechanism of PVTT formation is more complex than previ-
ously thought.>45

Conclusion

In conclusion, HCC poses a significant global health burden,
representing the majority of liver cancer cases with vary-
ing prognoses dependent on tumor stage. Early detection
significantly improves survival rates, emphasizing the criti-
cal role of timely intervention. The multifaceted etiology of
HCC involves intricate interplays between environmental,
dietary, lifestyle factors, and genetic elements. Inflamma-
tion is pivotal in HCC progression, amplifying tumorigenic
and metastatic capabilities. The complex processes of me-
tastasis, particularly the EMT, underscore the complexity of
HCC development.

Of notable concern is the common occurrence of PVTT in
HCC patients, linked to poor liver function and aggressive
tumor biology. PVTT profoundly impacts patient progno-
sis, with a substantial decline in survival rates. Inflamma-
tory markers, such as the neutrophil-to-lymphocyte ratio
and interleukin-6, exhibit significant associations with
PVTT, shedding light on their potential role as predictive
indicators. The involvement of major signaling pathways,
including TGF, Wnt/B-catenin, Notch, and Hedgehog, fur-
ther complicates the intricate network governing EMT and
PVTT.

While substantial progress has been made in understand-
ing the roles of these signaling pathways in HCC progres-
sion, their precise implications in PVTT formation still need
to be discovered. The complexity of PVTT mechanisms,
involving factors such as extracellular matrix interactions,
immune cells, genomic irregularities, and cancer stem cells,



poses a challenge for comprehensive elucidation. Recent
studies challenging traditional beliefs about PVTT forma-
tion highlight the need for further exploration into the
distinct molecular signatures of PVTT, paving the way for
more targeted therapeutic approaches.

Unraveling the enigma surrounding PVTT is crucial in ad-
vancing our understanding of liver cancer progression.
Continued research into the specific contributions of in-
flammatory markers and signaling pathways to PVTT for-
mation promises to reveal new therapeutic avenues, ulti-
mately improving the diagnosis and treatment of HCC.
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Abstract

Objectives: The impact of graft type on the outcomes of liver transplantation (LT) for hepatocellular carcinoma (HCC) remains
controversial. We aimed to evaluate the efficacy of living donor (LDLT) versus deceased donor LT (DDLT) by analyzing disease-free
survival (DFS) and overall survival (OS).

Methods: We evaluated 356 HCC patients who underwent LT. There were two groups: LDLT and DDLT. We compared OS, DFS,
demographic data, and clinical variables between the cohorts. The study also evaluated the impact of Milan criteria adherence on
patient outcomes.

Results: The study population was 85.9% male, with a mean age of 52.69 (+0.61) years.While nearly half of the patients were within
the Milan criteria, a significant majority of procedures, n=356 (94.7%), were LDLT. The OS and DFS were comparable between the
groups, irrespective of Milan criteria compatibility. Patients with tumors within the Milan criteria demonstrated a significantly better
OS and DFS compared to those with tumors beyond the criteria (p<0.001).

Conclusion: The Milan criteria remain the best prognostic indicator after liver transplantation for HCC. Liver graft type (LDLT vs.

DDLT) did not affect liver transplantation (LT) outcomes for HCC, regardless of Milan criteria adherence.
Keywords: Liver transplantation, Living donor, Deceased donor, Hepatocellular cancer, Milan criteria, Extended criteria
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lobally, HCC is a significant health burden, ranking as

the sixth most common cancer and the third leading
cause of cancer-related mortality. The incidence of HCC
has steadily increased over the last decade. Hepatitis B
virus and liver cirrhosis are risk factors for HCC. In patients
with HCC, there are two diseases: cirrhosis and cancer.
2l Consequently, LT represents the ideal therapeutic ap-
proach for the concurrent management of these diseases.
B The establishment of the Milan criteria had a substan-
tial impact on the treatment of HCC by facilitating the al-
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location of DDLT to stringently selected patient popula-
tions, resulting in favorable long-term survival outcomes.
Hence, LT has evolved into the preferred therapeutic mo-
dality for HCC. Nevertheless, the Milan criteria are widely
regarded as overly restrictive, prompting the develop-
ment of expanded criteria.The University of California,
San Francisco (UCSF) criteria have successfully broadened
the Milan criteria by 10% and are presently employed for
DDLT organ allocation in patients with HCC within the

United States (US).”
5
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On the other hand, in some countries such as Turkiye, Ja-
pan, Korea, and India, the deceased donor organ pool is in-
sufficient for the patients waiting for liver transplantation.
51 For this reason LDLT has emerged as a viable alternative
for the management of patients with cirrhosis and/or HCC.
The effect of graft type on DFS and OS in HCC patients un-
dergoing LDLT is a key area of research in countries where
LDLT is prevalent.® We aimed to evaluate and compare
long-term DFS and OS outcomes following LDLT and DDLT
in patients with HCC. We also aimed to evaluate the impact
of Milan criteria adherence on the long-term outcomes of
patients undergoing LT for HCC.

Methods

Study Design

Over the period from March 2006 to September 2021, 455
patients who received LT for HCC in our Liver Transplant In-
stitute. Recipients whose post-transplant follow-up period
is less than 90 days (n=79) were excluded. In total, 376 pa-
tients were included for analysis. Three hundred and fifty-six
patients underwent LDLT (94.6%) for HCC. The remaining
patients underwent DDLT. Preoperative evaluation of all pa-
tients included laboratory tests, imaging techniques (Dop-
pler ultrasonography, computed tomographic angiography
of the liver, and positron emission tomography scanning) for
staging of HCC. In addition, pulmonary and cardiovascular
assessments were performed following our pretransplant
preparation guidelines.”? All patients were reviewed by a
multidisciplinary tumor board consisting of transplantation
surgeons, radiologists, oncologists, and pathologists. Pa-
tients were enlisted after receiving approval from the multi-
disciplinary tumor board. In pre-transplantation treatments,
patients underwent radiofrequency ablation, transarterial
chemoembolization (TACE), transarterial radioembolization
(TARE), and resection. Resection was performed on Child A
patients with a single lesion greater than 2 cm, provided that
portal venous pressure and bilirubin levels were normal. For
patients who were not suitable for resection, including those
with Child A and B status, and a performance status of 0-2,
bridging or downstaging treatments with TACE or TARE were
applied while waiting for a donor.

Data Collection

Data collection, including demographic and clinical vari-
ables such as age, gender, liver disease etiology, Model
for End-Stage Liver Disease (MELD) score, Child-Pugh
classification, preoperative alpha-fetoprotein (AFP) levels,
pretransplant locoregional therapies, and histopathologi-
cal reports, was performed through reviewing the patient
medical records.

Journal of Inonu Liver Transplantation Institute

Follow-Up Period After LT

Serum AFP levels were monitored monthly during the first
year following LT. Every three months thereafter. A follow-
up schedule of contrast-enhanced chest and dynamic liver
computed tomography (CT) scans was implemented, with
scans performed every three months for the first two years
post-liver transplantation (LT), and every six months there-
after.Throughout the follow-up period, contrast-enhanced
liver magnetic resonance imaging (MRI) and positron emis-
sion tomography (PET) scans were planned annually. Pa-
tients underwent whole-body bone scintigraphy every six
months during the initial two years following LT, and an-
nually thereafter. Once locoregional recurrence or distant
metastases were detected, treatment modalities such as
liver resection, loco-regional therapies, or systemic therapy
were administered.

Immunosuppressionprotocol After LT

Prednisolone, calcineurin inhibitors (CNI), and mycopheno-
late mofetil (MMF) were the primary immunosuppressive
agents used for the first postoperative month. Afterwards,
MMF was discontinued and mammalian target of rapamy-
cin inhibitors (mTORI) such as everolimus were introduced
into the immunosuppressive regimen, while the tacrolimus
dose was reduced. Prednisolone was discontinued at the
end of the third month following LT.

Statistical Analysis

Sample size was determined through a power analysis
by using G-Power 3.1 software (Heinrich-Heine-Univer-
sitdt Dusseldorf, Germany). With a power (1-f) of 0.80
and a significance level (a) of 0.05, the analysis yielded
a calculated sample size of 18 participants per group,
resulting in @ minimum total sample size of 36 partici-
pants. Statistical analyses were conducted using Statisti-
cal software Package for Social Sciences (SPSS) version
23 (IBM Corp., Armonk, NY, USA). Continuous variables
are reported as meanzstandard error, and categorical
variables as the number and percentage of affected indi-
viduals. Disease-free survival (DFS) was measured from
the date of liver transplantation (LT) until hepatocellular
carcinoma (HCC) recurrence or until the final document-
ed date of no evidence of tumor recurrence on imaging
studies. Kaplan-Meier analysis was used to estimate DFS
and OS, with any p-value of less than 0.05 defined as sta-
tistical significance.

Results

Between March 2006 and September 2021, 376 patients
underwent LT for HCC.Three hundred and twenty-three
patients were male (85.9%). Average age was 52.69 (+0.61)
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years. The etiology of HCC in 299 (79.5%) patients was vi-
ral hepatitis. Transarterial chemoembolization (TACE) was
the most common pre-transplant bridging therapy, used
in 8.5% of patients. Half of the population met the Milan
criteria. Additionally, 356 patients (94.6%) underwent LDLT,
while there were 20 (5.4%) DDLT procedures (Table 1).

Survival analyses showed no significant differences in OS
(p=0.66) or DFS (p=0.413) between LDLT versus DDLT. The

Table 1. Descriptive analysis of demographic and
clinicopathological data

Variables Mean (Std) Count (%)
Age, years 52.69 (0.61)
Gender
Female 53(14.1)
Male 323(85.9)
BMI, kg/m? 26.16 (0.23)
Viral 299 (79.5)
Alkol 6(1.6)
Etiology
Buddchiari 8(2.1)
Kriptojenik 50(13.3)
Others 13 (3.5)
Child-Pugh Classification
A 127 (33.8)
B 166 (44.1)
C 83 (22.1)
GRWR 0.97 (0.03)
AFP, ng/mL 387.44 (92.46)
Tumor size, cm 4.23(0.2)
Nodul amount 3.22(0.21)
Treatment before Liver Transplantation
Absence 314 (83.5)
TACE 32(8.5)
Resection 8(2.1)
RFA 6(1.6)
Resection+RFA 1(0.3)
Resection+TACE 1(0.3)
TARE+TACE 4(1.1)
TARE 10 (2.7)
Milan Criteria
In 188 (50)
Beyond 188 (50)
Donor type
LDLT 356 (94.7)
DDLT 20(5.3)
Recurrence 73 (19.4)

BMI: Body mass index; GRWR: Graft to recipient weight ratio; AFP: alpha-
fetoprotein; TACE: Transarterial chemoembolization; RFA: Radiofrequency
ablation; TARE: Transarterial radioembolization; LDLT: Living Donor Liver
Transplantation; DDLT: Deceased Donor Liver Transplantation.

1"

results were comparable regardless of the compatibility
with the Milan criteria (within [OS; p=0.604, DFS; p=0.276]
vs. beyond [OS; p=0.464, DFS; p=0.333]). Nevertheless,
wecompared patients meeting and exceeding the Milan
criteria and found that OS and DFS were better in tumors
within the Milan criteria (p<0.001) (Table 2) (Fig. 1-4b).The
OS of the entire cohort in 1, 3-, 5-, and 7- years following
LT were 86.5%, 72.4%, 63.1%, and 57.2%, respectively. The
DFS rates were 81.6%, 66.5%, 60.8%, 56.9%, respectively
(Table 3).

In the current study, patients were categorized based on
whether their HCC were within or beyond the Milan crite-
ria, as determined by pre-transplant radiological imaging.
Among the 376 patients, 188 were within the Milan criteria,
with the remaining patients beyond those criteria. Within
the Milan criteria, 176 (93.6%) patients received LDLT and
12 (6.4%) underwent DDLT. In the group beyond the Milan
criteria, 180 (95.7%) patients underwent LDLT and 8 (4.3%)
received DDLT.

In HCC within the Milan criteria, 7-year OS rates were 74.7%
after LDLT and 36.7% after DDLT (p=0.604). Seven-year
DFS rates were 74.6% after LDLT and 40.1% after DDLT
(p=0.655). Similarly, for patients with HCC beyond the Mi-
lan criteria, OS (p=0.464)and DFS (p=0.282) rates after LDLT
were comparable to DDLT (Table 3).

Discussion

We analyzed the long-term DFS and OS outcomes of pa-
tients with HCC who received LT, stratified by Milan cri-
teria. The impact of graft type on LT outcomes for HCC
remains controversial, with conflicting evidence regard-
ing LDLT. Some studies have reported lower OS and DFS
rates following LDLT compared to DDLT for HCC patients.
One reason for this is that LDLT offers a quicker method
for transplanting patients with HCC, thus bypassing the
waiting list period. This waiting list period helps in select-
ing more biologically more favorable tumors that would
benefit more from LT. Another contributing factor is the
liver regeneration triggered following transplantation of
partial liver grafts in LDLT. The liver regeneration process
following transplantation may create an environment
conducive to accelerated growth of residual tumors,
potentially leading to increased recurrence rates.®'!
However, several studies have reported comparable OS
and DFS rates after LDLT and DDLTin patients with HCC,
suggesting that graft type does not influence long-term
outcomes.'>'71 Conversely, a recent meta-analysis found
a higher incidence of tumor recurrence following LDLT
compared to DDLT, which has been attributed to surgical
technique. The microscopic residual tumors on the retro-
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Table 2. Survey analysis

Journal of Inonu Liver Transplantation Institute

Variables Mean OS, years (SD) HR 95%ClI p Mean DFS, years(SD) HR 95%ClI p
Beyond milan criteria 0.536 0.464 0.936 0.333
LDLT 6.45 (0.48) 5.5-7.39 7.88(0.5) 6.9-8.86
DDLT 5.76 (1.28) 3.25-8.28 6.76 (1.29) 4.22-9.31
In milan criteria 0.269 0.604 1.187 0.276
LDLT 10.8 (0.49) 9.84-11.76 13.48 (0.27) 12.89-14.06
DDLT 6.42 (0.97) 4.52-8.32 7.96 (0.72) 6.55-9.37
Total population 0.194 0.66 0.669 0.413
LDLT 8.74 (0.38) 7.99-9.49 10.95 (0.34) 10.29-11.61
DDLT 6.12(0.83) 4.49-7.75 7.5(0.77) 6.0-9.0
Total population 325 <0.001 67.74 <0.001
In milan criteria 10.69 (0.48) 9.75-11.64 13.41 (0.30) 12.82-14
Beyond milan criteria 6.48 (0.47) 5.55-7.4 7.95 (0.48) 6.99-8.913

OS: Overall Survival; DFS: Disease free Survival; SD: standart deviation; HR: Hazard Ratio; Cl: Confidence Interval; LDLT: Living Donor Liver Transplantation;

DDLT: Deceased Donor Liver Transplantation.

a beyond Milan Criteria

| LDLT
DDLT

0.8

Cum Survival

H -+
Wttt

0.0

T T T
.00 250 5.00 750 10.00 12,50
years

b beyond Milan Criteria

10 M LDLT
—DDLT
-
-

Sttt bt

Cum Survival

0.4

0.0

T T I T T
.00 250 500 7.50 10,00 12,50
years

Figure 1. (a) Overall survival analysis of those who underwent LDLT and DDLT in the population beyond the Milan criteria. (b) Disease free
survival analysis of those who underwent LDLT and DDLT in the population beyond the Milan criteria.

hepatic vena cava and the hepatic vein stumps could
have caused the increased recurrence rates observed in
the LDLT group.l'®

When evaluating LDLT and DDLT, it is essential to consider
the cultural contexts of the countries where the transplant
centers are located. In Western societies, DDLTis more com-
mon. On the contrary, LDLT is more frequent in Eastern
countries such as Japan, Korea, India, and Turkiye.

In HCC, tumors beyond the Milan criteria, survival rates fol-

lowing both DDLT and LDLT progressively decline as tumor
size and number increase.?2 Similar to prior research, this
study demonstrated higher OS and DFS rates in patients
within the Milan criteria following both graft types. Specifi-
cally, in patients within the Milan criteria, the 7-year OS rate
was 73% after both graft types, while in patients beyond
the Milan criteria, the 7-year OS rate was 41%. The 7-year
DFS rate for patients within the Milan criteria was 73.1%,
compared to 40% for those that exceeded Milan criteria.

The long-term DFS and OS rates between patients who un-
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Figure 2. (a) Overall survival analysis of those who underwent LDLT and DDLT in the Milan Criteria. (b) Disease free survival analysis of those

who underwent LDLT and DDLT in the Milan Criteria.
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Figure 3. (a) Overall survival analysis of those who underwent LDLT and DDLT in the total population. (b) Disease free survival analysis of those

who underwent LDLT and DDLT in the total population.

derwent LDLT or DDLT for HCC were comparable, regard-
less of their compatibility with the Milan criteria. Regardless
of compatibility with the Milan criteria, the 7-year OS rates
following LDLT were 57.9%, compared to 38.9% following
DDLT. Although the 7-year DFS rate was higher in the LDLT
group (57.3%) compared to the DDLT group (41.5%), this
difference did not reach statistical significance. Our study

demonstrated that graft type did not affect tumor recur-
rence or patient survival rates. Furthermore, patients with-
in the Milan criteria exhibited superior 7-year OS and DFS
rates following LDLT compared to DDLT. We hypothesize
that the observed lower recurrence rates in the LDLT group
may be attributed to a mean graft recipient weight ratio
(GRWR) exceeding 0.8.1'3
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Figure 4. (a) Overall survival analysis of the groups within and beyond the Milan Criteria in the population. (b) Disease free survival analysis of

the groups within and beyond the Milan Criteria in the population.

Table 3. OS and DFS rates of patients in the study population

0S (%) DFS (%)
Variables 1year 3years 5years 7years p lyear 3years 5years 7 years p
All Cohort, (n: 376) 86.5 724 63.1 57.2 - 81.6 66.5 60.8 56.9 -
In Milan DDLT, (n:12) 100 91.7 773 36.7 0.604 100 80.2 80.2 40.1 0.655
In Milan LDLT, (n:176) 90.1 84.2 81.0 747 89.5 828 79.6 74.6
Beyond Milan DDLT, (n:8) 87.5 87.5 43.8 43.8 0.464 87.5 87.5 43.8 438  0.282
Beyond Milan LDLT, (n:180) 83.1 58.7 45.6 41.1 73 483 414 39.8
In Milan (DDLT&LDLT) (n:188) 90.7 84.6 80.7 73 <0.001 90.2 82.6 79.6 73.1  <0.001
Beyond Milan (DDLT&LDLT) (n: 188) 82.1 60.0 453 41 73.0 50.1 415 40
LDLT (In and beyond Milan) (n:356) 86.6 714 63.3 57.9 0.660 81.2 65.4 60.6 573 0411
DDLT (In and beyond Milan) (n:20) 95 90 58.3 389 95 83.1 62.3 415

OS: Overall survival; DFS: Disease free survival; DDLT: Deceased donor liver transplantation; LDLT: Living donor liver transplantation.

In the present study, the majority of LT for HCC was LDLT.
In Trkiye and many other Asia countries, deceased donors
are scarce, so LT programs mainly perform LDLT. For this
reason,LDLT has been the main therapeutic approach for
patients with HCC in these countries.>?4 Advantages of
LDLT include eliminating the waiting list duration, thus re-
ducing the risk of recurrence. It also provides optimal grafts
for patients, contributing to enhanced recovery in the post-
operative period. On the other hand, morbidity in the living
donor as a result of graft procurement, as well as postop-
erative complications such as biliary leaks and subsequent
sepsis, remains a disadvantage.

The primary limitation of this study is its single-center, ret-
rospective design. Furthermore, the disparity in patient
numbers between groups, resulting from constraints in

cadaveric donor availability and subsequent limitations in
DDLT is acknowledged. Multicenter studies would mitigate
this imbalance and enhance future investigations in this
field.

Conclusion

Our study demonstrated comparable long-term outcomes
between DDLT and LDLT for HCC, regardless of Milan crite-
ria adherence. However, it should be noted that LDLT must
be performed within ethical guidelines, as it may lead to
undesirable morbidities in the donor. It is also important
to acknowledge that patients exceeding the Milan crite-
ria had significantly poorer prognoses compared to those
meeting the criteria, irrespective of whether they under-
went LDLT or DDLT.
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Abstract

Objectives: Hepatocellular carcinoma (HCC) is a primary liver tumor that exhibits significant resistance to conventional chemo-
therapeutic treatments. Phenethyl isothiocyanate (PEITC), a phytochemical derived from Cruciferae plants, has emerged as a prom-
ising therapeutic candidate. We aimed to assess the effects of PEITC on cell proliferation and migration in the SNU-449 HCC cells.
Methods: To evaluate the effect of PEITC (2.5-100 pM) on cell viability and migratory rate in SNU-449 cells, MTT, Sulforhodamine B
(SRB), colony formation and wound healing assays were analyzed. All data are presented as the median and interquartile range (IQR).
Results: The results indicated that cell viability in response to PEITC began to decrease at 10 uM after 72 hours, with absorbance
values of 0.431 (IQR: 0.458) for the 10 uM treatment and 0.67 (IQR: 0.049) for the control group, respectively (p<0.05). The SRB as-
say results for PEITC-treated and control groups were 0.581 (IQR: 0.789) and 0.381 (IQR: 0.365), respectively (p>0.05). The surviving
fraction of cells treated with PEITC was 19.35% relative to untreated controls. Wound closure percentages in the PEITC and control
groups were 10.35% (IQR: 10.3) and 59.75% (IQR: 15.4), respectively (p<0.05).

Conclusion: Our results suggest that PEITC may be beneficial in ameliorating hepatocellular carcinoma. Further comprehensive

studies are planned to elucidate the molecular mechanisms underlying the antitumoral effect of PEITC.
Keywords: Hepatocellular Carcinoma, Phenethyl isothiocyanate, antiproliferative, SNU-449 HCC cell line
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Hepatocellular carcinoma (HCC) is recognized as a sig-
nificant global health issue, particularly in regions with
a high diffusiveness of chronic hepatitis B and C infections.
" The mortality rates associated with HCC are alarmingly
high.2 WHO predicts that liver cancer will cause over a mil-
lion deaths by 2030.5" HCC is the most prevalent form of
primary liver cancer, responsible for approximately 90% of
all cases.™ Current treatment approaches for HCC include

surgery, liver transplantation, immunotherapy, chemo-
therapy, radiotherapy, and targeted molecular therapies.
1581 However, challenges such as limited effective treatment
options in advanced stages, HCC heterogeneity, and resis-
tance to conventional therapies remain. This necessitates
the exploration of new and targeted therapeutic strategies
to improve patient outcomes and survival rates.”? Due to
the involvement of various cells and critical factors in the
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development and resistance of HCC treatment, the use of
drugs in combination with therapeutic agents or adjuvants
is considered an interesting approach to reduce treatment
resistance.®! Phytochemicals, which are naturally occur-
ring compounds derived from plants, have attracted sig-
nificant interest due to their potential antitumor effects.
These compounds mediate their effects through multiple
mechanisms, including anti-proliferative, anti-angiogenic,
and immunomodulatory activities.”” Phytochemicals, valu-
able bioactive compounds found in numerous vegetables,
fruits, and plants, have fascinated the scientific community
due to their remarkable biological properties and potential
health benefits."

Phenethyl isothiocyanate (PEITC) is a naturally occurring
compound identified in cruciferous vegetables of the Bras-
sicaceae family.'? Key compounds in this family include
watercress, cabbage, cauliflower, turnip, horseradish, broc-
coli, and Brussels sprouts.'>' PEITC possesses important
bioactive properties, such as anti-inflammatory, antioxi-
dant, antimicrobial, and anticancer activities.' Among
its biological effects, PEITC has garnered particular inter-
est due to its strong chemopreventive and anticancer
mechanisms. Research has demonstrated that PEITC exerts
anti-cancer effects by modulating key survival and signal-
ing pathways, promoting apoptosis, inducing cell cycle
arrest, and influencing the activity of drug-metabolizing
enzymes.' Numerous studies have demonstrated the
role of isothiocyanates (ITCs) in reducing HCC growth and
metastatic potential."”'® In addition, it has been revealed
that ITCs can augment the anticancer efficacy of various
confirmed chemotherapeutic agents and have the poten-
tial for repurposing in the therapy of non-small cell lung
cancer, breast cancer, and gastric cancer.'>?"" Ongoing
studies are exploring the inhibitory efficacy of PEITC on the
carcinogenic progression of several cancer cell types. How-
ever, limited data exist regarding its impact on HCC, and
the precise mechanisms by which PEITC modulates HCC
activity remain unclear. Emerging evidence suggests that
the inhibitory effects of natural compounds, such as PEITC,
may differ based on the specific HCC cell subtypes. Previ-
ously, anticancer properties of PEITC were demonstrated in
HCC cell lines such as SK-Hep1, Huh7.5.1, and HepG2.2224
However, information regarding the anticancer effects of
PEITC on SNU-449 HCC cells and the underlying mecha-
nisms remains unclear. The current study aims to investi-
gate the antiproliferative and migratory properties of PEITC
in SNU-449 HCC cells. Our findings suggest that PEITC can
significantly suppress proliferative activity and migratory
potential. Our results indicated that PEITC may be a favor-
able potential remedial agent for HCC.
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Methods

Preparation of SNU449 Cell Culture

Augmented with 10% heat-inactivated fetal bovine se-
rum (FBS, Sigma-Aldrich) and 1% Penicillin-Streptomycin-
Neomycin (Sigma-Aldrich), Roswell Park Memorial Institute
(RPMI) medium-1640 was used for culture of the SNU449
human hepatocellular carcinoma cell line (American Type
Tissue Collection ATCC, CRL 2234). The cells were kept in a
humidified incubator (at 37°Cin 5% CO,).

Cell Viability Assay

SNU-449 cells were resuspended in the RPMI-1640 medium.
They were seeded into 96-well plates at a density of 10,000
cells per well followed by overnight incubation. PEITC (Sig-
ma-Aldrich, Germany) (2.5, 5, 10, 20, 50, and 100 uM) was
exposed for 24, 48, and 72 hours in RPMI-1640 medium
after incubation. Then, 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide (MTT, Sigma-Aldrich,
Germany) solution (5 mg/ml in phosphate-buffered saline
(PBS)) was added and incubated for 4 hours. After the addi-
tion of 100 pL Dimethyl sulfoxide (DMSO, Merck, Germany)
the plate was gently shaken. Absorbance was then record-
ed at 570 nm (Biotek, Synergy H1m).

Sulforhodamine B (SRB) Assay

Cytotoxicity was assessed on the SNU-449 cell lines using
SRB assay. PEITC (5, 10, and 20 uM) was exposed to SNU-
449 cells, plated at 10,000 cells per well in 96-well plates
containing RPMI-1640 medium for 48 hours. Then cells
were fixed with ice-cold 50% trichloroacetic acid (TCA) and
stained with 0.04% SRB (Sigma-Aldrich, Germany). The SRB-
bound dye was solubilized using 10 mM Tris-base, and after
the addition of 100 yL DMSO (Merck, Germany) the absor-
bance was measured at 510 nm.

Colony Formation Assay

SNU-449 cells were seeded into 6-well plates at a density
of 1,000 cells per well. After incubation overnight, the
cells were exposed to 10 uM PEITC for 48 hours. The me-
dium was replenished with RPMI-1640 every two days
for 14 days. Colonies were fastened with a methanol:
acetic acid (3:1) mixture and stained with 0.5% crystal
violet. Colonies were enumerated using a microscope
(Leica, DMi8).

The plate efficiency (PE) and surviving fraction (SF) were
calculated using the following formulas:

PE = (number of colonies formed / number of cells seeded)
x 100

SF = (PE of PEITC-treated cells / PE of control cells) x 100
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Wound Healing Assay

SNU-449 cells were plated in 60-mm cell culture dishes.
They were grown to 80% confluence. A scratch was made
in the cell monolayer, and the cells were washed twice with
PBS to eliminate any cellular debris. Then 10 uM PEITC was
treated for 96 hours. Images of the wound area were taken
at predetermined time points using a cell imaging system
(Leica, Paula). The wound healing area and percentage of
wound closure were quantified.

Statistical Analysis

All statistical analyses were carried out using Statistical Pack-
age for the Social Sciences software version 27 (SPSS v.27)
(IBM, Armonk, NY, USA). The Shapiro-Wilk test was employed
to evaluate the normality of the data. Continuous variables
are presented as medians with interquartile ranges (IQR).
The colony formation assay was analyzed as described pre-
viously. To compare continuous variables across multiple
groups, a pairwise Kruskal-Wallis test was performed. A p-
value below 0.05 was regarded as statistically significant.

Results

The MTT assay demonstrated that the antitumor effect of
PEITC was evident starting at a concentration of 10 uM
after 72 hours. The absorbance values for the 10 uM and
control groups were 0.431 (IQR: 0.458) and 0.67 (IQR: 0.049),
respectively (p<0.05) (Fig. 1). Given that this represented
the lowest effective dose of PEITC, this concentration was
selected for subsequent experimental procedures.

We analysed the effects of PEITC on SNU449 cell survival us-
ing the SRB assay. We tested null (untreated), 5 uM, 10 uM,
and 20 uM doses. The SRB assay demonstrated no statistical-
ly significant difference in cell viability between cells treated
with various PEITC doses and the untreated control group
(0.581 [IQR: 0.789] vs. 0.381 [IQR: 0.365]; p>0.05) (Fig. 2).
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The migratory characteristics of SNU449 cells were deter-
mined via a wound healing assay after 96 hours of 10 uM PEITC
treatment. The wound areas of PEITC-treated cells and the
control group were 1,982,061 (IQR: 269,014) um? and 528,861
(IQR: 523,150) pm?, respectively (p<0.05) (Fig. 3).Wound clo-
sure rate was 10.35% (IQR:10.3) in PEITC-treated cells after
96 hours. The wound closure rate in the control groups was
59.75% (IQR:15.4) (p<0.05) (Fig. 4). The figure 5 shows the
changes in the streak width of PEITC and control groups.

Figure 2. Summary of the results of the SRB assay.

Figure 3. Wound surface area is shown.

Figure 1. Efficacy of PEITC on cell viability of SNU449 HCC cells.

Figure 4. Wound closure rates are summarized.
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The colony formation ability of SNU449 cells treated with
PEITC was assessed using a colony formation assay. Plate ef-
ficiency and survival fraction following PEITC treatment were
determined based on the number of colonies formed (Fig. 6).
The survival fraction in the colony formation assay of PEITC-
treated cells was 19.35% relative to that of untreated cells.

Discussion

Epidemiological research has supported that the consump-
tion of cruciferous plants in the diet assists in reducing the
likelihood of malign tumours and that this effect is primar-
ily ascribed to isothiocyanates (ITCs), which are hydrolysis
products of glucosinolates.?” One of the most studied ITCs,
PEITC, has been broadly explored for its effects on cancer
cells both in vitro and in vivo. The molecular targets of
PEITC encompass several hallmark features of cancer, such
as apoptosis, proliferation, invasion, and metastasis. A sig-
nificant advantage of PEITC is its selective action against
cancer cells compared to normal cells.?® This characteris-
tic makes it an attractive candidate for clinical application
with minimal side effects. PEITC has been shown to be se-
lectively cytotoxic against various cancer cell types.”?”

In the current research, we examined the effects of PEITC
on cell viability, colony formation ability, and migration ca-
pacity in SNU449 liver carcinoma cells. Our findings suggest
that PEITC can impact various cancer pathways, including
those involved in cell survival, migration, and colony forma-
tion. These results show that while PEITC reduces specific
cancer-related markers, it also induces apoptosis. Addition-
ally, using a wound healing assay for cell migration, PEITC
significantly suppressed the migration of SNU449 cells. Ex-
posure to PEITC strongly reduced the survival of cell lines
in a dose-dependent way. Cell viability was remarkably
reduced in a concentration—and time-dependent way for
each PEITC exposure, with more significant cytotoxic effects
observed. Research by Crowley E et al. investigated the an-
ticancer effects of natural and synthetic ITC derivatives. The
results showed that all ITC derivatives reduced cell viability
in a dose- and time-related manner in HepG2, DU145, and
22Rv1 cell lines. The researchers demonstrated that the en-
hancement exposure period resulted in a more pronounced
cytotoxic effect in all cell lines studied. In this study, PEITC,
which had the longest carbon chain length, significantly
decreased cell viability after exposure to higher concentra-
tions in all cell lines.?® The carbon chain length affects the
chemopreventive activity.?” The chemical features of PEITC
allow it to remain stable in the cell microenvironment and
be effectively absorbed and used by liver cells, as a result of
that, augmenting its goal assault on HCC cells.? Therefore,
PEITC holds notable potential for the treatment of HCC.
However, the complete therapeutic effects and underlying

96 hour

0hour

Control PEITC

Figure 5. Migratory characteristics of SNU449 cells control and
PEITC-treated were evaluated by wound healing assay. It is presented
the changes in the streak width of the study groups.

Figure 6. The results of the colony formation assay are summarized.
Proliferative potency of SNU449 cells with the PEITC-treated and con-
trol group was shown.

mechanisms of PEITC on HCC have not yet been fully elu-
cidated. Rose P et al. found that PEITC inhibited DNA syn-
thesis in HepG2 cells. The G2/M phase of the cell cycle was
arrested, which was associated with changes in the protein
levels of cyclin B1 and p34cdc2 by PEITC. These results in-
dicate that PEITC effectively triggered apoptosis and cell
cycle arrest in HepG2 cells.?2 Another study conducted on
HepG2 cells demonstrated that PEITC could stimulate ROS
formation and impact microtubule depolymerization, re-
sulting in apoptotic and necrotic cancer cell death.B"
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The induction of apoptosis through ROS production in
carcinoma cells, as revealed by PEITC, may explain some
of the molecular mechanisms underlying its anticancer
potency in various cancers, including liver cancer. PEITC
treatment produces ROS and initiates both intrinsic and
extrinsic apoptotic pathways, eventually leading to cas-
pase-3 activation.B? Both previous studies and the cur-
rent investigation have demonstrated that PEITC exhibits
anti-proliferative, anti-migratory, and pro-apoptotic ef-
fects in HCC cells.

Translating promising results from in vitro studies to clini-
cal settings remains a considerable challenge. Future in-
vestigations must focus on the in vivo therapeutic poten-
tial and safety of PEITC using preclinical animal models,
alongside the initiation of early-phase human clinical tri-
als to evaluate its efficacy and safety in human subjects.
Moreover, given the limitations associated with PEITC's
bioavailability and metabolic dynamics, exploring the im-
provement of innovative nano-formulated drug delivery
systems could serve as a crucial direction for advancing
the treatment of HCC.

One of the limitations of our study is that it is an in vitro
study. While in vitro studies serve as a crucial preclinical
step in the evaluation of potential therapeutic agents, they
inherently lack the complexity of the tumor microenviron-
ment. Specifically, these models fail to recapitulate the in-
teractions between cancer cells and the surrounding stro-
mal, immune, or vascular constituents, which are critical
for tumor progression and response to therapy. As such, in
vitro models cannot fully mimic the dynamic conditions of
a living organism. To complement these findings, it is im-
perative to conduct in vivo research using animal models
to estimate the efficacy, pharmacokinetics, and toxicity
of promising candidates in a physiological context. An-
other limitation of our study is the absence of mechanis-
tic investigations into the molecular pathways involved in
apoptosis. Further investigation is required to elucidate the
precise mechanisms by which the treatment induces cell
death, thereby enhancing the understanding of its thera-
peutic potential.

In conclusion, Our study offers promising preliminary data
that support the potential use of PEITC in the treatment
of HCC. However, further research is necessary in order to
have a full understanding of its therapeutic potential and
clinical limitations. Through continued investigation, we
would like to advance research in the progress of less toxic
therapeutic alternatives for HCC, thereby offering patients
enhanced treatment options.

Journal of Inonu Liver Transplantation Institute

Conclusion

The findings from this study indicate that PEITC notably
inhibits the viability and migratory potential of liver carci-
noma cells. Considering these results, along with evidence
from multiple studies, it is reasonable to hypothesize that
PEITC may offer therapeutic benefits in slowing the onset
or progression of liver carcinoma.
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Abstract

Objectives: Early hepatic artery thrombosis (eHAT) is a primary cause of graft dysfunction, significantly contributing to mortal-
ity and morbidity in liver transplant (LT) recipients. This study aims to identify factors influencing the development of eHAT in LT
patients at our institution.

Methods: This retrospective study included 428 adult patients who underwent living donor liver transplantation (LDLT) at our
institution. The demographic, clinical, and operative characteristics of the remaining 428 patients were analyzed to evaluate risk
factors for eHAT development.

Results: eHAT developed in 12 patients (2.8%). The recipient population had a male-to-female ratio of 294:136, a median age of
52 years (range: 18-73), a mean graft-to-recipient weight ratio (GRWR) of 1.06+0.23, and a mean Model for End-Stage Liver Disease
(MELD) score of 15.4+6.3. The incidence of eHAT was significantly higher in patients with hepaticojejunostomy (HJ) (5% vs. 2.4%;
p<0.05) and in those who received cryopreserved artery grafts (CAG) (p<0.05). Among the 173 patients (40.2%) with a GRWR
<0.98, 9 (5.2%) developed eHAT (p<0.05). Furthermore, both erythrocyte suspension (ES) and fresh frozen plasma (FFP) transfu-
sion rates were significantly higher in patients who developed eHAT (p<0.05). Preoperative portal vein thrombosis (PVT) was also
significantly associated with a higher rate of eHAT (p<0.05). Multivariate analysis identified CAG use for arterial reconstruction, HJ
for biliary anastomosis, intraoperative FFP transfusion, GRWR <0.98, and t preoperative PVT as independent risk factors for eHAT.
Conclusion: Our findings indicate that hepaticojejunostomy, a graft-to-recipient weight ratio below 0.98, intraoperative FFP trans-
fusion, pre-transplant PVT, and the use of CAG in hepatic arterial reconstruction are significant risk factors for early hepatic artery
thrombosis following living donor liver transplantation.
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major concern following liver transplantation, hepatic

artery thrombosis (HAT) can have devastating conse-
quences. Early hepatic artery thrombosis (eHAT), defined as
HAT occurring within the first month, is largely influenced
by surgical technique and perioperative factors such as co-
agulation disorders. Unlike late HAT, which typically arises
from immunologically mediated endothelial damage after
the first month, eHAT presents with a more acute and se-
vere clinical picture due to the limited collateral circulation

in the early post-transplant period. This often leads to graft
loss and increased patient mortality if not treated rapidly
and accurately. Given the critical nature of eHAT, early di-
agnosis and treatment are paramount. The reported inci-
dence of eHAT in large studies and meta-analyses ranges
from 1.9% to 2.9%.* Our study aims to investigate the
factors associated with eHAT, its management, and the re-
sulting outcomes in adult-to-adult living donor liver trans-
plantation.
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Methods

Evaluation and Selection of Patients for the Study

Between January 2017 and July 2019, we performed 454
living donor liver transplantations (LDLTs) in 452 adult pa-
tients. We excluded 24 patients who died within 30 days
postoperatively due to causes unrelated to early hepatic
artery thrombosis (eHAT). Additionally, the initial trans-
plants of two patients who experienced primary graft non-
function requiring early re-transplantation were excluded.
Consequently, the study cohort comprised 430 liver trans-
plants in 428 patients. Ten patients received double hepatic
artery anastomoses, resulting in a total of 438 hepatic ar-
tery anastomoses for evaluation.

Operative Procedure

Donor evaluation at our institution has been previously de-
scribed in detail.™ During graft implantation, hepatic vein
and portal vein anastomoses were performed, followed by
graft reperfusion and then hepatic artery anastomosis. We
typically performed duct-to-duct biliary anastomosis when
the recipient's common bile duct was patent. Hepaticoje-
junostomy was chosen when the recipient's common bile
duct was unsuitable for anastomosis.

We aimed to preserve the vascular arcade supplying the
biliary ducts of the recipients during recipient artery prepa-
ration. Therefore, we performed meticulous hilar dissection
was performed by the recipient surgeons using an en bloc
technique.® We prioritized anastomosis to a wide recipi-
ent artery, avoiding kinking. Therefore, we preferentially
selected the recipient common hepatic artery (CHA) if the
graft artery had sufficient length. This involved dissecting
the CHA from its origin at the celiac axis, extending dis-
tally to the origin of the gastroduodenal artery (GDA). The
proper hepatic artery and left gastric artery (LGA) were also
dissected away from surrounding perivascular lymphatic
channels and lymph nodes. The right hepatic artery (RHA),
or a replaced RHA if present, was preserved without dis-
section on the right side of the hepatoduodenal ligament;
only its tributaries were ligated with 6/0 polypropylene su-
ture. This approach aimed to preserve the vascular supply
to the recipient biliary ducts originating from the GDA.

When the graft hepatic artery had adequate length, the
CHA was transected at the optimal plane after applying
bull-dog clamps on the GDA (distal) and celiac axis (proxi-
mal) sides. Following removal of endothelial remnants
from the anastomosis edge of the CHA, the anastomosis
was performed, and the GDA side of the CHA was closed
with a running polypropylene suture.

In cases with a short graft artery, we preferred the left he-
patic artery (LHA), provided its diameter and arterial flow
were sufficient to maintain the vascular arcade of the recip-

ient biliary tree via the gastroduodenal and right hepatic
arterial arcs. If the recipient LHA was unsuitable, the recipi-
ent RHA was used. For extremely short graft arteries or in
recipients with arterial dissection or non-ideal recipient
arteries, extra-anatomic reconstructions using the splenic
artery, LGA, or cryopreserved arterial interposition grafts
were employed.” 8

Two transplant surgeons performed all arterial anastomo-
ses. To begin, the right subcostal paddles of the Thomson
retractor were loosened, and the graft was elevated with
gauze reinforcement. This maneuver allowed the liver to
descend, reducing tension on the hepatic artery and facili-
tating manipulation. Our anastomosis technique involved
a "one stay corner suture"® Briefly, bulldog clamps were
applied to both the graft and recipient sides of the anas-
tomosis. Interrupted 8/0 polypropylene sutures were used
under 8X magnification. The anterior wall was completed
first, and a clamp was then placed on the last suture and
passed beneath the artery to expose the posterior wall for
interrupted suturing. After completion, the bulldog clamps
were removed.

Intraoperative Doppler ultrasonography (Doppler USG)
was used to assess hepatic artery anastomosis patency.
Following Ma et al's suggestion of a resistive index (RI) be-
tween 0.5 and 0.8, we aimed for this range during intra-
operative Doppler examinations. If these criteria were not
met or patency was questionable, re-anastomosis was typi-
cally performed after evacuating any identified thrombus.

Patient Follow-up

Our standard immunosuppressive regimen consisted of
mycophenolate mofetil (initiated on postoperative day
1), tacrolimus (initiated on postoperative day 3), and ste-
roids. Methylprednisolone was used for induction and as
part of the maintenance therapy with gradual tapering
over six months post-transplantation. Once patients were
stabilized in the intensive care unit and concerns for bleed-
ing subsided, low molecular weight heparin was initiated
as anticoagulant therapy, followed by acetylsalicylic acid
starting on postoperative day 10 after discontinuing the
low molecular weight heparin.

Diagnosis and Treatment of eHAT

In our country, the Ministry of Health regulations restrict
emergency cadaveric donor allocation for HAT-related
graft loss to the first 10 postoperative days. Therefore, early
detection and intervention (re-anastomosis vs. re-trans-
plantation) are critical for favorable outcomes in eHAT. For
the first 10 postoperative days, vascular anastomoses were
monitored daily with Doppler ultrasound examinations.
In subsequent weeks, Doppler US examinations were per-
formed whenever liver enzymes were elevated. If Doppler
ultrasonography showed no flow or low arterial inflow to
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Table 1. The demographic, clinical and operative characteristics of
the patients
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Table 1. The demographic, clinical and operative characteristics of
the patients (Cont.)

eHAT Non-eHAT p eHAT Non-eHAT p

Recipient age (years) 45(30-68) 52(18-73) 0.273 Biliary anastomosis type

Recipient gender Duct to duct 10 408 0.029
Male (n) 8 284 1.000 Hepaticojejunostomy 2 8
Female (n) 4 132 Hepatic vein anastomosis number

Donor age 29.9(20-38) 27(18-61) 0.537 1 2 56 0.508

Donor gender >1 10 360
Male (n) 5 271 0.125 Total 12 416
Female (n) 7 145 Student T test was used for the statistical analyses. TARE/TACE: Transarterial

Previous abdominal surgery radioembolization /Transarterial chemoembolization; MELD: Model
Yes 1 21 0474 for End-Stage Liver Disease; GWRW: graft-to-recipient weight ratio;

ES: erythrocyte suspension; FFP: Fresh Frozen Plasma; PVT: portal vein
No n 395 thrombosis; CAG: Cryopreserved arterial graft; * Splenic artery (n=1), left

TARE/TACE gastric artery (n=1), aorta with a cryopreserved artery graft (n=1), proper
Yes 0 17 0.477 hepatic artery with cryopreserved artery graft (n=2).

No 12 399

Graft type the graft parenchyma, computerized tomography angiog-
Right lobe 1 399 0.407 raphy (CTA) was performed to confirm the diagnosis of HAT,
Left lobe 1 17 defined as the absence of arterial flow on CTA. CTA was also

MELD score 15.4+6.5 154463  0.981 used in patients where Doppler USG was inconclusive, and

GWRW 0.92+0.16  1.06+0.23 the condition of the patient was inconclusive. Early post-
<0.98% 9 163 0.015 operative eHAT was managed with thrombectomy and re-
>0.98% 3 253 anastomosis.

ES transfusion If backflow was observed in the graft artery after taking
Yes 6 77 0.015 down the initial anastomosis, indicating an intact intra-
No 6 339 hepatic arterial system, re-anastomosis was performed.

TDP transfusion Following re-anastomosis, Doppler ultrasonography was
Yes 4 13 0.001 performed to assess patency. If the anastomosis was pat-
No 8 403 ent but intrahepatic arterial flow was absent on Doppler

Preoperative PVT USG, re-transplantation was considered a §alvage proce-
Yes 4 34 0.016 dure.The same follow-up protocol was applied to patients
No 8 381 re-operated for eHAT.

Graft artery number Statistical Analysis
1 1 406 0.271 . . . .

The normality of continuous variables was assessed using
= . ' ! 10 the Kolmogorov-Smirnov test. Continuous variables are

CAG use in artery anastomosis presented as meanz*standard deviation (mean+SD), or me-
Yes 3 7 0.002  djan and range (minimum-maximum values) where appro-
No 9 409 priate. Categorical variables are presented as the number

Recipient anastomosis artery of patients and percentage (n, %). Differences between de-
Right hepatic artery 2 156 0.023 pendent and independent variables were analyzed using
Common hepatic artery 5 104 the Student t-test. Receiver operating characteristic (ROC)
Proper hepatic artery 5 99 curve analysis was used to determine thresholds for cat-
Left hepatic artery 1 a4 ggorlcal vquables to gHAT development. M'ul'Flvar'late logis-

. tic regression analysis with a backward elimination meth-
Double anastomosis 1 9 . e .
od was performed to identify independent risk factors for
Others* 1 4 . . t
) ) eHAT. Kaplan-Meier survival analysis and the log-rank test

Hepatic artery anastomosis were used to compare survival between groups. A p-value
Anatomic n 412 0133 of less than 0.05 was considered statistically significant. All
Extra-anatomic 1 4

statistical analyses were performed using SPSS version 22
(IBM, Armonk, NY, United States).
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Results

Demographic, Clinical, and Operative
Characteristics of the Patients

A total of 438 hepatic artery anastomoses were performed
in 428 patients. Early hepatic artery thrombosis (eHAT) de-
veloped in 12 patients (2.8%). The recipient population had
a male-to-female ratio of 294:136. The median age was 52
years (range: 18-73), the mean graft-to-recipient weight
ratio (GRWR) was 1.062+0.23, and the mean Model for End-
Stage Liver Disease (MELD) score was 15.4+6.3 (Table 1).
The most common indications for transplantation were vi-
ral hepatitis (27.8%), cryptogenic liver disease (24.8%), and
hepatic malignancy (18.9%) (Table 2).

Among the 22 patients with previous abdominal surgery,
five underwent re-transplantation. One re-transplantation
occurred 2 days post-initial transplant, another at 18 days,
and the remaining three more than 3 months later. The
types of prior abdominal surgeries included a laparotomy

Table 2. Etiologies of the liver disease of the patients in the study.

Etiology eHAT, n (%) Total patient, n (%)
Acute Liver Failure 1(4.5) 22 (5.1)
Viral hepatitis 2(1.7) 119 (27.8)
Hepatitis B Virus 2(1.9) 108 (25.2)
Hepatitis C Virus - 11 (2.6)
Malignancy - 81(18.9)
Ethanol - 18 (4.2)
Echinococcus infection - 9(2.1)
Budd-Chiari syndrome 1(4.2) 24 (5.6)
Primary sclerosing cholangitis 1(7.1) 14 (3.3)
Metabolic liver diseases - 13(3.0)
Cryptogenic cirrhosis 6(5.7) 106 (24.8)
Autoimmune hepatitis - 17 (4.0)
Chronic rejection 1(50.0) 2(0.5)
Others* - 3(0.7)
Total 12 (2.8) 428 (100)

*One Giant hepatic hemangioma, 1 Congenital hepatic fibrosis, 1 Sickle cell
anemia.
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aborted due to hemodynamic instability 4 days before
LDLT, partial hepatectomy for hepatocellular carcinoma
(HCQ), gastroenterostomy, a 30 cm intestinal resection for
mesenteric ischemia, and cyst hydatic operation more than
6 months prior to transplantation. In this group, eHAT de-
veloped in one patient (6 days post-transplant) who had a
previous liver transplantation 6 months prior. Previous ab-
dominal surgery was not significantly associated with the
development of eHAT (p>0.05).

Factors Affecting the Development of eHAT

Early hepatic artery thrombosis (eHAT) occurred in 12 pa-
tients, with 10 cases developing within the first 7 days post-
transplantation and the remaining two on postoperative
days 21 and 22. The factors associated with eHAT develop-
ment are summarized in Table 1.

The incidence of eHAT was significantly higher in patients
who underwent Roux-en-Y hepaticojejunostomy (HJ) (2 of
10, 20%) compared to those with duct-to-duct anastomo-
sis (10 of 420, 2.4%) (p<0.05). Cryopreserved arterial grafts
(CAG) were used in 13 patients (2.3%) for hepatic artery
anastomosis, and eHAT occurred in 3 of these cases. The
use of CAGs was significantly associated with a higher rate
of eHAT (p<0.05). Receiver operating characteristic (ROC)
curve analysis indicated that a graft-to-recipient weight
ratio (GWRW) below 0.98% was a risk factor for eHAT.
Among the 173 patients (40.2%) with a GWRW <0.98%, 9
(5.2%) developed eHAT (p<0.005). Intraoperative erythro-
cyte suspension (ES) transfusion (6 of 84 patients, 7.1%)
and fresh frozen plasma (FFP) transfusion (4 of 17 patients,
23.5%) were significantly more frequent in patients who
developed eHAT (p<0.05 for both). Preoperative portal vein
thrombosis (PVT) was present in 38 patients, and 4 of these
patients developed eHAT, indicating a significantly higher
eHAT rate in patients with PVT (p<0.05).

Multivariate analysis identified the use of CAG for arterial
reconstruction, HJ for biliary anastomosis, intraoperative
FFP transfusion, a GWRW ratio <0.98%, and the presence of
preoperative PVT as independent risk factors for the devel-
opment of eHAT (Table 3).

Table 3. Multivariate Analysis of the risk factors for early hepatic artery thrombosis development

95% Cl
Risk Factors Sig. OR. Lower Upper
Intraoperative fresh frozen plasma transfusion <0.001 39.421 6.276 247.596
Cryopreserved artery graft use in artery anastomosis <0.001 73.295 9.977 538.436
Preoperative portal vein thrombosis 0.002 12.964 2.504 67.116
Hepaticojejunostomy for biliary reconstruction 0.032 12.616 1.243 128.044
Graft weight to recipient weight ratio <0.98% 0.002 20.798 2.960 146.113
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Treatment and Outcomes of Patients with eHAT

The treatment and outcomes of the 12 patients who de-
veloped eHAT are summarized in Table 4. Briefly, eight
patients (66.7%) died after a median follow-up of 26 days
(range: 3-93) post-transplantation. Five of these eight pa-
tients (62.5%) underwent intervention for eHAT (re-trans-
plantation in one patient on postoperative day 26, throm-
bectomy and re-anastomosis in four patients). These five
patients had documented patent hepatic artery anastomo-
ses on Doppler ultrasonography prior to death. One addi-
tional patient was not operated on due to hemodynamic
instability. Two patients in this group died later, on postop-
erative days 83 and 93, due to sepsis.

One patient who developed eHAT on postoperative day 28
underwent revision with a CAG interposition graft between
the recipient CHA and the graft artery. Concurrently, a bili-
ary leak from the HJ anastomosis was repaired. Six days
later, re-thrombosis of the arterial anastomosis occurred,
deemed unsuitable for surgical revision. Tissue plasmino-
gen activator (TPA) was administered via celiac angiogra-
phy, and intrahepatic biliomas were drained. TPA therapy
was unsuccessful, and follow-up imaging showed hepatic
artery occlusion. The patient underwent surgery for colonic
perforations on postoperative day 79 and died on postop-
erative day 83 due to sepsis.

The second patient developed eHAT on postoperative day
2 and underwent thrombectomy and re-anastomosis. On
postoperative day 17, the patient underwent revision of
the HJ anastomosis for a biliary leak. Hepatic artery anas-
tomosis patency was confirmed by Doppler examination
on postoperative day 88. On postoperative day 91, infected
Dacron extension grafts were removed, and the patient
died two days later due to sepsis.

Two patients with eHAT had concomitant vascular patholo-
gies. One patient with vena cava thrombosis due to Budd-
Chiari syndrome underwent caval replacement at the
time of transplantation. This patient developed eHAT and
thrombosis of the caval replacement graft on postopera-
tive day 1. Following revision of both the hepatic artery and
caval anastomoses, the patient died two days post-re-in-
tervention. The hepatic artery anastomosis was not patent
after re-intervention. The second patient had preoperative
portal vein thrombosis and underwent renoportal anasto-
mosis after thromboendovenectomy was deemed insuffi-
cient for adequate portal flow. The patient was re-operated
for portal vein thrombosis, with anastomosis of the splenic
vein to the renoportal shunt. The arterial and biliary anas-
tomoses were initially intact but were taken down for bet-
ter exposure during this procedure. eHAT developed one
day after this re-operation and was revised with a CAG. This

Journal of Inonu Liver Transplantation Institute

patient died three days after the re-intervention; the he-
patic artery anastomosis was patent before death.

Four of the 12 patients (33.3%) with eHAT survived fol-
lowing re-intervention. Three of these four patients (75%)
underwent re-transplantation at a median of 3 days post-
eHAT diagnosis (range: 2-5) and are currently alive. One
patient underwent thrombectomy and re-anastomosis on
postoperative day 6 and is alive at 14 months post-trans-
plant without biliary complications but with hepatic artery
stenosis.

Kaplan-Meier analysis demonstrated significantly lower
survival rates in patients who developed eHAT compared
to those who did not (p<0.001, Fig. 1).

Discussion

The factors contributing to the development of early he-
patic artery thrombosis (eHAT) remain debated. We be-
lieve that the length and quality of both the graft artery
and the recipient artery selected for anastomosis are cru-
cial for successful hepatic artery anastomosis and eHAT
prevention. While we lack objective measurements of ar-
terial length, we infer that sufficient length is necessary to
achieve a tension-free anastomosis. Assessing arterial qual-
ity is challenging due to the absence of definitive criteria
beyond the identification of dissection or mural lesions
such as atherosclerotic plaques or thrombi. Consequently,
thorough evaluation of the donor hepatic artery prior to
procurement is essential. Although multiple hepatic artery
anastomoses are not established as a risk factor for eHAT,
performing a single anastomosis is technically simpler and

Figure 1. The overall survival of the patients with and without eHAT.
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faster. Therefore, when multiple donor candidates are
available, selecting a graft with a single artery of adequate
length and diameter should be prioritized.™

The choice of recipient hepatic artery for anastomosis is vital
for successful arterial reconstruction. The length of the anas-
tomosis is important, as excessive length can lead to kink-
ing. At our institution, when the graft artery has sufficient
length, we perform hepatic artery anastomosis between
the graft artery and the recipient common hepatic artery.
However, situations arise where the graft artery is short, the
graft has multiple hepatic arteries, or the recipient artery is
of poor quality. In these instances, we utilize alternative re-
cipient arteries such as the splenic artery, left gastric artery,
or perform anastomosis to the recipient aorta using cryopre-
served aortic grafts (CAGs) as interposition conduits. The use
of cryopreserved aortic grafts in hepatic artery anastomosis
and extra-anatomic anastomoses has been associated with
a high incidence of eHAT."'¥ Consistent with this, our pres-
ent study identified the use of CAGs in hepatic artery recon-
struction as an independent risk factor for eHAT.

The impact of transarterial chemoembolization (TACE) or
transarterial radioembolization (TARE) therapy on eHAT re-
mains controversial. These locoregional treatments for he-
patocellular carcinoma (HCC) are also commonly used for
downstaging HCC beyond Milan criteria. A potential risk of
hepatic artery damage exists during catheter placement,
either mechanically or due to the administered chemo-
therapeutic agents. Our institutional experience prior to
2017 showed a significantly higher incidence of eHAT fol-
lowing transarterial procedures.'™ However, in this study
(2017-2019), we observed no cases of eHAT after TACE or
TARE. This improvement may be attributed to the increased
experience of the interventional radiologists and the surgi-
cal team's enhanced expertise in hilar dissection.

Preoperative portal vein thrombosis (PVT) was identified as an
independent risk factor for eHAT in our study, a finding consis-
tent with the study by Stine et al."® While this association may
be linked to a tendency towards hypercoagulability, further
research is needed to elucidate the underlying mechanisms.

A graft-to-recipient weight ratio (GWRW) of at least 0.8% is
generally recommended to prevent small-for-size syndrome
(SFSS). However, discrepancies between preoperative volu-
metric analysis and the actual harvested graft volume can
occasionally result in a GWRW below this threshold. Lee et
al. have suggested that even a GWRW as low as 0.7% can be
safe in selected LDLT cases.™ Some studies have indicated
that a low GWRW or a high recipient-to-donor weight ratio
is a risk factor for eHAT.> 719! Quintini et al. proposed that
splenic artery ligation could prevent HAT in recipients with
low GWRW,2? while Kenatkar et al. found no correlation

between portal venous pressure or portosystemic gradi-
ent and HAT development.?" In our study, we identified a
GWRW cutoff value of 0.98% as an independent risk factor
for eHAT, and none of these patients developed SFSS. This
finding warrants further investigation.

Hepaticojejunostomy (HJ) as a biliary reconstruction tech-
nique was found to be an independent risk factor for eHAT
in this study, consistent with our findings in pediatric pa-
tients?? and the study by Baker et al.?* Baker et al. pro-
posed that this association might be due to potential com-
pression of the Roux-en-Y limb on the arterial anastomosis.

Intraoperative fresh frozen plasma (FFP) transfusion was
identified as an independent risk factor for eHAT after LDLT
in our study. The first two weeks following LDLT are associat-
ed with a hypercoagulable state, during which Protein Cand
Antithrombin Ill levels recover.?* 2 This period, combined
with FFP transfusions, may increase the risk of eHAT. There-
fore, we recommend avoiding unnecessary transfusions and
implementing appropriate anticoagulant therapy during
this early postoperative phase. Stahla et al. suggested the
use of low-dose heparin (300-400 U/hr) during this period.?#

Between 2010and 2012, our institution reported a HAT inci-
dence of 6.5%,""¥ during which hepatic artery anastomoses
were performed by cardiovascular, orthopedic, and plastic
surgeons. Since 2012, transplant surgeons have performed
these anastomoses under 8x magnification loupe. We be-
lieve that the principles of microsurgery remain consistent
regardless of whether a surgical loupe or a microscope is
used. Therefore, transplant surgeons experienced in micro-
surgery can effectively perform hepatic artery anastomosis
with an acceptable complication rate.

The present study has some limitations. The first and most
important limitation is the fact we could not gsve our data
after 2019. This is because we are currently constructing
our database and gathering vital information regarding the
transplant patients. The second imitation is the fact that we
do not have the diameters of opposing arteries which we
are currently collectsng for all patients prospectively.

Conclusion

Hepatic arterial anastomosis is a critical step in liver trans-
plantation. Our study has identified the type of biliary re-
construction (HJ), a graft-to-recipient weight ratio below
0.98, intraoperative FFP transfusions, pre-transplant por-
tal vein thrombosis, and the use of cryopreserved arterial
grafts in hepatic arterial reconstruction as significant de-
terminants for the development of eHAT. Therefore, com-
prehensive evaluation of both recipients and donors is of
paramount importance for achieving successful arterial re-
construction in living donor liver transplantation.
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Abstract
Objectives: A Network Phenotyping Strategy (NPS) was recently created to stage hepatocellular carcinoma (HCC) from an Italian
dataset into 25 discrete phenotypes sT, s=1—-T,, ..., s=25—T,, ordered (1,<T,,...,<T,, ) according to the dynamics of the HCC pro-

gression from its onset.

Methods: To use NPS methodology on an ethnically different, Turkish HCC cohort that had, in addition, been stratified according
to patients selected for liver transplantation or not.

Results: The Turkish patients had only a smaller subset of 16 out of the 25 HCC phenotypes of the Italian patients. HCC progres-
sion through phenotypes, which are exclusive to the Italian population, is a dominantly tumor biology-driven process, occurring
within a constant extent of liver microenvironment damage. In contrast, in phenotypes shared by the minority of Italian patients
and the majority of Turkish patients, the HCC progresses by a more complex disease burden generating mechanism, consisting of
simultaneous tumor biology-driven damage, accompanied by advancing liver microenvironmental impairment.

NPS objective stratification of a “real world clinical practice” patient cohort into subpopulations with identical HCC clinical phases
enabled the simulation of clinician-dependent selection for liver transplantation or not in this cohort, using specific baseline vari-
ables. A clearer understanding of HCC biology has allowed us to identify differing biological phenotypes. The predominant 12T
phenotype was examined in detail and combined with surgical knowledge obtained retrospectively as to the difference between
transplanted and non-transplanted patients to then derive models that may be useful for biology-dependent surgical decision
support in future patients.

Conclusion: Only a subset of all HCC phenotypes appeared in the Turkish cohort and may be explained by the non-screened pa-
tients having HCC as a secondary problem, and is primarily driven by the liver microenvironment, in contrast to Italy, where HCC
develops (predominantly) in healthier livers.
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Network Phenotyping Strategy (NPS) is a novel non-

empirical clinical analytics methodology, explicitly
addressing the essential role of disease dynamics in data-
driven stage definition, diagnostic and use in prognosis'
through clinically transparent usage of only baseline multi-
dimensional clinical data of a real-world patient cohort. We
have shown!"? that supplementing the patient and visit co-
herent values of multiple (K) clinical variables by the topol-
ogy of a complete network of relationships between those
values, encoded quantitatively by special K-partite graphs
(see Fig. 1) allowed us to characterize the disease progres-
sion stage in terms of the personal time to disease onset at
the baseline. This unique innovation of NPS addresses the
disadvantage of the above cited methods, which do not
explicitly include mechanisms for normalizing the patient
data change rates according to the biological stage of the
disease at baseline.

We recently used a Network Phenotyping Strategy to iden-
tify the stages of the disease in patients with hepatocellular
carcinoma (HCC) as progression-ordered phenotypes, using
an unstratified large Italian database.? The purpose of the
current study was to use the same NPS methodology on
an ethnically different (Turkish) HCC cohort that had also
been stratified according to patients who were selected for
liver transplantation or not. These Turkish patients differed
in having predominantly Hepatitis B (HBV) as a background
and minimal or no alcoholism, unlike the Italian patients.
Furthermore, they were predominantly diagnosed with-
out a surveillance program and thus, on average, had more
advanced disease. We report that in contrast to the Italian
patients, the Turkish patients are diagnosed only within a

Figure 1. 17-partite graphs I (7 ) for two patients with different HCC
stages. The 17 ovals represent variables, with internal vertices repre-
senting categorical values or sub-intervals of the complete physio-
logical range of respective real-valued variables. Solid circles indicate
observed personal baseline values. The network of edges encodes
the unique personal clinical context of each variable value. As some
specific variable values are typically observed early and other late in
disease progression, the topology of the personal relationship net-
work expands or shrinks (see arrows) as the function of baseline time
to disease onset. 7.
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restricted selection of the full spectrum of progression-or-
dered HCC phenotypes. Quantitative ordering of the NPS
diagnosed HCC stages according to their characteristic T_al-
lows for studying the T - dependent trends of characteristic
clinical variable values without need for longitudinal data.

Comparing these trends between the Italian and Turkish
patient populations allowed us to hypothesize that ob-
served differences may be due to the HCC in Turkish pa-
tients being predominantly driven by the liver microenvi-
ronment, in contrast to the more diverse driving factors in
European patients. In addition, we used the NPS informa-
tion about differences between Turkish patients, selected
and not selected for liver transplantation at different stages
of HCC progression to suggest new insight into the treat-
ment selection and outcomes.

Methods

Patients were characterized by values of 17 standard base-
line clinical parameters at initial clinical presentation, with
tumor size and number and presence or absence of PVT,
based on their initial CAT scan measurements, who also
had known survival data. The 17 clinical parameters were
chosen based upon baseline routine clinical data that is
collected to evaluate any newly-presenting HCC patient
and are in 3 groups: A), Demographics that included age
[years], gender and HBV/HCV status; B), tumor character-
istics, that included maximal diameter (MTD [cm]), tumor
uni- or multi-focality, presence/absence of portal vein
thrombosis (PVT) and serum a-fetoprotein (AFP [ng/mL])
levels; C), serum liver parameters and blood counts, includ-
ing levels of albumin [g/dL], total bilirubin [mg/dL], INR,
ALT (in relative unit 1/35 [U/L]), AST (in relative unit 1/35
[U/L]), ALKP (in relative unit 1/150 [U/L]), GGT (in relative
unit 1/40 [U/L]), Hb [g/dL] and platelets [count/pL].

Ethical Considerations

Database management conformed to legislation on pri-
vacy, and this study conforms to the ethical guidelines of
the Declaration of Helsinki and approval for this retrospec-
tive study on deceased cases and de-identified patients
with HCC. This work was approved by the Institutional Eth-
ics Committee (Institutional Review Board Approval No.
2024-6196) for a waiver from obtaining written informed
consent for de-identified and mostly deceased patients, in
accordance with local guidelines.

Clinical Background of the Analysis

We have two socio-ethnically, institutionally and clinically
different populations of patients with the same diagnosed
disease (HCC). One (larger, less stratified, surveillance gener-
ated) population (ITALICA) provides broad, comprehensive
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reference characteristics of HCC progression phenotypes.
In the previous study (1), we used the NPS methodology on
the surveillance ITALICA cohort, where the broad spectrum
of HCC stages is “clinically probed” by individual patient dis-
ease statuses. In the other (Turkish), more stratified popula-
tion, processed by the same NPS algorithm, we expect to see
where the real-world “clinical bias” will place these patientsin
the complete“disease phenotype space” of HCC progression.
The goal of this exercise was to obtain better, data-driven
personalization of the HCC disease characterization, usable
as the decision support information for detailed diagnosis,
prognosis or treatment selection. See note 1.

These clinical goals required applying the new, relation-
ship-based NPS method to process the multidimensional
(17-variable) characterization of patient clinical profiles.
This is because NPS new information, which this method
uses to identify the 25 personal HCC progression stages sT,
(s=1,...,25) are the networked patient’s data relationships,
added and quantitatively processed together with conven-
tionally used values of respective clinical variables, collect-
ed at the index-visit.

The fact that there are just those 25 progression stages is ob-
jectively determined by the NPS processing of the reference
ITALICA clinical data relationships in two steps (see ref. 2).

In the first step, the NPS extracts the personal times T, from
HCC onset from the topologies of observed value relation-
ship networks of every patient.

In the second step, NPS shows that by organizing all pa-
tients according to the variability in the stage-dependent
presence of early Ep (Tp) and late Lp (rp) stage biomarker
topologies in those personal networks r() from which
T,'s are computed, the patients emerge naturally grouped
into 25 HCC clinically and progression-stage normalized
sub-populations, defining the 25 HCC phenotypes, sT. This
new NPS-based stage diagnostic of HCC is represented by
HCC progression map (see Fig. 2), in which each patient is
represented by a Tp-deﬁned point [X_ (), Y, (T )], where X,
(t)=log (L (r)) and Y (1 )=log(E  (t)). The grouping of all
HCC patients into 25 ordered phenotypes emerges natural-
ly from this visualization of this primary result of patient’s
clinical data processing by NPS.

This new, disease-progression ordered clinical phenotyp-
ing information provides 2 practical results:

Firstly, it deconstructs the conventional population aver-
aged data characterizations of the clinical status into the
series of 25 objective components, stratified according the
progression-ordered sT's.

Secondly, it provides the numerical value of the T-
dependent personal clinical burden
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Figure 2. NPS 2-dimensional maps of HCC progression for Italian (a)
and Turkish (b) patients. Each patient is represented as a point. [X]
(rp),Yp (Tp)]. X-Y coordinates independently quantify the relative pres-
ence of early and late HCC stage networked biomarker topologies in
patient’s Fp (Tp): 1.0 on the vertical axis and 0.0 on the horizontal axis
indicates that we observe 100% of the early stage biomarker network
in the patient’s graph, while 0.0 on the vertical axis and 1.0 on the
horizontal axis indicates that the patient’s graph has 100% of the late
stage biomarker network. Other values represent personalized com-
binations of the two prototype topologies and underlying early and
late stage biologies sT,(s=1,...,25). The phenotype sub-populations
sT,(s=1,...,25) are automatically identified as tight groupings of pa-
tients with highly similar clinical profiles: The circles with phenotype
labels have centers at the maximum of the exponential distribution
of patients in each phenotype region.

for every patient. Consequently, once these
are aggregated for all patients into their respective 25 HCC
progression stages sT, we newly obtained the objective,
quantitative, clinically transparent and characteristic val-
ues of progression-specific disease burden, for all
respective progression stages of HCC.

Why and how this NPS-Enabled Approach Provides
New Clinical Insights

With the exception of higher HBV incidence in Turkish pa-
tients and minimal or no alcoholism, other conventional
clinical characterization of the 2 populations at the index
visit looks very similar, since the frequencies and distribu-
tions of the 17 clinical variable values are comparable be-
tween the two populations.

The main new clinical information provided by NPS is the
de-construction of these single, whole population charac-
teristic values into 25 disease-progression ordered pheno-
type specific partial averages, computed in sequence by
using only data of patients diagnosed with respective HCC
progression stages sT. Thus, because we know the charac-
teristic values of CB_(t ) for each HCC progression stage, we
can analyze the clinical HCC progression trends by plotting
phenotype-characteristic mean values of respec-
tive clinical variables as the function of CB_(t)).
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For supportive computational evaluation of patient’s like-
lihood of being eligible for liver transplant we used mul-
tivariate logistic regression regression analysis (JASP soft-
wareP)), based upon the baseline data. Starting with all
17 clinical variables, the stepwise, forward, and backward
variable selection optimization was performed for patients,
identified by NPS analysis in the 12T phenotype (these pa-
tients share the same stage of HCC and form 72% of the
total population). All optimizations converged to the same
best-performing 6-variable model, which includes gender,
INR, albumin, hemoglobin, bilirubin, and MTD.

Results

Mean survival of Italian patients is u " =1765 days, which

urvival

is ~1.3 times higher then for Turkish patients u**¥ = 1370

survival

days. Overall mortality (defined as percent of deaths within

the 5 year study period) is ~2 times higher in Italy (l'lmoli‘:g;ity
=63%) then in Turkish population (meg'r’t’thr =31%). In Turkish

subpopulations, stratified by transplant (ﬁ') and non-trans-
T _ nT _

plant (n7) treatment, the p_ . =1626 days, p = =710

days, while mortalities are stratified into u_ '’ =36% and

TnT mortality
n — 0,
l“’lmorra/il‘y 19%.

In Figure 2 we compared the complete NPS map of all 25
HCC phenotypes sT, (s=1,...,25) from processing screening
data for 4802 Italian HCC patients, collected by the ITALICA
database (Fig. 2a), and the phenotype assignments of the
combined Turkish liver non-transplant (nT) and liver trans-
plant (T) HCC patients (N=681 (N =191, N,= 490)) (Fig. 2b).
In this map, each patient is represented by a point, each
phenotype is uniquely colored and the circles with phe-
notype sT labels have the centers at the maximum of the
patient distribution in each HCC progression stage phe-
notype region (see Fig. 3b and c). Progression stages are
ordered according to the increasing time to disease onset
T.. Therefore, the patients in the 1T region of the map are
in the earliest diagnosable HCC stage, while patients in the
25T region of the map are in the latest observed HCC stage.
Thus, Turkish patients appear in only 16 of the 25 pheno-
types seen in the Italian group, with some of those sparsely
populated. Specifically, the Turkish patients are not diag-
nosed with phenotypes 67, 7T, 8T, 9T, 11T, 13T, 14T, 167, 17T,
which, in contrast, are heavily populated by Italian patients.

Figure 3 shows in detail the differences between patient
distributions across the HCC phenotypes in detail, deter-
mined separately for liver transplant (T) and non-trans-
plant (nT) sub-cohorts in the Turkish HCC population. The
red and blue distributions above the NPS-X (horizontal)
and NPS-Y (vertical) HCC progression axes of the HCC pro-
gression stage map (Fig. 3a) show how stage-characteriz-
ing networked clinical relationship profiles of individual
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Figure 3. Differences in Turkish patient distribution across HCC phe-
notypes between transplant and non-transplant subgroups. (a) Top
and left panels: Projections along the axis capturing the diminishing
contribution of earlier stages (blue) and along the late axis capturing
the increasing contribution of late stages (red). Light lines: non-trans-
plant, dark lines: transplant. Bottom panels: 3D histograms of patient
populations in respective phenotypes for transplant (b) and no
transplant (c) patients.

patients are localized in the two projections of the HCC
progression phenotype cases for the T and nT sub-cohorts
into characteristics of early HCC stages (Y-axis, blue distri-
butions) and those of later HCC stages (X-axis, red distribu-
tions). In the early HCC stages, the levels of NPS early-stage
biomarkers in patients’s Fp (rp) are distributed comparably
in both treatment-defined groups. In contrast, in the later
HCC stages, the late clinical profile biomarker levels in the
(smaller) nT patient sub-cohort I'p (Tp)'S span a broader in-
terval than those for the T patients. This corresponds to ap-
plication of the standard liver transplant selection criteria
for these patients. Figure 3b-c show the complete 3D dis-
tributions of patients in the LT and nT sub-cohorts. There is
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a clear separation of the sub-distributions (peaks) in these
3D distribution plots, delineating the patients with respec-
tive HCC stage phenotypes, which, consequently, quanti-
fies the high level of personal clinical similarity of biologies
within every patient phenotype sub-population.

We then outlined the NPS-extended experimental character-
ization of clinical differences between the Italian and Turk-
ish HCC patients, which leads to the elective location of the
Turkish cohort in the complete HCC progression phenotype
map. For that comparison, we used the transformation of the
primary 2-dimensional NPS information about each patient,
defined by the coordinate pair (X, (t),Y, (t)]into one-dimen-
sional, HCC progression phenotype specific clinical burden
parameter CB_ (1)=Y_ (t)-X (Tp)=’°9(2’j: )). This transformation
permitted a study of the trends of 16 phenotype-characteris-
tic mean values .  of respective clinical variables against the
corresponding 16 phenotype-characteristic values of time to
disease onset T, dependent clinical burdens CB_(t).

Figure 4. Dependence of phenotype sT-characteristic incidences of
HBV (a) and HCV (b) (vertical axes) on the phenotype characteristic,
T -dependent clinical burden CB_ (1) (horizontal axes) - see Meth-
ods for CB_ (1) definition. Blue points: data for Italian patients, green
points: data for Turkish non-transplant patients, red points: data for
Turkish transplant patients.
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In the Turkish HCC population, relatively more males were

found in T patients, and with few exceptions, nT patients in

all sT phenotypes were slightly older than T patients. On av-

erage, Turkey patients were 1.3 younger than Italy patients
Ital) Turk T nT

(M gge =67.5, W' oo =53.5, for Turkey p -, =53.7, Y 0= 52.8).

age age
In the following figures, the data for Italian patients are
shown by blue points, and comparisons between T and
nT Turkish treatment-based sub-groups for stage-charac-
teristic values of respective clinical variables in their HCC
patients is shown by green (nT) and red (LT) points, repre-

senting the paired values [CB, (t), u"/].

In Figure 4a the higherincidence of HBV cases in the Turkish
compared to the ltalian patients is shown by the systematic
vertical offset of the two trends (gray arrow for Turkey, blue
arrow for ltaly). This difference is accompanied by a lower
overall incidence of HCV in the Turkish cohort, resulting in
a systematic vertical offset of the two trends in Figure 4b.

Processing the relationship-networked patient clinical data
by NPS resulted in novel, more clinically informative and
disease-progression based insight into this conventional
characterization of overall hepatitis incidence by just the
differences in two means. Figure 4 shows, that within the
respective HCC progression-ordered phenotype patient
subgroups, the incidence of hepatitis exhibits clear trends
in both cohorts. HBV incidence in HCC patients is maximal
at the early HCC stage patients and decreases proportion-
ally with the HCC progression, defined by the correspond-
ing CB_(t) (arrows in Fig. 4a). In contrast, the HCV incidence
increases moderately in both cohorts as the HCC progress-
es to late stages (arrows in Fig. 4b).

The trends of progression of tumor characteristics (mean
MTD and number of tumor nodules as the function of cor-
responding CB_ (1)) are increased in both populations with
increasing disease stage (Fig. 5a, Fig. 5b), as expected. They

Figure 5. Dependence of phenotype sT-characteristic values of tumor nodule numbers (a), maximal tumor diameters (b), and PVT incidences
(vertical axes) on the phenotype characteristic rs—dependent clinical burden CBs (rs) (horizontal axes). Blue points: data for Italian patients,
green points: data for Turkish non-transplant patients, red points: data for Turkish transplant patients.
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are on average parallel in both populations, just with ex-
pected moderately smaller tumors in the late HCC stages
in Turkish patients, who were selected for liver transplant
(Fig. 5b).

In the previous (Italy-based) report (2), we identified 5
groups of 25 HCC progression phenotypes sT, each group
with a unique, constant characteristic value of PVT inci-
dence. We found in the Turkish patients (Fig. 5¢) a qualita-
tively similar, PVT-incidence characteristic partitioning of
those sT phenotypes, just with quantitatively higher PVT
incidence in the top 2 PVT groups in the Turkish than for
the Italian patients in the equivalent phenotypes (arrows
in Fig. 5¢).

Figure 6 shows comparisons of HCC progression for the
remaining parallel trends in both groups. Phenotype
characteristic total bilirubin and INR values increased with
HCC progression (Fig. 6a, 6b), consistent with increasing
hepatocyte damage. As the clinical burden increased, the
albumin decreased, also consistent with parenchymal de-
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struction by growing tumor. The decreases in both albu-
min (Fig. 6d) and hemoglobin (Fig. 6e) are consistent with
the reported nutritional deficiency and tumor-associated
inflammation for growing tumors, as in the Glasgow in-
dex.' The AFP trended up with increased disease burden
in both the Turkish and Italian cohorts (Fig. 6¢), but with a
large scatter, and with higher absolute values in the Italian
than the Turkish cohort. AFP and albumin appear to have
an inverse trend (Figs. 6¢ and 6d), as has been previously
shown,” as they are in the same family of proteins, with
one influencing the other.® In this case, standard statisti-
cal analysis using absolute values and the NPS approach
using trends, showed a very similar result and clinical con-
clusion in terms of trends. Platelets trended down (Fig. 6f)
with increase in tumor burden, likely associated with in-
creasing cirrhosis. For AFP, hemoglobin and albumin, the
phenotype characteristic values decrease with HCC pro-
gression. The main differences between the Turkish and
Italian patients are in relative quantitative shifts of these
synchronous trends.

Figure 6. Dependence of phenotype sT-characteristic values of bilirubin (a), INR (b), AFP (c), albumin (d), hemoglobin (e) and platelets (f) (ver-
tical axes) on the phenotype characteristic Ts—dependent clinical burden CBS (‘rs) (horizontal axes). Blue points: data for Italian patients, green
points: data for Turkish non-transplant patients, red points: data for Turkish transplant patients.
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The ALT, AST, ALKP and GGT levels (Fig. 7a-d) are all also
systematically higher in the Turkish patients. In addition,
in the Turkish patients the phenotype-characteristic ALT,
AST and GGT level dependence on HCC progression is op-
posite (clearly decreasing trend) compared to the Italian
patients (moderately increasing trend), and quite similar
to the HBV trends of Fig 4. The CB_ (1 )-dependent trends
of these variables in both cohorts converge to similar
characteristic values at CB, (1)=1. Note also, that in the
Italian cohort, there are patients diagnosed in the sT phe-

37

notypes, dominantly populated in Turkish patients (1T, 5T,
12T etc.), with the phenotype characteristic levels of these
variables and CB_(t)-dependent trends align ing with the
Turkish patients.

A comparison of the outcome characteristics between the
Turkish nT and T patients was then made (Fig. 8). Trans-
plant clearly improved survival duration, as expected.
New information by NPS is provided by the possibility for
studying the trends in survival prolongation as a func-
tion of the characteristic HCC progression stage time to

b

Figure 7. Dependence of phenotype sT-characteristic values of ALT (a), AST (b), GGT (c), and ALKP (d) (vertical axes) on the phenotype char-
acteristic rs—dependent clinical burden CBs (rs) (horizontal axes). Blue points: data for Italian patients, green points: data for Turkish non-trans-

plant patients, red points: data for Turkish transplant patients.
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Figure 8. (a) Relationship between the mean survivals of patients in
the corresponding HCC phenotypes sT for non-transplant (values on
horizontal axis) and transplant (values on vertical axis) groups. Ma-
genta and blue boxes outline the two phenotype subgroups with dif-
ferent survival improvements. The survival improvements in respec-
tive groups are also shown by the corresponding color in the HCC
progression map (insert). (b) Ratios of mean survivals for transplant
to mean survivals for no transplant patients in respective sT pheno-
types for respective mean survivals in no transplant group. The colors
of the boxes are for the same sT groups as in (a).

disease onset .. This shows that there are 2 treatment
groups, shown by magenta and blue boxes. In the magen-
ta box, there are larger differences in survival between T
and nT patients (e.g. for 5T patients in the magenta box,
patients treated with transplant had a mean 2000 day sur-
vival, but without transplant they had an approximately
760 day survival, an approximately 2.7 fold survival dif-
ference, as shown for 5T in Figure 8b, magenta box. For
the 12T phenotype (middle of the trend in the blue box,
which is the most populated phenotype, T patients had a
1500 day mean survival, whereas nT patients in the same
12T phenotype had only a 700 day mean survival, or a 2.1
fold survival difference, as shown in 12T in the blue box of
Figure 8b. Qualitatively, there are 2 sub-populations with
different prolongation ratios (Fig. 8b). In one sub-popula-
tion, the T patients in the “magenta” progression pheno-
types (identified by magenta color in Fig. 8a insert) had a
2.7 to 3.5 times longer typical length of survival than clini-
cally identical nT patients. In the second sub-population
in contrast, the T patients in the “blue” progression phe-
notypes (Fig. 8a insert) had only a 1.7 to 2.2 longer typical
length of survival than the clinically identical nT patients.
Thus, NPS approach shows the relative treatment advan-
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tages for patients, newly diagnosable in multiple pheno-
types of HCC that are not differentiable in current clini-
cal practice. The NPS phenotypes treated by T or nT have
clinically relevantly different survivals, depending on
whether they are in the blue or magenta groups of HCC
phenotypes (HCC progression map, see Fig. 8a, insert). In
addition, there are NPS-discovered trends in the relative
outcomes in both magenta and blue identified pheno-
type groups, whose patients will benefit more in survival
after T compared to nT, depending on phenotype, into
which their HCC disease progressed at baseline (Fig. 8).

Logistic Regression Model for Transplant Versus
Non-Transplant

Having used NPS to identify the 12T phenotype as con-
taining the majority of the Turkish transplant and non-
transplant patients, we then performed standard statistical
analysis to identify 6 significant parameters between the 2
Turkish treatment (T and nT) sub-cohorts (Table 1). Table
1 shows the best-performing logical regression model for
12T patients. This recommendation follows from our pre-
vious observation (2) that developing the conventional
prognostic models for the patients, assigned to clinically
identical disease stages by NPS improved the quality, per-
formance and clinical relevance of these models. This im-
provement follows from removal of randomness in the dis-
ease stages in the training “real world” clinical data, which
any conventional approach suffers from.
1

( 1+e _(-4.150-0.724xgender+0.667xINR+0.565XALB-0.518xHb-0.468xBILI-0.11 3><MTD))

We show above the explicit form of the optimal logistic
regression equation for calculating the prognostic value P
for transplant treatment eligibility for the most populated
Turkish phenotype 12T, using the baseline visit values and
weights of 6 best predicting variables, shown in Table 1: If
the prognostic value, calculated by substituting the 6 re-
spective personal baseline variable values into the above
equation (male code = 0, female code = 1) is P=0.55, then
the patient with diagnosed 12T stage of HCC is categorized
as likely to be found eligible for transplant in the Inonu liver
transplant institute.

Table 1. Logistic linear regression model for assessing the probability to be selected for liver transplant (threshold = 0.55).

Intercept Gender (Female=1) INR Alb Hb Bilirubin MTD
Coefficient -4.150 0.724 -0.667 -0.565 0.518 0.468 0.113
Odds ratio 0.016 2.1 (2.0)" (1.8)7 1.7 1.6 1.1
p <0.001 0.006 0.009 0.003 <0.001 <0.001 0.003
Error 1.15 0.4 0.4 0.2 0.06 0.1 0.04
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Discussion

NPS provides new information from otherwise “standard”
data by adding the conventionally neglected inter-relation-
ship information between the co-observed personal values
of 17 clinical variables to the normally used information
about only the personal values of respective clinical vari-
ables. This leads to clinical analytics approaches standardly
using only the population-characterizing mean values (say
mean HBV incidence in Italian vs. Turkish cohorts and simi-
larly for bilirubin and other parameters). In contrast, and
newly-described here, NPS deconstructs these single value
pairs into multiple mean values in respective HCC progres-
sion phenotype, sT's, which importantly and again newly,
are objectively ordered according to increasing T Thus, for
clinical interpretation, we can improve the conventional fre-
quentist’s statistics by discussing actual trends of character-
istic clinical variable values as a function of the objectively
determined, Tp—dependent HCC progression stage (Figs. 4-8).
These trends are a generalization of the conventional, value-
based clinical comparisons (meaning that one can see those
conventional overall averages distributed in time into the
trends), and are generated by NPS without longitudinal data.
This approach has the potential for using the new informa-
tion in the treatment/no treatment context.

The NPS method is clinically unique because it analyti-
cally determines the personal times to disease onset T
from each patient’s individual baseline data. By selecting
the 17 standardized clinical variables as input into the NPS
analysis, we also can expect minimal experimental bias in
patient characterization in different regions. Conceptually,
an important novelty of the NPS approach is in converting
the stage characterization, conventionally performed by
using the specific values of expert-selected variables, into
objective determination of the same physical quantity for
any patient with an HCC diagnosis. Consequently, NPS de-
lineated the same phenotypes in the Turkish HCC patients
(as it will for any patient cohort with an HCC diagnosis), just
as it did in Italian HCC patients. Thus, the quantitative or-
dering of the NPS diagnosed HCC stages according to their
characteristic T_ permits the study of the t- dependent
trends of characteristic clinical variable values without the
need for longitudinal data. In this sense, the limited possi-
bilities of future biology of an individual patient’s tumor is
already encoded in the clinical data from the baseline visit.

We report here (Fig. 9b) that the Turkish patients were diag-
nosed only in a smaller subset of 16 out of the 25 HCC phe-
notypes that were populated by the Italian patients (Fig.
9a). These 16 phenotypes, populated exclusively by 100%
of the patients in the Turkish cohort are also populated by
Italian patients, but these represent only 20-30% of the pa-
tient distribution in the Italian cohort.
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Figure 9. (a) Time-dependent progression between the 25 diag-
nosed stages for both Italian (a) and Turkish (b) cohorts. (a), Arrows
indicate directions and possible HCC progression paths through NPS
identified stage phenotypes sT for Italian patients. Magenta arrows
show paths exclusive to the Italian cohort, while gray arrows indicate
shared paths for both Italian and Turkish patients. (b), Arrows indi-
cate directions and paths of HCC progression through NPS identified
storage phenotypes sT, exclusive to Turkish patients.

Figure 9 shows all possible time-dependent progressions
between the 25 diagnosed stages for both the Turkish and
Italian cohorts, with the arrows pointing from earlier to the
later NPS phenotype in a time-ordered progression. In Fig-
ure 9a we show by magenta arrows the model of HCC pro-
gression through thew phenotypes, which are exclusive
to the Italian population, which we reported previously
(2). We have shown that the clinical interpretation of HCC
progression of majority of Italian patients (along the ma-
genta arrows) is a dominantly tumor biology-driven pro-
cess (quantified by the magenta arrows parallel to NPS-Y
axis), occurring within a constant extent of liver microenvi-
ronmental damage (quantified by the down-oriented ma-
genta arrows parallel to NPS-X axis). In contrast, in the phe-
notypes shared by the minority of Italian patients and the
majority of Turkish patients, the HCC progresses by a more
complexdisease burden generating mechanism, consisting
of simultaneous tumor biology-driven damage, accompa-
nied by advancing liver microenvironmental impairment,
i.e. the disease progresses by a more complex mechanism,
consisting of simultaneous tumor biology-driven and also
by liver microenvironmental (inflammatory) processes. This
is represented by the progress along the “diagonal” (light
gray) arrows, whose angle and length quantify the extent
of simultaneous progression of both factors.

We consider possible reasons for these different findings in
the 2 cohorts. The Italian patients were diagnosed predom-
inantly through surveillance of those patients who were
known to have chronic hepatitis and were thus consid-
ered at risk for HCC development. The Turkish patients had
much lower surveillance and as a probable consequence
had more advanced HCC stage at diagnosis and thus a
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poorer survival in their non-transplant patients. Another
reason may be the institutional and treatment-based pre-
selection of patients. This may be related to clinical practice
in the healthcare facility, to demographics and to etiology,
as there was more HCV in the Italian cohort and more HBV
in the Turkish cohort. The Turkish patients also had a great-
er incidence of males and were typically of younger age.

NPS phenotypes are time-ordered by HCC progression stag-
es, and consequently by the increasing burden of the dis-
ease. While Italian patients covered the whole progression
interval by being discovered both early, in the middle and
also in the final stages of HCC progression dynamics, Turkish
patients were represented by the patient sub-group which
comes to clinic predominantly in the middle of the progres-
sion pathway of the HCC, since they are mostly in phenotype
12T, which is just in the middle of the biological T, interval for
HCC. We know from the full Italian HCC cohort characteriza-
tion (2), that 12T is a phenotype in which the patient data
shows there to be a simultaneous and quantitatively bal-
anced presence of networked biomarkers of early as well as
late HCC stages. In other words, patients in 12T have complex
biology and are just in the progression state of HCC when
large disease burden biology starts to contribute equally as
the early stages with a lesser disease burden biology. So, it
is just the time in the disease history, when a clinician might
recognize that there is a problem. The ethnic and comorbidi-
ties context in the Turkish cohort is what leads to mixed HCC
biologies and which also excludes the “simpler” phenotypes,
seen in the Italian (but not in the Turkish cohort), since in
the Italian cohort only one biology (either early decrease in
early stages or late increase in later stages) determined the
HCC progression. By contrast, the Turkish patients have both
stages changing simultaneously (see Fig. 9b).

Our NPS strategy also led us to observe that in the major-
ity-HBV etiology of the Turkish patients, HBV incidence in
HCC patients was maximal at the early HCC stage patients
and decreased proportionally with HCC progression (Fig.
4). We consider that this might be explained, either by the
HCC growth, initiated within the liver environment already
affected by HBV, which in the Turkish cohort is diagnosed
practically for all patients in these sT stages, is more exten-
sively destroying parenchyma and thus patients die before
their HCCs can get too large, that is a liver death.” Alterna-
tively, we consider that the HCCs start to grow only when the
HBV disease becomes more advanced (hence the years-long
latency between HBV infection and HCC diagnosis), so that
these early cancer stage patients die from a hepatitis/liver
failure death before the HCC can grow too large. Patients
with hepatitis B surface antigen are typically under close fol-
low up and so are more likely to be diagnosed with smaller
size tumors, although the literature is mixed on this point.
1012 This increasing frequency of deaths, caused by the pro-
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gressing impact of death risk factors in early sT stages, leads
to a depletion of the HBV-positive patients from later (t>s)
T stages. This results in dominance of cancer biology in de-
fining the clinical profiles and outcomes of patients, which
were diagnosed by NPS in those later HCC stages.

Our approach also allowed us to identify 2 treatment-re-
lated groups (Fig. 8), and make 2 observations. Firstly, that
in four T phenotypes 3T, 5T, 19T and 24T, there was a 2.7
to 3.5 times longer typical length of survival for the trans-
planted (T) than the non-transplanted (nT) patients who
had clinically identical phenotypes (red in Fig. 8a). By con-
trast, for a separate set of five T phenotypes (2T, 12T, 15T,
22T and 25T), patients (Fig. 8a insert) had only 1.7 to 2.2
longer typical length of survival than clinically identical nT
phenotypes (blue in Fig. 8a). Furthermore, in a second ob-
servation, we found that some phenotypes benefit more in
survival after transplant, even though they all fulfilled the
current inclusion criteria for liver transplantation (compare
survival for 24T versus 19T patients in the red trend of Fig.
8a). These can only be found after the identification of the
25 phenotypes discovered by the NPS strategy, that can-
not otherwise be identified by current standard clinical ap-
proaches. As observed elsewhere, only a minority of newly
presenting HCC patients are eligible for curative therapies
under current guidelines,'* ' although the survival differ-
ences between surgical and non-surgical treatments for
small HCCs can be minor.!'> ¢!

Our working hypothesis to explain these results is that for
all Turkish Inonu patients, their primary disease is the liver
damage, which leads to the (secondary) appearance of
HCC. In addition, the damaged liver micro- and macro-en-
vironment of HCC tumors in Turkish patients strongly influ-
ences the topologies of the relationship networks between
the coherently observed values of the 17 variables. This
leads to significantly worse survival in the Turkish patients,
compared to the surveillance-collected Italian cases.

Conclusion

We show that HCC in Turkish and lItalian patients is likely
driven by differing processes, the former more complex than
the later, even though the Turkish cohort (mainly 12T pheno-
type) does not catch the whole spectrum of phenotypes (1T
to 25T) as found by the nation-wide surveillance strategy in
Italy. The fact that only a subset of all HCC phenotypes ap-
pears in the Turkish cohort (12T) may be explained by the
non-screened HCC patients coming with HCC as a secondary
problem, and is primarily driven by the liver environment,
which behaves differently to the Italian situation, where HCC
is (predominantly) in healthier livers (only ~ 30 % of Italian
patients might have the similar environment). Specifically,
the Turkish HCC patients are not diagnosed with pheno-
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types 67, 7T, 8T, 97, 11T, 13T, 14T, 167, 17T, which, in contrast
are heavily populated by Italian patients.

Note 1. We made our NPS staging of HCC available through
the web tool residing at https.//apkatos.github.io/webpage_
nps. Accessing the URL provides extension to user local web-
browser, so all data handling and processing is done locally at
user’s computer, without collecting any information or data.
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Abstract

Objectives: Hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (iCCA) are the most common primary liver can-
cers that differ in origin and histopathological features. This study aimed to identify the differentially expressed genes and dysregu-
lated pathways between HCC and iCCA using transcriptomic and bioinformatics analyses.

Methods: Gene expression data were obtained from the GEO database (accession number GSE241466), comprising RNA-seq pro-
files from 3 HCC and 5 iCCA tumor samples. Data were processed and analyzed using the limma package in R, applying a |log2 fold
change| > 1 and adjusted p-value < 0.05 as significance thresholds. Visualization techniques including UMAP, volcano plots, were
employed. Functional enrichment analysis of DEGs was conducted via the clusterProfiler package, integrating gene ontology terms
and gene-concept network plots to explore relevant biological processes and molecular functions.

Results: Out of 17,637 genes, a total of 1,248 genes were found to be significantly differentially expressed between HCC and iCCA.
UMAP analysis demonstrated clear clustering and separation between the two cancer types. Enrichment analyses revealed key
biological differences, notably in metabolic reprogramming, extracellular matrix organization, and neuron projection develop-
ment. Notably, genes such as NLGN1, EPHA6, and SEMA3E, involved in neural differentiation and signaling, were significantly en-
riched in iCCA, suggesting a potential role of neuron-like features in its progression. Conversely, HCC samples were characterized
by upregulation of genes linked to amino acid metabolism and hepatocellular-specific functions.

Conclusion: This study elucidates the molecular divergence between HCC and iCCA, identifying distinct gene expression profiles
and enriched biological pathways. The activation of neural signaling pathways in iCCA, coupled with differential engagement of
metabolic and morphogenetic processes, suggests subtype-specific mechanisms that could inform future diagnostic and thera-
peutic strategies. These findings provide a foundation for the development of tailored clinical interventions in primary liver cancers.
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rimary liver cancer ranks among the most common

malignancies globally and is recognized for its aggres-
sive behavior and high mortality rate. Hepatocellular car-
cinoma (HCC) and intrahepatic cholangiocarcinoma (iCCA)
together account for approximately 75- 85% and 15% of
all primary liver cancers, respectively.™ In recent years,
the incidence of both HCC and iCCA has shown a marked
increase, particularly in Western countries. Although both
originate within the liver, they differ substantially in their
morphological characteristics, patterns of metastasis, and
therapeutic responsiveness. 9

HCC typically exhibits a solid, trabecular, or occasionally
pseudoglandular growth pattern, with dense tumor cell
populations and minimal desmoplastic stroma. By con-
trast, iCCA is characterized by ductular, papillary, or solid
architectural patterns embedded within a prominent fi-
brotic tumor stroma.”” While HCC is inherently invasive,
iCCA demonstrates a higher propensity for the develop-
ment of distant metastases. Notably, HCCs often respond
favorably to treatment with multikinase inhibitors, whereas
iCCAs tend to be resistant to these targeted therapies. Con-
versely, iCCAs are more sensitive to conventional cytotoxic
chemotherapy, whereas HCCs generally display chemo-
therapy resistance.®

Although iCCA is less common compared to HCC, its inci-
dence is rising globally, especially in regions with a high
prevalence of chronic liver conditions, including hepati-
tis C infection and cirrhosis."® " iCCA is associated with a
particularly poor prognosis, with reported five-year sur-
vival rates following curative resection ranging between
22-24%."4 The increasing occurrence of iCCA is attributed
to a combination of risk factors such as nonalcoholic fatty
liver disease, chronic viral hepatitis, and primary sclerosing
cholangitis.!'31!

Clinically, iCCA often presents with nonspecific symptoms,
and many cases are incidentally detected during imaging
performed for unrelated reasons. When present, symp-
toms may include unintentional weight loss, jaundice,
abdominal pain, and fever. However, the vague nature of
these symptoms frequently leads to delays in diagnosis.''”:
'®lmaging studies such as computed tomography (CT) and
magnetic resonance imaging (MRI) typically reveal a mass
with homogeneous low attenuation and irregular periph-
eral enhancement, occasionally accompanied by capsular
retraction and intrahepatic ductal dilatation.['> 2% Definitive
diagnosis usually requires histopathological confirmation
through biopsy or surgical specimen analysis.

Molecularly, HCC and iCCA are driven by distinct onco-
genic pathways and genetic alterations. HCC is frequently
associated with mutations in genes such as TP53, CTNNB1

(B-catenin), and AXIN1, which are involved in cell cycle
regulation, Wnt/B-catenin signaling, and genomic stabil-
ity.2" In contrast, iCCA often harbors alterations in genes
like IDH1/2, FGFR2, KRAS, and ARID1A, reflecting its origin
from biliary epithelial cells and its reliance on different tu-
morigenic mechanisms.?? These genetic discrepancies not
only contribute to the diverse histopathological features of
HCC and iCCA but also underpin their variable responses to
systemic therapies and prognostic outcomes. Understand-
ing these fundamental molecular distinctions is critical for
developing subtype-specific diagnostic, prognostic, and
therapeutic strategies.

Given the distinct biological behaviors, morphological
features, and clinical outcomes of HCC and iCCA, elucidat-
ing their underlying molecular differences has become in-
creasingly important. In this context, our study aimed to
perform a comprehensive transcriptomic analysis using
publicly available data, applying bioinformatics tools such
as differential gene expression analysis and gene ontology
enrichment analysis. Through these approaches, we sought
to identify key genes and biological pathways that differ-
entiate HCC from iCCA, thereby contributing to a deeper
understanding of the molecular mechanisms driving these
two primary liver cancer subtypes and highlighting poten-
tial targets for future diagnostic and therapeutic strategies.

Methods

Dataset

The transcriptomic profiling data utilized in this study were
obtained from the NCBI Gene Expression Omnibus (GEO)
database under the accession number GSE241466. This
publicly available dataset includes gene expression profiles
derived from tumor tissue samples collected from patients
diagnosed with HCC and iCCA. Specifically, the dataset
comprises samples from three HCC patients and five iCCA
patients. RNA sequencing was performed to capture the
comprehensive transcriptomic landscape of these primary
liver cancers. The high-throughput sequencing data were
processed and normalized to enable downstream differen-
tial expression and functional enrichment analyses.

RNA-Sequence Analysis (RNA-Seq)

RNA sequencing (RNA-seq) has become a transformative
technology in transcriptomics, offering a detailed and
quantitative assessment of all RNA species expressed with-
in a cell or tissue at a specific point in time. As a major ad-
vancement over traditional hybridization-based methods,
RNA-seq not only quantifies known transcripts with high
sensitivity and precision but also enables the discovery of
novel transcripts, alternative splice variants, and previously
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unidentified RNA molecules. This capacity makes RNA-seq
particularly valuable for investigating the complex regula-
tory networks governing gene expression under various
biological contexts.

A key advantage of RNA-seq is its exceptionally wide dy-
namic range, allowing for the accurate detection of tran-
scripts across a broad spectrum of expression levels. Addi-
tionally, RNA-seq is characterized by minimal background
noise and high signal specificity, thereby improving the
robustness and reproducibility of gene expression mea-
surements. The technology also supports the fine-scale
mapping of exon-intron boundaries and facilitates the
identification of genetic variations, such as single nucleo-
tide polymorphisms (SNPs) and small insertions or dele-
tions (indels), within expressed sequences. Due to its versa-
tility, precision, and depth of analysis, RNA-seq has become
a cornerstone technique in molecular biology research,
particularly in areas such as gene discovery, functional ge-
nomics, and the study of transcriptomic changes associ-
ated with disease processes.?* 24

Bioinformatics and Gene Expression Analysis

Bioinformatics is an interdisciplinary science dedicated to
the systematic collection, storage, management, analysis,
and visualization of biological and medical data. It employs
both theoretical frameworks and applied methodologies
across fields such as biology, medicine, behavioral scienc-
es, and public health. The primary goal of bioinformatics is
to develop and refine computational tools and strategies
that facilitate the effective utilization and interpretation of
experimental and observational data generated through
scientific research or established protocols. Analyses are
performed by selecting the most suitable databases and
computational technologies based on the biological prob-
lem, molecule, or structure of interest. The resulting inter-
pretations are cross-referenced with prior studies to ensure
scientific accuracy and contextual relevance.? 29!

Alterations in the physiological state of a cell or organism
are frequently accompanied by changes in gene expression
profiles, making gene expression analysis a cornerstone of
contemporary biological research. DNA microarray tech-
nology, despite ongoing advancements, remains a pivotal
technique for evaluating gene expression. This method
relies on the hybridization of mMRNA molecules to a dense
array of immobilized DNA probes, each corresponding to
a specific gene. It enables researchers to investigate how
gene expression patterns are modulated by various chemi-
cal agents, thereby providing insights into their biological
activities and potential toxicities. Furthermore, compara-
tive analysis of clinical samples from healthy individuals
and patients facilitates the discovery of novel biomarkers,
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which are crucial for improving early disease detection,
predicting clinical outcomes, and guiding the develop-
ment of targeted therapeutic strategies.’?”- %!

Bioinformatics Analysis Phase

In this study, bioinformatics analyses were conducted us-
ing a publicly available transcriptomic dataset to identify
genes and biological pathways potentially distinguishing
HCC from iCCA. The analyses were carried out utilizing the
limma package—an R-based statistical tool developed for
the analysis of gene expression data through linear model-
ing techniques.? Although originally designed for micro-
array studies, limma has been widely adapted for use with
RNA sequencing (RNA-seq) datasets through appropriate
normalization methods.

One of the key strengths of the limma approach is its ap-
plication of Empirical Bayes moderation, which improves
statistical power, particularly when analyzing datasets with
relatively small sample sizes. In the current analysis, the log2
fold change (log2FC) was calculated to measure the degree
of differential expression between HCC and iCCA groups.
Genes with a log2FC greater than 1 were considered signif-
icantly upregulated, whereas those with a log2FC less than
-1 were considered significantly downregulated.

To assess the overall distribution of gene expression values
across samples, box plots and density plots were generated.
These visualizations confirmed consistency across samples,
indicating reliable data quality suitable for downstream
analyses. Furthermore, Uniform Manifold Approximation
and Projection (UMAP) was employed to visualize sample
clustering based on transcriptomic profiles, effectively dis-
tinguishing HCC from iCCA groups and demonstrating the
intrinsic biological variability between the tumor types.

Differentially expressed genes were visualized through a
volcano plot, which allowed simultaneous interpretation of
the magnitude (log2FC) and statistical significance (-log10
p-value) of gene expression changes. In this plot, upregu-
lated genes are represented in red, downregulated genes
in blue, and non-significant genes in black, facilitating the
rapid identification of key molecular differences.

Subsequently, gene ontology enrichment analysis was per-
formed using the clusterProfiler package to identify overrep-
resented biological processes, molecular functions, and cel-
lular components among the differentially expressed genes.
Human gene annotations were sourced from the org.Hs.eg.
db database to ensure accurate gene-term mappings.

For visualization of enrichment results, multiple graphical
approaches were utilized, including dot plots, enrichment
maps (emapplots), gene-concept networks (cnetplots),
and gene set enrichment analysis (GSEA) plots, leveraging
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the capabilities of the enrichplot and DOSE packages. To
enhance aesthetic quality and interpretability, visualiza-
tions were further customized using ggplot2.

Gene set enrichment analysis was based on the ranked list
of genes according to log2FC values, with a stringent sta-
tistical threshold of p<0.05 applied to maintain the robust-
ness and biological relevance of the findings.

Collectively, these bioinformatics analyses revealed key
functional categories and biological pathways associated
with the distinct gene expression patterns observed be-
tween HCC and iCCA, offering new insights into their mo-
lecular pathogenesis.

Results

Figure 1 illustrates the UMAP (Uniform Manifold Approxi-
mation and Projection) plot, offering a visual representa-
tion of the clustering behavior and relationships among
the analyzed samples. As a powerful dimensionality reduc-
tion method, UMAP enables the identification of patterns
and distinctions within complex, high-dimensional gene
expression datasets. In this plot, samples with comparable
molecular features are observed to cluster closely together,
highlighting that the transcriptomic profiles of HCC and
iCCA are markedly distinct. Green dots represent HCC sam-
ples, while purple dots denote iCCA samples. The clear sep-
aration between these clusters suggests significant under-
lying biological differences between the two tumor types.
This visual segregation validates the appropriateness of
subsequent differential gene expression analyses. UMAP’s
ability to preserve both global and local data structuresin a
low-dimensional space proves invaluable for initial explor-

atory analyses, providing strong preliminary evidence of
transcriptomic divergence and supporting the biological
relevance of the dataset for further investigation.

Figure 2 shows the results of the differential gene expres-
sion analysis performed using Limma to compare HCC
and iCCA samples. An adjusted p-value threshold of Padj
<0.05 was applied to ensure the identification of statisti-
cally significant gene expression differences. Out of a total
of 17,637 genes analyzed, 1,248 genes were found to be
differentially expressed between HCC and iCCA. This sub-
stantial number of differentially expressed genes reflects
distinct molecular signatures characterizing each tumor
type. The identification of these genes provides important
insights into the divergent biological pathways and mech-
anisms underlying HCC and iCCA pathogenesis. These re-
sults form the basis for subsequent functional enrichment
analyses aimed at uncovering key biological processes and
potential biomarkers that differentiate these two forms of
primary liver cancer.

Figure 3 presents the volcano plot, offering a comprehen-
sive visualization of the genes that are significantly differ-
entially expressed between HCC and iCCA samples. This
plot is a standard tool in transcriptomic analyses, enabling
simultaneous evaluation of both the magnitude of gene
expression changes (log2 fold change) and their statistical
significance (p-value). In this representation, each dot cor-

GSE241466: DESeq2, Padj<0.05
//-/" \\\_\\»
HCC vs iCCA \

:’ 1248 |
Total: 17637

Figure 1. UMAP plot of the samples (Green Dots: HCC tissues, Purple
dots: iCCA tissues).

Figure 2. Differentially expressed genes between HCC and iCCA tis-
sues (Padj < 0.05).
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Figure 3. Volcano plot of genes in HCC and iCCA tissues. (Red dots
represent transcripts that increased, blue dots represent transcripts
that dropped, and black dots represent transcripts whose expression
level remained unchanged.)

responds to an individual gene, where the x-axis displays
the log2 fold change (log2FC), reflecting the degree of up-
regulation or downregulation, while the y-axis shows the
-log10(p-value), indicating the confidence level of the ob-
served changes. Genes that surpass the defined thresholds
(llog2FC| > 1.0 and Padj < 0.05) are visually emphasized,
facilitating the distinction of significantly upregulated and
downregulated genes between HCC and iCCA. This plot
provides critical insights into the molecular differences
driving the distinct biological behaviors of these two liv-
er cancer types and highlights candidate genes that may
serve as biomarkers or therapeutic targets for future inves-
tigations.

Figures 4, 5, and 6 summarize the gene ontology enrich-
ment analysis results for differentially expressed genes
identified in HCC and iCCA samples.

In Figure 4, a dot plotillustrates enriched biological processes
among activated and suppressed gene sets. The x-axis rep-
resents the GeneRatio (the ratio of input genes annotated
to a given gene ontology term), while dot size indicates the
number of associated genes. The color gradient corresponds
to the adjusted p-value (p.adjust), with red shades denoting
more significant enrichment. Within the activated gene set,
significant biological processes include cellular metabolic
pathways (such as organic acid catabolic process, amino acid
metabolism) and morphogenetic processes (such as cell
part morphogenesis and neuron projection development).
In contrast, the suppressed gene set is enriched in processes

Figure 4. Gene ontology enrichment analysis for HCC and iCCA tis-
sues groups.

Figure 5. Network map of semantic relationships between gene on-
tology terms.

Figure 6. Gene-Process Network.
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related to RNA regulation and tissue development, suggest-
ing the differential engagement of growth and differentia-
tion pathways between HCC and iCCA.

Figure 5 provides a network view of the enriched gene on-
tology terms, revealing the functional interrelations among
biological processes. Metabolic processes, particularly re-
lated to small molecule and organic acid catabolism, form
a densely interconnected cluster. Importantly, "neuron pro-
jection development” appears as an isolated yet significantly
enriched biological process, suggesting that neuronal-like
differentiation pathways may be uniquely activated in cer-
tain subgroups, potentially more prominently in iCCA.

Figure 6 extends the analysis by mapping specific differen-
tially expressed genes onto their corresponding biologi-
cal processes. In particular, genes such as NLGN1, ATP8A2,
EPHA®6, TPBG, and SEMA3E are associated with neuron pro-
jection development, indicating a potential involvement of
neural differentiation pathways. Meanwhile, olefinic com-
pound metabolism and hormone transport processes are
connected to genes such as AFP, CYP3A7, and RBP4, known
to play roles in liver-specific metabolic functions.

Overall, these findings highlight distinct biological path-
ways that differentiate HCC and iCCA, with a notable acti-
vation of neuronal development processes in iCCA-related
profiles. The enrichment of neuron projection-related
genes supports the hypothesis that iCCA may exploit neu-
ral-like cellular mechanisms during tumor progression,
potentially contributing to its distinct biological behavior
compared to HCC.

Discussion

Primary liver cancers, namely HCC and iCCA, represent bio-
logically and clinically distinct malignancies arising within
the liver. Although both entities originate from hepatic tis-
sue, they differ substantially in morphology, metastatic be-
havior, treatment response, and molecular pathogenesis.
HCC typically arises from hepatocytes and is frequently
associated with mutations in TP53, CTNNB1, and AXIN1,
involving pathways related to cell cycle regulation and
Wnt/B-catenin signaling.*® 3" In contrast, iCCA is believed
to originate from biliary epithelial cells and harbors muta-
tions in IDH1/2, FGFR2, KRAS, and ARID1A, reflecting alter-
native oncogenic mechanisms.*2 These genetic differences
underpin the histopathological diversity and therapeutic
challenges observed between HCC and iCCA.

In our study, we performed a comprehensive transcriptom-
ic analysis to explore the molecular divergences between
HCC and iCCA, employing differential gene expression and
gene ontology enrichment analyses to uncover key biolog-
ical pathways involved in their pathogenesis.

The functional enrichment analysis of differentially ex-
pressed genes revealed profound biological differences,
particularly involving metabolic reprogramming, morpho-
genesis, and neuronal-like differentiation.

a. Metabolic Reprogramming and Tumor Adaptation

As illustrated in the enrichment analysis (Fig. 4), genes ac-
tivated in both HCC and iCCA are significantly enriched
in metabolic processes, including organic acid catabolic
process, carboxylic acid metabolism, and small molecule
catabolism. These findings highlight a shared but critical
adaptation mechanism, where tumors rewire their me-
tabolism to thrive under nutrient-deprived and oxidative
stress conditions. The prominent enrichment of amino acid
metabolism, particularly cellular amino acid metabolic pro-
cesses, reflects the reliance of these cancers on alternative
metabolic substrates to sustain rapid proliferation.

In contrast, suppression of RNA metabolic processes and
tissue development pathways suggests a profound dysreg-
ulation of liver and biliary homeostasis, emphasizing the
dedifferentiated and aggressive nature of these tumors.

b. Neuron Projection Development: A Distinctive
FeatureiniCCA

A striking finding was the significant enrichment of neuron
projection development pathways, predominantly in iCCA-
related gene expression profiles (Figs. 4, 5, and 6). Network
analysis demonstrated that neuron projection develop-
ment forms a separate cluster from the major metabolic
pathways. Genes such as NLGN1, ATP8A2, EPHA6, TPBG,
and SEMA3E—classically associated with axonal growth
and neural communication—were highly represented in
this pathway.

This suggests that iCCA tumors may adopt neural-like sig-
naling programs to promote invasion, migration, and cel-
lular plasticity. Such neural features are clinically relevant,
as perineural invasion is frequently observed in iCCA and
is associated with poor prognosis. This neuronal program
may thus be a key contributor to the distinct metastatic be-
havior observed in iCCA compared to HCC.

c. Morphogenesis and Extracellular Remodeling

Beyond metabolic adaptation, both tumor types showed
enrichment in pathways related to tissue morphogenesis,
cell projection organization, and epithelial morphogenesis
(Figs. 4 and 5).

Genes involved in extracellular matrix remodeling and ad-
hesion processes, including LAMC2, TRIM46, and EFNB3,
were differentially expressed, suggesting active reorgani-
zation of the tumor microenvironment.
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This biological remodeling is mirrored histologically: HCC
often demonstrates trabecular or pseudoglandular growth
patterns with minimal stroma, whereas iCCA typically exhib-
its glandular structures embedded in dense desmoplastic
stroma. The molecular activation of morphogenetic path-
ways likely underlies these distinct histological patterns.

d. Clinical Implications and Future Directions

These transcriptomic and functional insights underscore
the biological divergence between HCC and iCCA. While
metabolic rewiring appears as a shared survival strategy, the
distinct activation of neuronal projection pathways in iCCA
opens promising avenues for future therapeutic strategies
targeting neural-like signaling and perineural invasion.

Moreover, the emphasis on extracellular matrix remodeling
suggests that anti-fibrotic therapies or treatments target-
ing stromal components could potentially enhance the ef-
ficacy of conventional therapies, particularly in iCCA, where
desmoplasia presents a significant barrier to drug delivery.

In conclusion, our integrative analysis highlights the com-
plex interplay between metabolic adaptation, cellular plas-
ticity, and extracellular matrix dynamics in primary liver
cancers. Understanding these distinct biological processes
provides a framework for the development of subtype-
specific diagnostic markers and therapeutic interventions,
ultimately contributing to more personalized and effective
management strategies for HCC and iCCA.

This study provides a comprehensive comparative analysis
of HCC and iCCA at the transcriptomic level, revealing pro-
found molecular divergences that underpin their distinct
biological behaviors. Through differential gene expres-
sion and functional enrichment analyses, we identified key
pathways differentiating the two tumor types, notably in
metabolic reprogramming, extracellular matrix organiza-
tion, and neuron projection development.

Understanding these distinct molecular signatures not
only enhances our knowledge of liver cancer biology but
also underscores the necessity for subtype-specific diag-
nostic and therapeutic approaches. Future research focus-
ing on the targeting of metabolic pathways, stromal inter-
actions, and neuron-like invasive mechanisms may offer
novel strategies for improving outcomes in patients with
primary liver cancers.
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Abstract

HIV-infected individuals may develop co-infection and liver failure due to hepatitis viruses sharing similar transmission routes.
While HIV infection was considered a contraindication for liver transplantation in the past, liver transplantation can be performed
in these patients today as a result of the progress made in antiretroviral therapies. In this article, we described the liver transplanta-
tion procedure we performed on a patient infected with HIV and Hepatitis B virus and on antiretroviral therapy. Post-transplant
follow-up and treatment of these patients should be performed carefully and meticulously by a multidisciplinary team.
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Before the advent of combined highly active antiretrovi-
ral therapy (cART), a positive HIV serological status was
considered an absolute contraindication for solid organ
transplantation.? However, the introduction of cART in
1996 significantly improved the life expectancy of HIV-pos-
itive individuals, subsequently increasing the prevalence of
end-stage liver disease in this population.? In HIV-infected
individuals, liver failure has become a common cause of
death, particularly due to coinfection with hepatitis viruses
(e.g., hepatitis B and C), which share similar transmission
routes with HIV.®! This has made liver transplantation (LT)
an increasingly viable and necessary treatment option
for HIV-positive patients. Today, LT in patients with HIV
and hepatitis B coinfection can yield successful outcomes

when approached with careful patient selection and a mul-
tidisciplinary strategy. This case report aims to shed light
on the transplant process of a patient coinfected with HIV
and hepatitis B, focusing on post-transplant management,
challenges, and prognosis.

Case Report

Several precautions and preparatory steps were taken be-
fore and during the operation. A meticulous plan was im-
plemented to minimize the risk of HIV transmission and to
ensure safety throughout the procedure. The surgical team
was thoroughly informed about HIV transmission routes
and preventive measures, with special attention paid to
avoiding contact with blood and body fluids. All surgeons
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and healthcare staff used double-layer sterile gloves, flu-
id-resistant gowns, protective eyewear (face shields or
goggles), and masks. Special caution was taken while han-
dling sharp instruments such as scalpels and needles, with
disposable tools being preferred. The surgical field and all
instruments were appropriately sterilized before and after
the procedure. To reduce the risk of blood contamination,
“hands-free” techniques were employed (e.g., avoiding di-
rect hand-to-hand instrument exchange between the sur-
geon and assistant/nurse).

The case presented involves a 50-year-old male patient,
164 cm in height and weighing 104 kg, referred from an-
other center due to the need for LT. The patient had no his-
tory or current signs of encephalopathy, ascites, or esoph-
ageal variceal bleeding. Abnormal laboratory findings
included: hemoglobin: 9.7 g/dL; platelets: 212,000; INR: 1.6;
creatinine: 1.4 mg/dL; albumin: 2.1 g/dL; total bilirubin: 5.9
mg/dL; alkaline phosphatase: 253 U/L; sodium: 131 mEq/L.
MELD-Na score was 26. Tumor markers were within normal
limits. ELISA results showed HBsAg: 1107 S/Co, Anti-HBc To-
tal was positive, Anti-HBs was negative, Anti-HIV 263.5 S/
Co, and HIV RNA was negative. The patient reported that
he had been receiving regular antiretroviral therapy for HIV
for 8 years.

After taking all necessary protective measures to prevent
HIV transmission, a right lobe graft from an unrelated do-
nor (approved by an independent ethics committee) was
transplanted. The native liver appeared atrophic and nodu-
lar. The postoperative course of the patient was uneventful.
Immunosuppressive treatment was based on tacrolimus
and corticosteroids.

During the operation, a needle-stick injury occurred involv-
ing the second surgeon and a nurse. For these individuals,
post-exposure prophylaxis was initiated immediately after
low-to-moderate risk contact, with a one-month course
of oral Emtricitabine (FTC) 200 mg + Tenofovir disoproxil
fumarate 300 mg + Dolutegravir 50 mg. Anti-HIV tests re-
peated at the 6th week and 3rd month for both individuals
were negative.

Discussion

Significant advances in liver transplantation (LT) for HIV-
positive individuals have transformed what was once
deemed a contraindication into a viable and increasingly
successful therapeutic option. Recent studies demonstrate
that LT outcomes in patients coinfected with HIV and hepa-
titis B virus (HBV) are comparable to those in HBV-monoin-
fected recipients, provided that perioperative and long-
term management strategies are executed with precision.
@ In contrast, outcomes for those with HCV coinfection
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remain lower, although recent advances in HCV treatment
offer promising improvements.!

A major challenge in such cases lies in the management of
immunosuppressive therapy. Immunosuppressive therapy,
essential to prevent organ rejection, increases the risk of
opportunistic infections in HIV-positive patients due to im-
mune suppression.® HIV-infected recipients are inherently
immunocompromised, and the added burden of post-
transplant immunosuppression requires a delicate balance
between preventing graft rejection and minimizing the risk
of opportunistic infections and HIV progression. Another
critical issue is the potential interactions between immu-
nosuppressive therapy and antiretroviral treatment. Immu-
nosuppressive drugs may interact with antiretroviral medi-
cations, which can alter the response to treatment, increase
drug toxicity, or reduce therapeutic effectiveness.” Calci-
neurin inhibitors—particularly tacrolimus—are commonly
employed and generally well tolerated. However, when
used concomitantly with antiretroviral therapy (ART), close
monitoring becomes imperative. Notably, drug-drug inter-
actions between immunosuppressants (e.g., tacrolimus,
cyclosporine) and ART agents—especially protease inhibi-
tors and certain integrase inhibitors—are mediated by cy-
tochrome P450 enzymes, primarily CYP3A4. If unmanaged,
these interactions can result in either toxic drug levels or
subtherapeutic immunosuppression.

In our case, a post-transplant regimen of tacrolimus and
corticosteroids was administered, alongside a stable ART
combination of tenofovir, emtricitabine, and dolutegravir.
This approach effectively mitigated interaction risks while
maintaining immunological stability and viral suppression.
Critically, the patient’s HIV RNA remained undetectable—a
prerequisite for transplantation according to current guide-
lines, which also recommend a CD4+ count above 100-200
cells/mm? for eligibility.©”

In the context of HBV coinfection, lifelong antiviral prophy-
laxis is essential to prevent viral reactivation. Although our
patient had elevated HBsAg and undetectable HBY DNA
at the time of transplant, a tenofovir-based regimen was
continued. The use of hepatitis B immune globulin (HBIG)
remains optional in patients receiving potent antiviral ther-
apy but may be considered in high-risk scenarios. Routine
post-transplant HBV DNA monitoring is recommended,
particularly in recipients receiving immunosuppressive
agents known to promote HBV replication.

An additional concern is occupational exposure during
surgery. Despite strict adherence to safety protocols, acci-
dental needle-stick injuries occurred in our case. Immedi-
ate initiation of post-exposure prophylaxis (PEP) and struc-
tured follow-up prevented seroconversion, underscoring
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the importance of institutional preparedness and continu-
ous training for healthcare personnel involved in transplant
procedures involving HIV-positive patients.

Ultimately, the successful management of such complex
cases hinges on a multidisciplinary approach. Effective col-
laboration among hepatologists, infectious disease special-
ists, transplant surgeons, clinical pharmacists, and nursing
staff is vital to navigate therapeutic complexities, minimize
complications, and ensure favorable long-term outcomes.

Conclusion

In conclusion, liver transplantation is a viable and effec-
tive option for patients coinfected with HIV and hepatitis B,
provided that HIV is well-controlled and a multidisciplinary
approach is adopted. Careful coordination between trans-
plant and infectious disease teams, along with vigilant
post-transplant monitoring, is essential for success.

Key take-home points:

« LTis feasible in HIV-HBV coinfected patients with unde-
tectable HIV viral load and adequate CD4+ count.

« Drug interactions between ART and immunosuppres-
sants require close monitoring.

« Lifelong HBV prophylaxis and adherence to ART are
critical.

« Multidisciplinary care improves long-term outcomes
and reduces complications.
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