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Aim and Scope
Aim

The Journal of Inonu Liver Transplantation Institute is a peer-reviewed open-access e-only publication in the field of liver transplantation publishing
research articles on clinical, experimental liver transplantation, combined liver and other organ transplantation, and liver diseases. The journal
welcomes original research articles, reviews, meta-analyses, case reports, and letters.

Overview

Journal of Inonu Liver Transplant Institute has been founded and established by Inonu Liver Transplant Institute in order to form a source of high-quality
research in diseases and therapy of the liver and biliary tract. Both clinicians and basic science researchers are the target population of our journal.
Scope

Hepatobiliary disorders are a complex spectrum of diseases, usually requiring a multi-disciplinary approach that involves interventional radiologists,
hepatologists, oncologists, hepatobiliary-transplant surgeons and translational researchers. The Journal of Inonu Liver Transplant Institute (JILTI) is
internationally peer reviewed and provides a source for articles on prevention, diagnosis and cutting-edge therapy of hepatobiliary diseases and
cancers which also includes liver transplantation, complex hepatobiliary surgical procedures, medical and immune therapies. In accordance with our
aims, basic and translational research as applied to these diseases have utmost importance for our journal.

Keywords: Hepatobiliary diseases and cancers, liver surgery, liver transplantation, advanced therapy of hepatobiliary diseases, basic and translational
research on hepatobiliary diseases.
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Ethical Responsibilities and Policies

Fee - Charges

The Journal of Inonu Liver Transplantation Institute (The Journal) assesses NO submission fee, pub-
lication fee (article processing charges - APC), or page charges.

Publication Ethics

The Journal applies standards throughout the publication process to further our goal of sharing high-
quality, objective, reliable, and useful information. We implement these processes to ensure appropriate
support for our authors and their institutions, as well as our readers. It is crucial that all of the stake-
holders in the process (authors, readers and researchers, publishers, reviewers, and editors) comply
with ethical principles.

The Journal is an open access publication and follows the guidelines and policies published by the Com-
mittee on Publication Ethics (COPE) (https://publicationethics.org). We expect all participants to ob-
serve the ethical responsibilities presented below.

Author’s Responsibilities

¢ Studies submitted for publication must be original works of the author. References to other stud-
ies must be cited and/or quoted completely and accurately;

N Only those who provide a substantial intellectual contribution to the content of the work may
be cited as an author. Other contributors may be recognized with acknowledgements at the
conclusion of the article;

«  Competing interests or relationships that may constitute a conflict of interest must be declared
and explained in all studies submitted for publication;

. Authors must be able to provide documentation showing that they have the right to use the data
analyzed, the necessary permissions related to the research, and any appropriate consent;

. Raw data used in the article must be available and may be requested from the author(s) within the
framework of the evaluation process;

. In the event the author(s) notice an error at any point in the publication process or after publica-
tion, they have the obligation to inform the journal editor or publisher and cooperate in appro-
priate corrective action;

*  Authors may not submit their article for publication to more than one journal simultaneously. Each
application must be initiated following the completion of any previous effort. The Journal will not
accept previously published articles;

. Changes in authorship designation (such as adding authors, changing the printed order of the
authors, removing an author) once the evaluation process has begun will not be accepted in order
to protect all parties involved.

Editor’s Role and Responsibilities
General Duties

The editor is responsible for everything published in the journal. In the context of this responsibility,
editors have the following duties and obligations:

. Endeavor to meet the needs of readers and authors;

*  Maintain continuous development to improve the quality of the journal;

«  Consistently work to ensure quality;

*  Support freedom of thought;

. Ensure academic integrity;

. Prevent business needs from compromising intellectual and ethical standards;

. Demonstrate clarity and transparency with any necessary corrections or explanations.

Reader Relationship

The editor is to make publication decisions based on expectations of suitable and desirable material.
Studies accepted for publication must be original contributions that benefit the reader, researcher, prac-
titioner, and the literature. In addition, editors are obliged to take into account feedback from readers,
researchers, and practitioners, and to provide an informative response. Readers will also be informed of
any funding provided to support published research.

Author Relationship

. The decision to accept an article is to be based on the importance, original value, validity, and
clarity of expression of the work, and the goals and objectives of the journal;

*  Studies accepted for evaluation and publication will not be withdrawn unless serious problems
are identified;

¢ The editor will not disregard positive reviewer comments unless there is a serious problem with
the study;

. New editors will not change publishing decisions made by previous editor(s) unless there is a
serious problem;

¢ Adescription of the submission and evaluation process is publicly available;

¢ Authors are provided with descriptive and informative feedback.

Reviewer Relationship

Reviewers are to be selected according to the subject of the study;

Information and guidance for the evaluation phase is provided;

Any conflicts of interest between authors and reviewers will be disclosed and managed appropriately;
Reviewer identity is to be kept confidential to preserve a blind review process;

Reviewers are to evaluate the study using unbiased, scientific, and constructive comments. Unkind or
unscientific commentary will not be permitted;

Reviewers will be evaluated using criteria such as timely response and quality of observations;

The pool of reviewers is to be assessed and supplemented regularly to ensure a broad scope of ex-
pertise.
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Editorial Board Relationship

The editor works with the members of the editorial board to ensure that they are familiar with journal

policies and developments in regular meetings and announcements, and will provide training for new

members and assistance to board members during their tenure in their role as a supporter of the journal.

. Editorial board members must be qualified and able to contribute to the journal;

. Members of the editorial board must evaluate studies impartially and independently;

«  Editorial board members with the appropriate expertise will be given the opportunity to evaluate
suitable articles;

¢ The editor will maintain regular contact with the editorial board and hold regular meetings regard-
ing the development of editorial policies and other aspects of journal management.

Relations with the Owner of the Journal and the Publisher

The relationship between the editors and the publisher/journal owner is based on the principle of
editorial independence and stipulated by contract.

Editorial and Blind Review Processes

The editor will apply the publicly defined publication policies created and enforced to ensure a timely
and impartial evaluation process for all submissions.

Quality Assurance

The editor is responsible for confirming that the The Journal publishing policies and standards are
upheld for all articles.

Protection of Personal Data

The editor is obliged to ensure the protection of personal data related to subjects or images included in
published work. Explicit documented consent of the individuals referenced in the research is required
before the study will be accepted. The editors is also responsible for protecting the individual data of
authors, reviewers, and readers.

Ethics Committee, Human and Animal Rights

The editor is required to ensure that human and animal rights were protected in the studies submitted
for publication.

Measures Against Potential Misconduct

The editor must take action against any allegations of possible misconduct. In addition to conducting
a rigorous and objective investigation of complaints, the editor is expected to share the findings and
conclusions.

Maintaining Academic Publication Integrity

The editor is expected to ensure that any errors, inconsistencies, or misleading statements are cor-
rected quickly and appropriately acknowledged.

Protection of Intellectual Property Rights

The editor is obliged to protect intellectual property and to defend the rights of the journal and au-
thor(s). In addition, the editor is to take the necessary measures to prevent any violation of the intellec-
tual property rights of others in journal publications.

Creativity and Openness

. Constructive criticism is to be encouraged;
«  Authors will be given the opportunity to reply to criticism;
*  Negative results will not be a reason for submission denial

Complaints

Editors are to respond to all complaints in a timely and comprehensive manner.

Political and Commercial Concerns

Political or commercial factors will not affect editorial decisions.

Conflicts of Interest

The editor is required to ensure that any conflicts of interest between authors, reviewers, or other
editors are disclosed and managed appropriately to provide an independent and impartial process.

Reviewer’s Ethical Responsibilities

Peer review of research embodies the scientific method, subjecting the work to the rigorous scrutiny of

knowledgeable colleagues. The rigor of the review process directly affects the quality of the literature; it

provides confidence in an objective and independent evaluation of the published work. The Journal uses

a double-blind review process. All comments and the evaluation are transmitted through the journal

management system. Reviewers should:

¢ Only agree to evaluate studies related to their specialty;

¢ Return reviews within the designated timeframe;

. Evaluate with impartiality. Nationality, gender, religious beliefs, political beliefs, commercial con-
cerns, or other considerations must not influence the evaluation;

*  Refuse to review any work with a potential conflict of interest and inform the journal editor;

*  Maintain confidentiality of all information. Only the final published version may be used for any
purpose;

. Use thoughtful and constructive language. Hostile or derogatory comments are not acceptable;

*  Report any potentially unethical behavior or content to kare@karepb.com via e-mail.
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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.

All of those designated as authors should meet all four criteria for authorship, and all who meet the four
criteria should be identified as authors. Those who do not meet all four criteria should be acknowledged
on the title page of the manuscript.

The Journal requires that corresponding authors submit a signed and scanned version of the authorship
contribution form (available for download through 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//wwwi.icmje.org/icmje-recommendations.pdf). Authors are required to prepare manuscripts
in accordance with the Consolidated Standards of Reporting Trials (CONSORT) guidelines for ran-
domized 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, and the Transparent Reporting of Evaluations with Non-randomised De-
signs (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

Orriginal 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 150 words and
the report must include the subheadings of introduction, case report, and discussion, which includes a
conclusion. A case report is limited to 1300 words and |5 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: This type of manuscript discusses important observations, overlooked aspects,
or details lacking in a previously published article. Noteworthy articles on subjects within the scope of
the journal, particularly educative cases, may also be submitted in the form of a “Letter to the editor”
No abstract, keywords, tables, figures, images, or other media should be included. The article that is the
subject of commentary must be properly cited within the manuscript. The text should be unstructured
and is limited to 500 words. No more than 5 references will be accepted.

Table |. Limitations for each manuscript type.

Type of manuscript Wordlimit ~ Abstract word limit ~ Referencelimit ~ Table limit ~ Figure limit
Orriginal Article 3500 350 (Structured) 40 6 6
Review Article 5000 350 50 6 10
Meta analysis 5000 350 50 6 10
Caser Report 1500 200 20 No tables 5
Letter to the Editor 1000 No abstract 10 No tables |

Title page: A separate title page should be submitted with all submissions and this page should include:
The full title of the manuscript as well as a short title (running head) of no more than 50 characters
Name, affiliation, ORCID ID number, and highest academic degree of the author(s)

Funding and other material support

Name, address, phone number(s), fax number, and email address of the corresponding author
Acknowledgment of the individuals who contributed to the preparation of the manuscript but who do
not fulfill the authorship criteria

Manuscripts that have been presented orally or as a poster should include the name, date and place
of the event

Abstract: An English-language abstract is required with all submissions except editorial comments, im-
ages, and letters to the editor. Systematic reviews and original articles should contain a structured
abstract of maximum 250 words with the subheadings of objective, methods, results, and conclusion.
Keywords: Each submission must be accompanied by a minimum of three and a maximum of six key-
words for subject indexing included at the end of the abstract. The keywords should be listed in full
without abbreviations. The keywords should be selected from the National Library of Medicine, Medi-
cal Subject Headings database (https://www.nlm.nih.gov/mesh/MBrowser.html).

Tables: Tables should be uploaded as separate files and not embedded in the main text. They should be
numbered consecutively in the order they are referred to within the main text. A descriptive title must be
placed above the tables. Abbreviations used in the tables should be defined below the table with footnotes,
even if they are defined within the main text. Tables should be created using the “insert table” command of
the word processing software and they should be designed for easy reading. Data presented in tables should
not be a repetition of the data presented within the main text but should support the main text.

Figures and figure legends: Figures, graphics, and photographs should be submitted as separate files
in TIFF or JPEG format through the article submission system. The files should not be embedded in a
Word document or the main document. When there are figure subunits, the subunits should not be
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merged to form a single image. Each subunit should be submitted separately through the submission
system. Images should not be labeled (a, b, ¢, etc.) to indicate figure subunits. Thick and thin arrows,
arrowheads, stars, asterisks, and similar marks can be used on the images to support figure legend. Like
the rest of the submission, the figures should be blind. Any information within the images that may
identify an individual or institution should be blinded. The minimum resolution of each submitted figure
should be 300 DPI. To prevent delays in the evaluation process, all submitted figures should be clear in
resolution and large in size (minimum dimensions: 100x |00 mm). Figure legends should be listed at the
end of the main document.

All 'acronyms and abbreviations used in the manuscript should be defined at first use, both in the ab-
stract and in the main text. The abbreviation should be provided in parentheses following the definition.
Units should be prepared in accordance with the International System of Units (SI). When a drug,
device, hardware, or software program, or other product is mentioned within the main text, the name
of the product, the manufacturer/copyright holder of the product (not simply the vendor), and city and
the country of the company (including the state, if in USA), should be provided in parentheses in the
following format: “Discovery St PET/CT scanner (General Electric Co.,, Boston, MA, USA)"

All references, tables, and figures should be referred to within the main text, and they should be num-
bered consecutively in the order they are referred to within the main text.

Limitations, drawbacks, and shortcomings of original articles should be mentioned in the Discussion
section before the conclusion paragraph.

References: The editorial team may request that the authors cite related recently published articles
(preferably within the last |0 years) in their manuscripts, with the exception of historical papers.

If an ahead-of-print publication is cited, the digital object identifier (DOI) number should be provided.
Authors are responsible for the accuracy of references. Journal titles should be abbreviated in accor-
dance with the journal abbreviations in the Index Medicus /MEDLINE/ PubMed. When there are six
or fewer authors, all authors should be listed. If there are seven or more authors, the first six should
be listed followed by “et al." In the main text of the manuscript, references should be cited using Arabic
numerals in parentheses. The reference styles for different types of publications are presented in the
following examples.

Journal article: van Erk MD, Dam-Vervioet A, de Boer FA, Boomsma MF, van Straaten H, Bosschaart
N. How skin anatomy influences transcutaneous bilirubin determinations: an in vitro evaluation. Pediatr
Res 2019;86:471-7.

Epub ahead-of-print article: Cai L, Yeh BM, Westphalen AC, Roberts JP, Wang ZJ. Adult living donor
liver imaging. Diagn Interv Radiol 2016 Feb 24. doi: 10.5152/dir2016.15323. [Epub ahead-of-print].
Manuscript published in electronic format: Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis (serial online) 1995 Jan-Mar (cited 1996 June 5): I(1): (24 screens). Available from
URL: http:/ www.cdc.gov/ncidodIEID/cid.htm.

Book section: Suh KN, Keystone |S. Malaria and babesiosis. Gorbach SL, Barlett |G, Blacklow NR, edi-
tors. Infectious Diseases. Philadelphia: Lippincott Williams; 2004.p.2290-308.

Books with a single author: Sweetman SC. Martindale the Complete Drug Reference. 34th ed. Lon-
don: Pharmaceutical Press; 2005.
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Tsukaba University was founded in Tsukaba village, lo-
cated at the foot of Tsukaba Mountain, 45 miles from
Tokyo. As can be understood, the university and the village
took their name from this mountain. Tsukaba Mountain is
one of the most famous mountains in Japan. Since the sur-
face color of the mountain turns purple in the morning and
evening sun, the mountain was considered a sacred moun-
tain and was called purple mountain. It is especially known
for its twin peaks and is a place of spiritual worship. The two
peaks are said to represent male and female deities. They
are worshiped as husband and wife and couples visit here
to pray for marriage and happiness.” Along with Mount
Fuji, Mount Tsukaba is one of the famous mountains of Ja-
pan. According to folk legend, a god named Mioyano-Miko-
to once asked these two mountains for a place to spend the
night. Due to its size and grandeur, the proud Mount Fuiji
rejected this request. However, when the god approached
the Tsukaba mountain, he was welcomed with warm hos-
pitality. Since then, Mount Tsukaba has been blessed with
rich vegetation, while Mount Fuji has remained a cold and
arid mountain.?

While Tsukaba University was only in its second decade, it
contained 10-15% of all scientists in Japan. Because in ad-
dition to more than 40 government institutes, about 100

private institutes were located on this university campus
and were working with major corporations. Starzl men-
tions that Tsukaba village was a large farmland during his
visit in 1977, but during his visit a decade later, he says that
he saw that it was one of the fastest growing cities in Japan
and even an intellectual hotbed.”

The chairman of the Department of Surgery at Tsukaba
Medical Faculty in 1975 was Yoji Iwasaki, the founder of
this department. While Iwasaki was a transplant fellow at
the University of Colorado, he worked on anti-lymphocyte
globulin, an important discovery in the field of transplanta-
tion, in 1964 and 1965.1 In 1986, in addition to being chair
of surgery, Iwasaki was appointed chair of the Institute of
Clinical Medicine. Yoji was responsible for training in all
clinical medical fields.

In the spring of 1986, there was news of a drug called
FK900506 cod, discovered by scientists at an institute es-
tablished by Fujisawa Pharmaceutical Corporation on the
Tsukaba University campus. The aim of these scientists was
to investigate natural substances in soil for their antican-
cer and antirejection features. The research was related to
a fungus, which is a type of microorganism. It was found
in the soil at the foot of Tsukaba Mountain, near Iwasaki's
office. The substance produced from the fungus prevented
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immune reactions in their test system. The substance has
not yet been described in the scientific literature and has
not been examined outside of Fujisawa Laboratories. Stud-
ies on this substance had not attracted much attention un-
til Starzl went to a meeting of the biannual Transplantation
Society in Helsinki in August 1986. In one of the small ses-
sions, which was attended by 40-50 people at most, a Japa-
nese surgeon named Takenori Ochiai from Chiba University
would present a study with the mysterious code number
FK900506 in its title. In a nearby amphitheater, which was
filled with congress participants, cyclosporine treatment in
kidney transplantation were being discussed. At this ma-
jor meeting, the wonderful qualities of cyclosporine were
praised, but the limitations associated with immunosup-
pression were noted. The most serious side effect, well
known since 1980, was that while cyclosporine protected
the kidney from rejection after kidney transplantation, it
also damaged the kidney. The same kidney damage was
also reported in liver and heart graft recipients. Additional-
ly, high doses of cyclosporine caused high blood pressure,
hirsutism, gingival hyperplasia and tremor. When the cy-
closporine dose was reduced, the side effects disappeared,
but the risk of rejection increased.

Roy Calne from Cambridge, along with Starzl, was one of
those waiting for Ochiai's presentation. A Japanese surgeon
named Satoru Todo was sitting next to Starzl. Starzl states
that he met Todo in October 1980 in Fukuoka, a city on Ky-
ushu Island at the southern tip of Japan. Kyushu was It was
Todo's hometown and the city where the university where
he received his surgical training was located. Todo was a
33-year-old surgeon who was extremely open to improve-
ment and desired it. He was determined to get a master's
degree in liver transplantation, an operation he only knew
about from books and journals. This operation had not been
performed in Japan until then. Brain death was not accepted
in Japan and would not be accepted for many years, so ca-
daver liver donors were out of the question. He decided to
come to Colorado to pursue his dreams, but he was unaware
that the program would be moving to Pittsburgh. There was
no position available for him in Pittsburgh, but he eventu-
ally landed a job in Pittsburgh in January 1984 and was will-
ing to work without a salary for the first 12 months. He was
ready to learn and perfect liver transplantation in dogs and
rats, which allowed efficient testing of new drugs every day
for 2.5 years. He also assisted more experienced transplant
surgeons in the operating room almost every night. Ochiai
began his speech with a summary of the properties and
mechanisms of action of FR900506. He also reported results
on heart transplantation in a small number of rats. Rejec-
tion was prevented, with remarkable reliability and safety.
BI Later during the discussion, Calne said he had tested the
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drug supplied to him by Fison Corporation, a British phar-
maceutical company that obtained the drug through a trade
agreement with Fujisawa. Calne was concerned about the
drug's toxicity and the severe vomiting it caused, especially
in dogs.™ Over the following months, Calne became more
convinced of the drug's shortcomings. However, according
to Starzl, FR900506 was 100 times more potent than cyclo-
sporin and seemed too promising not to abandon this drug.
This was the beginning of a debate that would last for more
than 3 years.

A trade agreement between Fujisawa and Fison prevented
Starzl from supplying FR900506 for testing through normal
channels. Thereupon, Starzl and Todo went from Pittsburgh
to Japan and met with Fujisawa executives in Nagoya and
discussed their laboratory research plans. In response to
this meeting, FR900506 development executive director
Hiroshi Imanaka flew to London for a meeting with Fison
officials. During this trip to Japan, a celebration called Kan-
reki was held to mark Starzl's 60th birthday. Reaching age
60 is ignored in most American Institutes, but reaching this
age is a major traditional event in Japan. A belated Kan-
reki ceremony was held, organized by approximately 100
former Japanese students, Shun Iwatsuki and Hiro Takagi
(Head of the Department of Surgery at Nagoya University).
In Japan, it is traditionally believed that after the age of 60,
people's burden decreases and a new life begins. The tim-
ing of this ceremony was apt for Starzl, as the physical and
emotional toll of the past decade had taken its toll on him.
Fatigue always accompanied him. Maybe it would be bet-
ter for him not to get the medicine and start a new discus-
sion. Starzl and Todo waited in Japan for the outcome of
the Fujisawa negotiations in London. During this time, they
traveled from Nagoya to Tokyo and then south to Fukuoka,
where Todo's house was located. A week later Dr. Imanaka
returned from England and reported the outcome of the
talks with Fison executives in the lobby of a hotel in Fukuo-
ka.Translation was extremely slow, Todo was translating. In
the end, Starzl was given a very small amount of FR900506,
enough to fill the bottom of a small thimble. Adriana Zeevi
and other cellular immunologists in Pittsburgh were able
to test this extremely small amount of the drug. Within 1
month, more drugs arrived for testing. Thousands of trans-
plantation experiments have been done on rats, dogs,
monkeys and baboons. A research conference was held
every Monday night. Initially, 8-10 people attended these
meetings. At the end of 1986, the conference hall was not
large enough for the crowd exceeding 100 people. Every-
one was waiting with great curiosity for the weekly reports
on tissue culture experiments. A pediatric surgeon named
Nariko Murase was the subject of these meetings, where
liver transplants on rats or the results of dog experiments
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performed by Todo were the subject of these meetings.
The excitement was increasing with each new information.
FR900506 was more potent than cyclosporine and did not
appear to be very toxic.

The findings in Calne's experiments in the British labora-
tory that FR900506 was intolerably toxic not only in dogs
but also in mice and baboons reduced optimism for this
drug. Reports describing these experiments were present-
ed to the congress organizing committee for the ESOT June
1987 meeting to be held in Gothenburg, Sweden. Fearing
that the presented abstracts would kill promising devel-
opments regarding this drug, Starzl arranged, through
transplant surgeons Carl Groth (Stockholm), Hans Brynger
(Gothenburg) and Walter Land (Munich), an afternoon sym-
posium the day before the official congress, where all avail-
able information on FR900506 could be exchanged. No
article about the drug has been published yet. Essentially
all research took place in 4 centers: Fujisawa laboratories
(Tsukaba and Osaka), Chiba University (Tokyo), University
of Cambridge (England) and University of Pittsburgh. The
Gothenburg symposium was published in a separate vol-
ume in Transplantation Procedings.”? Anyone reading the
papers, especially someone in the audience at the Gothen-
burg conference, might have wondered whether different
researchers were discussing the same drug. Reports from
Cambridge were bleak. Those from Pittsburg were optimis-
tic, and those from Chiba were abstaining. The funeral cer-
emonies of controversial drugs are well known. If this was
the fate of this drug, it would be easy to read its tombstone
because the name of FR900506 was shortened to FK506.

Before the Gothenburg symposium, the work done in
Pittsburgh laboratories was presented by six members of
the team to a smaller, more critical group, scientists from
the FDA's Oncology and Pulmonary Disease Section in
Rockville, Maryland. The preliminary meeting in Rockville,
Maryland, was held at Starzl's initiative to alert the FDA
to a possible negative atmosphere towards FR900506 at
the upcoming conference in Sweden in May 1987. Posi-
tive reports from Pittsburgh and negative reports from
Cambridge were summarized. Starzl specifically clarified
at this meeting that he had no financial connection with
Fujisawa Corporation. The goal was to early apply with the
FDA, get scientific advice from FDA scientists, and make
sure what was being done complied with FDA regulations.
In the end, they completed the deficiencies in the research,
mostly related to toxicology, in accordance with the FDA's
suggestions. It was soon announced that one of the FDA
team members, physician oncologist Gregory Burke, had
been appointed to lead the FK 506 project and would be
the contact person for further questions and discussions.
Burke was friendly and hardworking, and was promoted to

FDA director for the evaluation of FK 506. His suggestions
for FK 506 were always creative, and the last one, almost 2
years later, prevented a tragedy that might have occurred
when it was first introduced to humans as a drug. The stud-
ies of these medically carefully studied healthy young men
and women provide preliminary information about how
the drug affects the body when the human body encoun-
ters new drugs. Likewise, all over the world, these people
are selected from people who do not have alcohol or sub-
stance addiction. Such volunteers may have abnormal liver
or other organ function tests during and after test doses
of new drugs. These people are paid generously and given
informed consent. This first step in drug development can
be neglected in dangerous drugs used for cancer chemo-
therapy. When Burke gave the Pittsburgh team a new drug
registration for the FK 506 study, steps had not been taken.
How to proceed is left to the Institutional Review Board of
the University of Pittsburgh (IRB). Then, examples from cy-
closporine trials 8 years ago were shown. Richard Cohen,
professor of pediatric psychiatry, was chairman of the IRB
throughout the development of FK 506. His energy, grasp
of complex issues in transplantation, and despite disagree-
ments with him inspired the trust of IRB members and
investigators. His initial decision regarding FK 506 was so
shrewd that no further escape was possible. The therapeu-
tic superiority of FK 506 was demonstrated almost from
the beginning. Since preliminary testing of FK 506 was not
done in healthy volunteers, Cohen wanted to give FK 506
for the first time to patients who lost their organs, even
though transplanted liver patients were given the most
powerful anti-rejection drug (cyclosporine). In other words,
FK 506 was given to this patient group for the first time,
not to volunteers. These patients were facing death and re-
transplantation and had nothing to lose. Burke was willing
to follow this strategy. However, when the first patient was
selected for rescue treatment, Burke immediately called
the team to tell them that the initial IV dose was too high.
He came to such a conclusion based on what we learned
from the laboratory experiences. According to his recom-
mendation, the dose was reduced. If Burke's recommen-
dation had not been followed, the first patient could have
died from overdosage. The person whose life was spared
with Burke's recommendations was a 28-year-old woman
named Robin Ford, who slowly rejected her third liver graft
8 months after her liver transplant. Rescue treatment with
FK 506 started on February 28, 1989. Robin recovered. The
next patient, a 38-year-old man who had received five
liver grafts over the previous 4 years, was a more difficult
test for FK 506. Just 3 months after the last transplant, he
was rejecting his fifth liver graft. As with Robin, rejection
was controlled. Many more patients were treated this way.
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From February to July, 1989, in the first 10 liver recipients
switched from cyclosporine to FK 506, 7 of the grafts were
saved and the livers were functioning well over 2 years of
follow-up.®

The surgeon who would lead these investigations had to
have skills, ideas, and techniques that would allow the flow-
ers to direct or force light through the cracks in the con-
crete. John Fung was a halfway surgeon but a full-fledged
immunologist when he arrived in Pittsburgh in June 1984,
a few months after Todo's arrival. In addition to his medical
doctor degree, he earned a doctorate from the University
of Chicago and took a 2-year leave of absence for labora-
tory work while in the middle of his general surgery resi-
dency at the University of Rochester. Fung helped Adriana
Zeevi and Rene Duquesnoy develop tissue culture systems
called “mini-transplant” models that in the past required
months or years but now allow learning much about the
efficacy and mechanisms of action of FK 506 in a matter
of days.”! Not yet 32 years old, he joined the program as a
fully trained surgeon and professional researcher equipped
with unique knowledge and skills.

The fact that FK 506 could save grafts that had been reject-
ed despite all previously available treatments was known
to only a handful of people in the early autumn of 1989.
Two of them were Pittsburgh Post-Gazzette science re-
porter Henry Pierce and deputy editor-in-chief Mark Roth.
Both had followed the development of FK 506 closely from
the time the drug became interesting and promising. Even
though they knew clinical trials had begun, they had prom-
ised not to publish the information until it was reported in
a medical journal. Larry Altman, a New York Times reporter,
arrived in Pittsburgh in late September, a few days after a
phone conversation with Starzl about some new and con-
troversial operative procedures involving the transplan-
tation of multiple abdominal organs. There was a wind
of criticism against these advanced surgical techniques,
the use of which was abandoned some time ago. He was
now questioning why operations were restarted and why
such an approach was taken. After all attempts to evade
telephone cross-examination failed, Starzl reluctantly told
Altman that better anti-rejection therapy was available. Alt-
man was an academic physician and the science editor of
this newspaper. He realized that FK 506 was the real story,
not the operations, and he was intrigued. He spent the next
two weeks in Pittsburgh, where he wrote a report on FK 506
that was more expertly written than most and of a scientific
quality rivaling that of medical reports. Altman insisted on
seeing every patient and examined the records with the
meticulousness of a born investigator. He postponed his
article to be published in the New York Times, just like the
Pittsburgh Post-Gazzette. Both newspapers knew that the
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first 10 cases were scheduled for publication in The Lancet
on October 28, 1989. The voluntary news embargo was
important to Starzl because it was feared that premature
newspaper reports would jeopardize publication in the
Lancet. While the entire team was holding their breath, the
embargo lasted only until October 18, 1989, because ad-
vance copies of the Lancet article were routinely given to
the media. Subsequently, Pierce called Starzl and informed
him that the Post-Gazzette would not wait any longer and
that the story they had been holding for 6 months would
be published in the evening editions. Altman from the New
York Times also told Starzl that they would include FK 506
in the morning edition of the Times. News about FK 506
competed with the San Francisco earthquake on the morn-
ing of October 19. The article in The Lancet was published
as planned.l”

ESOT's annual meeting was in Barcelona, and 1 week af-
ter the article was published, a 10-hour symposium on FK
506 was held in Barcelona. Overnight, FK 506 became the
court of appeal (last resort) in the treatment of rejection of
liver and other organ recipients that cannot be controlled
with conventional treatments. As the news read, patients
with failed grafts flocked to Pittsburgh from other centers.
Meanwhile, not only rescue but also de novo FK 506 treat-
ments were started in Pittsburgh. By the end of October,
much experience and information had been gained re-
garding de novo immunosuppressive therapy with FK 506
in liver, kidney, heart and lung transplants."" Physicians
treating all these different organ recipients quickly became
convinced that FK 506 was superior to previously available
drugs. The incidence of rejection was reduced, the amount
of prednisone required was reduced, and the length and
cost of hospitalization were reduced. Although side effects,
including kidney damage, were similar to those caused by
cyclosporine, they were not worse. The new treatment had
a better margin of safety than the old one, or so it seemed
to the treating physicians.
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Abstract

Objectives: Intrahepatic cholangiocarcinoma (ICC), the second most common primary liver cancer, is associated with a poor prog-
nosis with a very low survival rate. Therefore, a comprehensive understanding of the molecular pathways involved in the disease is
of great importance for the development of targeted therapies and personalised treatment strategies. The aim of this study was to
identify possible biomarkers associated with ICC by analysing gene expression in ICC tumor and non-tumour liver tissues.
Methods: The dataset included in the study comprises gene expression data from ICC and non tumor liver tissue. The gene expres-
sion analysis of this data set was conducted using the capabilities provided by the limma package. The distribution of each tissue
in the dataset is shown by the distribution graph. The UMAP graph represents the association of tissue types. The genes exhibiting
different regulation are represented in the volcano plot.

Results: The UMAP analysis revealed a perfect separation of the tissues in the dataset into two distinct groups: ICC tumor tissues
and non tumor liver tissues. The analysis showed that many genes differed in both groups under log2FC>1 p<0.05 and log2FC<-1
and p<0.05 conditions. The resultsshow that there are genes that are upregulated and down regulated in ICC tissues compared to
non tumor liver tissues.

Conclusion: Genetic research has a pivotal role in enhancing investigate molecular pathways and treatment of ICC. Genes that
have been identified can function as biomarkers, which can assist in the creation of medication therapies that are specifically
targeted and enhance the quality of patient care and the efficiency of healthcare. As genetic research advances, the utilization of
these biomarkers is anticipated to improve personalization.

Keywords: Intrahepatic cholangiocarcinoma, Tumor free liver tissue, Gene expression, Biological behavior
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Hepatocellular carcinoma (HCC) and intrahepatic chol-
angiocarcinoma (ICC) account for approximately 85%
and 15% of primary liver cancer, respectively.! 2 ICC show
a rapidly increasing incidence, especially in western coun-
tries. The two types are quite different in terms of their

morphology, metastatic capacity and response to cancer
therapies.!" 3 ICCs are composed of ductular, papillary, or
solid tumor formations that are surrounded by a dense
tumor stroma.”? While HCC is invasive, the occurrence of
metastatic tumours is more common in ICC. Interestingly,
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HCCs show a positive response to therapy with multikinase
inhibitors, whereas ICCs are resistant to these medications.
In contrast, ICCs exhibit positive therapeutic responses to
traditional cytotoxic therapy, while HCC is characterised by
its resistance to chemotherapy.t-34

ICC has a lower occurrence rate in comparison to other
types of liver cancer, such as hepatocellular carcinoma.
However, its prevalence is increasing worldwide, especially
in areas with high rates of chronic liver illnesses, such as
hepatitis C and cirrhosis.>” ICC is also associated with a
poor prognosis with a five-year survival rate of only 22-
24% after curative resection.®! The rising prevalence of ICC
can be due to a combination of various risk factors, such as
nonalcoholic fatty liver disease, chronic viral hepatitis, and
primary sclerosing cholangitis.* 1%

The clinical manifestation of ICC is frequently subtle, with
a significant number of patients being discovered coinci-
dentally during imaging examinations for other ailments.
Common symptoms of this condition may encompass
unintentional weight loss, yellowing of the skin and eyes
(jaundice), discomfort in the stomach region, and elevated
body temperature. However, it is important to note that
these symptoms are sometimes vague and can result in
delays in the identification of the underlying condition.
0 Imaging investigations, such as computed tomogra-
phy (CT) and magnetic resonance imaging (MRI), usually
show a mass with consistent low-attenuation and uneven
enhancement at the edges. This may be accompanied by
the shrinking of the outer layer and the widening of the
ducts within the liver.'>"3 The diagnosis is typically verified
through histological examination after a biopsy or surgical
removal of tissue.

The molecular composition of ICC s intricate, with multiple
genetic changes and modifications involved in its develop-
ment. Significantly, mutations in the KRAS, IDH1, and IDH2
genes have been found to be prevalent in ICC, especially in
patients with pre-existing liver illness."* " The involvement
of epithelial-mesenchymal transition (EMT) in the advance-
ment of ICC has also attracted interest, as it is thought to
contribute to the invasive properties of the tumor.l'® "
Gaining a comprehensive understanding of these molecu-
lar pathways is of utmost importance for the advancement
of targeted treatments and tailored treatment strategies.
Although there have been improvements in diagnostic
and treatment approaches, the outlook for individuals with
ICC remains quite poor, especially for those who are discov-
ered at a late stage. The significant frequency of reappear-
ance after curative removal emphasizes the necessity for
continuous monitoring and the investigation of additional
treatments to enhance long-term results.®® '® Research into

novel biomarkers and therapeutic targets is ongoing, with
the aim of identifying patients who may benefit from spe-
cific treatment modalities based on their tumor's molecular
profile.'?!

The latest developments in the field of bioinformatics have
made it easier to identify precise genetic changes and bio-
markers that play a critical role in the diagnosis, prognosis,
and treatment approaches.? 21 Bioinformatics is crucial in
the molecular profiling of ICC, enabling researchers to ex-
amine extensive databases of genomic and transcriptome
information. For example, thorough analysis of molecules
has shown that mutations in genes like IDH1, FGFR2, and
BAP1 are common in ICC, and these changes can affect
therapy choices and patient results.'?> 2223 |n addition, the
application of bioinformatics in examining gene expres-
sion patterns has resulted in the identification of prog-
nostic biomarkers, such as CXCL12, that are linked to the
spread of cancer to other parts of the body and unfavor-
able survival rates.l's2"

Ultimately, the incorporation of bioinformatics into the in-
vestigation of ICC is revolutionizing our comprehension of
this cancerous condition. It aids in the detection of genetic
changes, predictive markers, and immunological land-
scape features, all of which are crucial for enhancing diag-
nosis, therapy, and patient results. As research progresses,
the utilization of bioinformatics is expected to have a grow-
ing significance in the management of ICC facilitating the
development of more efficient and tailored therapeutic ap-
proaches.

Therefore, in this study, in order to understand the genetic
background of ICC and to identify the associated biomark-
er genes by bioinformatic analyses, the data obtained from
ICC tumour tissue and non-tumour liver tissue samples
from 15 patients were examined by expression analysis.
Genes showing differential regulation in ICC tumour tis-
sues were identified.

Material And Methods

Dataset

The study utilised a dataset comprising of data collected
from ICC tumour tissues and non-tumour liver tissues of 15
individuals. The purpose was to examine the alterations in
RNA editing in ICC. The dataset was acquired through the
utilisation of RNA-seq, employing Illumina HiSeq2000, on
15 pairs of ICC tumours and corresponding non-tumour
liver tissues. The study utilised a data collection acquired
from the National Centre for Biotechnology Information
(NCBI). The current code assigned to the data collection at
the NCBI is GSE119336.
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RNA-Sequence Analysis (RNA-Seq)

RNA sequence analysis technologies, a widely recog-
nized and efficient technology, have shown remarkable
outcomes in characterizing all RNA transcripts produced
by cells. RNA-seq is an innovative tool in the field of tran-
scriptomics that allows for a thorough and precise study
of complete transcriptomes in a quantitative manner. This
strategy is the first of its kind to use sequencing technol-
ogy to reveal the entire collection of RNA transcripts in an
organism. In contrast to hybridization-based approaches,
the RNA-seq method not only aims to identify known tran-
scripts, but also seeks to discover and link new transcripts
while examining and revealing the known ones. An impor-
tant advantage of the RNA-seq technique is its capacity to
evaluate expression levels throughout a wide and variable
spectrum, rather than solely evaluating relative values.
RNA-seq technologies provide substantial advantages,
including little background contamination, resulting in
very precise and dependable results. Moreover, these tech-
niques enable accurate identification of exon and intron
borders, as well as the detection of SNPs and other genetic
variations within transcripts. RNA-seq offers multiple ad-
vantages, making it an ideal tool for most research projects
aimed at discovery.?¥

Transcriptomics

The transcriptome encompasses all RNA molecules, such as
mMRNA, tRNA, rRNA, and non-coding RNAs, that are produced
by the genome of a cell, tissue, or organism during a certain
period. Transcriptomes have a constantly changing structure
and experience ongoing modifications as a result of fluctua-
tions in gene expression. Contrary to the largely unchanging
genetic makeup of a cell, the transcriptome is vulnerable to
changes produced by several environmental factors, such as
changes in pH, differences in nutrient supply, fluctuations in
temperature, and interactions with signals from nearby cells.
Gene transcription related to these processes may differ in
response to various cellular activities, resulting in alterations
in the transcriptome, which includes all the messenger RNAs
(mRNAs) found in the cell. Hence, the transcriptome offers a
momentary and contextual representation of the genes that
are now working. The detection of changes in gene expres-
sion induced by environmental factors has emphasized the
importance of interactions between the environment and
biological systems.2 23]

Transcriptomics is a scientific field that examines the en-
tire array of mRNA transcripts generated by transcription
within a cell's genome, offering insights on their expres-
sion patterns. Microarray and next-generation sequencing
areadvanced technologies frequently utilized in transcrip-
tomics applications. These technologies provide the analy-

Journal of Inonu Liver Transplantation Institute

sis of precise alterations in the transcriptome that transpire
at designated times and for certain purposes.'?’!

Transcriptomics studies have become increasingly im-
portant and their prevalence has significantly increased
in recent decades. These research efforts have specifically
concentrated on clarifying the impact of changes in the
expression of genetic variants, whether they increase or
decrease, in the development of complex diseases like can-
cer. Moreover, these investigations seek to reveal the con-
nections and expressions of these impacts. Furthermore,
through these investigations, scientists and researchers
can get supplementary data about the biochemical path-
ways and molecular mechanisms that regulate the life
cycles of cells, and thus, the development of diseases.?>2%

Bioinformatics and Gene Expression Analysis

Bioinformatics encompasses the systematic collection,
storage, organization, analysis, and presentation of data
obtained via the application of theoretical and practical
conceptsin disciplines such as biology, medicine, behavior-
al sciences, and health sciences. The main objective of this
project is to analyze and enhance computational tools and
techniques in order to broaden the use and customization
of data obtained from research efforts or the implementa-
tion of existing procedures. Obtained through careful and
thorough intellectual inquiry or by following established
procedures. Bioinformatic analyses are performed by se-
lecting an appropriate database and utilizing a technol-
ogy that enables the execution of bioinformatic analysis,
depending on the particular biological inquiry, molecule,
or structure being investigated. The collected data and the
obtained insights from the studies are combined, and the
ensuing assessments are carefully evaluated in relation to
the available literature.’*”?

Any alterations in the physiological state of an organism or
cell will inevitably lead to corresponding modifications in
the pattern of gene expression.Therefore, the assessment
of gene expression is highly significant in all areas of bio-
logical investigation. The DNA microarray technology, now
in the developmental stage, is employed for the examina-
tion of gene expression. This is accomplished by the pro-
cess of hybridization, when mRNA molecules are attached
to a tightly packed array of immobilized target sequences.
Each of these target sequences corresponds to a unique
gene. Studying the influence of chemical substances on
the control of gene expression can offer valuable knowl-
edge on both functional and toxicological characteristics.
Conducting investigations on clinical samples, including
both individuals who are in excellent health and those who
are affected by diseases, has the potential to reveal previ-
ously unknown biomarkers.2®
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Bioinformatics Analysis Phase

In this study, gene expression analyses were performed
at the transcriptome level to investigate the role of RNA
editing on ICC. The data set of the study consisted of ICC
tumour tissues and non-tumour liver tissues samples from
paired 15 patients. The current study utilized the limma
package, a software tool available in the R programming
language that aids expression analysis.”!

Limma is a software suite specifically developed for analyz-
ing gene expression microarray data using linear models.
The main goal is to utilize linear models to examine cer-
tain experiments and detect differential expression. The
packet's functionalities can be utilized in many gene ex-
pression techniques, such as microarrays, RNA-seq, and
quantitative PCR. The Limma software utilizes Empirical
Bayes algorithms to obtain trustworthy results, especially
in situations when there is a small number of sequences.
The bioinformatic inquiry resulted in the identification of
Lof2FC, a metric that measures the magnitude of differ-
ences in gene expression fold change. This metric arranges
the genes in a descending order based on their level of im-
portance. Genes with greater expression levels are deter-
mined by using a threshold of log2 fold change (log2FC)
more than 1, whereas genes with lower expression levels
are determined by using a threshold of log2FC less than -1.

The study utilized box plots to display the distribution of
data. The graphs illustrate instances with comparable char-
acteristics, denoted by the utilization of consistent colors.
The study chose to employ the Uniform Manifold Approxi-
mation and Projection (UMAP) graph to visually depict the
relationships between the samples being examined. The vol-
cano plot was chosen as the optimal method for visualizing
genes with differential expression, including both upregula-
tion and downregulation. The volcano plot depicts the loga-
rithmic relationship between the level of significance and
the magnitude of fold-change. The y-axis denotes the level
of significance, while the x-axis indicates the fold-change on
a logarithmic scale with a base of 2. This graphical depiction
enables the quick identification of genes that display differ-
ential expression. The graph depicts the levels of gene ex-
pression, where red represents genes that are up-regulated,
blue represents genes that are down-regulated, and black
represents genes that show no significant difference in ex-
pression. Furthermore, we employed the Mean Difference
(MD) plot alongside the Volcano plot to visually depict genes
that exhibit distinct expression patterns between various
groups. The MD plot visually illustrates the log2 fold change
of genes that exhibit differential expression, in compari-
son to the average log2 expression levels. The volcano plot
use color coding to distinguish between up-regulated and

down-regulated genes. The coloration in the volcanic graph
exhibits a resemblance to that of this graph.

Results

Figure 1 displays the distribution plots of the samples from
15 pairs of ICC tumors and corresponding non-tumour liver
tissues that were utilised in the investigation. The term ‘can-
cer'is employed to symbolise the ICC tumour tissues, where-
as’non-tumour’is used to symbolise the corresponding non-
tumour liver tissues. The graph depicted the distribution of
values within the chosen samples. The graph utilizes colour
coding to distinguish between different samples. The green
colour indicates the presence of ICC tumour tissues, while
the purple colour indicates the presence of matched non-
tumour liver tissues. This graph is utilised to evaluate data
normalisation prior to doing differential expression analysis.

Figure 2 displays the UMAP graph, which effectively de-
picts the relationships among the samples. The graph
demonstrates that samples with comparable traits form
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distinct clusters. The graph displays ICC tumor tissues as
green dots and matched non-tumour liver tissue sam-
ples as purple dots. In the graph, "cancer" indicates ICC
tumor tissues and "non-tumor” indicates non-tumour
liver tissues.

The gene expression of 17327 genes in the dataset was
analyzed, and the results of the top 10 genes exhibiting up-
and down-regulation between the two groups are shown
in Table 1 and Table 2. When evaluating the control of gene
expression, conditions with an |log2FC| > 1.0 and a p-value
less than 0.05 were considered.

Figure 3: Volcano plot of genes in ICC tumor and non-tu-
mor liver tissues. (Red dots represent transcripts that in-
creased, blue dots represent transcripts that dropped, and
black dots represent transcripts whose expression level re-
mained unchanged.)

Figure 4 displays the MD plot, which effectively demon-
strates genes that show differential expression across the
various groups. The MD plot graphically illustrates genes
with differential expression by showing the log2 fold
change in relation to the average log2 expression levels.
The highlighted genes display a notable discrepancy in
their levels of expression. The color red represents height-
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ened levels of activity, whereas blue represents dimin-
ished levels of activity. This distinction is determined by
utilizing a pre-established P-value threshold of 0.05.

GSE119336: Cancer vs non-tumor
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Figure 3. lllustrates the volcano plot, which visually portrays the
genes that exhibit differential expression among the several groups.

Table 1. Transcripts found to be up-regulated in ICC tumor tissues samples relative to non-tumour liver tissues.

GenelD padj p log2FoldChange Symbol Description

1311 6,54E-21 1,21E-22 7,201741 COMP cartilage oligomeric matrix protein

5349 1,47E-20 2,87E-22 6,887498 FXYD3 FXYD domain containing ion transport regulator 3
5744 7,88E-21 1,48E-22 6,811435 PTHLH parathyroid hormone like hormone

79574 2,99E-20 6,13E-22 6,618167 EPS8L3 EPS8 like 3

2810 1,73E-35 7,30E-38 6,617754 SFN stratifin

4582 1,70E-25 2,01E-27 6,348982 MUC1 mucin 1, cell surface associated

131368 2,16E-12 1,27E-13 6,345546 ZPLD1 zona pellucida like domain containing 1
221416 2,20E-24 2,89E-26 6,272728 LINC03040 long intergenic non-protein coding RNA 3040
5266 1,11E-11 7,28E-13 6,136162 PI3 peptidase inhibitor 3

105371453 6,55E-32 3,82E-34 6,068467 BCAN-AS1 BCAN antisense RNA 1

Table 2. Genes found to be down-regulated in ICC tumor tissues samples relative to non-tumour liver tissues.

GenelD padj p log2FoldChange Symbol Description

1549 4,31E-59 2,24E-62 -8,16581 CYP2A7 cytochrome P450 family 2 subfamily A member 7
641654 9,55E-42 2,48E-44 -8,09746 HEPN1 hepatocellular carcinoma, down-regulated 1
131669 1,71E-69 3,95E-73 -7,96448 UROC1 urocanate hydratase 1

1548 7,34E-42 1,86E-44 -7,894 CYP2A6 cytochrome P450 family 2 subfamily A member 6
10332 7,06E-43 1,67E-45 -7,85558 CLEC4M C-type lectin domain family 4 member M

220296 1,43E-44 2,65E-47 -7,84927 HEPACAM hepatic and glial cell adhesion molecule

1544 3,25E-32 1,86E-34 -7,74055 CYP1A2 cytochrome P450 family 1 subfamily A member 2
101928384 1,09E-41 291E-44 -7,51731 LOC101928384  uncharacterized LOC101928384

1543 1,73E-40 4,90E-43 -7,46271 CYP1A1 cytochrome P450 family 1 subfamily A member 1
319 1,76E-37 5,98E-40 -7,44875 APOF apolipoprotein F
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Figure 4. MD plot of genes in ICC tumor tissues and non-tumor liver
tissues (Red dots represent transcripts that increased, blue dots rep-
resent transcripts that decreased and black dots represent transcripts
whose expression level remained unchanged).

Discussion

ICC is a cancerous tumor that develops from the cells lining
the bile ducts within the liver. It is the second most preva-
lent form of primary liver cancer, occurring after hepatocel-
lular carcinoma, and makes up around 5-10% of all cases
of primary liver malignancies.®%3"The global prevalence of
ICC has been on the rise, especially in Western nations, and
is linked to several risk factors such as chronic liver disor-
ders, viral hepatitis, and bile duct stones.®'* The primary
treatment for ICC is surgical excision, which aims to cure
the disease, particularly in its early stages.% 3" Neverthe-
less, because ICC frequently lacks noticeable symptoms
during its initial phases, a large number of patients are di-
agnosed with advanced disease. This greatly complicates
the available treatment options and has a negative impact
on the prognosis.’> 34 When surgical removal is not possi-
ble, systemic chemotherapy, specifically with gemcitabine
and cisplatin, has become a recognized treatment plan
that has shown better results in terms of survival rates.>
3¢ Furthermore, ongoing research is investigating the ef-
fectiveness of targeted treatments and immunotherapy in
treating ICC, but more examination is needed to determine
their efficacy.i3%37

Genomic research has made great progress in improving
our knowledge of the molecular basis of this disease. It
has uncovered specific genetic changes that can affect the
outlook and treatment approaches. Genomic research has
discovered numerous crucial mutations linked to ICC, in-

cluding changes in the KRAS, IDH1, and FGFR2 genes. The
prevalence of KRAS mutations in ICC has been document-
ed to vary from 8.6% to 25%, highlighting a significant fre-
quency of this mutation among patients.*® Furthermore,
there is evidence that IDH1 mutations are associated with
better survival rates, indicating that this genetic change
could be used as a possible indicator for predicting prog-
nosis.* Moreover, the existence of FGFR2 fusions has been
identified as a crucial focus for therapeutic treatment. Stud-
ies have shown that these changes do not occur together
with other important mutations, thus indicating the pres-
ence of discrete molecular subtypes of ICC.22 4% Recent
study has emphasized the connection between changes
in the genetic makeup and clinical characteristics, such as
perineural invasion. This suggests that the specific genetic
subtype of a tumor may provide more accurate informa-
tion about prognosis compared to only considering tumor
size.*" This finding emphasizes the importance of compre-
hensive genomic profiling in guiding treatment decisions
and improving patient outcomes.

The attention on ICC has extended beyond mutations to in-
clude the tumor microenvironment and immune response.
Research has shown that natural immune mechanisms
can affect the growth and spread of tumors, making the
management of the condition more complex.?® 42 Under-
standing these interactions may provide insights into novel
therapeutic strategies aimed at enhancing the efficacy of
existing treatments. To summarize, the genetic makeup of
ICC is marked by a wide range of mutations and changes
that have a substantial effect on prognosis and treatment
approaches. Continued investigation into the molecular
pathways that cause ICC is essential for the development
of precise treatments and enhancing patient results. There-
fore, in order to determine the pathophysiology of the
disease and to personalise treatment modalities, it is very
important to increase advanced bioinformatics and genet-
ic-based studies and to approach the disease in the light of
the results that can be obtained from these studies. In this
study, it was aimed to determine the biomarkers that may
play a role in the course of the disease by examining RNA
seq data, which is very important in genomic studies, with
bioinformatic analyses.

This study utilized an open access ICC dataset to conduct
bioinformatic analysis. Through this analysis, genes that ex-
hibited distinct regulation in ICC tumor tissues, as opposed
to non-tumor liver tissue, were found. The volcano plot and
MD plot were used to visualize these genes. Furthermore,
the distribution of the samples in the data set was analyzed
and represented using a scatter plot. The data samples
were visualized using the UMAP graph, revealing a notice-
able distinction between the two groups.
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When the results of bioinformatic analyses were examined,
it was determined that a lot of genes showed different regu-
lation (up or down) in ICC tumor tissues compared to non
tumor liver tissues. COMP gene showed 147,03 fold up-reg-
ulation in ICC tumor tissues compared to non tumor liver tis-
sues. Likewise, FXYD3, PTHLH, EPS8L3, SFN, MUC1, ZPLD1,
LINC03040, PI3,and BCAN-AS1 genes had up-regulated
gene expression of 117.78,112.20,98.22, 98.15, 81.00, 79.98,
77.17, 70.03, and 66.71 fold, respectively. CYP2A7 gene
showed 286.02 fold down-regulation in CRC tumor tissues
compared to CRC normal tissues. Likewise, HEPN1, UROCT,
CYP2A6, CLEC4M, HEPACAM, CYP1A2, LOC101928384, CY-
P1A1, and APOF genes had down-regulated gene expres-
sion of 272.47, 248.99, 237.20,230.72,229.12,213.78,182.27,
176.06, and 173.64 fold, respectively.

Additional analysis and research on the identified genes
may reveal that these genes could serve as biomarkers that
contribute to the development of successful treatment
strategies for ICC. Biomarkers can be utilized to develop
and implement drug therapy. The precise and efficient utili-
zation of genetic biomarkers can enhance patient care and
optimize the performance of healthcare systems. As genet-
ic research progresses, an increasing number of genes are
anticipated to serve as biomarkers, hence facilitating the
wider adoption of personalized approaches in the field of
medicine.

Genetic research into ICC, the second most prevalent pri-
mary liver cancer, is crucial for comprehending the illness.
The unfavorable prognosis of the disease significantly
impacts the choice of treatment techniques. Hence, com-
prehending the genetic foundation of ICC is vital for the
prevention and management of the ailment. Genetic in-
vestigations in this context yield valuable information that
enables the development of targeted prevention strategies
and individualized treatment approaches. Genetic test-
ing and screening programs for persons at high risk offer
timely identification and prevention. In the future, as ge-
netic research continues to progress, it is anticipated that
more advanced and efficient approaches for preventing
and treating ICCC will be created.
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Abstract

Objectives: In countries that do not have legal regulations regarding organ donation and brain death, only living donor liver
transplantation (LDLT) centers can be established. LDLT is a very difficult operation and consists of a series of complex surgeries.
Establishing an LDLT center in underdeveloped or developing countries is only possible with a long-term, patience and devoted
cooperation of a developed transplant center.

Methods: In this study, LDLT training between the new LDLT center planned to be established in Kyrgyzstan and Inonu University
Liver Transplantation Institute (LTI), one of the world's leading institutes in LDLT, and the first 2 LDLTs at the center in Bishkek were
presented. LTI's mentoring process started 9 years ago. The training process continued intermittently, but an intensive training
program was implemented for the last two years. During this process, a total of 74 doctors or nurses, mainly general surgeons,
received training on LDLT.

Results: At the end of the training process, a team of surgeons from both centers performed 2 LDLTs on 2 separate days in Bishkek,
onJune 10 and 11, 2024.

Conclusion: The purpose of this cooperation is to plan and implement joint programs between states, universities and LT centers
and to obtain good results for patients. This study focused on the implications, results, and future expectations of this cooperation,
which was written as the first LDLTs in the history of Kyrgyzstan.
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Hepatocellular Liver transplantation (LT) is the most per year are LDLT, and the organ donation rate is unfor-
effective treatment method for end-stage liver dis- tunately less than 4 per million people. Inonu University
ease, acute liver failure, and some hepatic malignancies. is located in Malatya, a province with a population of
The first deceased donor liver transplantation (DDLT) was  amount 1 million, located in the west of the Eastern Ana-
performed in 1988, and the first living donor liver trans-  tolia Region of the country. The university, which has a
plantation (LDLT) was performed in 1990 in Tirkiye. history of approximately 50 years, established the School
More than 80% of the LTs that occur between 1500-2000 of Medicine in 1987 and opened the Turgut Ozal Medical
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Center (TOTM), one of the most expensive health invest-
ments in the country, in 1996. LT preparations at TOTM
started in 1998, the first DDLT was performed in 2002, and
the first LDLT was performed in 2005. The center, which
exceeded its annual volume of 50 LTs in 2007, founded
the Liver Transplantation Institute (LTI) in 2011 and built
the Liver Transplantation Hospital in 2016. It is one of the
only organ-specific university/institute hospitals in the
world that has 156 patient beds, 36 intensive care beds,
12 operating rooms, conventional/interventional radiol-
ogy, gastroenterology (endoscopy, ERCP etc.), and out-
patient departments. It is the center that performs the
most LDLT in Europe, including Tirkiye, since 2008. Due
to the transplantation team consisting of experienced
and sufficient number of surgeons and anesthesiologists,
medical tools, equipment and physical conditions, it is the
center that performs the first 4-, 5-, 6-, 7-way liver paired
exchange (LPE) transplants in the world.>* The history of
LT in Tlrkiye can be divided into 3 periods: initial stage
(1988-1996), development stage (1997-2001) and rise and
spread stage (2002-2023).5! It is obvious that Inonu Uni-
versity Liver Transplantation Institute played the biggest
role in the recent rise of LT activities in Turkey.

So far at LTI, a training was given to physicians from many
centers such as Cambridge University, Warchaw Univer-
sity, Belgium Gent University, Giessen University, Russia
St Petersburg University, and Novosibirsk State Univer-
sity. Among these countries, the Central Asian Turkish
Republics have a special place due to the close origin of
our nations. LTI has relations with Azerbaijan, Uzbekistan,
Kazakhstan, Turkmenistan, and Kyrgyzstan in terms of
training and operations related to LT. The Malatya - Bish-
kek story dealt with before but began mainly in Septem-
ber 2022, when Kyrgyz President Sadir Caparov requested
the President of the Republic of Tiirkiye, Recep Tayyip Er-
dogan, to establish a LT program in Kyrgyzstan. Scientific
cooperation began when President Erdogan appointed
the Rector of Inonu University, Prof. Dr. Ahmet Kizilay,
through the Presidency of the Council of Higher Educa-
tion, regarding this issue. In this study, the scientific, edu-
cational and operational aspects of Malatya-Bishkek co-
operation were tried to be explained.

Material and Methods

Before the decision of the Presidents of both countries on
the establishment of a LDLT center in Kyrgyzstan, 4 Kyr-
gyz general surgeons and 1 Kyrgyz gastroenterologist re-
ceived LT training for various periods between 2015-2019
in LTl. However, the planned training program started in
September 2022. During this period, 34 general surgeons,
14 operating room nurses, 5 anesthesiologists, 3 radiolo-

gists, 2 pediatricians, 2 biochemistry specialists, 1 gastro-
enterologist, 1 pathologist, and 1 anesthesia technician
received LDLT training in Inonu University LTI until July
2024, each for at least 3 months. Kyrgyz physicians and
nurses were trained on the preparation of patients requir-
ing LT, follow-up and treatment before and after LDLT,
ICU, normal ward, and outpatient clinic in LTI. Very few of
the Kyrgyz surgeons had some experience in hepatobili-
ary surgery. Major operations in Kyrgyzstan were mainly
hepatic resections for echinococcus alveolaris.”® They had
no experience with DDLT or LDLT. The importance of a
multidisciplinary team was emphasized during the train-
ing process and efforts were made to form a team in this
direction. Training programs for Kyrgyz physicians as a
multidisciplinary and routine:

1. Hepatocellular Carcinoma Council every Monday at
16:00

2. Biliary and Vascular Council where postoperative com-
plications of transplant patients are discussed every
Tuesday at 12:30.

3. Transplantation Council, where patients who are can-
didates for liver transplantation are discussed every
Thursday at 13:30

4. Discussion of a topic planned as a symposium, seminar,
or panel once a month (biliary atresia, renal problems in
LT patients, LT in HBV cirrhosis, or pushing the limits of
LT in HCC, etc.)

Surgically, all Kyrgyz surgeons and nurses were allowed to
undergo surgery. The surgical training process included:

1. Participating as a second assistant in at least 10 living
donors and 10 recipients

2. Participating as first assistant to at least 10 living donors
and 10 recipients

3. Using CUSA (cavitron ultrasonic aspiration) to divide he-
patic parenchyma in at least 3 living donors

4. Assisting the perfusion and reconstruction of the liver
graft removed from the donor at least 5 times at the
back table

5. Participating of nurses in at least 10 living donor, 10 re-
cipient and 10 back-table procedures

Before starting the program, faculty members of the LTI, in-
cluding the rector, visited the centers in Bishkek and Ochi
at least twice to check the facilities, existing infrastructure,
necessary surgical instruments, and equipment to perform
LDLT in Kyrgyzstan, and they held meetings with manag-
ers, including the Kyrgyz president.

LTI faculty members decided that the proposed hospitals
for LT in Bishkek and Ochi were not very suitable. There-
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upon, it was decided to perform LDLT at the Turkish Kyr-
gyz Friendship Hospital in Bishkek, which was planned to
be a cardiology-heart surgery center and where kidney
transplants had been performed before. However, in this
hospital or others, the Thompson Retractor, CUSA, oper-
ation-specific surgical sets (including vascular clamps)
and synthetic vascular grafts to be used in vascular recon-
struction, which are important instruments for LDLT and
which were repeatedly requested to be provided, were
not available.

Five of the Kyrgyz surgeons who were training at LTl went
to Kyrgyzstan at the beginning of May 2024 and started the
patient and donor preparation process. During this multi-
disciplinary preparation period, close contact with the fac-
ulty members of the institute continued. Evaluation of the
vascular and parenchyma of donor livers, volumetry, and
LT indication in the recipient were all carried out under the
supervision of institute faculty members.

This study was approved by the Ethics Committee of the
Inonu University, School of Medicine and was conducted in
accordance with the declaration of Helsinki of 1996.

Results

While the mentoring program continued, a total of 8 pa-
tients, 5 from Bishkek and 3 from Ochi, were prepared for
LT from 2 separate centers in Kyrgyzstan as of the begin-
ning of May 2024. These patients were discussed in online
meetings. Finally, 2 patients with end-stage liver disease
were selected for LT, which will be described in detail be-
low. These patients had 2 suitable living donors. Five days
before the operation, a faculty member transplant surgeon
from the institute was sent to Bishkek to perform all the
checks. Preparations were made for this surgeon's impres-
sions there. The operations would be performed at the
Turkish-Kyrgyz Friendship Hospital in Bishkek. Operating
rooms and intensive care conditions (mechanical ventila-
tors, hepafilter etc.) were suitable. However, surgical instru-
ments, Thompson retractors, CUSA, and synthetic vascular
grafts were not available. In other words, unfortunately, the
essential elements of LDLT could not be provided.

This problem was solved with the initiatives of the rector
of Inonu University (Prof. Dr. Ahmet KIZILAY) on the gov-
ernment. The Ministry of Customs and Trade and Turkish
Airlines allowed the international movement of surgical
sets, Thompson retractors, CUSA and other equipment
weighing over 100 kg. In addition to the faculty member
previously sent to Bishkek, a team of 7 people, including 3
transplant surgeons, 1 transplant anesthetist and 2 trans-
plant nurses, headed by the rector, flew to Bishkek on June
9,2024.The team arrived in Bishkek at 04.30 am on June 10,
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2024. After a few hours of rest, the first LDLT operation was
launched around noon. Donor and recipient informations
for 2 separate LDLTs are presented below.

a. First LDLT (June 10, 2024)

Living donor: 20-year-old female, patient's daughter, height
155 cm, weight 65 kg, blood type: A Rh(+), right lobe: 500
c¢, left lobe: 300 cc (remnant lobe 33%).

Recipient: 51-year-old female patient, height 147 cm,
weight 52 kg, blood type: A Rh(+). The patient has se-
vere tense ascite. Meld Na score was 20. ANA and ASMA
are positive, with diagnosis cirrhosis due to otoimmune
hepatitis. During the operation, 15 liters of ascitic fluid
was drained from abdominal cavity of the patient. The
liver was highly cirrhotic and atrophic. Right lobe LDLT
was performed. Graft-to-recipient weight ratio was 0,96
%. Segment 5 hepatic vein was extended to the left he-
patic vein stump with an 8 mm Dacron synthetic vascu-
lar graft. Right hepatic vein and portal vein anastomosis
was normal. The graft hepatic artery had narrow diameter
(<2mm). Hepatic artery anastomosis was repeated twice.
The right hepatic artery of the graft was anastomosed
to the arteria hepatica propria of the recipient with X8.5
magnitude loop and 8/0 prolene sutures according to the
technique we described previously.” The bile ducts of the
graft consisted of two ducts close to each other. Two duct
to duct anastomoses were performed with interrupted,
6/0 prolene sutures. The patient's donor was discharged
on the 12 postoperative day. On the 20" postoperative
day, recipient's clinical and all laboratory parameters were
normal and discharged. Triple immunosuppressive pro-
phylaxis consisting of tacrolimus, mycophenolate mofetil,
and corticosteroid is applied.

b. Second LDLT (June 11, 2024)

Living donor: Twenty six-year-old female, patient's daugh-
ter, height 161 cm, weight 50 kg, blood type 0 Rh(+), right
lobe: 500 cc, left lobe 290 cc (remnant left lobe 32%).

Recipient: Fifty-years-old, female patient, height 148 cm,
weight 50 kg, blood type 0 Rh (+). The patient had esopha-
geal variceal bleeding twice and variceal ligation was per-
formed for this. On CT, there were multiple nodules in the
liver parenchyma, the largest of which was 2 cm in size. The
liver had the appearance of chronic liver disease but was not
severely cirrhotic. Nodules in the liver were evaluated as dys-
plastic nodules. MELD Na score was 10. During the operation,
multiple nodular lesions were detected in the non-cirrhotic
liver. Graft-to-recipient weight ratio was 1 %. Right lobe LDLT
was performed. Hepatic vein and portal vein anastomoses
were normal. The graft hepatic artery was anastomosed to
the recipient arteria hepatica propria, as previously defined.
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" The graft had one bile duct. Duct to duct anastomosis was
performed and a transanastomotic feeding tube was placed
through the cystic duct. At the end of the operation, chol-
angiographic images was normal. The patient's donor was
discharged on the 10th postoperative day. On the 21t post-
operative day, recipient's clinical and all laboratory param-
eters were normal and discharged. Triple immunosuppres-
sive prophylaxis consisting of tacrolimus, mycophenolate
mofetil, and corticosteroid is applied.

Kyrgyzstan Minister of Health Alim Kadir was involved in all
of these operations at certain times. Because he was also a
professor of general surgery.

On Wednesday, June 12, 2024, the patients' physical exami-
nations, laboratory parameters and vascular anastomoses
with Doppler US were normal. Subsequently, on Thursday,
June 13, 2024, a meeting was held with the surgeons and
anesthetists who would follow up the patients (Fig. 1), and
the Turkish transplantation team of 8 people (Fig. 2) left
Bishkek with the equipment brought.
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Figure 1. The team that performed the first liver transplants in
Kyrgyzstan.

Figure 2. Kyrgyz and Turkish physicians after transplantations.

Discussion

To put forward a model for establishing a new LDLT center
through mentorship from an university with transplantation
expertise is not an easy project. There are extremely hetero-
geneous publications on this subject.®'? It is obvious that
Kyrgyzstan, with its population of 7 million, needs one or
two liver transplant centers. Bishkek and Ochi are the 2 larg-
est cities of Kyrgyzstan, and the infrastructure of health insti-
tutions is more developed in the capital Bishkek. However,
in this country where there is no legal regulation regarding
deceased donor organ donation, unfortunately there are no
health institutions suitable for LDLT. Turkish-Kyrgyz Friend-
ship Hospital in Bishkek was specially prepared in this regard,
and 2 LDLTs were performed for the first time in the history
of Kyrgyzstan. It is really difficult today to answer the ques-
tion of whether this program will continue. This article will
mainly focus on the rules, measures and remedies required
for the continuity of this program.

Establishing a new LT program in underdeveloped countries
will make significant contributions to better recognition of
liver patients requiring LT in that country and the develop-
ment of hepatobiliary surgery. However, since the learning
curve tends to be long in complex surgeries such as LDLT,
graft and patient survival rates may be low in the first LTs.
M According to Addeo et al., surgeons performing LT have
three learning curves. The first phase covers the first 70 pro-
cedures, the 2" phase covers 70-100 LTs. After this, when the
surgical time and blood transfusion requirement stabilize,
the third stage is reached.'? What path should be followed
in LDLT? In Kyrgyzstan, it will take a long time to achieve
even numbers of 10s rather than numbers of 70s and 100s.1%!
For this reason, rather than the institutions' learning curve in
Bishkek, the surgery and anesthesia team will need to com-
plete the learning curve in an experienced center.

Multidisciplinary approach is the key to achieving good
results in the new center. In the previous visits of Inonu
University faculty members, they visited intensive care, op-
erating rooms and patient wards and held many meetings
with the teams there. In fact, these visits also revealed the
obstacles to establishing such a program and led to studies
on how to overcome these obstacles.

The structured training program for transplant surgeons in
Turkiye is regulated by the Ministry of Health. The criteria
that the responsible transplant surgeon must have for the
opening of any new liver transplant center can be summa-
rized as follows: Such as having at least 50 LTs per year for at
least 1 year within the last 5 years and having articles on LT
in journals within the scope of SCl. In addition, Inonu Uni-
versity LTI has 4-year doctoral programs under the name of
LT surgery and anesthesia. However, it was impossible to
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implement such programs for Kyrgyz surgeons or anesthe-
siologists. We focused on an accelerated training program
in Malatya and the obligation to accompany transplants
in Kyrgyzstan for approximately 1 year. We also suggested
that 5-10 transplant surgeons and 2 transplant anesthetists
should continue their education at Inonu University LTE for a
more intensive training program. It would probably be nec-
essary to train donor and recipient surgeons separately and
more specifically. On the other hand, in some centers, donor
and recipent surgery was given as training to the same sur-
geon. Training programs of over 40 hours for LT theory and
over 100 hours for LT surgery have also been defined.!"”

Liver transplantation surgery requires to be highly skilled,
with great expertise and vast experience. With accelerated
training programs in a short time at Inonu University, ef-
forts were made to help young Kyrgyz surgeons improve
their surgical techniques and gain mastery and experience
by teaching an optimized LT surgery.

Conclusion

Milan criteria can be expanded reasonably by Expanded
Malatya criteria. Low GGT and low AFP are good prognostic
biomarkers that predict survival following LT in patients with
HCC. Patients Within Expanded Malatya Criteria had 78.4%
5-year OS, 4.7% post-transplant recurrence rate and Expanded
Malatya criteria expanded the Milan by 35.2% which means 88
patients beyond Milan criteria were within Expanded Malatya
criteria, giving them an opportunity for LT.
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Abstract

Objectives: We aimed to determine the burden of care of individuals caring for pediatric patients who have undergone liver
transplantation.

Methods: The study was conducted at the Inonu University Liver Transplant Institute pediatric liver transplantation ward between
May 2022 and February 2023. Data were the "Zarit Care Burden Scale," and the "Beck Depression Scale," and demographic charac-
teristics of the patients and their caregivers.

Results: The average age of the caregivers was 38.35+11.82 years; 72.7% were women, 69.7% were the child's mother, and 81.8%
reported that caregiving impacted their daily lives. The effect of caregivers' burden of care on their daily lives was found to be
statistically significant (p = 0.021). Among the pediatric recipients, 42.4% were aged 13-18 years, 60.6% were female, 45.5% had
been post-transplant for more than 25 months, and 54.5% developed complications. The burden of care was severe at 38.87+10.21,
and the depression was mild at 10.81+8.65. A moderate positive relationship was observed between burden of care and depres-
sion level (r: .602, p: 0.000). Simple linear regression analysis showed that caregivers' depression levels significantly affected their
burden of care, (R*=0.363).

Conclusion: The study concluded that caregivers of pediatric liver transplant patients experience a very high burden of care and
mild depression. This high burden of care negatively impacts their daily lives and leaves them with less personal time. Providing
social support to these families can improve caregivers' quality of life by reducing their depression levels.

Keywords: Pediatric Liver Transplantation, Burden of care, Zarit Care Burden Scale, Beck Depression Scale, Complications, Rejec-
tion, Biliary complications, Infections
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Hepatocellular Liver transplantation (LT) is the gold-
standard treatment method for end-stage liver disease
which is defined as the irreversible loss of liver functions
beyond the physiologic limits." 2 The patient who has end-
stage liver disease and is confirmed to undergo liver trans-
plantation is defined as the recipient. The individual who

donates the liver is defined as the donor. The source of the
liver graft may be from a deceased donor who is confirmed
to have brain death. Under these circumstances, a whole liv-
er graft is transplanted to the recipient. On the other hand,
a partial left or right lobe liver graft can be transplanted
from the living donors to the recipients. Living donor liver
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transplantation is usually performed between the next of
kin and the recipient. 2 The life expectancy following the
LT procedure is prolonged because of the advancements
in surgical technique and postoperative intensive care unit
patient care.> The improved results have popularized LT,
globally.2 3.6

The recipients need routine care after the liver transplant
procedure and an increasing number of LT has resulted in
an increased number of individuals requiring special care.
The requirement for care is vital during the early postop-
erative period when patients cannot support themselves
without their relative's care.”? The values and the ethical
standards of society determine the context of patient care
requirements. In Turkey, patient care is the responsibility
of the first-degree relatives of the patients.®! Stone et al.®
have defined the caregiver as the person who fulfills the
care requirements of the patients and the person who is
primarily responsible for their patient's care.

In LT recipients, the treatment period lasts a lifetime, which
has detrimental effects on family members and caregivers.
Furthermore, the caregivers may experience periodic psy-
chosocial problems. Greenwood et al."” have shown that
the caregivers experienced problems in sleep patterns,
fatigue, and personality problems in addition to the diffi-
culties encountered during the care of their patients. This
was shown in direct relationship with the difficulty of the
caregiving process.'"” It has been shown that the level of
dependency of the patient on the caregiver was directly
related to the burden of the caregivers."" The personal
characteristics of the caregivers had a direct effect on the
burden of the caregivers. Among these characteristics were
the gender, age, and education status of the caregiver in
addition to the presence of health problems, the degree of
relation to the patient, the amount of time required for car-
ing for their patient, and the amount of support provided
by the peers to the caregiver.'?

The LT recipient and their caregivers require psychosocial
support. Studies have shown that nurses were expected
to provide social support to patients. Healthcare pro-
fessionals focus on the physical, social, and psychological
well-being of their patients; however, they should also pro-
vide the necessary support to their caregivers for a success-
ful therapeutic outcome."? LT is a major abdominal surgery
and caring for LT recipients is a demanding task. The nurses
and other healthcare professionals must support the care-
givers when they feel overwhelmed during the care of their
patients. Only two studies have analyzed the burden of
caregivers of LT recipients.”'™ No studies analyze the care-
givers' burden of pediatric liver transplant recipients.

In the present study, we aimed to evaluate the burden of
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caregivers in pediatric liver transplantation. Furthermore,
we evaluated the relationship between the burden of the
caregivers and the degree of depression of the caregivers.
Our secondary aim was to determine the impact of the bur-
den of the care for pediatric liver transplant recipients on
the socioeconomic status of the relatives and we aimed to
determine means of social support.

Methods

Study Design and Determination of the Study
Population

The study is a descriptive and cross-sectional study. It
is conducted between May 2022 and February 2023 in
Inonu University Liver Transplant Institute pediatric in-
patient ward. The power analyses were performed using
the G-Power software (Disseldorf, Germany). The power
of the study was taken as 0.95 and the alpha-coefficient
was determined as 0.05. The minimum number of partici-
pants was determined to be 33 in total. During the study
period, 162 patients were admitted to the inpatient ward
for various reasons. We included 33 of these patients and
their caregivers in our study. All participants were informed
by the researchers regarding the nature of the study and
the patients who gave informed consent were included
in the evaluation for our study. Initially, our study was ap-
proved by the Director of Inonu Liver Transplant Institute
(Approval date: 23.02.2022, Approval number: E.148950).
After the approval of the directorate of the Liver Transplant
Institute, Institutional Review Board approval was obtained
on 12.04.2022 (Approval number: 2022/1072).

Study Variables

All data are obtained using interview techniques to the pa-
tients and their caregivers in the pediatric inpatient ward.
The study variables of the caregivers included age, gender,
education level, occupation status, monthly income, de-
gree of kinship to the patient, presence of any chronic ill-
ness, Zarit scale for burden of care, Beck’s depression scale,
and eight questions evaluating the degree of interference
of caregiving to the daily activities. The study parameters of
the recipients included the presence of any complications,
the interval between hospitalization and liver transplanta-
tion, age, and gender.

The Zarit Scale for Burden of Care

Zarit, Reever, and Bach-Peterson developed the scale in
1980. The Turkish version was validated in 2006 by Inci
et al."® |t was initially designed to determine the burden
of caregivers caring for ill or old individuals. Twenty-two
questions assess the burden of care and are answered
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with a scale ranging between 0 to 4 (O=never, 1=occasion-
al, 2=sometimes, 3=frequently, 4=always). Mainly, these
questions evaluate the emotional and social aspects of the
burden of care. The minimum score that can be obtained
is 0 and the maximum score is 88. A higher score indicates
the severity of the burden on the caregivers. The classifica-
tion of the scores is as follows: a core ranging between 0
to 20 shows a low burden on caregivers, a score ranging
between 21 to 40 indicates mild burden on the caregiver,
a score ranging between 41 to 60 shows moderate burden
on the caregiver, a score ranging between 61 to 88 indi-
cates very severe burden on the caregiver."”'® The Cron-
bach alfa coefficient of the scale is 0.83.1'”'® The Cronbach
alfa coefficient of scale in our study was 0.81. We used this
scale to evaluate the burden of care for the relatives of the
pediatric liver transplant recipients.

Beck’s Depression Scale

Beck’s depression scale was developed by Beck et al.' in
1961. Hisli et al.? validated the Turkish version of Beck’s
depression scale in 1989. Twenty-one questions are eval-
uating the severity of depression of the individuals. Each
question is answered on a scale from 0 to 3. The minimum
and maximum scores obtained from the scale are 0 and 63,
respectively. The classification of the scores of Beck’s de-
pression scale is as follows: 0-9 points indicate no depres-
sion in the individuals, 10-16 points indicate mild depres-
sion in the individuals, 17-29 points indicate a moderate
level of depression in the individual, and 30-63 points indi-
cate a severe depression in the individuals.?" The Cronbach
alfa coefficient of the scale is 0.8. In the present study, we
found the Cronbach alfa coefficient of the scale to be 0.86.

Statistical Analysis

Continuous variables are expressed as meanztstandard de-
viation. Additionally, descriptive data such as gender and
socio-economic status are presented as the number of in-
dividuals (n) and the percentage (%) in the study popula-
tion. The normal distribution of continuous variables was
assessed using the Kolmogorov-Smirnov Test. For continu-
ous variables, comparisons among multiple groups were
made using the One-Way ANOVA test, and comparisons
between two groups were made using the Student’s T-Test.
Furthermore, to investigate how caregiving burden and
depression severity affect each other, Pearson correlation
analysis was conducted, and R coefficients were calculated.
An R coefficient between 0-0.3 indicates a weak relation-
ship, 0.31-0.5 indicates a moderate relationship and >0.5
indicates a strong relationship. Differences identified in
comparisons with p-values below 0.05 were considered
significant. All statistical analyses were performed using

the Statistical Package for Social Sciences (SPSS v27.0) soft-
ware (IBM, USA).

Results

The average age of caregivers who took care of child trans-
plant patients included in the study was 38.35+11.82 years.
Additionally, 72.7% were women, and 51.5% had gradu-
ated from high school or higher. When looking at their in-
come levels, it was found that 57.6% had an income above
the minimum wage. 69.7% of the caregivers were the
child's mother. It was observed that 72.7% of the caregiv-
ers were not working, 93.9% did not have a chronic illness,
and 81.8% of the caregivers reported that the caregiving
burden affected their daily lives (Table 1). The impact of
the caregiving burden on the daily lives of caregivers was
found to be statistically significant (p=0.021). However,
when other variables were examined, no statistically sig-
nificant difference was found for both caregiving burden
and depression level (Table 1).

In our study, it was observed that 42.4% of the pediatric
recipients were in the 13-18 age range, 60.6% were female,
45.5% had been more than 25 months since the transplant,
and 54.5% had developed complications. Among those
who developed complications, 24.2% had biliary complica-
tions, 84.8% did not develop rejection, and 93.9% did not
develop an infection (Table 2). According to the results ob-
tained between the transplant duration and the caregivers'
caregiving burden and depression levels, it was observed
that as time passed since the transplant, the caregivers'
caregiving burden and depression levels statistically sig-
nificantly decreased. However, when other variables were
examined, no statistically significant difference was found
for both caregiving burden and depression level (Table 2).

The average scores of caregiving burden and depression
levels of caregivers and the correlation analysis between
them are shown in Table 4.3. It was found that the caregiv-
ing burden level was severe with a score of 38.87+10.21,and
the depression level was mild with a score of 10.81+8.65.
Accordingly, it was observed that there was a moderate
positive relationship between caregiving burden and de-
pression level (r=0.602, p=0.000). In other words, as the
depression level increases, the caregiving burden increases
(Table 3).

A simple linear regression analysis was conducted to de-
termine the effect of caregivers' depression levels on care-
giving burden, and the model was found to be significant
(F=17.649, p=0.000). The R? value, which expresses the
explanatory power of the model, was found to be 0.363.
This value indicates that 36.3% of the caregiving burden
variable is explained by the independent variable depres-
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Table 1. The burden of care and severity of depression in the caregivers in our study
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Demographic characteristics of the caregivers S % Burden of Care Depression
(Mean+SD) (Mean=SD)
Age
18-30 5 15.2 40.20+8.52 12.80+12.27
31-45 20 60.6 38.35+11.82 9.55+8.81
46-60 8 24.2 39.37+7.32 12.75+5.84
Gender F:.074, p: 0.929 F:.529, p: 0.595
Female 24 72.7 37.83+£9.07 10.58+7.60
Male 9 27.3 41.66+12.97 11.44+£3.84
t:-.959, p: 0.432 t:-.251, p: 0.839
Education level
Primary school or less 16 48.5 41.12+11.19 13.37+8.05
Highschool or more 17 515 36.76+9.01 8.41%8.73
t:1.236, p: 0.230 t:1.697, p: 0.100
Income
Minimum wage or less 19 57.6 40.52+9.54 13.36x7.15
More than minimum wage 14 424 36.64+11.00 7.35+9.55
t: 1.059, p: 0.300 t:1.980, p: 0.060
The degree of kinship
Mother 23 69.7 38.34+8.91 10.56+7.78
Father 10 30.3 40.10+13.19 11.40+10.86
t:-,384, p: 0.708 t:-.220, p: 0.829
Occupational status
Yes 9 27.3 38.44+12.84 10.55+£11.17
No 24 72.7 39.04+9.35 10.91+7.80
t:-.127, p: 0.901 t:-.089, p: 0.931
Chronic lliness
Yes 2 6.1 51.00+5.65 21.50+3.53
No 31 93.9 38.09+9.98 10.12+8.45
t:2.943,p:0.143 t: 3.888, p: 0.067
The effect on daily life
Yes 27 81.8 40.77+9.14 11.66+8.87
No 6 18.2 30.33£11.20 7.00+7.01

t: 2.434, p: 0.021*

t: 1.400, p: 0.195

*p<0.05; t: Independent Sample T test; F: One-way ANOVA; r: Pearson Correlation Test.

sion in the model. The Beta coefficient of the independent
variable included in the regression model was (3=0.602)
(p=0.000). Accordingly, it is understood that the depression
level has a significant effect on the caregiving burden of
caregivers (p=0.000) (Table 4).

Discussion

Liver transplantation, a major surgical procedure, is quite
complicated in the post-transplant period. For a helathy
navigation of the process, patients and caregivers need pro-
fessional support. After liver transplantation, patients may
encounter problems such as infection, rejection, biliary com-
plications, and bleeding. This process is especially stress-
ful for families with pediatric liver transplants. If the liver
transplant involves a living donor, the donor’s health status

is also a concern. Families of pediatric patients experience
significant anxiety and worry about complications such as
rejection and infection. These fears and concerns negatively
impact the family and affect the caregiving burden.

A literature review revealed that there is only one study
aimed at determining the caregiving burden of individuals
caring for liver transplant patients.”? Due to the lack of such
studies in pediatric liver transplant patients, we designed
current study.

In our study, consistent with the literature, the majority
(72.7%) of caregivers were women. It is reported reported
that 50.5% of caregivers were women.??? According to the
American Caregivers Association data, 75% of caregivers
are women.”¥ |t is noted that, as in our country, most care-
givers in foreign countries are also women.?3!
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Table 2. The characteristics of pediatric liver transplant recipients.
Demographic characteristics n % Burden of Care Depression
(Mean*SD) (Mean*SD)
Age
0-3 years 2 6.1 45.00+2.82 8.00+2.82
4-6 years 9 273 38.88+11.48 7.11+£6.58
7-12 years 8 24.2 42.37+8.17 14.75+10.76
13-18 years 14 424 36.00+10.80 11.35+8.61
F:.916, p: 0 .446 F:1.212,p:0.323
Gender
Male 13 394 35.00+12.44 10.69+11.78
Female 20 60.6 41.40+7.79 10.90+6.20
t:-1.655, p: 0.115 t:-.058, p: 0.954
Post-transplant duration
0-6 Months 10 303 45.00+10.11 18.00+8.76
7-12 Months 2 6.1 48.50+2.12 11.00+7.07
13-24 Months 6 18.2 38.1616.73 7.66+6.12
25 months and longer 15 45.5 33.80+9.39 7.26+7.09
F:3.845, p: 0.020* F:4.523, p: 0.010%
Complications
Yes 18 54.5 38.61+£11.52 10.77£10.30
No 15 45.5 39.20+8.77 10.86+6.51
t:-.167, p: 0.869 t:-.030, p: 0.976
Biliary Complications gelisme
Yes 8 24.2 40.87+5.11 11.25+7.49
No 25 75.8 38.24+11.38 10.68+9.13
t:.629, p: 0.534 t:.177, p: 0.862
Rejection
Yes 5 15.2 37.40+£14.53 8.80+4.76
No 28 84.8 39.14+9.58 11.17+9.19
t:-.258, p: 0.807 t:-.865, p: 0.407
Infection
Yes 2 6.1 37.00+1.41 14.5+7.78
No 31 93.9 39.00+10.53 10.58+8.77
t:-.935, p: 0.365 t:.685, p: 0.604
*p<0.05.

Table 3. Correlation analyses between the severity of depression
and the burden of care

(MeanzSD) (The Burden of Care Depression
minimum and
maximum scores
of the scale)

The average Zarit Burden Interview (ZBI) score of caregiv-
ers was found to be 38.87+10. Tiire and colleagues® found
the average ZBI score to be 47.64+15.31 in caregivers of
children with chronic illnesses. Tascioglu and colleagues
found the average ZBI score to be 45.74+1.03 in parents of
hospitalized children. Similarly, another study reported the

Burden of Care 38.87+10.21 (0-88) 1 r:.602 average ZBlI score to be 30.58+13.09 in parents of children

p:.000 with chronic illnesses.?? Bayir and colleagues” determined

Depression 10.81+8.65 (0-63) r:.602 1 the average ZBI score to be 33.77+£12.37 in caregivers of
p:.000 liver transplant patients.

Table 4. The regression analysis of the depression scale versus the burden of care

Dependent variable Independent Variable B Std. Error B P R Model p
Burden of Care Constant 31.193 2.329 0.000 .602 17.649 0.000
Depression 0.710 169 .602 0.000
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In our study, it was found that 81.8% of caregivers reported
that their daily lives were affected. The caregiving burden
of those whose daily lives were affected was found to be
severe. The impact of caregiving burden on the daily lives
of caregivers was statistically significant. Similarly, in a
study by Karaaslan et al.'¥ investigating the effect of care-
giving burden on daytime sleepiness in caregivers of liver
transplant patients, the caregiving burden score was found
to be severe in individuals whose daily lives were affected.

According to the results obtained regarding the inter-
val from the transplant and the caregiving burden scores
of caregivers, it was found that the caregiving burden of
caregivers decreased over time, and this decrease was
statistically significant. It is thought that in the early post-
transplant period, the presence of families in the hospital
environment, the stress of new situations encountered in
the postoperative period related to their children's iliness-
es, and similar factors increased the caregiving burden. As
families became accustomed to living with liver transplan-
tation in the post-transplant period, the caregiving burden
was lower.

In our study, although there was no statistically significant
difference, it was observed that depression scores de-
creased as the education level increased. In the literature,
Giftci et al.”” similarly found no significant difference in
depression scores according to education level. The litera-
ture indicates that as education levels increase, depression
scores decrease because individuals use more effective
coping mechanisms and have better decision-making pro-
cesses.

When depression scores were examined according to in-
come levels in our study, no statistically significant differ-
ence was found. However, when looking at the average de-
pression scores according to income levels, it was observed
that those with an income above the minimum wage had
an average depression score of 7.35+£9.55, while those with
an income at or below the minimum wage had an average
depression score of 13.36+7.15; but this difference did not
reach statistical significance. The literature indicates that
low household income is correlated to the severity of de-
pression.?? Based on this information, it can be said that
our research findings support the literature.

When comparing the depression scores of caregivers with
the transplant duration, the results were found to be sig-
nificant. Similar to the comparison of caregiving burden
with transplant duration, it is thought that the difficulties
brought by the early post-transplant period increased de-
pression levels, while as the post-transplant period extend-
ed, families' ability to cope with problems improved, and
depression levels decreased.
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It was found that the caregiving burden level was se-
vere at 38.87+10.21, and the depression level was mild at
10.81+8.65. According to these results, a moderate positive
relationship was observed between caregiving burden and
depression level.

A simple linear regression analysis was conducted to de-
termine the effect of caregivers’ depression levels on care-
giving burden, and the model was found to be significant.
The R? value, which expresses the explanatory power of the
model, was determined to be 0.363. This value indicates
that 36.3% of the caregiving burden variable is explained
by the independent variable depression in the model. Ac-
cordingly, depression level has a significant effect on the
caregiving burden of caregivers. As the depression level in-
creases, the caregiving burden score also increases.

In the literature, Karaaslan et al.2” found a positive relation-
ship between caregiving burden and depression in their
study evaluating the psychological conditions and care-
giving burden of parents with mentally disabled children.
Similarly, Budak et al.B" concluded that as the caregiving
burden of mothers of children with chronic illnesses in-
creases, their levels of anxiety and depression also increase.

Our study has various limitations. We did not evaluate the
burden of caregivers and the level of depression in the rela-
tives of the non-transplanted individuals. Furthermore, the
sample consists only of patients hospitalized at Inonu Uni-
versity Liver Transplant Institute.

Conclusion

Our results showed that the majority of the caregivers are
the mothers of the child. The burden of care has a major
impact on the social status of the caregivers. There is a posi-
tive correlation between the burden of care and depression
in caregivers. As the duration of the posttransplant period
prolongs the burden and the severity of depression of the
caregivers are reduced. For these reasons, we believe psy-
chosocial support is required in the early postoperative pe-
riod. This will increase the quality of care. Also, the burden
of care should be shared with other members of the family.
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Abstract

Objectives: The aim of this study is to present updated data on liver transplantation (LT) for hepatocellular carcinoma (HCC) of
Inonu University, Liver Transplantation Institute, one of the largest volume liver transplant centers in the world.

Methods: The data of 492 LT patients with HCC were analyzed retrospectively from the databank which is recorded prospectively
and sequentially. Post-transplant recurrence rates and patient survival according to Milan, Malatya and Expanded Malatya criteria
were calculated. Milan Expansion rate of the Malatya and Expanded Malatya criteria were also calculated.

Results: Median follow-up period of the total cohort was 11.1+1.6 years (8.0-14.2, 95% Cl) and the recurrence rate was 18.5 %
(91/492). 5-year OS according to Milan, Malatya and Expanded Malatya criteria in our cohort were 80%, 79.3% and 78.4%, respec-
tively. Post-transplant recurrence rates within these criteria were 3.2%, 3.8%, and 4.7%, respectively. Milan expansion rates were
25.2% for Malatya criteria and 35.2% for Expanded Malatya criteria.

Conclusion: Milan criteria can be expanded reasonably by Expanded Malatya criteria. Low GGT and low AFP are good prognostic
biomarkers that predict survival following LT in patients with HCC. Patients within Expanded Malatya Criteria had 78.4% 5-year OS,
4.7% post-transplant recurrence rate and Expanded Malatya criteria expanded the Milan criteria by 35.2%. Thus, 88 patients were
beyond Milan criteria and were within Expanded Malatya criteria and so had an opportunity for LT.
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H epatocellular carcinoma (HCC) is the 6th commonest
cancer globally with 866.136 new cases and the 3™
global cause for cancer related deaths, with 758.725 deaths
in the world.M It seems that it will continue to be one of the
leading cancers in the future with an estimated number of
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annual new HCC cases of 1.52 million and deaths of 1.37
million by 2050.2 Liver transplantation (LT) has an impor-
tant role in the treatment of HCC patients by providing a
chance of cure by removing both the underlying liver dis-
ease and as well as the tumor.
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Milan criteria were the first to be accepted globally for HCC
patients for LT. We defined Malatya and Expanded Malatya
criteria from Turkiye. In Tirkiye, one of the countries with
a cadaveric organ shortage, the patient selection criteria
for deceased donor liver transplantation (DDLT) in patients
with HCC are still the Milan criteria.®! On the other hand,
the search for criteria that will predict the best outcomes in
LT for HCC continues.

In this study, we aimed to share the outcomes of patients
with HCC who underwent LT in our institute, which is one
of the largest transplantation centers in the world.

Methods

Inonu University Ethics Committee approved this study by
approval no: 2024/6410. No informed consent was requested
from patients since this is a retrospectively designed study.

Study Population

Between March 2002 and July 2024, 3784 LTs were per-
formed at the Liver Transplantation Institute of Inonu Univer-
sity. We retrospectively analyzed the data of LT patients from
the database which is recorded prospectively and sequen-
tially. Patient demographics, tumor morphology (according
to explant pathology report), etiology of the underlying liver
disease, pre-transplant laboratory values, CHILD-Pugh class,
MELD Na score, graft to recipient weight ratio (GRWR), over-
all (OS) and disease-free survival (DFS) years post-transplant
and recurrence rate were recorded. Patient survivals were
then calculated according within or beyond Milan criteria,”
Malatya®™ and Expanded Malatya criteria.® Finally, the rate of
expansion which the Malatya and Expanded Malatya criteria
expanded the Milan criteria, were calculated.

Patient Inclusion and Exclusion Criteria
« Inclusion criteria

- Patients whose HCC was confirmed pathologically at
the explant specimen

+ Exclusion criteria
+ Patients who had combined HCC and cholangio carcinoma

« Patients with post-transplant follow up period of less
than 90 days

Definition of Milan Criteria®

« Patients with HCC who had no macrovascular invasion,
no extrahepatic disease, for single nodule, maximum
tumor diameter should be less than 5 cm; for multiple
nodules, number of nodules should be less than 3
nodules and maximum tumor diameter of all nodules
should be less than 3 cm.
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Definition of Malatya Criteria®®

+ Patients with HCC should not have macrovascular inva-
sion and extrahepatic metastasis

« If patient is within Milan criteria, its accepted as also
within Malatya criteria

+ If patient is beyond Milan criteria, should meet all the
following 4 parameters

o

Largest tumor diameter <6 cm

o AFP <200 ng/ml

o GGT<1041U/ml

o Well or moderately tumor differentiation

Definition of Expanded Malatya Criteria'®

- Patients with HCC should not have macrovascular inva-
sion and extrahepatic metastasis

« If patient is within Milan criteria, its accepted as also
within Expanded Malatya criteria

- If patient is beyond Milan criteria, should meet all the
following 3 parameters

o Largest tumor diameter <10 cm
o AFP <200 ng/ml
o GGT<1041U/ml

Surgical Technique and Management of Immuno-
suppressive Treatment

- Our patient selection criteria, surgical method in LT for
HCC, and immunosuppressive treatment protocol have
been described in our previous studies. 7%

Statistical Analysis

« The normal distribution of quantitative variables was
tested using the Shapiro-Wilk test and summarized by
median, minimum, and maximum values. For compari-
sons of two independent groups, the Mann-Whitney U
test was used.

« The distribution of qualitative variables was presented
by count (percentage), and chi-square tests (Pearson
or continuity-corrected, where appropriate) were used
for comparisons. Different superscript letters indicate
significant differences between column proportions in
tables as appropriate.

+ Survival analyses were performed using the Kaplan-
Meier method, Log-Rank test, and Cox regression analy-
sis. The two-tailed significance level was set at 0.05.

« Overall survival defined as the time between the trans-
plant day and death and calculated as years and death
patients were censored by Kaplan-Meier method.

- Disease-free survival defined as the time between the
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transplant day and the recurrence day and calculated
as years and recurred patients and death patients were
censored by Kaplan-Meier method.

» All statistical analyses were conducted using IBM SPSS Sta-
tistics for Windows, Version 25.0 (IBM Corp, Armonk, NY).

Between March 2002 and July 2024, 3784 LTs were per-
formed at the Liver Transplantation Institute of Inonu Uni-
versity, of which 592 (15.6%) were due to HCC. Following
the inclusion and exclusion criteria, data of remaining 492
HCC patients were analyzed.

Annual LT numbers for HCC patients at our institute were
shown at Figure 1. We thus perform an average of 35 to 40
LT for patients with HCC annually.

Median age was 56 (1-72 years), rate of male gender was
86.6% (n=426). Median AFP 12.3 (0.2-55.000 ng/ml), MELD/
PELD 13 (6-41), Largest tumor diameter 3 (0.1-26 cm),
number of nodules 2 (1-36). Demographics, laboratory pa-
rameters, and tumor data were summarized at Table 1.

Median follow-up period of the total HCC cohort was
11.14+1.6 years (8.0-14.2, 95% Cl) and recurrence rate was
18.5% (91/492) (Table 1).

Survivals of the Total HCC Cohort (n=492)

1-, 5- and 10-year overall and disease-free survivals of the
total cohort were 87.6%, 65% and 52.9% and 82.8 %, 62.3
%, and 51.4 % respectively, and recurrence rate in total co-
hort was 18.5 % (n=91).

Survivals According to Milan Criteria (Figs. 2a, 3a)

When we dichotomized the total cohort according to Mi-
lan criteria by pathology report, 250 patients were within
Milan and 242 were beyond.

1-, 5- and 10-year overall and disease-free survivals of pa-
tients within Milan criteria were 91.3%, 80% and 66.1 % for
overall and 90.9 %, 78.5 %, and 63.8 % for disease-free, re-
spectively, and the recurrence rate in patients within Milan

Inonu University Liver Transplant Institute

Annualliver TransplantNumbers for HCC

25
20
15
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Figure 1. Annual liver transplant numbers for HCC at Inonu Universi-
ty, Liver Transplantation Institute.

Table 1. Demographics, tumor features, and laboratory
parameters of all cohort

Parameters Median Minimum Maximum
Age, years 56 1 72
AFP, ng/ml 12.3 0.2 55000
LTD, cm 3.0 0.1 26,00
NN 2.00 1 36
BSA 1.92 0.38 2.54
BMI 26.0 14.80 46.90
NLR 2.6 0.10 35.30
PLR 81.8 2.60 1092.30
Platelets, x10%/uL 96 15 701
INR 1.31 0.82 4.10
Albumin g/dI 3.0 1.20 5.20
Total Bilirubin, mg/dl 1.87 0.23 44,70
Creatinine, mg/dI 0.8 0.22 13.8
AST, U/L 59 9 7789
ALT, U/L 42 10 3535
ALP, U/L 118 28 2327
GGT, IU/L 73 11 1396
MELD Na 13 6 41
n %

Recurrence

Yes 91 18.5

No 401 81.5
Milan criteria

In 250 50.8

Out 242 49.2
Malatya criteria

In 313 63.6

Out 179 36.4
Malatya criteria

In 338 68.7

Out 154 31.3
Gender

Male 426 86.6

Female 66 13.4
CHILD class

A 175 35.6

B 205 41.7

C 112 22.8
AFP, ng/ml

<200 410 83.3

>200 77 15.7

Missed 5 1.0
GGT, ng/ml

<104 318 64.6

>104 172 35

Missed 2 04
Differentiation

Well 210 427

Moderate 208 423

Poor 73 14.8

Missed 1 0.2
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Table 1. Demographics, tumor features, and laboratory
parameters of all cohort (Cont.(

n %

Venous invasion

None 270 549

Microvascular 165 335

Macrovascular 57 11.6
Etiology

Viral hepatitis 374 76.0

Cyrptogenic 74 15.0

Budd-Chiari 12 24

Ethanol 10 2.0

Metabolic 8 1.6

Others 14 2.8
GRWR

>0.8 428 87

<0.8 51 10.6

Missed 13 2.6

criteria was 3.2 % (n=8).

1-, 5- and 10-year overall and disease-free survivals of pa-
tients beyond Milan criteria were 83.7 %, 49.2 % and 38.9
% and 74.2 %, 45.1 %, and 38.1 % respectively, and recur-
rence rate in patients beyond Milan criteria was 34.3 %
(n=83).
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Survivals According to Malatya Criteria (Figs. 2b, 3b)

When we dichotomize the whole cohort according to
Malatya criteria by pathology report, 313 patients were
within Malatya and 179 were beyond.

1-, 5- and 10-year overall and disease-free survivals of pa-
tients within Malatya criteria were 91.6%, 79.3 % and 67.6 %
and 91.3 %, 77.8 %, and 65.6 % respectively, and recurrence
rate in patients within Malatya criteria was 3.8 % (n=12).

1-, 5- and 10-year overall and disease-free survivals of pa-
tients beyond Malatya criteria were 80.7 %, 40 % and 26.7
% and 68 %, 35.1 %, and 26 % respectively, and recurrence
rate in patients beyond Malatya criteria was 44.1 % (n=79).

The rate of expansion which Malatya criteria expanded the
Milan by 25.2% (n=63 beyond Milan patients were within
Malatya criteria).

Survivals According to Expanded Malatya Criteria
(Figs. 2¢, 3¢)

When we dichotomized the total cohort according to Ex-
panded Malatya criteria by pathology report, 338 patients
were within Expanded Malatya and 154 were beyond.

1-, 5- and 10-year overall and disease-free survivals of pa-
tients within Expanded Malatya criteria were 91.3%, 78.4 %
and 65.6 %, and 90.7 %, 76.4 %, and 63.9 % respectively,

b

Overall Survivals According to Milan Criteria

am

Milan
Criteria

80% 79.3%

49.2%

38.9%

Cum Survival
Cum Survival

p<0.001

E) o s 0

Time (years)

Time (years)

Overall Survivals According to Malatya Criteria

C Overall Survivals According to Expanded Malatya Criteria
Malatya 0
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Expanded
Malatya
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p<0.001 p<0.001

Time (years)

Figure 2. (a) Overall survivals according to Milan criteria, (b) Overall survivals according to Malatya criteria, (c) Overall survivals according to

Expanded Malatya criteria.

Disease-Free Survivals According to Milan Criteria

Milan
Criteria

78.4 %

Cum Survival

p<0.001
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Figure 3. (a) Disease-free survivals according to Milan criteria, (b) Disease-free survivals according to Malatya criteria, (c) Disease-free survivals

according to Expanded Malatya criteria.
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and recurrence rate in patients within Expanded Malatya
criteria was 4.7 % (n=16).

1-, 5- and 10-year overall and disease-free survivals of pa-
tients beyond Expanded Malatya criteria were 79.7 %, 35.3
% and 24.2 % and 65.5 %, 31 %, and 23.5 % respectively,
and recurrence rate in patients beyond Expanded Malatya
criteria was 48.7 % (n=75).

The rate of expansion which Expanded Malatya criteria ex-
panded the Milan by 35.2% (n=88 beyond Milan patients
were within Expanded Malatya criteria).

The OS and DFS, recurrence rates, and Milan criteria expan-
sion rates of patients within the criteria are summarized in
Figure 4.

Discussion

Efforts are ongoing to increase the donor pool through liv-
ing donor liver transplantation and swap liver transplan-
tation procedures in countries with organ shortage, such
as Tirkiye."" 2 However, the demand for organs is over-
whelmingly higher than the donor organ supply. Therefore,
using a valuable resource for patients with malignancy
should be performed in accord with very strict criteria to
choose patients who will benefit the most from transplan-
tation. In patients with HCC, a 5-year overall survival more
than 50 - 61% is considered as a target survival by LT,['>¢
but there is not any recommended data on the post-trans-
plant recurrence rate.

Although 28 years have passed since its publication, Milan
criteria which is very strict, is still used in cadaver organ
distribution in Tlrkiye. As shown in many studies, when LT
was performed in a group of patients beyond Milan crite-
ria, survival outcomes were similar to Milan criteria.®! In the
present study, the 5-year overall survival rates of patients
within Milan, within Malatya and within Expanded Malatya
criteria were similar by LT, 80%, 79% and 78%, respectively
(p=0.903). Additionally, the tumor recurrence rates after LT

| Milan Criteria ‘ Malatya Criteria | | Expanded Malatya Criteria ‘

AFP =200 AFP =200

35.2%

Milan Milan LTDS10cm

Criteria

GGT=104

Criteria

Criteria

Differentiation
well/moderate

5-year OS :79.3%
Recurrence :3.8%
Expansion rate of Milan : 25.2%

5-yearOS :80%
Recurrence :3.2%

5-year OS
Recurrence :4.7%
Expansion rate of Milan : 35.2%

:78.4%

Figure 4 . Summary of OS and DFS, recurrence rates, and Milan crite-
ria expansion rates of patients within the criteria.
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in patients within these criteria were quite low, being 3.2%,
3.6% and 4.7%, respectively. On the other hand, the 5-year
OS of patients with beyond Milan in our study is 49.2%. It is
very close to the acceptable survival recommended in the
guidelines. Thus, almost half of the patients with beyond
Milan had a 5-year survival according to our study. These
results are also evidence that the Milan criteria should be
expanded reasonably.

There are more than 25 transplant criteria which are pub-
lished in the literature from 10 different countries.” These
criteria were called the expanded Milan criteria and each
of them expanded the Milan criteria in different rates.
Two of them were published from our institute in Tirkiye,
which are called Malatya criteria® and Expanded Malatya
criteria.’® The current study revealed that there were 250
patients within Milan, 313 patients within Malatya, 338 pa-
tients within Expanded Malatya criteria with similar 5-year
0OS. When we focused on the Milan expansion rates of the
Malatya and Expanded Malatya criteria, Malatya criteria ex-
panded the Milan by 25.2 % (n=63 beyond Milan patients
had a chance to LT), while expanded Malatya criteria ex-
panded Milan by 35.2 % (n=88 beyond Milan patients had
a chance to LT).

Tumor morphological features such as number of nodules
and largest tumor diameter as a selection criteria for LT in
patients with HCC were insufficient to predict post-trans-
plant survival. In addition to tumor morphology, biomark-
ers that predict tumor biological behavior are needed. We
used low serum levels of alpha-fetoprotein (AFP) plus low
serum levels of gamma glutamyl transpeptidase (GGT) as
a good prognostic biomarker, in addition to largest tumor
diameter in Expanded Malatya criteria and we expanded
the Milan criteria by 35.2% with a similar 5-year OS 78.4%.

There are many studies on the diagnostic and prognostic
usefulness of GGT and GGT-Il which is its hepatoma-specif-
ic isoform. Several studies have also shown the prognostic
usefulness of GGT in various treatments of HCC, including
chemoembolization, radiofrequency ablation, resection,
and LT.'”? We also have an ongoing study on GGT-II in our
institute.

The retrospective design of the study and the fact of 80%
of the cases being caused by viral hepatitis are among the
limitations of the study. The strength of this study are the
prospectively collected data and the relatively large num-
ber of patients.

Conclusion

Milan criteria can be expanded reasonably by Expanded
Malatya criteria. Low GGT and low AFP are good prog-
nostic biomarkers that predict survival following LT in pa-
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tients with HCC. Patients Within Expanded Malatya Crite-
ria had 78.4% 5-year OS, 4.7% post-transplant recurrence
rate and Expanded Malatya criteria expanded the Milan
by 35.2% which means 88 patients beyond Milan criteria
were within Expanded Malatya criteria, giving them an
opportunity for LT.
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Abstract

Gallbladder cancers are relatively rare malignancies. While early-stage cases can achieve good outcomes with cholecystectomy,
the 5-year survival rate in advanced stages is extremely low. Primary sclerosing cholangitis is a progressive liver disease character-
ized by inflammation of the bile ducts and is associated with an increased risk of gallbladder cancers.

A 32-year-old male patient with primary sclerosing cholangitis was referred for liver transplantation. Imaging revealed a suspicious
polypoid lesion, 2.5 cm in diameter, in the gallbladder. With a Meld score of 30, the patient was placed on the transplant waiting
list. After waiting period of one month a deceased donor liver transplant was performed. The hepatectomy specimen revealed T2
gallbladder cancer. No recurrence or metastasis was detected during 1 year of follow-up.

There is no consensus on the management of suspicious gallbladder lesions in patients with primary sclerosing cholangitis. Cho-
lecystectomy in these patients carries a risk of decompensation in cirrhosis. Considering the decompensated liver cirrhosis and
high Meld score, we preferred transplantation over cholecystectomy. Therefore, liver transplantation can be considered as primary

treatment option instead of cholecystectomy.

Keywords: Gallbladder cancer, primary sclerosing cholangitis, liver transplantation.
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Gallbladder cancer (GBC) is the most common malig-
nancy of the biliary tract and the fifth most common
malignancy of the gastrointestinal system." Except for
those detected incidentally during elective cholecystecto-
mies, the prognosis is generally poor. While gallstones and
polyps are considered possible etiological factors, the ex-
act causes remain unclear. Early-stage curative resections
are effective, but oncological treatments in advanced stag-
es have limited impact on overall survival.

Primary sclerosing cholangitis (PSC) is a chronic and pro-

gressive liver disease that affects the bile ducts. It is char-
acterized by inflammation, strictures, and fibrosis in the
intra- and extrahepatic bile ducts.”? PSC is associated with
hepatobiliary malignancies, colorectal cancer, and inflam-
matory bowel diseases. Liver transplantation (LT) is the
most effective treatment for patients with cirrhotic livers
due to PSC.B!

There are limited reports in the literature of liver transplant

patients with coexisting PSC and GBC. In this report, we
present a patient with PSC and GBC who underwent LT.
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Case Report

A 32-year-old male patient who had been followed up
in gastroenterology department due to PSC and ulcer-
ative colitis for about 7 years was referred to our clinic for
transplantation, with no history of other comorbidities or
previous surgery with. He had a history of recurrent en-
doscopic retrograde cholangio pancreatography (ERCP)
and stenting and was using ursodeoxycholic acid (UDCA)
and azathioprine. Laboratory tests showed a Meld (Model
for End-stage Liver Disease) score of 30. Ultrasonography
(USG) showed an asymmetric increase in gallbladder fun-
dus thickness up to 2.5 cm in addition to the findings of
chronic liver disease. Computed tomography (CT) and
magnetic resonance imaging (MRI) showed cirrhotic liver
and suspicious polypoid lesions measuring 2.5 cm in size
in the gallbladder (Fig. 1). A cholecystectomy was not con-
sidered because of the risk of decompensation due to high
Meld score and poor liver parenchyma. The patient with
an patent portal vein was placed on the deceased donor
waiting list because of lack a living donor. After T month
on the waiting list, the patient was hospitalized due to de-
compensation and was under medical treatment when a
deceased donor organ was presented. With a Meld score
30, the patient underwent LT. The gallbladder appearance
was normal. There were no early post-transplant complica-
tions and histopathologic examination of the liver revealed
cirrhosis with an etiology compatible with PSC. The gall-
bladder showed adenocarcinoma with a size of 3.5x2.5x1.5
cm. The pathologic stage of the patient with clear surgical
margins and no lymphovascular and perineural invasion
was T2aNOMx (Figs. 2 and 3). No distant organ metastasis
was detected in the scans and no oncologic treatment was

Figure 1. Preoperative polypoid lesion in the gallbladder.

given. Due to malignancy, everolimus was started in addi-
tion to tacrolimus in immunosuppression treatment. The
patient continued with dual treatment and no recurrence
or metastasis was observed 1-year follow-up (Fig. 4).

Figure 2. Polypoid tumoral lesion located in the fundus (arrow).

et
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Figure 3. (a) Invasive adenocarcinoma (arrow) developing in the
gallbladder on the background of intracholecystic papillary neo-
plasm with polypoid appearance (H&E; 10x). (b) Tumoral cells form-
ing glandular structures invade the perimuscular connective tissue
on the peritoneal side (H&E; 100x).
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Figure 4. CT image of the patient 1 year after transplantation. Stent
inserted due to biliary stricture.

Discussion

GBC is a malignancy with an aggressive course and poor
prognosis. The 5-year survival of patients is between %5-15.
“ The worldwide incidence of this relatively rare disease is
2.5 per 100,000 people and is higher in women than in men.
Gallstones are significantly associated with an increased risk
of GBC. At the time of diagnosis, %90 of patients have stones.
B Other risk factors include polyps and PSC disease. Especially
in patients with PSC, the malignancy risk of gallbladder polyps
has been found between %40-60. In the early stage, patients
mostly remain asymptomatic and are diagnosed as incidental
in the imaging studies or elective cholecystectomies. Approxi-
mately %0.7 GBC has been reported in pathologic examina-
tion performed after cholecystectomy. The only curative treat-
ment option for GBC is RO resection.”? While cholecystectomy
is sufficient for T1 and T2 tumors, extensive resections and
lymph node dissection are required for T3 and T4 tumors. It
has been reported that depth of invasion and lymph node in-
volvement are prognostic indicators for survival.®

PSC is a progressive liver disease involving the biliary tract
and progressing to cirrhosis. It is known that the incidence
of extrahepatic hilar cholangiocarcinoma and GBC are in-
creased in PSC. The relationship between PSC and GBC has
not been definitively established. Although the imaging
studies performed at the diagnostic stage can put forth the
diagnosis of GBC, the findings may be misleading due to
the chronic cholecystitis in the background of PSC.

In the literature, cases who underwent LT due to PSC and in-
cidentally found GBC have been presented. In the first report
written in 1994, two patients underwent LT for PSC. They had
TINOMO and T2NOMO GBC.*! Both patients survived for 2,5

Journal of Inonu Liver Transplantation Institute

years without the need for additional treatment. In another
report, a 60-year-old patient who underwent LT due to PSC
was found to have GBC and a 6-year disease-free survival was
achieved."™ The common point in the published reports is
that cholecystectomy is avoided in patients with cirrhotic liver
due to PSC in the diagnostic approach for suspicious masses
in the gallbladder. On the other hand, in one report a chole-
cystectomy was performed in a 29-year-old patient who was
followed up with PSC and an irregular mass of 11x13 mm in
size was observed in the gallbladder. Histopathologic exami-
nation revealed GBC.'" No distant metastasis was found and
LT was performed 1 month later and a 24-month disease-free
survival was reported. In another report, the association of LT
and GBC was reported in four patients, three of whom had PSC
and one had cryptogenic cirrhosis.'? In one of the patients,
cholecystectomy was performed before LT and T2NOMO stage
was diagnosed and the patient received radiotherapy and
chemotherapy. LT was performed 11 months after cholecys-
tectomy when liver function deteriorated. The other 3 pa-
tients were diagnosed in the hepatectomy specimen after LT.
Disease-free survival was reported as the shortest 22 months
and the longest 42 months.

LT seems to be the only option for these patients due to the
risk of decompensation. And there have been no reports of
early recurrence or metastasis after LT. One of the common
features of these patients is the absence of nodal spread
and early detection of tumors. Although lymph node in-
volvement is an important prognostic factor in the litera-
ture, it has also been reported that residual disease in the
lymph nodes of incidental GBCs has no effect on survival.'*!
This makes the option of LT more attractive when a suspi-
cious mass is seen in the gallbladder in patients with PSC.
On the other hand, planning cholecystectomy because of
the cirrhotic liver background in these patients is risky as it
may lead to decompensation. In such a case, the patient's
liver function should be well evaluated. Cholecystectomy
should be avoided in patients with high Meld score.

Therefore, if early-stage GBC is considered in decompen-
sated cirrhotic patients, LT should be done. There is no indi-
cation for LT in advanced-stage GBC. However, early-stage
GBC should not be considered a contraindication for LT.
The reported cases show favorable outcomes, making LT a
viable treatment option for early-stage GBC, particularly in
the setting of PSC or cirrhotic liver.

Conclusion

Since there is a risk of GBC in patients with PSC, the gall-
bladder should be examined especially in detail in periop-
erative imaging. As in our case, the result of LT in patients
with T2 GBC are promising.
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Abstract

Hepatorenal syndrome is common in patients with decompensated cirrhosis with severe ascites. Liver transplantation (LT) is the
only viable option. Combined Liver-Kidney transplantation (CLKT) is recommended in cases with irreversible renal damage. Recov-
ery of the renal functions following LT is common. We aimed to present a pediatric patient with biliary atresia with full recovery of
renal functions after retransplantation for chronic rejection and biliary obstruction.

Living donor LT (LDLT) was performed on a 4-year-old female patient due to biliary atresia 6 years before the admission to our
department. The patient suffered chronic anastomotic stenosis, cholangitis, and subsequent chronic rejection. On admission, the
patient was severely icteric with massive ascites. The renal function was poor with no urine output and required hemodialysis.
CLKT was planned but only LDLT could be performed due to deterioration of the patient’s condition. However, the renal function
improved dramatically in the postoperative period and the kidney transplant was not performed. The patient had an uneventful
postoperative period.

Hepatorenal syndrome, can resolve following LT. The patients who have a high risk of chronic liver failure should be determined

before the LT procedure to plant a CLKT and to allocate insufficient organ resources.
Keywords: Hepatorenal syndrome, liver transplantation, retransplantation.
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Cirrhosis is the result of irreversible damage to the liver
tissue that causes changes in the liver microarchitec-
ture that is defined by extensive fibrosis. The only cure for
end-stage liver disease is liver transplantation. Hepatore-
nal syndrome (HRS) is a complication of severe decompen-
sated cirrhosis. The physiopathological mechanisms that
lead to HRS include splanchnic vasodilation, reduced sys-
temic vascular resistance and central hypovolemia, inflam-
mation, altered cardiovascular reflexes, and intraabdomi-
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nal hypertension related to severe ascites. The prognosis of
HRS is poor and mortality reaches 80%.""

Diagnosis depends on clinical suspicion since no definitive
clinical and radiologic diagnostic test exists. HRS can be
suspected in a patient with cirrhosis with elevated serum
creatinine, oliguria, and low urinary sodium concentration.
45 There are no proteinuria or histologic changes and for
this reason, the renal failure is reversible.3!
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Medical therapy of HRS includes treatment with a combi-
nation of albumin and posterior pituitary lobe hormone
analogs such as terlipressin or vasopressin to obtain po-
tent vasoconstriction. Medical treatment is a bridging
therapy until definitive therapeutic options are performed.
Definitive treatment includes liver transplantation (LT)
or combined kidney and liver transplantation (CKLT).!>*
Spontaneous recovery of the renal function following LT
is common. We need criteria to predict whether patients
can recover from HRS after LT. This is very important for al-
locating scarce resources of deceased donor organs to pa-
tients who need them.

In the present study, we report a case of a 10-year-old fe-
male patient with a prior history of LT due to biliary atre-
sia. She lost the graft due to chronic rejection and had HRS
that required hemodialysis at the time of retransplantation.
Following the procedure, the renal function of the patient
recovered completely.

Case Report

A 10-year-old girl was admitted to our department with
abdominal distension, decreased urine output, and dete-
rioration of her general health. The patient had undergone
a Kasai procedure for biliary atresia and received a living
donor liver transplantation when she was 4 years old. She
suffered from stenosis of the biliary anastomosis for which
multiple sessions of percutaneous transhepatic biliary
catheterization were performed. She suffered from ascend-
ing cholangitis and received a broad spectrum of antibiot-
ics. During these episodes, the immunosuppressive ther-
apy was discontinued and she gradually developed graft
rejection. Nevertheless, all attempts failed and the patient
gradually developed fibrosis of the graft due to poor bile
drainage and chronic rejection of the liver graft.

The physical examination upon admission showed that the
condition of the patient was deteriorating, and she was se-
verely icteric. The abdomen was distended due to severe
ascites and caput medusae were observed. She showed se-
vere sarcopenia and was almost immobile. The patient had
severe renal failure with no urine output. She had to receive
regular intervals of hemodialysis.

The computerized tomography scan showed that the bile
ducts were severely dilated forming lacunar changes, and
the liver parenchyma was destroyed (Fig. 1). The laboratory
values at admission showed that she had severe renal fail-
ure (Table 1). A liver biopsy showed severe fibrosis and de-
struction of the microarchitecture of the liver parenchyma.

Initially, CKLT was planned. Her mother was a suitable can-
didate to be a partial liver donor. Her grandmother was a
suitable kidney donor. The Child Pugh-Turcot score of the

Figure 1. The computerized tomography sections of the liver show-
ing dilated bile ducts and destruction of the normal architecture of
the liver (The red arrows show the dilated bile ducts). The contours of
the liver are rough indicating chronic liver disease.

Table 1. Laboratory values of the patient at admission and
postoperative 9'" month.

Laboratory values Admission Posttransplant 9" month
ALT 26 32
AST 37 19
GGT 127 29
ALP 194 245
T.Bil 14.8 1.1
D.Bil 1.3 0.22
Alb 29 3.9
PTT 15.7 14
INR 1.43 0.99
BUN 100 36
Cr 3.71 04

Abbreviations (normal value ranges) of the laboratory parameters: ALT:
Alanine aminotransferase (1-40 IU/mL); AST: Aspartate aminotransferase
(1-40 IU/mL); GGT: Gamma Glutamyl transferase (1-36 IU/mL); ALP: Alkaline
Phosphatase (100-400 IU/mL); T.Bil: Total Bilirubin (<1.2 mg/dL); D.Bil: Direct
Bilirubin (<0.2 mg/dL); Alb: Albumin (3-5 g/dL); PTT: Prothrombin Time
(>12 sec); INR: International normalized ratio (0.8-1.5); BUN: Blood urea
nitrogen (8-36 mg/dL); Cr: Creatinine (0.5-1.1 mg/dL).

patient was 10 and the PELD score was 23. The periopera-
tive of the patient deteriorated rapidly and our team de-
cided to go through first with the liver transplantation and
postpone the renal transplant after the condition of the
patient improved. A left lateral lobe transplantation was
successfully performed, and the patient required five ses-
sions of hemodialysis in the postoperative period and renal
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functions gradually improved and urine output restored.
Our team decided not to perform kidney transplantation.
Her postoperative follow-up was uneventful and laborato-
ry values on the postoperative 9" month are summarized
in Table 1 showing full recovery of the renal functions. She
is currently in the postoperative first year and there is no
problem in her post-transplant controls.

Discussion

HRS is a serious complication of severely decompensated
cirrhosis. If there is a strong suspicion of HRS, medical treat-
ment should be started rapidly.”# The interval between
the diagnosis and LT is a risk factor for renal dysfunction.
Prolonged periods of HRS that require renal replacement
therapy may indicate permanent kidney damage.”? LT is
the gold-standard treatment for HRs, regardless of the re-
sponse to medical therapy.”*” Impaired renal function
while awaiting transplantation has been shown to increase
morbidity and mortality after liver transplantation because
ongoing renal dysfunction following LT is common in this
case.® The risk factors for refractory HRS are resistance to
medical therapy and the presence of underlying chronic
renal disease that may be suspected in patients with dia-
betes, hypertension, anatomic problems in the kidneys ob-
served during imaging, and the presence of proteinuria (>2
g/day).'® Recovery of the renal functions following liver
transplantation may be prolonged to a year after the pro-
cedure.5 Determination of the patients that will recover
is important for the allocation of the limited source of or-
gans and also the prevention of unnecessary renal trans-
plant procedures.

In the present study, our patient suffered from liver failure
due to chronic rejection and she was also taking tacrolimus
as an immunosuppressive therapy. A common side effect
of tacrolimus is renal toxicity. Both liver failure and the use
of tacrolimus played an important role in the development
of HRS in our patient. We have performed a thorough lit-
erature search and have seen no information about con-
comitant chronic rejection and HRS in pediatric patients
undergoing living donor liver transplantation. Our case re-
port is unique because we report a pediatric patient suffer-
ing chronic rejection and HRS that resolved following liver
retransplantation.

In conclusion, LT is the gold standard treatment for patients
with end-stage liver failure and HRS. If the duration of HRS
is prolonged, patients may suffer from irreversible renal
damage. These patients require CLKT. The patients with

Journal of Inonu Liver Transplantation Institute

refractory HRS should be determined before the LT proce-
dure to plan the necessary therapeutic option.
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Abstract

Crigler-Najjar syndrome (CNS) type 1 is a rare autosomal recessive disorder caused by mutations in the UGT1A1 gene, leading to
a complete deficiency of the enzyme uridine diphosphate-glucuronosyltransferase (UGT1A1). This enzyme deficiency results in
severe unconjugated hyperbilirubinemia, which poses a high risk of neurological complications, particularly kernicterus, if left
untreated. While phototherapy provides temporary relief in early childhood, its diminishing effectiveness over time requires liver
transplantation (LT) as the only definitive treatment. In this report, we present three pediatric cases of CNS type 1 treated success-
fully with living donor liver transplantation (LDLT). The first case, an 11-year-old girl, presented severe jaundice and neurological
impairment but showed significant improvement in bilirubin levels and neurological symptoms after transplantation. The second
case, a 12-year-old boy, had persistently high bilirubin levels despite phototherapy, which normalized after LDLT. The third case, an
11- month-old infant without prior treatment, also achieved complete normalization of bilirubin levels after transplantation. These
cases demonstrate that LDLT is highly effective in preventing kernicterus, normalizing bilirubin levels, and improving clinical out-
comes in patients with type 1 CNS. Long-term post-transplant care, including immunosuppressive therapy and regular follow- up,
remains essential for optimal management and patient well-being.

Keywords: Autosomal recessive, crigler-najjar syndrome, liver transplant, orthotopic liver transplantation, ugt1al, unconjugated bilirubin.
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rigler-Najjar syndrome (CNS) is a rare autosomal reces-
Csive disorder characterized by elevated levels of un-
conjugated bilirubin due to mutations in the UGT1A1 gene
located on chromosome 2.

The syndrome is classified into two types: CNS type 1 and
CNS type 2. CNS type 1, the more severe form of the CNS,
manifests shortly after birth and leads to persistently high
bilirubin levels throughout life. Patients with CNS type 1 are
at high risk for bilirubin-induced neurological dysfunction

(BIND), ranging from mild reversible impairments to severe
irreversible encephalopathy known as kernicterus.

The primary cause of CNS type 1 is the complete absence
of hepatic uridine diphosphate- glucuronosyltransferase
(UGTTAT) activity, leading to accumulation of unconju-
gated bilirubin in the bloodstream. This condition is typi-
cally diagnosed by detecting elevated unconjugated bili-
rubin levels in serum or by genetic analysis that identifies
mutations in the UGT1A1 gene.** The global incidence of
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CNS type 1 is estimated at 1 in 1,000,000 live births, with a
higher prevalence in populations where consanguineous
marriages are common.!"?

Treatment Options

For patients with CNS type 1, daily phototherapy (PT) is
the main initial treatment, particularly in the neonatal pe-
riod. Phototherapy helps convert unconjugated bilirubin
into a more water-soluble form, allowing it to be excreted
through the bile. However, the effectiveness of photother-
apy decreases as the skin thickens with age, leading to a
reduced ability to lower bilirubin levels. Plasmapheresis
and exchange transfusions can provide temporary relief
by mechanically removing unconjugated bilirubin from
the circulation, but these are not long-term viable options.
Pharmacological approaches, such as enzyme inducers
such as phenobarbital, are ineffective in CNS type 1 due to
a complete lack of enzyme activity.

Liver transplantation (LT) is the only definitive treatment
for CNS type 1.B! Transplanted livers provide the missing
UGT1A1 enzyme, allowing for proper conjugation and ex-
cretion of bilirubin. Studies have shown that liver transplan-
tation not only normalizes bilirubin levels, but also reduces
the risk of long-term neurological complications. However,
LT is associated with lifelong immunosuppressive therapy
and the risk of posttransplant complications.

This report presents three cases of pediatric patients with
CNS type 1 who successfully underwent living donor liver
transplantation (LDLT), resulting in significant clinical im-
provements.

Case Report

Case 1 — An 11-year-old Palestinian girl, weighing 30 kg
and measuring 131 c¢cm in height, presented persistent
jaundice, delayed speech, and walking difficulties. Labora-
tory results showed an indirect bilirubin level of 21.1 mg/
dL, while liver function tests, thyroid function tests, and uri-
nalysis were normal. No glucose-6-phosphate dehydroge-
nase (G6PDH) or pyruvate kinase deficiency was detected,
and there was no ABO or Rh incompatibility between the
mother and the patient. Genetic analysis revealed a homo-
zygous mutation in the UGT1A1 gene, confirming the diag-
nosis of Crigler-Najjar syndrome type 1 (CNS1).

The patient had been receiving 8 hours of home photo-
therapy daily for 10 years, but bilirubin levels remained el-
evated at 24.7 mg/dL (indirect bilirubin: 24.1 mg/dL, direct
bilirubin: 0.6 mg/dL) when admitted for liver transplanta-
tion. Abdominal CT and brain magnetic resonance imaging
did not show pathological findings. She underwent a living
donor left lobe liver transplantation (LDLT) from her moth-
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er. The surgery involved duct-to-duct anastomosis of the
bile duct and placement of a 5F trans-cystic feeding cath-
eter. The patient was discharged on postoperative day 11.
She experienced postoperative bacterial cholangitis, which
was successfully treated with antibiotics. At the 4-month
follow-up, the biliary catheter was removed and her total
bilirubin level had decreased to 0.5 mg/dL (direct bilirubin:
0.2 mg/dL, indirect bilirubin: 0.3 mg/dL). Her bilirubin lev-
els remained stable under immunosuppressive treatment.

Case 2 — A 12-year-old Turkish boy, weighing 37 kg and
standing 153 cm tall, presented with an indirect bilirubin
level of 28.2 mg/dL. Liver and thyroid function tests were
normal, and no G6PDH or pyruvate kinase deficiency was
found. There was ABO and Rh incompatibility between the
patient and his mother. Despite long-term phototherapy,
patient bilirubin levels remained elevated. Genetic testing
revealed a homozygous mutation in the UGT1A1 gene,
confirming the diagnosis of CNS1.

The patient underwent LDLT from his aunt, a blood-matched
donor.During surgery, twoarteries and a single bile duct were
identified. The bile duct was duct-to-duct anastomosed, and
a trans- coledochal 5F feeding catheter was placed. He was
discharged on postoperative day 8. At 4 months of follow-
up, the biliary catheter was removed and his total bilirubin
level had decreased to 0.9 mg/dL (direct bilirubin: 0.3 mg/dL,
indirect bilirubin: 0.6 mg/dL). His bilirubin levels remained
stable under immunosuppressive treatment.

Case 3 — An 11-month-old Jordanian boy, weighing 9.8 kg
and measuring 72 cm in height, had a history of persistent
indirect hyperbilirubinemia since birth. The older sister of
the patient had died at the age of 6 years due to jaundice,
although the cause was not determined. Liver enzymes
were normal, but total bilirubin was elevated at 28 mg/dL
(direct bilirubin: 0.8 mg/dL). The patient had not received
phototherapy or plasma exchange therapy prior to trans-
plantation. Genetic testing identified a homozygous muta-
tion in the UGT1A1 gene, confirming CNS1.

He underwent a reduced-size LDLT from his father. The sur-
gery was uneventful, and the patient was discharged on
postoperative day 10. At 4 months of follow-up, the biliary
catheter was removed and his total bilirubin had decreased
to 0.5 mg/ dl (direct bilirubin: 0.3 mg / d|, indirect bilirubin:
0.2 mg/dL). His bilirubin levels remained stable under im-
munosuppressive treatment.

Discussion

Crigler-Najjar syndrome (CNS) is a rare congenital condi-
tion that results in severe unconjugated hyperbilirubine-
mia due to the absence or severe reduction of UGT1A1 en-
zyme activity. The distinction between CNS type 1 and type
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2 is critical, as it dictates treatment approaches. CNS type 1
patients lack any UGT1A1 enzyme activity, leading to dan-
gerously high levels of bilirubin that can cause irreversible
neurological damage if not managed appropriately. In con-
trast, patients with CNS type 2 retain partial enzyme activ-
ity and respond well to pharmacological treatments, such
as phenobarbital, which effectively reduces bilirubin levels
in CNS type 2 but does not have an effect in CNS type 1.

The management of CNS type 1 is complex, with photo-
therapy being the mainstay of treatment during early child-
hood. Although phototherapy can significantly reduce bili-
rubin levels, its efficacy decreases as the skin thickens with
age, making it less effective in older children. Furthermore,
prolonged use of phototherapy is not without its compli-
cations, including skin damage and the risk of develop-
ing resistance to phototherapy.” For these reasons, liver
transplantation (LT) is the only definitive treatment for CNS
type 1, providing the missing enzyme necessary for biliru-
bin conjugation and excretion.

All three cases presented in this report underwent living
donor liver transplantation (LDLT) with favorable out-
comes. Posttransplant, bilirubin levels normalized in all pa-
tients and none required further phototherapy. Although
LT is curative for the metabolic defect, long-term manage-
ment of CNS type 1 patients includes monitoring for poten-
tial complications related to immunosuppressive therapy,
such as infection and graft rejection. It is important to note
that while LT corrects the metabolic defect, the underlying
genetic mutation remains and affected individuals may
pass the mutation to their offspring.’®

Neurological outcomes in CNS type 1 patients who devel-
oped kernicterus prior to transplantation remain a topic
of debate."” In some cases, LT has been shown to stop the
progression of neurological symptoms, while in others, ex-
isting neurological damage may persist despite successful
transplantation. In our 11-year-old patient, mild improve-
ment in speech and gait was observed after transplanta-
tion, suggesting some degree of neurological recovery.
However, more research is required to fully understand the
potential for neurological improvement in patients with
CNS type 1 after LT.

Conclusion

Crigler-Najjar syndrome type 1 is a rare but severe genetic
disorder that requires early diagnosis and intervention to
prevent irreversible neurological damage, such as kernic-
terus. While phototherapy provides temporary relief in
early childhood, liver transplantation remains the only de-
finitive treatment, as it restores the enzyme necessary for
bilirubin conjugation.

Disclosures

Informed consent: Written informed consent was obtained from
the patient for the publication of the case report and the accom-
panying images.

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept - E.G.; Design - H.A.C,; Su-
pervision — A.D.; Materials - F.S.; Data collection &/or processing

- FS.T,; Analysis and/or interpretation — H.L.T;; Literature search -
AT, ES,; Writing - V.E,, E.G,, H.A.C;; Critical review - B.U.

References

1. Kovaci¢ Perica M, Todoric¢ |, Marc¢inkovi¢ N, Dzepina P, Anici¢ MN,
Mrzljak A, Vukovi¢ J. Case report: Crigler-Najjar syndrome type 1
in Croatia-more than a one in a million: a case series. Front Pediatr
2023;11:1276349.

2. Neeraj Kumar, Babli Kumari, Sarfaraz Ahmad. An Unusual Case
of Type | Crigler-Najjar Disease in a Young Adult: A Case Report.
Type | Crigler-Najjar Disease in Young Adult. Journal of Acute
Care. September-December 2022:vol 1;3.

3. Alharbi FA, Al-Shammari NR, Alogeely KM. Liver Transplantation
in a Child With Crigler-Najjar Syndrome Type I: A Case Report With
Review of the Literature. Cureus 2023;15(7):e42064.

4. Kadakol A, Ghosh SS, Sappal BS, Sharma G, Chowdhury JR, Chow-
dhury NR. Genetic lesions of bilirubin uridine-diphosphogluc-
uronate glucuronosyltransferase (UGT1A1) causing Crigler-Najjar
and Gilbert syndromes: correlation of genotype to phenotype.
Hum Mutat 2000;16(4):297-306.

5. Shevell MI, Majnemer A, Schiff D. Neurologic perspectives of Cri-
gler-Najjar syndrome type I. J Child Neurol 1998;13(6):265-9.

6. Bosma PJ, Seppen J, Goldhoorn B, Bakker C, Oude Elferink RP,
Chowdhury JR, Chowdhury NR, Jansen PL. Bilirubin UDP-glucuro-
nosyltransferase 1 is the only relevant bilirubin glucuronidating
isoform in man. J Biol Chem 1994;269(27):17960-4. Erratum in: J
Biol Chem 1994;269(41):2542. PMID: 8027054.

7. Bach Knudsen K, Ebbesen F. Crigler-Najjars sygdom type 1
hos bern [Crigler-Najjar type 1 in children]. Ugeskr Laeger
2013;175(42):2489-91. Danish. PMID: 24629116.

8. Erlinger S, Arias IM, Dhumeaux D. Inherited disorders of bilirubin
transport and conjugation: new insights into molecular mecha-
nisms and consequences. Gastroenterology 2014;146(7):1625-
38.Epub 2014 Apr 1. PMID: 24704527.9

9. Rossi F, Francese M, lodice RM, Falcone E, Vetrella S, Punzo F, De
Vita S, Perrotta S. Disordini ereditari del metabolismo della biliru-
bina [Inherited disorders of bilirubin metabolism]. Minerva Pedi-
atr 2005;57(2):53-63. Italian. PMID: 15985997.

10. Bhutani VK, Johnson-Hamerman L. The clinical syndrome of
bilirubin-induced neurologic dysfunction. Semin Fetal Neonatal
Med 2015;20(1):6-13. Epub 2015 Jan 7. PMID: 25577653.





