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AIMS SCOPE AND PUBLICATION STANDARDS

Journal of Istanbul Faculty of Medicine (J Ist
Faculty Med) 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 istanbul University, istanbul Faculty of
Medicine and it is published quarterly on January,
April, July and October. The publication language of
the journal is English.

Journal of Istanbul Faculty of Medicine (J Ist
Faculty Med) aims to contribute to the literature by
publishing manuscripts at the highest scientific level
on all fields of medicine. The journal publishes original
experimental and clinical research articles, reports of
rare cases, reviews articles by invited researchers who
have a reputable place in the international literature
in their field, and letters to the editors as well as brief
reports on a recently established method or technique
or preliminary results of original studies related to all
disciplines of medicine from all countries.

The journal’s target audience includes researchers,
physicians and healthcare professionals who are
interested or working in all medical disciplines.

The editorial and publication processes of the journal
are shaped in accordance with the guidelines of the
International Committee of Medical Journal Editors
(ICMJE), World Association of Medical Editors
(WAME), Council of Science Editors (CSE), Committee
on Publication Ethics (COPE), European Association
of Science Editors (EASE), and National Information
Standards Organization (NISO). The journal is in
conformity with the Principles of Transparency and Best
Practice in Scholarly Publishing (doaj.org/bestpractice).

Journal of Istanbul Faculty of Medicine is currently
indexed in Web of Science - Emerging Sources
Citation Index (ESCI), TUBITAK ULAKBIM TR Index,

CABI Global Health Database, EBSCO-Academic
Search Complete, EBSCO Biomedical Index, DOAJ,
Scopus and SOBIAD.

Articles published in our journal can be used in
TUBITAK ULAKBIM TR-Index and international
publication categories in associate professorship
applications.

Processing and publication are free of charge with
the journal. No fees are requested from the authors at
any point throughout the evaluation and publication
process.

All expenses of the journal are covered by the
Istanbul University.

Statements or opinions expressed in the manuscripts
published in Journal of Istanbul Faculty of Medicine
reflect the views of the author(s) and not the opinions
of the editors, the editorial board, or the publisher;
the editors, the editorial board, and the publisher
disclaim any responsibility or liability for such
materials. The final responsibility in regard to the
published content rests with the authors.

All published content is available online, free of
charge.

Editor: Birsen Karaman

Address: Istanbul University, istanbul Faculty of
Medicine Deanery, Turgut Ozal Cad. 34093, Capa,
Fatih, Istanbul, Turkiye

Phone: +90 212 414 21 61

E-mail: itfdergisi@istanbul.edu.tr

Publisher: istanbul University Press

Address: istanbul University Central Campus,
34452 Beyazit, Fatih/Istanbul, Turkiye

Phone: +90 212 440 00 00
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INSTRUCTION TO AUTHORS

Journal of Istanbul Faculty of Medicine (J Ist
Faculty Med) 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 Istanbul Faculty of Medicine of istanbul University
and it is published quarterly on January, April, July
and October. The publication languages of the
journal is English.

Journal of Istanbul Faculty of Medicine (J Ist Facul-
ty Med) aims to contribute to the literature by pub-
lishing manuscripts at the highest scientific level on
all fields of medicine. The journal publishes original
experimental and clinical research articles, reports
of rare cases, reviews articles by invited researchers
who have a reputable place in the international liter-
ature in their field, and letters to the editors as well
as brief reports on a recently established method or
technique or preliminary results of original studies
related to all disciplines of medicine from all coun-
tries.

EDITORIAL POLICIES AND PEER REVIEW PROCESS

The editorial and publication processes of the jour-
nal are shaped in accordance with the guidelines of
the International Council of Medical Journal Editors
(ICMJE), the World Association of Medical Editors
(WAME), the Council of Science Editors (CSE), the
Committee on Publication Ethics (COPE), the Euro-
pean Association of Science Editors (EASE), and Na-
tional Information Standards Organization (NISO).
The journal conforms to the Principles of Transpar-
ency and Best Practice in Scholarly Publishing (doaj.
org/bestpractice).

Originality, high scientific quality, and citation poten-
tial are the most important criteria for a manuscript
to be accepted for publication. Manuscripts submit-
ted for evaluation should not have been previously
presented or already published in an electronic or
printed medium. The journal should be informed of
manuscripts that have been submitted to another
journal for evaluation and rejected for publication.
The submission of previous reviewer reports will ex-
pedite the evaluation process. Manuscripts that have
been presented in a meeting should be submitted

with detailed information on the organization, includ-
ing the name, date, and location of the organization.

Manuscripts submitted to Journal of Istanbul Faculty
of Medicine will go through a double-blind peer-re-
view process. Each submission will be reviewed by
at least two external, independent peer reviewers
who are experts in their fields in order to ensure an
unbiased evaluation process. The editorial board will
invite an external and independent editor to manage
the evaluation processes 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.

An approval of research protocols by the Ethics Com-
mittee in accordance with international agreements
(World Medical Association Declaration of Helsinki
“Ethical Principles for Medical Research Involving
Human Subjects,” amended in October 2013, www.
wma.net) is required for experimental, clinical, and
drug studies and for some case reports. If required,
ethics committee reports or an equivalent official
document will be requested from the authors. For
manuscripts concerning experimental research on
humans, a statement should be included that shows
that written informed consent of patients and vol-
unteers was obtained following a detailed explana-
tion of the procedures that they may undergo. For
studies carried out on animals, the measures taken
to prevent pain and suffering of the animals should
be stated clearly. Information on patient consent, the
name of the ethics committee, and the ethics com-
mittee approval number should also be stated in the
Materials and Methods section of the manuscript. It
is the authors’ responsibility to carefully protect the
patients’ anonymity. For photographs that may re-
veal the identity of the patients, signed releases of
the patient or of their legal representative should be
enclosed.

All submissions are screened by a similarity detection
software (iThenticate by CrossCheck).

In the event of alleged or suspected research mis-
conduct, e.g., plagiarism, citation manipulation, and
data falsification/fabrication, the Editorial Board will
follow and act in accordance with COPE guidelines.
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Each individual listed as an author should fulfill the
authorship criteria recommended by the Internation-
al Committee of Medical Journal Editors

(ICMJE - www.icmje.org). The ICMJE recommends
that authorship be based on the following 4 criteria:

1 Substantial contributions to the conception or
design of the work; or the acquisition, analysis, or
interpretation of data for the work; AND

2 Drafting the work or revising it critically for import-
ant intellectual content; AND

3 Final approval of the version to be published;
AND

4 Agreement to be accountable for all aspects of
the work in ensuring that questions related to the
accuracy or integrity of any part of the work are
appropriately investigated and resolved.

In addition to being accountable for the parts of the
work he/she has done, an author should be able to
identify which co-authors are responsible for specific
other parts of the work. In addition, authors should
have confidence in the integrity of the contributions
of their co-authors.

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

Journal of Istanbul Faculty of Medicine requires cor-
responding authors to submit a signed and scanned
version of the authorship contribution form (avail-
able for download through http://jmed.istanbul.
edu.tr/en/content/manuscript-submission-guide/
manuscript-submission-guide) during the initial
submission process in order to act appropriately on
authorship rights and to prevent ghost or honorary
authorship. 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 he/she
accepts to undertake all the responsibility for author-
ship during the submission and review stages of the

manuscript.

Journal of Istanbul Faculty of Medicine requires and
encourages the authors and the individuals involved
in the evaluation process of submitted manuscripts
to disclose any existing or potential conflicts of inter-
ests, including financial, consultant, and institutional,
that might lead to potential bias or a conflict of in-
terest. Any financial grants or other support received
for a submitted study from individuals or institutions
should be disclosed to the Editorial Board. To dis-
close a potential conflict of interest, the ICMJE Po-
tential Conflict of Interest Disclosure Form should be
filled in and submitted by all contributing authors.
Cases of a potential conflict of interest of the editors,
authors, or reviewers are resolved by the journal’s Ed-
itorial Board within the scope of COPE and ICMJE
guidelines.

The Editorial Board of the journal handles all ap-
peal and complaint cases within the scope of COPE
guidelines. In such cases, authors should get in di-
rect contact with the editorial office regarding their
appeals and complaints. When needed, an ombud-
sperson may be assigned to resolve cases that can-
not be resolved internally. The Editor in Chief is the
final authority in the decision-making process for all
appeals and complaints.

Journal of Istanbul Faculty of Medicine requires
each submission to be accompanied by a Copyright
Agreement Form (available for download at https://
iupress.istanbul.edu.tr/en/journal/jmed/information/
author-guidelines). When using previously published
content, including figures, tables, or any other
material in both print and electronic formats, authors
must obtain permission from the copyright holder.
Legal, financial and criminal liabilities in this regard
belong to the author(s).

Statements or opinions expressed in the manuscripts
published in Journal of Istanbul Faculty of Medicine
reflect the views of the author(s) and not the opinions
of the editors, the editorial board, or the publisher;
the editors, the editorial board, and the publisher
disclaim any responsibility or liability for such materi-
als. The final responsibility in regard to the published
content rests with the authors.
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MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance
with ICMJE-Recommendations for the Conduct, Re-
porting, Editing, and Publication of Scholarly Work
in Medical Journals (updated in December 2015 -
http://www.icmje.org/icmje-recommendations.pdf).
Authors are required to prepare manuscripts in accor-
dance with the CONSORT guidelines for randomized
research studies, STROBE guidelines for observa-
tional original research studies, STARD guidelines for
studies on diagnostic accuracy, PRISMA guidelines for
systematic reviews and meta-analysis, ARRIVE guide-
lines for experimental animal studies, and TREND
guidelines for non-randomized public behavior.

Manuscripts can only be submitted through the
journal’s online manuscript submission and evalua-
tion system, available at http://jmed.istanbul.edu.
tr/en/content/manuscript-submission-guide/manu-
script-submission-guide Manuscripts submitted via
any other medium will not be evaluated.

Manuscripts submitted to the journal will first go
through a technical evaluation process where the
editorial office staff will ensure that the manuscript
has been prepared and submitted in accordance
with the journal’s guidelines. Submissions that do not
conform to the journal’s guidelines will be returned
to the submitting author with technical correction
requests.

Authors are required to submit informed consent of
the patient(s) through the journal’s online manuscript
submission and evaluation system.

Authors are required to submit the following:

e Copyrigt Agreement Form,

e Author Form and ICMJE Potential Conflict of In-
terest Disclosure Form (should be filled in by all
contributing authors) during the initial submission.
These forms are available for download at http://
jmed.istanbul.edu.tr/en/content/manuscript-sub-
mission-guide/manuscript-submission-guide

Title page: A separate title page should be submitted
with all submissions and this page should include:

e The full title of the manuscript as well as a short
title (running head) of no more than 50 characters,

e Name(s), affiliations, highest academic degree(s)
and ORCID ID(s) of the author(s),

e Grant information and detailed information on
the other sources of support,

e Name, address, telephone (including the mobile
phone number) and fax numbers, and email ad-
dress of the corresponding author,

e Acknowledgment of the individuals who contrib-
uted to the preparation of the manuscript but who
do not fulfil the authorship criteria.

Abstract: An English and a Turkish abstract should
be submitted with all submissions except for Letters
to the Editor. Submitting a Turkish abstract is not
compulsory for international authors. The abstract of
Research articles should be structured with subhead-
ings (Objective, Materials and Methods, Results, and
Conclusion). Abstracts of Case Reports and Reviews
should be unstructured. Please check Table 1 below
for word count specifications.

Keywords: Each submission must be accompanied by
a minimum of three to a maximum of six keywords for
subject indexing at the end of the abstract. The key-
words should be listed in full without abbreviations.
The keywords should be selected from the National
Library of Medicine, Medical Subject Headings data-
base (http://www.nlm.nih.gov/mesh/MBrowser.html).

Manuscript types

Research articles: This is the most important type
of article since it provides new information based on
original research. The main text of research articles
should be structured with Introduction, Material and
Method, Results, Discussion, and Conclusion sub-
headings. Please check Table 1 for the limitations for
research articles.

Statistical analysis to support conclusions is usually
necessary. Statistical analyses must be conducted
in accordance with international statistical report-
ing standards (Altman DG, Gore SM, Gardner MJ,
Pocock SJ. Statistical guidelines for contributors to
medical journals. Br Med J 1983: 7; 1489-93). Infor-
mation on statistical analyses should be provided
with a separate subheading under the Materials and
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Methods section and the statistical software that was
used during the process must be specified.

Units should be prepared in accordance with the In-
ternational System of Units (SI).

Editorial comments: Editorial comments aim to
provide a brief critical commentary by reviewers with
expertise or with high reputation in the topic of the
research article published in the journal. Authors are
selected and invited by the journal to provide such
comments. Abstract, Keywords, and Tables, Figures,
Images, and other media are not included.

Invited review articles: Invited reviews prepared by
authors who have extensive knowledge on a partic-
ular field and whose scientific background has been
translated into a high volume of publications with
a high citation potential are welcomed. The invited
reviews should describe, discuss, and evaluate the
current level of knowledge of a topic in clinical prac-
tice and should guide future studies. The main text
should contain Introduction, Clinical and Research
Consequences, and Conclusion sections. Please
check Table 1 for the limitations for Invited Review
Articles.

Case reports: There is limited space for case reports
in the journal and reports on rare cases or condi-
tions that constitute challenges in diagnosis and
treatment, those offering new therapies or revealing
knowledge not included in the literature, and inter-
esting and educative case reports are accepted for
publication. The text should include Introduction,
Case Presentation, Discussion, and Conclusion sub-

headings. Please check Table 1 for the limitations for
Case Reports.

Letters to the editor: This type of manuscript
discusses important parts, overlooked aspects, or
lacking parts of a previously published article. Ar-
ticles on subjects within the scope of the journal
that might attract the readers’ attention, partic-
ularly educative cases, may also be submitted in
the form of a “Letter to the Editor.” Readers can
also present their comments on the published
manuscripts in the form of a “Letter to the Editor.”
Abstract, Keywords, and Tables, Figures, Images,
and other media should not be included. The text
should be unstructured. The manuscript that is be-
ing commented on must be properly cited within
this manuscript.

Tables

Tables should be included in the main document,
presented after the reference list, and 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 ta-
bles by 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 arranged clearly to
provide easy reading. Data presented in the tables
should not be a repetition of the data presented
within the main text but should be supporting the
main text.

Table 1. Limitations for each manuscript type

Abstract Reference
Type of manuscript  Word limit word limit limit Table limit Figure limit
Research Article 3500 250 (Structured) 50 6 7 or total of 15 images
Invited Review Article 5000 250 50 6 5 or total of 10 images
Case Report 1000 200 4 2 3 or total of 5 images
Letter to the Editor 500 No abstract 5 1 1
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Figures and figure legends

Figures, graphics, and photographs should be sub-
mitted as separate files (in TIFF or JPEG format)
through the submission system. The files should not
be embedded in a Word document or the main doc-
ument. When there are figure subunits, the subunits
should not be 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
legends. Like the rest of the submission, the figures
too should be blind. Any information within the im-
ages that may indicate an individual or institution
should be blinded. The minimum resolution of each
submitted figure should be 300 DPI. To prevent de-
lays in the evaluation process, all submitted figures
should be clear in resolution and large in size (min-
imum dimensions: 100 x 100 mm). Figure legends
should be listed at the end of the main document.

All acronyms and abbreviations used in the manu-
script 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.

When a drug, product, hardware, or software pro-
gram is mentioned within the main text, product
information, including the name of the product, the
producer of the product, 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, Mil-
waukee, WI, 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 the shortcomings of re-
search articles should be mentioned in the Discus-
sion section before the conclusion paragraph.

REVISIONS

When submitting a revised version of a paper, the
author must submit a detailed “Response to the re-

viewers” that states point by point how each issue
raised by the reviewers has been covered and where
it can be found (each reviewer's comment, followed
by the author’s reply and line numbers where the
changes have been made) as well as an annotated
copy of the main document. Revised manuscripts
must be submitted within 30 days from the date of
the decision letter. If the revised version of the manu-
script is not submitted within the allocated time, the
revision option may be canceled. If the submitting
author(s) believe that additional time is required,
they should request this extension before the initial
30-day period is over.

Accepted manuscripts are copy-edited for grammar,
punctuation, and format. Once the publication pro-
cess of a manuscript is completed, it is published
online on the journal’s webpage as an ahead-of-print
publication before it is included in its scheduled issue.
A PDF proof of the accepted manuscript is sent to the
corresponding author and their publication approval
is requested within 2 days of their receipt of the proof.

REFERENCES
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ABSTRACT

Objective: The increase in the number of patients recovering
from colon cancer after primary resection inevitably increases
the number of patients with local recurrence. This study was con-
ducted to investigate the predictors of intraluminal recurrence at
the anastomosis site in patients who underwent curative resec-
tion for colon cancer.

Material and Method: This study included 160 patients who un-
derwent curative resection for colon cancer and had completed
follow-up colonoscopy and surveillance for at least two years
at our tertiary referral hospital. Patients with intraluminal recur-
rence were compared with those without locally recurrent dis-
ease. Patient data, including demographics, tumor characteris-
tics, surgery type, and reconstruction technique, were reviewed.

Result: The median age of the study group was 61 years,
and 60% were men. A total of 25 (15.6%) patients had only
intraluminal recurrence at the anastomosis site. The median
time to intraluminal recurrence was 21.3 months (range, 3-71
months). Univariate analysis revealed the histopathological type,
histological grade, T stage, number of metastatic lymph nodes,
tumor margins, presence of tumor budding, perineural invasion,
and anastomosis type as risk factors for intraluminal recurrence.
Multivariate analysis revealed handsewn anastomoses (odds
ratio [OR]: 45.532; 95% confidence interval (Cl): 5.278-392.778),
T stage (OR: 3.593; 95% ClI: 1.378-9.371), and the presence of

OZET

Amag: Rezeksiyon sonrasi kolon kanserinden (KK) iyilegsen hasta-
larin sayisindaki artis, lokal nlks olabilecek hastalarin sayisini da
artirmaktadir. Bu ¢alismada, onkolojik prensiplere uygun yapilan
cerrahi sonrasi, cerrahi sinirlar negatif olmasina ragmen anasto-
moz hattinda niikslerin gelisebilmesi nedeniyle, niksiin ortaya
cikmasina etki eden risk faktérlerini aragtirmayr amagladik.

Gere¢ ve Yéntem: Bu calismaya, kolon kanseri igin kiratif re-
zeksiyon uygulanmis ve en az iki yil boyunca takip kolonoskopisi
yapilan 160 hasta dahil edildi. intraluminal niiksii olan hastalar,
lokal niks olmayan hastalarla karsilastirilarak; hastalarin demog-
rafik bilgileri, timér &zellikleri, cerrahi tipi ve rekonstriksiyon
teknigi gibi veriler incelendi.

Bulgular: Calisma grubunun medyan yasi 61 olup, %60' erkek
hasta idi. Toplamda 25 (%15,6) hastada sadece anastomoz
bolgesinde niks gorildi. Anastomoz hatti niksinin gelisi-
mindeki medyan sure 21,3 ay (aralik, 3-71 ay) olarak hesapland.
Tek degiskenli analiz, intraluminal niks igin risk faktérleri olarak
histopatolojik tip, histolojik derece, T evresi, metastatik lenf
nodu sayisi, timér kenarlari, timér tomurcuklanmasi varligi, per-
indral invazyon ve anastomoz tipini ortaya koydu. Cok degiskenli
analiz, el ile yapilan anastomozlar (odds orani [OR]: 45.532; %95
glven araligi (GA): 5.278-392.778), T evresi (OR: 3.593; %95 GA:
1.378-9.371) ve tumdr tomurcuklanmasinin varligi (OR: 3.912;
%95 GA: 1.306-11.715) olarak bagimsiz risk faktérlerini ortaya

* This study was presented as an oral presentation at the 19" National Congress of Colon and Rectal Surgery, 16-20 May 2023 Antalya/

Turkiye and published in the conference abstract book.
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tumor budding (OR: 3.912; 95% Cl: 1.306-11.715) as independent
risk factors. Adjuvant chemotherapy did not affect the rate of
intraluminal recurrence.

Conclusion: This study suggests a relationship between tumor
biology and intraluminal recurrence, and the T stage and tumor
budding were the predictors.

Keywords: Colon cancer, intraluminal recurrence, risk factors

koydu. Adjuvan kemoterapinin, anastomoz hatti niks oranini et-
kilemedigi gorildu.

Sonug: Anastomoz hatti niksine etki eden prediktif faktorler
arasinda, timaorln histopatolojik ézellikleri ve T evresi 6n plana
ctkmaktadir.

Anahtar Kelimeler: Kolon kanseri, anastomoz hatti niksu, risk
faktord

INTRODUCTION

Colon cancer (CC) is the most frequent cancer of the
gastrointestinal tract and one of the major cause of can-
cer-related deaths worldwide, affecting women and men
equally. Although recent improvements in both diagno-
sis and treatment have improved survival, the increasing
number of CC survivors has posed a high risk for subse-
quent disease recurrence, either local or metastatic (1).
Disease recurrence is detected in up to 30% of CC cases,
with the highest expected probability found within the
first two years after primary surgery (2, 3). Most cases of
recurrence are hepatic or pulmonary metastases, where-
as up to 13% of patients have isolated locoregional re-
currence (4-7). Locoregional recurrence is mostly extra-
murally defined as intraabdominal, whereas intramural
recurrence occurring in 12% of cases is defined as mu-
cosal involvement (8). Although the disease burden of
only intraluminal recurrence (IR) at the anastomosis site
has not been well established, it is classified distinctively
from locoregional recurrence or second primary CC (9,
10). Theoretically, locoregional recurrence has been be-
lieved to develop due to either exfoliation of cancer cells
during primary resection or metachronous carcinogene-
sis (11, 12). In a recent case series, Costi et al. suggested
a persistent, patient-specific alteration as the trigger of
colorectal cancer IR (13). Subsequently, they performed a
similar genetic analysis for microsatellite instability (MSI)
and loss of heterozygosity and could not identify any po-
tential risk factor (8).

A precise understanding of IR and predicting the intervals
and patterns of recurrence determine effective treatment
and follow-up strategies. The poor outcome of disease
recurrence necessitates early diagnosis to perform sal-
vage surgery. Cross-sectional imaging is the most widely
used diagnostic tool for extraluminal recurrence, whereas
endoscopy is primarily used for IR. Nonetheless, there is
still a lack of consensus regarding the perfect timing for
diagnostic workup after primary surgery. The common-
ly scheduled endoscopy or imaging is performed in the
first year after primary surgery, which may be too late in
the case of early recurrence without symptoms or signs.
Therefore, identifying the risk factors for IR after prima-
ry resection may be helpful in determining high-risk pa-

tients in the postoperative follow-up. Considering these
data, we conducted this study to explore the possible
predictors of IR in patients with CC.

MATERIALS and METHODS

Study design and study population

This single-center, retrospective study was conducted at
a general surgery outpatient clinic of a tertiary care cen-
ter between January 2013 and December 2018. Patients
who underwent curative-intent resection for CC were
screened. We excluded patients in whom the proximal
part of the tumor could not be reached by endoscopy;
patients with peritoneal recurrence, pelvic recurrence, or
systemic disease; and patients with less than 24 months
of follow-up or in whom cancer surveillance was per-
formed at an external center. Patients aged <30 years or
those with a family history of cancer affecting at least two
generations or with polyposis syndromes were also ex-
cluded to avoid the bias of hereditary cancer syndromes.
We also excluded patients with synchronous primary
cancer, those who underwent nonanastomotic surgery,
patients who died within 30 days of surgery, those with
incomplete data, and patients with primary rectal tumors.
Finally, of 883 patients, we included 160 patients who met
the inclusion criteria. All patients were informed about
the diagnostic and therapeutic procedures, and written
informed consent was obtained. The study protocol was
approved by the Istanbul University, Istanbul Faculty of
Medicine, Clinical Research Ethics Committee (Date:
22.02.2019, No: 04). This study was conducted according
to the principles of the Declaration of Helsinki.

Assessment and data collection

Colon cancer was defined as a primary tumor develop-
ing between the cecum and rectosigmoid junction. All
patients were evaluated and staged by colonoscopy and
imaging techniques before surgery. Tumors were catego-
rized anatomically according to the site of development
as right-sided (cecum and ascending colon), transverse
colon, descending colon, and sigmoid colon. All patients
underwent primary surgery according to oncological prin-
ciples and en-bloc resection of the invaded adjacent or-
gans, if applicable to achieve RO resection. Data, including
primary tumor resection, patient demographics, surgery
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type, pathology records, and the adjuvant therapy used,
were recorded. The following clinical and pathological
features were included for risk analysis: age at the time of
surgery, sex of the patient, tumor location, surgery type,
surgical approach, anastomosis type, histopathological
type and grade, tumor diameter, disease stage accord-
ing to the Tumor, Node, Metastasis (TNM) classification,
total/positive/negative lymph node number, tumor mar-
gin, resection margin (infiltrative/expansive), distance of
the tumor to the proximaistal and radial margin on the
specimen, angiolymphatic invasion, venous invasion, per-
itumoral budding, perineural invasion, mesenteric tumor
nodules, and receiving adjuvant chemotherapy.

Postoperative follow-up

Postoperative follow-up was performed at our institu-
tion in the outpatient setting. Patients were scheduled
for physical examination, routine blood chemistry, se-
rum carcinoembryonic antigen screening, and complete
blood count every 3-6 months for the first three years
and every six months in the 4" and 5" years. Colonosco-
py along with thoracic, abdominal, and pelvic computed
tomography was conducted annually, otherwise earlier
depending on the patient’s complaints. IR was diagnosed
by mucosal biopsy at the anastomosis site.

Statistical analysis

Statistical analysis was conducted using the NCSS version
2007 software (NCSS LLC, Kaysville, UT, USA). Continuous
data were expressed as mean=standard deviation (SD) or
median (minimum-maximum), whereas categorical data
were expressed as numbers and frequency. Categorical
variables were analyzed using the chi-square or Fisher’s
exact test. Univariate and multivariate regression analy-
ses were performed to identify risk factors. The backward
stepwise logistic regression analysis was also conducted
to determine the relationship between the statistical-
ly significant factors and recurrence. The Kaplan-Meier
method was used to estimate survival regarding the T
stage, and the log-rank test was used for the statistical
comparison of the groups. A p value of <0.05 was consid-
ered statistically significant.

RESULTS

Of 883 patients with CC who underwent curative resec-
tion, 160 met the inclusion criteria. The median age of
the cohort was 61 (range, 30-84) years, and 96 patients
(60%) were men. The mean age at the time of surgery
was 60.1+11.8 (range, 30-84) years. The mean follow-up
period was 42.1 (range, 3-71) months, and 25 (15.6%) pa-
tients had only IR at the anastomosis site. The mean time
to IR was 21.3 (range, 3-71) months. More than half of the
tumors were located in the sigmoid colon (53.8%). Lapa-
roscopic surgery was performed in 107 (66.9%) patients.
Anterior resection (n=72) was the most common form
of surgery type in both laparoscopic and open surgery,

followed by right hemicolectomy (n=58). Anastomoses
using a circular stapler (n=92, 57.5%) and linear stapler
(n=57, 35.6%) were more common than handsewn anas-
tomoses (n=11, 6.9%) (Table 1).

Table 1: Demographic characteristics and surgical data
of patients

Variable
Age (years) Median (min—max) 61 (30-84)
n (%)
Sex Female 64 (40.0)
Male 96 (60.0)
Tumor location  Sigmoid colon 86 (53.8)
Right colon (cecum and 57 (35.6)
ascending colon)
Descending colon 14 (8.7)
Transverse colon 3(1.9
Surgery type Laparoscopic anterior 54 (33.7)
resection
Laparoscopic right 40 (25.0)
hemicolectomy
Laparoscopic low anterior 9 (5.6)
resection
Laparoscopic left 4(2.5)
hemicolectomy
Anterior resection 18 (11.3)
Low anterior resection 4(2.5)
Right hemicolectomy 18 (11.3)
Left hemicolectomy 9 (5.6)
Subtotal colectomy 3(1.9)
Total colectomy 1(0.6)
Surgical Open 53 (33.1)
approach Laparoscopic 107 (66.9)
Anastomosis Circular stapler 92 (57.5)
type Linear stapler 57 (35.6)
Handsewn anastomosis 11 (6.9)

Data are expressed as median (min—max) or numbers and per-
centage, unless otherwise stated.

According to the TNM classification, the most common
T and N stages were T3 (n=103, 64.4%) and NO (n=100,
62.5%), respectively. The majority of patients (n=80, 50%)
had Stage Il CC (Table 2).

We compared patients with IR with those without local-
ly recurrent or metastatic disease and found that age
(p=0.662), sex (p=0.182), tumor location (p=0.771), and
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Table 2: Histopathological features of study group

n (%)
Histopathological type Adenocarcinoma 138 (86.3)
Mucinous adenocarcinoma 19 (11.8)
Signet ring cell adenocarcinoma 2(1.3)
Medullary adenocarcinoma 1(0.6)
Histological grade (n=140) Well-moderately 133 (95.0)
Poorly 7 (5.0)
T stage T1 7 (4.4)
T2 21 (13.1)
T3 103 (64.4)
T4 29 (18.1)
N stage NO 100 (62.5)
N1 33(20.6)
N2 25 (15.6)
Nx 2(1.3)
Stage | 22 (13.8)
I 80 (50.0)
Il 58 (36.2)
Lymph nodes Min-Max (Median) 5-83(27)
Total 4664
Lymph node metastatic patients 55 (34.4)
Metastatic lymph node # Min—-Max (Median) 1-24 (12.5)
Total 298
Tumor border Infiltrative 107 (66.9)
Expansive 53 (33.1)
Tumor diameter (cm) Min—Max (Median) 1-19 (4)
Proximal distance (cm) Min—-Max (Median) 1-114 (10.5)
Distal distance (cm) Min—-Max (Median) 1-38 (9)
Peritoneal distance (mm) Min-Max (Median) 0-20 (2)
Angiolymphatic invasion 87 (54.4)
Venous invasion 19 (11.9)
Peritumoral budging 59 (36.9)
Perineural invasion 39 (24.4)
Mesenteric tumor nodules 24 (15.0)
Surgical margin Negative 160 (100.0)
Adjuvant treatment 82 (51.3)
Time until anastomotic recurrence (months) (n=25) Min-Max (Median) 3-71(17)

SD: Standard deviation, Nx: Regional lymph nodes cannot be evaluated. Data are expressed as mean+SD or numbers and percentage,

unless otherwise stated

surgery type (p=0.502) exerted no effect on the IR rate. rate between poorly and moderately well-differentiated
However, the preferred anastomosis technique exerted tumors (p=0.012). The T stage was identified as a signifi-
a statistically significant effect on the IR rate (p=0.003, p  cant factor for IR (p=0.017). As anticipated, patients with
< 0.01). The rate of IR also varied depending on the tu-  stage T4 had a higher recurrence rate than those with
mor type. A significant difference was observed in the IR stages T1, T2, and T3. However, there was no significant
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difference in lymph node metastasis and disease stage
between the groups (p>0.05) (Table 3).

We also found no significant differences in the tumor
diameter, total number of dissected lymph nodes, an-
giolymphatic and venous invasion rates, presence of
mesenteric nodules, and proximal and distal margin dis-
tance values between the groups. Nevertheless, having
a higher number of metastatic lymph nodes (p=0.025),
closer radial margin values (p=0.006), infiltrative surgical

Table 3: Risk factors for anastomotic recurrence

margins (p=0.048), peritumoral budding (p=0.009), peri-
neural invasion (p=0.013), and receiving adjuvant therapy
(p=0.024) exerted a statistically significant effect on the
IR rate (Table 4).

In the backward stepwise logistic regression analysis,
we evaluated the reconstruction technique, histology, T
stage, N stage, tumor margins, distal distance, distance
to the peritoneal surface, status of peritumoral budding,
perineural invasion, presence of mesenteric tumor nod-

Variable

No IR IR p value
Age (years) Min-Max (Median) 32-82 (61) 27-84 (61) 20.662
Sex, n (%) Female 57 (89.1) 7 (10.9) 0.182
Male 78 (81.3) 18 (18.7)
Tumor location, n (%) Sigmoid colon 70 (81.4) 16 (18.6) <0.771
Right colon 50 (87.7) 7(12.3)
Descending colon 12 (85.7) 2(14.3)
Transverse colon 3(100) 0 (0)
Surgery type, n (%) Anterior resection 69 (81.2) 16 (18.8) <0.502
Hemicolectomy 62 (87.3) 9(12.7)
Total / subtotal colectomy 4 (100) 0 (0)
Anastomosis type, n (%) Circular stapler 75 (81.5) 17 (18.5) €0.003**
Linear stapler 54 (94.7) 3(5.3)
Hand sewn 6 (54.5) 5 (45.5)
Histopathological type, n (%) Adenocarcinoma 118 (85.5) 20 (14.5) <0.006**
Mucinous adenocarcinoma 17 (89.5) 2(10.5)
Signet cell carcinoma 0(0) 2 (100)
Medullar carcinoma 0(0) 1(100)
Histological type, n (%) (n=140)  Well-moderately 115 (86.5) 18 (13.5) 40.012*
Poorly 3(42.9) 4 (57.1)
T stage; n (%) T1 7 (100) 0 (0) <0.017*
T2 20 (95.2) 1(4.8)
T3 89 (86.4) 14 (13.6)
T4 19 (65.5) 10 (34.5)
N stage; n (%) NO 86 (86.0) 14 (14.0) <0.106
N1 30 (90.9) 3(9.1)
N2 17 (68.0) 8(32.0)
Nx 2 (100) 0(0)
Stage; n (%) | 21 (95.5) 1(4.5) <0.305
I 67 (83.8) 13(16.3)
1l 47 (81.0) 11 (19.0)

2 Student’s t-test, : Pearson Chi-square test, ©: Fisher-Freeman-Halton Test, ¢: Fisher's exact test, *: p<0.05, **: p<0.01, IR: Intraluminal recur-
rence, SD: standard deviation, Nx: Regional lymph nodes cannot be evaluated
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ule, and adjuvant therapy. The multivariate analysis re-
vealed handsewn anastomoses (odds ratio [OR]: 45.532;
95% confidence interval (Cl): 5.278-392.778), T stage (OR:
3.593; 95% Cl: 1.378-9.371), and presence of tumor bud-
ding (OR: 3.912; 95% Cl: 1.306-11.715) as independent
risk factors for IR. The risk of IR increased 12,479 times
in the presence of anastomosis performed using a circu-
lar stapler compared with that performed using a linear

stapler (95% Cl: 2.435-63.945). The risk of recurrence in-
creased 45,532 times in the presence of handsewn anas-
tomosis (95% Cl: 5.278-392.778) (Table 5).

DISCUSSION

Experience with only IR at the anastomosis site after
curative resection for CC is limited due to the relatively
low number of cases observed. The literature lacks risk

Table 4: Anastomotic recurrence and histopathological characteristics

Variable No IR IR p value

Lymph nodes Min-Max (Median) 10-83 (27) 5-72 (27) ¢0.895

Lymph node metastasis, n (%) Negative 92 (87.6) 13(12.4) °0.118
Positive 43 (78.2) 12 (21.8)

Metastatic lymph node # Min-Max (Median) 0-22 (11) 0-24 (12) ¢0.025*

Tumor diameter (cm) Min-Max (Median) 1-19 (4) 2-15(5) ¢0.261

Proximal distance (cm) Min—-Max (Median) 1-114 (10) 4-35(11) ¢0.728

Distal distance (cm) Min-Max (Median) 0-38 (10) 1-25 (6) ¢0.092

Peritoneal distance (mm) Min-Max (Median) 0-20 (2) 0-7 (1) ¢0.006**

Tumor margin, n (%) Infiltrative 86 (80.4) 21 (19.6) 0.048*
Expansive 49 (92.5) 4.(7.5)

Angiolymphatic invasion, n (%) Negative 63 (86.3) 10 (13.7) 50.539
Positive 72 (82.8) 15(17.2)

Venous invasion, n (%) Negative 121 (85.8) 20 (14.2) 90.183
Positive 14 (73.7) 5(26.3)

Peritumoral budging, n (%) Negative 91 (90.1) 10 (9.9) 0.009**
Positive 44 (74.6) 15 (25.4)

Perineural invasion, n (%) Negative 107 (88.4) 14 (11.6) 20.013*
Positive 28 (71.8) 11(28.2)

Mesenteric tumor nodules, n (%) Negative 118 (86.8) 18(13.2) 90.065
Positive 17 (70.8) 7 (29.2)

Adjuvant treatment, n (%) Negative 71 (91.0) 7 (9.0) 50.024*
Positive 64 (78.0) 18 (22.0)

5 Pearson Chi-square test, < Fisher's exact test, ®: Mann-Whitney U Test, *: p<0.0, **: p<0.01, IR: Intraluminal recurrence, SD: Standard

deviation.

Table 5: Logistic regression analysis of factors affecting anastomotic recurrence

95% ClI
p value OR

Lower Upper
Anastomosis type (linear stapler) 0.002**
Anastomosis type (circular stapler) 0.002** 12.479 2.435 63.945
Anastomosis type (handsewn) 0.001** 45.532 5.278 392.778
T stage 0.009** 3.593 1.378 9.371
Peritumoral budding 0.015* 3.912 1.306 11.715

*: p<0.05, **: p<0.01, OR: odds ratio, Cl: confidence interval
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factor demonstration of prospective studies reporting
outcomes of large cohorts. Herein, we report our results
of only IR at the anastomosis site on follow-up and the
associated risk factors. We detected 25 (15.6%) patients
with IR at the anastomosis site on an average follow-up of
42 months. The median time to IR was 21.3 months. The
univariate analysis revealed the histopathological type,
histological grade, T stage, number of metastatic lymph
nodes, tumor margins, presence of tumor budding, peri-
neural invasion, and anastomosis type as risk factors for
IR. The multivariate analysis revealed handsewn anasto-
moses (OR: 45.532), T stage (OR: 3.593), and presence of
tumor budding (OR: 3.912) as independent risk factors.
Adjuvant chemotherapy did not affect the IR rate.

Although the definition of local recurrence in rectal can-
cer is well established, it is complex for CC. Peritoneal
recurrence is considered a metastatic disease in the 8th
edition of the American Joint Committee on Cancer
(AJCC) Staging Manual. In contrast, the peritoneal car-
cinomatous condition is accepted as locoregional re-
currence in several studies, which precludes an accurate
interpretation of the findings. Furthermore, it is not pos-
sible to distinguish macroscopically or microscopically
whether peritoneal tumors (implant) are locally recurrent
or peritoneal metastatic entities.

Locoregional or local recurrence occurs in the resection area
or near the anastomosis site. The currently proposed rea-
sons for local recurrence are inadequate surgical technique,
aggressive tumor biology, and the inability to remove tumor
cells that are sewn during the resection. Galandiuk et al. de-
scribed the first classification of CC local recurrence in 1992
(14), which consists of four patterns of recurrence, venous
invasion, anastomosis, mesenteric/nodal, retroperitoneal,
and peritoneal. Because several studies have investigated
recurrences of colon and rectal cancer together, it is difficult
to comment only on CC recurrences. The published studies
describe a very wide range (0.4%-34%) for locoregional re-
currence of CC (6, 15-21).

In the present study, we explored the predictors of IR oc-
currence after primary surgery according to oncological
principles, although the surgical margins in all patients
were negative. We excluded other intraabdominal re-
currences, such as peritoneal, retroperitoneal, and nodal
recurrences, which are considered local, and identified
factors that only directly affect IR. Our results revealed
the anastomosis technique (p=0.003), histopathologi-
cal type (p=0.006), histological grade (p=0.012), T stage
(p=0.017), peritoneal distance (p=0.006), tumor margin
(p=0.048), peritumoral budding (p=0.009), perineu-
ral invasion (p=0.013), and receiving adjuvant therapy
(p=0.024) as risk factors that exerted a significant or al-
most significant effect on IR. Nevertheless, in the multi-
variate analysis, the anastomosis technique (p=0.001), T

stage (p=0.009), and peritumoral budding (p=0.015) were
identified as independent risk factors for IR.

The current knowledge regarding the localization of pri-
mary colonic tumors is that the right-sided tumor has
a worse prognosis in advanced stages, whereas right-
versus left-sided tumors exert no effect on local recur-
rence, consistent with our findings (22, 23). Moreover, in
laparoscopic/open surgery, more than one operator was
among the features investigated in previous studies, and
none of them were associated with IR. Nevertheless, be-
cause we could not evaluate these variables in our study,
we cannot conclude the presence of causality in these
correlations.

Liska et al. reported a higher locoregional recurrence
rate in patients with lymphovascular invasion (p<0.001),
positive surgical margin (p<0.001), and local tumor in-
vasion (p<0.001) among 1397 patients over an average
follow-up of 7.8 years (24). The recurrence rate was also
higher in poorly differentiated tumors (p=0.012). Unlike
that in previous reports, the study demonstrated no effect
of angiolymphatic invasion on recurrence (23, 25). Other
parameters, such as peritumoral budding and perineural
invasion, have not yet been investigated. Therefore, our
study is the first to explore these variables in CC. Despite
the low proportion of patients with a tumor pathology of
medullary carcinoma or signet ring cell carcinoma in the
study group, the authors demonstrated a higher recur-
rence rate (23, 24). Another feature not investigated in
previous studies is the tumor margin (infiltrative/expan-
sive). In our study, the recurrence rate was higher in pa-
tients with infiltrative characteristics (p=0.048), indicating
an aggressive tumor feature.

As mentioned in the 8" edition of the AJCC Staging Man-
ual, at least 12 lymph nodes must be removed from co-
lon specimens for formal resection (26). In our study, the
mean number of lymph nodes dissected was 29.2+12.1,
because all patients underwent radical surgery and wide
resection to the tumor margin with an average of 13.3
and 11.2 cm for proximal and distal to the tumor mar-
gin, respectively. This wide resection refers to complete
mesocolic excision under the threat of lymphatic spread.
The number of lymph nodes dissected in our study, which
can be counted among surgical-related factors, did not
directly affect the development of recurrence, which is
consistent with previous studies (24). More intriguingly,
positive lymph nodes and the N stage did not increase
the IR rate, whereas the higher number of positive lymph
nodes in dissection increased the probability of IR. The
preferred anastomosis type was another surgeon-related
factor, where we found that recurrence was significantly
higher in handsewn anastomoses than in stapled anasto-
moses. This high rate can be attributed to the prolonged
duration of contamination with tumor cells during man-
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ual anastomosis after the surgeon’s contact with the tu-
mor tissue. Tsikitis et al. investigated the clinicopatholog-
ical-specific predictors of recurrence for Stage lI-lll CC
and reported a higher recurrence rate in the group re-
ceiving adjuvant therapy and no effect of chemotherapy
on IR (27), which is similar to our findings.

Nonetheless, there are some limitations in this study. The
single-center, retrospective design of the study may have
inevitably resulted in an inherent bias. Moreover, be-
cause we excluded patients without long-term follow-up
or those who underwent surveillance colonoscopy at an
external center, the recurrence rate in our series could
not be described accurately. The number of cases in the
control group (nonrecurrent) was relatively low, because
we included only patients who were followed up at our
clinic and had long-term data. The effect of genetic mu-
tations (i.e., RAS or RAF gene mutations, or MSI) on re-
currence at the anastomosis site could not be investigat-
ed because of the high cost of these kits as they are not
routinely performed for every patient.

CONCLUSION

CC remains an important health issue with a high mortality
rate. Our study demonstrated a relationship between tu-
mor biology and IR, and the results were comparable with
those from other centers. Although a sufficient distance
of clear margins or dissection of a large number of lymph
nodes is of utmost importance for both distant metastases
and local recurrences, whether they are a predictor of IR
remains unclear. In local relapses, the tumor histopatholo-
gy, stage, and tumor biology are critical factors that should
be considered. In the light of our study, as the T stage of
the disease increases and in the presence of peritumor-
al budding, the frequency of follow-up with postopera-
tive colonoscopy should be tightened or revised. Tumor
stage and tumor biology may increase the probability of
early treatment of high-risk patients without the need for
late-diagnosed recurrences necessitating multivisceral re-
sections. Further studies are required to better understand
IR in CC and identify its possible predictors.
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ABSTRACT

Objective: Various studies have used different measures to
predict the outcome of patients with traumatic brain injury,
including the Glasgow Coma Scale (GCS), Disability Rating
Scale, and length of hospital stay, among others. This study
was conducted to determine the predictive significance of the
Neuropsychological Impairment Scale (NIS) concerning the
mortality rate, recovery, and discharge outcomes of patients
who have been presented to the emergency department.

Material and Method: This descriptive—analytical cross-section-
al study was conducted on 100 individuals aged 218 years who
have experienced traumatic brain injuries. A checklist was pre-
pared incorporating items from the NIS and patient information
such as age, gender, and injury mechanism details. The checklist
was completed during bedside examinations.

Result: The prevalence of traumatic brain injuries was higher in
men (78%) in the age group of 21-40 years. The average age
of patients was 41.63 years. Falling from a height was identified
as the predominant cause of brain trauma, followed by two-
car accidents. The mean primary GCS score was 13.47 for men
and 14.63 for women. Hospitalization occurred in 67% of cases,
followed by discharge in 30% and surgical intervention in 3%
of cases. An inverse correlation was observed between the
examined sample’s NIS standard score and the initial GCS score.

Conclusion: An inverse relationship between NIS and initial GCS
scores suggests that lower NIS scores are associated with better
outcomes, indicating its utility as a predictive factor.

Keywords: Traumatic brain injury, Neuropsychological Impair-
ment Scale, Glasgow Coma Scale

OzZET

Amag: Glasgow Koma Olgegi (GKO), Engellilik Derecelendirme
Olcedi ve hastanede kalis siiresi (HKS) dahil olmak iizere travma-
tik beyin hasari olan hastalarin sonuglarini tahmin etmek icin cesitli
calismalarda farkli dlcimler kullanilmisti. Bu ¢alisma, acil servise
travmatik beyin hasari nedeniyle basvuran hastalarin 8lum oran,
iyilesme ve taburculuk sonuglar agisindan Néropsikolojik Bozukluk
Olcegi'nin (NBO) prediktif degerinin belirlemesi amaglanmaktadir.

Gereg ve Yéntem: Tanimlayici-analitik kesitsel yéntem kullanila-
rak yapilan bu aragtirma, travmatik beyin hasar gecirmis 18 yas ve
lzeri 100 kisiden olusan bir ¢alisma grubunu icermektedir. Aras-
tirma, NBO maddeleri, yas, cinsiyet ve yaralanma mekanizmasi
ayrintilan gibi hasta bilgilerini iceren bir kontrol listesi ile yapild.
Kontrol listesi, yatak basi muayeneleri sirasinda tamamlandi.

Bulgular: Bulgular, 21 ila 40 yas grubundaki erkeklerde (%78)
travmatik beyin hasan prevalansinin daha ylksek oldugunu gos-
termektedir. Hastalarin ortalama yasi 41,63 yildir. Yiksekten diisme,
beyin travmasinin en dnemli nedeni olarak ortaya cikmakta ve bunu
arac ici trafik kazalan takip etmekteydi. Ortalama birincil GKO sko-
ru erkekler icin 13,47, kadinlar icin 14,63'tl. Vakalann %67'sinde
hastaneye yatis, %30'unda taburcu edilme ve %3'Unde cerrahi
miidahale yapildi. Calismada, incelenen &rnedin NBO standarti ile
baslangictaki GKO puani arasinda ters korelasyon oldugu saptand.

Sonug: Calisma sonuclar, NBO skoru ile baslangic GKO skoru ara-
sindaki ters iliski, daha diisiik NBO degerlerinin daha iyi sonuclarla
iligkili oldugunu ve bunun éngériict bir faktér olarak kullanilabile-
cegini gostermektedir.

Anahtar Kelimeler: Travmatik beyin hasari, Néropsikolojik Bo-
zukluk Olcegi, Glasgow Koma Olcegi
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INTRODUCTION

Traumatic brain injury (TBI) is a prominent global contributor
to disability and mortality, often referred to as a silent epi-
demic. It is caused by an external force that changes brain
function or is another evidence of brain pathology (1, 2).

Worldwide, the annual occurrence of TBI is approximat-
ed to range from 27 to 69 million cases. Numerous in-
dividuals who survive experience substantial disabilities,
causing a substantial social and economic burden. In
2010, the financial consequences of TBIs in the United
States amounted to $76.5 billion (3).

In 2014, the Society for Patient Control and Prevention
conducted a study on 2.53 million patients who sought
emergency care for TBIs. The findings revealed 288,000
hospitalizations and 56,800 fatalities within this group,
encompassing both children and adults. Remarkably,
adults aged >75 years exhibited the highest rate of
emergency visits, with 1682 individuals per 100,000.
This was followed closely by children aged 0-4 years,
with 1618.6 individuals per 100,000, whereas the age
group of 15-24 years recorded the lowest number of
visits (4).

In Europe, the occurrence of hospitalization after TBI is
approximately 262 instances per 100,000 injuries, and the
annual fatality rate is approximately 15 cases per 100,000
injuries (5). TBI extends beyond a pathophysiological
event, encompassing a range of intricate issues that in-
duce both functional and structural harm through prima-
ry and secondary mechanisms of damage (6).

The lesions formed are not confined to the site of the
initial trauma but expand progressively. Hence, the initial
damage occurs at the moment of impact, and over hours,
weeks, months, and ultimately throughout one’s life, the
secondary damage is triggered by the host's response to
the initial injury (7).

The primary damage arises from the immediate impact
mechanism on the brain tissue caused by an external
force, encompassing contusion, blood vessel damage,
bleeding, and nerve damage (8, 9).

Secondary damage occurs from minutes to months af-
ter the primary injury, involving a sequence of molecular,
cellular, and metabolic events that culminate in brain cell
death, tissue damage, and atrophy (10).

Therefore, identifying individuals at risk of unfavorable
neuropsychological outcomes after TBI holds signifi-
cant importance. This study was conducted to evaluate
the predictive value of the Neuropsychological Impair-
ment Scale (NIS) in terms of mortality rate, recovery, and
discharge of patients who have been admitted to the
emergency department at Imam Reza Hospital in Tabriz
due to TBI.

MATERIALS and METHODS

This descriptive—analytical cross-sectional investigation
included a sample of 100 individuals aged >18 years who
had experienced TBIs. Ethical approval and the research
code were obtained from the Tabriz University of Med-
ical Sciences's Research and Ethical Committee (Date:
04.07.2023, No: R.IAU.TABRIZ.REC.1402.142). Partici-
pants were recruited from among those seeking medical
attention at the emergency department of Imam Reza
Hospital in Tabriz between the beginning of July and the
end of August 2023.

Inclusion criteria were patients with TBIs during the speci-
fied time frame. Exclusion criteria encompassed individu-
als who refused to participate or had preexisting physical
or mental disabilities before the traumatic injury.

After the acquisition of required approvals, 100 eligible
patients were included in this study. These involved indi-
viduals aged 18 years and older who visited the emergen-
cy department of Imam Reza Hospital in Tabriz between
the specified dates. Those who did not wish to participate
or had preexisting physical or mental disabilities (before
the traumatic event) were excluded from the study.

Subsequently, a checklist was prepared incorporating
items from the NIS and patient information such as age,
gender, and injury mechanism details. The checklist was
completed during bedside examinations and investiga-
tions, and subsequent reviews were conducted to align
the collected data with the study objectives.

Statistical analysis

The collected data were processed using the SPSS
ver.26 (IBM Corp., Armonk, NY, USA) statistical software.
Normality of the data was evaluated using the Smirn-
ov-Kolmogorov test. Qualitative data were expressed
as frequency (percentage). Quantitative data were ex-
pressed as mean (standard deviation) when the data
exhibited a normal distribution; otherwise, the median
(interquartile range 25-75) value was used. Qualitative
data were analyzed using the x 2test in two groups, and
if certain conditions were met, Fisher's exact test was
used.

Moreover, the independent t-test was used for analyzing
quantitative data in two groups if the data followed a
normal distribution. One-way ANOVA was used to de-
termine whether any significant differences existed in the
mean values of a continuous dependent variable across
the groups. A p value of <0.05 was considered statistical-
ly significant.

RESULTS

In this cross-sectional study employing a descriptive-an-
alytical approach and involving 100 patients with TBI, the
obtained statistical outcomes are as follows.
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Of the 100 patients with TBI, 78 (78%) were men, and
22 (22%) were women. Regarding age distribution, the
mean age of all patients with TBIl was 41.36 (range: 18-
87) years, and 12% were aged <20 years, 47% were aged
21-40 years, 20% were aged 41-60 years, and 21% were
aged 261 years, Table 1).

As shown in Table 2, the predominant form of trau-
ma was falling from an elevated position, which ac-
counted for 28% of cases, followed by two-car acci-
dents that accounted for 20% of cases. Regarding the
outcome, a majority of patients with TBI underwent
hospitalization (67%), followed by discharge (30%),
whereas 3% of patients unfortunately died due to the
injury (Table 1).

The distribution of male and female patients across the
various age groups did not show a significant difference
(p=0.247). In all the four age categories under examina-
tion, the number of men exceeded that of women, in-
dicating no variance in gender distribution across age

groups.
Regarding the nature of trauma, there was no signifi-

cant difference in distribution between men and wom-

Table 1: Frequency distribution of patients with TBI
according to gender and age group

Variable Variable category Frequency (%)
Gender Male 78
Female 22
Age group <20 12
(years) 21-40 47
41-60 20
>61 21
Trauma Two-car accident 20
type Accidents with 9
pedestrians
Car with motorcycle 7
accident
Falling from a height 28
Car rollover 9
Motorcycle rollover
Motorcycle with
pedestrian accident
Falling from a level 16
height
Outcome Hospitalized 67
Discharged 30
Deceased 3

en (p=0.063). The prevalent type of trauma for men was
falling from a height, which accounted for 21 patients,
whereas it was two-car accidents for women, which ac-
counted for 9 patients.

The distribution of men and women based on the out-
come showed a remarkable difference (p=0.020). Spe-
cifically, the outcomes of hospitalization, discharge, and
death for men were 85.1%, 60%, and 100%, respectively
(Table 2).

According to the findings of the independent samples
t-test that compared the mean ages of two separate
groups, there was no statistically significant differ-
ence in the average age of male and female patients
(p=0.055). The mean ages were 39.46 (+18.47) years for
male patients and 48.09 (+18.28) years for female pa-
tients (Table 3).

The results of one-way ANOVA that compared the mean
values across several independent groups revealed a
significant difference in the average age among various
types of trauma (p=0.022). The trauma type with the low-
est average age was a “car with a motorcycle accident.”
Further analysis using the least significant difference
(LSD) post hoc test revealed significant differences in the
average age between “two-car accident” and "accident
with pedestrian” traumas (p=0.024), as well as between
“accident with pedestrian” and “car with motorcycle ac-
cident” traumas (p=0.006).

Moreover, there were significant differences between the
average ages of "accident with pedestrian” and “motor-
cycle rollover” traumas (p=0.006) and “accident with pe-
destrian” and “other” traumas (p=0.022), as well as be-
tween “car with motorcycle accident” and “falling from a
height” traumas (p=0.014). Furthermore, the differences in
mean age were significant between “falling from a height”
and "motorcycle rollover” traumas (p=0.013), as well as
between “falling from a height” and “falling from a level
height” traumas (p=0.049). Conversely, there was no sig-
nificant difference in the average age across the outcomes
of hospitalization, discharge, and death (p=0.0665).

Nonetheless, it is worth noting that the average age in
the death outcome was higher than that in the outcomes
of discharge and hospitalization (Table 3).

The independent samples t-test revealed a signifi-
cant difference in the average NIS score between male
(6.17+5.38) and female (3.37+3.66) patients (p=0.035).

The one-way ANOVA revealed a statistically significant
difference in the mean NIS scores across various types of
trauma (p=0.011). The mean NIS for car rollover trauma
was remarkably lower than that for other traumas, amount-
ing to 4.38. Further analysis using the two-by-two mean
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Table 2: Comparison of the frequency distribution of gender across age groups, types of trauma, and primary
Glasgow Coma Scale (GCS) based on the results obtained from Fisher's exact test

Variable Variable category Gender p value
Male n (%) Female n (%)
Age group (years) <20 11 (21.7) 1(8.3) 0.247
21-40 38(80.9) 9(19.1)
41-60 6 (80.0) 4 (20.0)
>60 3(61.9) 8(38.1)
Trauma type Two-car accident 1(55.0) 9 (45.0) 0.063
Accident with pedestrian 7 (77.8) 2(22.2)
Car with motorcycle accident 7 (100.0) 0 (0.0
Falling from a height 21 (75.0) 7 (25.0)
Car rollover 7 (77.8) 2(22.2)
Motorcycle rollover 8 (100.0) 0(0.0)
Motorcycle with pedestrian accident 2 (66.7) 1(33.3)
Falling from a level height 15 (93.8) (3.6)
Outcome Hospitalized 57 (85.1) 0(14.9) 0.020
Discharged 18 (60.0) 2 (40.0)
Deceased 3(100.0) 0 (0.0

Table 3: Average age according to the variables of gender, type of trauma, and outcome in patients with TBI

. . Standard .
Variable Variable category Frequency Age average deviation Min Max p value
Gender Male 78 39.46 18.47 18 87 0.055"
Female 22 48.09 18.28 18 87
Trauma type  Two-car accident 20 38.25 16.29 18 72 0.0222
Accidents with 9 54.67 20.95 18 87
pedestrians
Car with motorcy- 7 29.71 9.43 18 44
cle accident
Falling from a 28 48.46 18.68 20 87
height
Car rollover 9 41.00 16.29 21 68
Motorcycle 8 30.50 14.54 19 64
rollover
Motorcycle with 3 34.33 24.91 18 63
pedestrian
accident
Falling from a 16 37.38 19.50 18 73
level height
Outcome Hospitalized 67 41.15 18.79 18 87 0.665°
Discharged 30 40.87 17.52 18 87
Deceased 3 51.00 31.95 26 87

1: Independent samples t-test, 2: One-way ANOVA
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comparison test (LSD) revealed significant differences in pedestrian” and “falling from a height” traumas (p=0.003),
mean NIS scores between “two-car accident” and “acci- “accident with pedestrian” and “car rollover” traumas
dent with pedestrian” traumas (p=0.001), “accident with (p=0.004), "accident with pedestrian” and "“motorcycle

Table 4: Comparison of mean NIS and GCS scores according to the variables of gender, type of trauma, and outcome
in patients with TBI (nine patients were excluded during NIS score evaluation because of toxicology suspicious finding)
(one patient’s GCS score was variable and altered and then excluded during evaluation in this table).

Initial GCS score

Variable Variable category Frequency Median Min Max p value
Gender Male 77 15 3 15 0.305'
Female 22 15 10 15
Trauma type Two-car accident 20 15 3 15 0.129?
Accidents with 9 14 3 15
pedestrians
Car with motorcycle 7 14 11 15
accident
Falling from a height 27 15 4 15
Car rollover 9 15 4 15
Motorcycle rollover 8 14 13 15
Motorcycle with 3 14 14 15
pedestrian accident
Falling from a level 16 15 14 15
height
Outcome Hospitalized 66 14 4 15 <0.0012
Discharged 30 15 15 15
Deceased 3 3 3 4
Variable Variable category Frequency ml\(leIaSn jte?/?:t?c:: Min Max p value
Gender Male 72 6.17 5.38 0 30 0.035'
Female 19 3.37 3.66 0 13
Trauma type Two-car accident 18 4.44 3.59 0 i 0.0112
Accidents with 7 11.86 10.54 0 21
pedestrians
Car with motorcycle 6 7.50 6.16 0 18
accident
Falling from a height 25 5.56 4.00 0 15
Car rollover 8 4.38 5.34 0 12
Motorcycle rollover 8 6.88 3.72 2 12
Motorcycle with 3 7.67 5.03 3 13
pedestrian accident
Falling from a level 16 3.00 3.03 0 10
height
Outcome Hospitalized 59 6.61 4.77 0 21 <0.001?
Discharged 30 2.53 1.98 0 8
Deceased 2 21.00 12.73 3 12

" Independent samples t-test, 2 One-way ANOVA, GCS: Glasgow Coma Scale, NIS: Neuropsychological Impairment Scale
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rollover” traumas (p=0.05), as well as between “accident
with pedestrian” and “other” traumas (p>0.001).

Furthermore, a significant difference was observed in
mean NIS scores among the outcomes of hospitalization,
discharge, and death (p<0.001). The mean NIS scores
for hospitalization, discharge, and death outcomes were
6.61, 2.53, and 21.00, respectively. Further analysis using
the LSD test indicated significant differences in mean NIS
scores between hospitalization and discharge (p<0.001)
and hospitalization and death (p<0.001), as well as be-
tween discharge and death (p>0.001) (Table 4).

The independent samples t-test revealed no statistical-
ly significant differences in the median initial Glasgow
Coma Scale (GCS) scores between male and female pa-
tients (p=0.305), with the median initial GCS score for
both groups being 15.

The one-way ANOVA also revealed no significant dif-
ferences in the median initial GCS scores across various
types of trauma (p=0.129).

However, the mean GCS scores exhibited a significant
difference among the outcomes of hospitalization, dis-
charge, and death (p<0.001), with the scores being 14, 15,
and 3, respectively. Further analysis using the two-by-two
mean comparison test (Tukey's post hoc test) revealed
significant differences in mean GCS scores between hos-
pitalization and discharge (p=0.004) and hospitalization
and death (p<0.001), as well as between discharge and
death (p>0.001) (Table 4).

Moreover, the Pearson correlation coefficient test re-
vealed a significant negative correlation between the NIS
and initial GCS scores (r=-0.534; p<0.001).

DISCUSSION

Mild TBI, characterized by a GCS score of 213, consti-
tutes the majority of traumatic injuries, especially in the
domain of sports (3). In a comprehensive study involving
17,470 patients with TBI, 57% initially experienced a loss
of consciousness, which decreased to 12% after the im-
plementation of initial treatment interventions. By the
end of the treatment period, 98% of these patients had
fully regained consciousness, indicating significant im-
provement (11).

After prolonged hospitalization, most people with TBI re-
quire a prolonged period of rehabilitation and may face
problems such as physical, cognitive, psychological, and
behavioral difficulties (12).

Research suggests that various factors, including age and
initial GCS score, play a significant role in predicting the
outcome of individuals with TBI (13).

Various criteria, such as the initial GCS score, disability
criteria, and length of hospital stay, are used to predict
the prognosis of individuals with TBI.

The NIS is a standard assessment tool for screening
adults’ neuropsychological symptoms. It comprises
various sections addressing general and specific disor-
ders, encompassing symptoms that might go unnoticed
during diagnostic and treatment processes or may not
be explicity communicated by the patient. The NIS
serves as a valuable instrument for a detailed evaluation
of neuropsychiatric complications. It helps in identifying
the affected areas and determining whether the patient
benefits from treatment by aligning with treatment goals.

The NIS questionnaire includes 95 items and covers as-
pects related to motor function, tone and joint move-
ment limitations, sensory perception, perceptual function,
speech abilities, cognitive function, behavior, mood, vision
and hearing, pain sensation, and fatigue perception (14).

Although movement issues resulting from brain trauma
tend to improve in the majority of patients, neuropsycho-
logical and behavioral challenges persist for months and
even years. Therefore, these issues are labeled as invisi-
ble disabilities, affecting various facets of an individual’s
life, including personal, social, familial, and professional
dimensions, ultimately impacting both career and overall
quality of life (15, 16).

In our study, the mean age of the patients was 41.36 years,
and there was a remarkable gender disparity, with the ma-
jority (78%) being men in terms of relative frequency.

Skaansar et al. conducted a study in 2020 to investigate
TBI across various age categories, including 1571 pa-
tients aged 215 years, and showed that the average age
was 58 years, with a remarkable predominance of men,
constituting 70% of the participants. Furthermore, 39% of
the examined population was aged 265 years (17).

Subsequently, in a systematic study, Mollayeva et al. exam-
ined 58 registered articles on TBIs, which included 1,265,955
patients, to determine the frequency of age and gender in
these patients. They reported that 67% of the study patients
were men (18). This gender predominance is consistent with
the findings of the two abovementioned studies.

Zia et al. evaluated 3749 patients with TBl whose average
age was 28 years. The highest occurrence was observed
in the age group of 19-45 years, and men were predom-
inant. They found that the primary cause of TBI in the ex-
amined population was road accidents (42.1% involving
pedestrians and 28.1% involving motorcyclists), followed
by falls from heights (11.1%) (19).

Although the average age and proportion of occurrence
in various age groups documented in comparable studies
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vary from those observed in our study, this disparity is af-
fected by the demographic characteristics specific to dis-
tinct geographic regions of the analyzed samples (17, 19).

The predominant cause of TBI in our investigation, with
the highest incidence, was associated with falls from ele-
vated surfaces (28%), followed by involvement in two-ve-
hicle accidents (20%).

Lee et al. evaluated the prognostic factors in individuals
with TBIls. Over three months, they examined 42 patients
with TBIs whose average age was 44.5 years (range: 8-73
years). The primary cause of injury in 45.2% of the patients
was falling from a height, followed by motorcycle, pedes-
trian, bicycle, and car accidents (20). This finding was in
contrast to those reported by Zia et al., where falling from
a height was the third most prevalent mechanism, follow-
ing a car accident involving a pedestrian and an accident
when riding as a motorcycle passenger (19).

Ponsford et al. conducted a study in 2008 involving 60 pa-
tients with mild-to-severe TBls, wherein they reported a
correlation between suboptimal The Extended Glasgow
Outcome Scale (GOS-E) criteria and impaired perfor-
mance in processing speed, attention, memory, and ex-
ecutive function (21).

The mean initial GCS score in our study patients was 14.3
for men and 13.74 for women. Although there was no
significant difference across various trauma mechanisms,
there was a clear correlation with the outcome. Specifi-
cally, the mean GCS scores for discharged, hospitalized,
and deceased patients were 15, 13.85, and 3.33, respec-
tively. When comparing this outcome with the findings of
Lee et al. and Ponsford et al, it appears that a low GCS
score is related to a poorer short-term outcome and an
inferior long-term prognosis (20, 21).

Our study also indicated a negative correlation between GCS
and NIS scores, consistent with the findings of Ponsford et
al who showed a correlation between low GCS scores and
suboptimal neuropsychological performance (21).

Comparable studies have yielded multiple results on the
relevance of neuropsychological factors in predicting the
outcomes of patients with TBIs. For instance, Sigurdar-
dottir et al. reported that improved neuropsychological
functioning, including higher verbal, reasoning, visual,
spatial, and perceptual skills, and reduced short-term
memory impairment are associated with a more favor-
able prognosis (22).

Although our study contributes valuable insights for
understanding TBIs, it is essential to acknowledge cer-
tain limitations inherent in the research design. First,
our sample size may limit generalizability, and caution
should be exercised when extrapolating these findings

to broader populations. Furthermore, the retrospective
study design introduces the potential for recall bias, as
reliance on medical records may capture only some rel-
evant details.

Moreover, our study’s focus on specific demographic and
neuropsychological factors necessarily excludes consid-
eration of other potentially influential variables. Future
studies could benefit from a more expansive approach
to include a broader array of factors that contribute to a
more comprehensive understanding of TBIs.

CONCLUSION

TBI is more prevalent among men and women aged 21—
40 years. Falls from a height constitute the primary cause.
Most patients exhibit a GCS score of >13, signifying mild
traumatic injuries. An inverse relationship between NIS
and initial GCS scores suggests that lower NIS scores are
associated with better outcomes, indicating its utility as
a predictive factor.
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ABSTRACT

Objective: Behget's disease (BD) is a chronic vasculitic disease
with mucocutaneous and systemic involvements. This study
aims to examine the effects of COVID-19 on the symptoms and
course of BD.

Material and Method: The BD patients who were followed up
in our department with a history of COVID-19 were evaluated
regarding the course of infection and the course of BD post-
COVID diagnosis, assessed by Behget's Disease Activity Index
(BDAI).

Result: Among 449 BD patients, 68 (15.1%) had contracted
COVID-19. The mean age of the patients was 42.7+11.8 years
of whom 63.2% (n=43) were female. While most (n=48, 70.6%)
had only mucocutaneous symptoms, others also had systemic
symptoms (n=20, 29.4%) during their BD course; 86.8% (n=59)
had received colchicine only at the time of infection. Prior to
infection, 85.3% (n=58) had been in remission (BDAI score of 0),
while 14.7% (n=10) already had active BD (BDAI score between
1-3). Post-COVID-19 diagnosis, activation or exacerbation
of activation was seen in 39.7% (n=27) of BD patients, as
characterized by increased BDAI scores (BDAI score between
1-4). No change was recorded in 60.3% (n=41) of the patients.
Disease activation in the BD patients was mostly mucocutaneous
(n=21, 30.9%). Comparison of the BD patients’ BDAI scores
pre- and post-COVID-19 diagnosis revealed the scores to be
significantly elevated (p<0.001; z=-4.691), demonstrating the
possible effects of COVID-19 on BD severity.

OZET

Amag: Behcet hastaligi mukokutandz ve sistemik bulgularla sey-
redebilen kronik vaskdlitik bir hastaliktir. Bu ¢calismada COVID-19
enfeksiyonunun Behcet hastaligi semptomlar ve seyri Uzerine
etkisini incelemeyi amacladik.

Gereg ve Yontem: Uciincii basamak bir Dermatoloji merkezinde
takip edilen Behcet hastalart COVID-19 enfeksiyonu acisindan
sorgulandi. Daha 6nce PCR ile kanitlanmig COVID-19 geciren
hastalarda Behcet hastaligi seyri ve aktivasyonu Behget Hastaligi
Aktivite indeksi (BHAI) ile retrospektif olarak degerlendirildi.

Bulgular: Bu c¢alisma sirecinde poliklinik kontroliine bagvuran
449 Behcet hastasinin 68'inin (%15,1) COVID-19 enfeksiyonu
gegirme Oykisl mevcuttu. Hastalarin yas ortalamasi 42,7+11,8
yil olup, %63,2'si (n=43) kadindi. Behcet hastalarinin cogunda
(n=48, %70,6) Behget hastaligi sadece mukokutandz tutulum ile
seyrederken, bir kisminda (n=20, %29,4) cesitli sistemik tutulum-
lar hastalik strecinde gelismisti. Bu hastalarin biytk bir cogun-
lugu (n=59, %86,8) enfeksiyon dncesinde sadece kolsisin teda-
visi almaktaydi. COVID-19 enfeksiyonu éncesi BHAI skorlama
sistemine bakildiginda hastalarin %85,3'l (n=58) remisyondaydi
(BHAI-0), %14,7'si (n=10) ise halihazirda aktivasyondaydi (BHAI-
1-3). COVID-19 enfeksiyonunu takiben hastalarin %39,7'sinde
(n=27) aktivasyon veya hastalik siddetinde artis gorildi (BHAI-
1-4). Behcet hastalarmizda enfeksiyonu takiben gérilen hastalik
aktivasyonu ¢ogunlukla mukokutanéz (n=21, %30,9) lezyonlar
ile karakterizeydi. Hastalarin %60,3'Unde (n=41) ise hastalik sey-
rinde herhangi bir degisiklik kaydedilmedi. Behcet hastalarinda
COVID-19 enfeksiyonu éncesi ve enfeksiyon sonrasi BHAI skor-
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Conclusion: COVID-19 infection may lead to activation of BD
symptoms, with new organs being involved in some patients,
which should be confirmed by prospective large series.

Keywords: Behcet's disease, COVID-19, disease activity

lar karsilastinldiginda anlamli dizeyde (p<0,001 ve z=-4,691) Be-
hcet hastalik siddetinde artis tespit edildi.

Sonug: COVID-19 enfeksiyonu bazi hastalarda Behget hastaligi
semptomlarinin aktivasyonuna, alevlenmesine ve hatta yeni or-
gan tutulumuna yol agabilmektedir. Bu durum prospektif genis
serilerle dogrulanmalidir.

Anahtar Kelimeler: Behcet hastaligi, COVID-19, hastalik aktivitesi

INTRODUCTION

Hulusi Behcget first described Behcet's disease (BD) in
1937 as a triple-symptom disorder characterized by oral
aphthae, genital ulceration, and uveitis. Although partic-
ularly prevalent in countries on the Silk Road, BD can be
seen worldwide. Turkiye is one of the countries where the
disease is most commonly encountered, with a preva-
lence between 20:100,000 and 420:100,000. Immunolog-
ical and environmental factors such as bacterial and viral
infections are thought to play an important role in the
pathogenesis of the disease. BD is a chronic, inflamma-
tory, and systemic vasculitic disease with various muco-
cutaneous and multiorgan involvements. The ocular and
vascular involvements of the disease that adversely affect
prognosis are more commonly seen in males (1).

The coronavirus disease 2019 (COVID-19) caused by the
SARS-CoV-2 virus hit the world in December 2019 and
was declared a pandemic by the World Health Organiza-
tion (WHO) in March 2020. While affecting all age groups,
individuals with chronic diseases have been implicated as
being at greater risk (2). BD patients under immunosup-
pressive and immunomodulatory treatments have been
previously suggested to be in the high-risk spectrum for
COVID-19. However, only a few studies have evaluat-
ed the course of BD post-COVID-19 diagnosis in large
groups of BD patients (3-16). This study aims to delin-
eate the effects of COVID-19 on BD and to describe the
course of COVID-19 infection in a large BD patient group
in an experienced tertiary center in Turkiye.

MATERIALS and METHODS

The study retrospectively evaluates the data from consec-
utive patients who'd been diagnosed with BD, focusing
on the routine follow-up visits between February-August
2021 with a history of COVID-19 diagnosis. Patients with-
out a polymerase chain reaction (PCR) confirmation were
not included in the study group, regardless of whether
their symptoms or radiological findings were compatible
with COVID-19. Moreover, the study group consists of un-
vaccinated patients due to lack of community COVID-19
vaccination program in Turkiye during this period. Data
regarding patients’ symptoms, including the need for
hospitalization and oxygen support, were also collected.

203

The study records individual data regarding clinical status
and ongoing treatments and gives the BD patients' Be-
hcet's Disease Activity Index (BDAI; Table 1) scores based on
their symptoms three months prior to and one month after
their COVID-19 diagnosis. According to this scoring system,
patients with a score of O were accepted as being in remis-
sion, while any score above 0 was treated as an active BD
case. When assessing the status of the disease following
COVID-19, any increase in the BDAI score was considered an
activation or exacerbation of activation of BD.

Statistical analysis

The study expresses the data as averages, means, medi-
ans, and percentages and uses the program SPSS (Ver-
sion 22; IBM, SPSS Corp., Armonk, NY, USA) for all statis-
tical analyses, with p<0.05 being considered significant.
The study uses the Wilcoxon Sign Rank Test to evaluate
the patients pre- and post-COVID-19 BDAI scores.

The patients gave written informed consent to publishing
their case details. This study was conducted in accordance
with the Declaration of Helsinki. The study was approved
by the Istanbul University, istanbul Faculty of Medicine lo-
cal ethical committee (Date: 10.09.2021; No: 16).

RESULTS

Among the 449 BD patients (42.3% males; 57.7% fe-
male; mean age = 42.9 years) who underwent follow-up

Table 1: Behcet's disease activity index (BDAI) score
BDAI-O
BDAI-1

Less than two oral aphthae per month

More than two oral aphthae,
pseudofolliculitis, and/or erythema
nodosum per month

BDAI-2 The same findings as BDAI-1, as well as
genital ulcer, joint involvement, and/or

superficial thrombophlebitis

BDAI-3  The same findings as BDAI-2, as well as
eye involvement, vascular involvement,
neurological involvement, and/or other

system involvements

BDAI-4 New organ involvement
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visits throughout the study, 68 (15.1%) had COVID-19
infection that was verified with PCR. These patients’
mean age was 42.7+11.8 years, of whom 63.2% (n=43)
were female. The median treatment duration for BD
was 11.7+6.8 years before COVID-19 diagnosis. These
BD patients either had only mucocutaneous symptoms
(n=48, %70.6) or developed systemic symptoms (n=20,
29.4%) during their course of BD (Table 2). In managing
BD during at the time of COVID-19 diagnosis, 59 (86.8%)
patients only received colchicine, 5.9% (n=4) received
azathioprine and colchicine, and one patient received
adalimumab. One patient received no treatment due
to pregnancy. Three patients (4.4%) were followed up
without any medication due to BD being in remission
(Table 2). When evaluating the patients based on their
pre-COVID-19 BDAI scores, 85.3% (n=58) had been in
remission with a BDAI score of 0, while 14.7% (n=10)
had already had an active BD status. Of these latter pa-
tients, seven (10.3%) had a score of 1, two (2.9%) had
a score of 2, and one had a score of 3 (Table 3). The

following pre-COVID-19 BDAI scores were found for BD
patients who'd undergone any systemic involvement in
the course of BD (n=20) that had been managed with
various immunosuppressives including systemic corti-
costeroids (n=15), azathioprine (n=10), and/or adalim-
umab (n=2): BDAI-0 (n=14), BDAI-1 (n=4), BDAI-2 (n=1),
and BDAI-3 (n=1).

Of note, only one female patient (57 years old) with a
BDAI-0 was hospitalized due to COVID-19 symptoms.
All other BD patients had COVID-19 with mild or moder-
ate symptoms. Arthralgia (n=30) was the most common
COVID-19 clinical finding recorded in the BD patients,
followed by myalgia (n=28), headache (n=24), cough
(n=17), shortness of breath (n=14), fatigue (n=13), loss of
smell (n=9), and loss of taste (n=5). Furthermore, 15 pa-
tients had asymptomatic COVID-19. Of these patients,
29 were treated with favipiravir, two with favipiravir and
enoxaparin, three with hydroxychloroquine, and two
with enoxaparin. Five patients received no treatment,
while information regarding the COVID-19 treatments

Table 2: The clinical features and treatments of patients with Behcet's disease before COVID-19 infection

Variables n (%) Male/Female
BD course

- Only mucocutaneous involvement 48 (70.6) 13/35
- Mucocutaneous and systemic involvement 20 (29.4) 12/8
Mucocutaneous involvements

Recurrent aphthous stomatitis 68 (100) 25/43
Genital ulcer 35(51.5) 9/26
Erythema nodosum 51 (75) 17/34
Pseudofolliculitis 30 (44.1) 7/23
Extragenital ulcer 1(1.5) 0/1
Systemic involvements

Joint involvement 17 (25) 5/12
Vascular involvement 14 (20.6) 9/5
- Deep venous thrombosis 12 (17.6) 7/5
- Superficial thrombophlebitis 4 (5.9 4/0
Uveitis 7 (10.3) 4/3
- Uveitis and vascular involvement 1(1.5) 1/0
Neurological and vascular involvement 1(1.5) 0/1
Treatment

Colchicine only 59 (86.8) 19/40
Immunosuppressive 5(7.4) 4/1

- Azathioprine and colchicine 4(5.9) 4/0
- Adalimumab 1(1.5) 0/1
No treatment 4 (5.9) 2/2

- Pregnancy 1(1.5) 0/1

- Remission 3(4.4) 2/1

BD: Behcet's disease
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Table 3: Comparison of clinical features of Behget's disease in patients before and after COVID-19 infection

Pre-COVID-19 clinical status

: i .. o
(BDAI) Post-COVID-19 clinical status n (%) Male/Female
Remission (n=58, 85.3%), Activation 25 (36.8) 8/17
BDAI-0 (n=58) BDAI-1 (n=17), BDAI-2 (n=5), BDAI-3 (n=2),
BDAI-4 (n=1)
Systemic involvement 4(5.9) 3/1
-Deep venous thrombosis 1(1.5) 1/0
-Superficial thrombophlebitis 1(1.5) 1/0
-Uveitis 1(1.5) 0/1
-Joint involvement 2229 2/0
Mucocutaneous involvement 21(30.9) 5/16
-Recurrent aphthous stomatitis 17 (25.0) 4/13
-Genital ulcer 5(7.4) 1/4
-Erythema nodosum 5(7.4) 1/4
-Pseudofolliculitis 3(4.4) 0/3
No change 33 (48.5) 13/20
BDAI-0 (n=33)
Activation (n=10, 14.7%), Exacerbation of activation 2(2.9) 1/1
BDAI-1 (n=7), BDAI-2 (n=2), BDAI-3 (n=1); BDAI-4 (n=1)
BDAI-3 (n=1) Systemic involvement
- Deep venous thrombosis 1(1.5) 0/1
- Deep venous thrombosis and epididymo-or- 1(1.5) 1/0
chitis
No change 8 (11.8) 3/5

BDAI-1 (n=6), BDAI-2 (n=1), BDAI-3 (n=1)

BDAI: Behget's Disease Activity Index

for other patients was unobtainable due to the study’s
retrospective nature. According to current recommen-
dations and the authors’ clinical experience, when the
patients had positive PCR result, the immunosuppres-
sive treatments of this patient group were stopped,
whereas the colchicine treatment was continued (17).

Post-COVID-19 diagnosis, activation (n=25) or exacerba-
tion of activation (n=2) was noted in 27 (39.7%) patients
as a result of increased BDAI scores, while no change in
BDAI scores was recorded in 41 (60.3%) patients (Table 3).
Disease activation in the BD patients was mostly mucocu-
taneous (n=21, 30.9%), of whom 16 were female. Systemic
activation was recorded in only six (8.8%) patients, which
manifested as deep venous thrombosis (n=3), superficial
thrombophlebitis (n=1), joint involvement (n=2), uveitis
(n=1), or epididymo-orchitis (n=1). One patient with BD
who was in remission (BDAI-0) had their first genital ul-
cer attack post-COVID-19 diagnosis. Another patient
with active BD (BDAI-2) had their first epididymo-orchi-
tis episode and a recurrence of deep venous thrombosis
post-COVID-19 diagnosis. Finally, the BDAI scores of all
post-COVID-19 BD patients in the cohort were as fol-
lows: BDAI-0 (n=33), BDAI-1 (n=23), BDAI-2 (n=6), BDAI-
3 (n=4), and BDAI-4 (n=2; Table 3). The patients who had
no change in symptoms (n=41) had the following BDAI

scores: BDAI-0 (n=33), BDAI-1 (n=6), BDAI-2 (n=1), and
finally BDAI-3 (n=1; Table 3).

Of the 27 BD patients showing disease activation or exac-
erbation in activation post-COVID-19 diagnosis, 25 had
been in remission (BDAI-0) pre-COVID-19 diagnosis, one
had had a score of BDAI-1, and one a score of BDAI-2.
Post-COVID-19 diagnosis, most of the patients had mild
BD activation, with a BDAI score of BDAI-1 (n=17) or BDAI-
2 (n=5), as well as severe disease activation observed in
five patients, with BDAI-3 (n=2) or BDAI-4 (n=1, first gen-
ital ulcer attack). Moreover, BDAI scores increased from 1
to 3 in one patient and from 2 to 4 in another (the patient
with their first epididymo-orchitis episode), accompanied
by aggravated BD activation (Table 3).

Furthermore, when comparing the patients pre- and
post-COVID-19 BDAI scores using the Wilcoxon signed
rank test, the results are found to be highly significant
(p<0.001; z=-4.691), proving COVID-19 to likely have an
impact on the course of BD.

DISCUSSION

Limited data is found in the literature on the complica-
tions of COVID-19 in patients with BD and COVID-19's
effects on the course of BD (3-16). The present study has



] The course of Behcet's disease after COVID-19
Istanbul Tip Fakiltesi Dergisi @ J Ist Faculty Med 2024;87(3):202-208

aimed to use a larger patient series to identify the chang-
es in the progression of BD post-COVID-19 diagnosis.
The article retrospectively analyzed 449 BD patients, of
whom 68 had a PCR-confirmed COVID-19 diagnosis that
resulted in a statistically significant activation and exacer-
bation of the disease as graded by BDAI. Therefore, the
study’s results imply COVID-19 likely leads to BD activa-
tion and/or exacerbation in some BD patients. The cur-
rent study group had a 15.1% prevalence of COVID-19.
Unlike the current study that only included BD patients
whose COVID-19 diagnosis was confirmed through PCR,
some previous studies had also included BD patients
who were highly suspected of COVID-19 in addition to
confirmed diagnoses (11, 14). Previous studies have also
controversially discussed the prevalence of COVID-19
among BD patients. One study reported a higher prev-
alence of COVID-19 in BD patients, while another study
described the opposite (11, 15). Yet another study found
the prevalence of COVID-19 in BD patients to be 4.2%
and concluded no increased risk of COVID-19 infection
or complication to exist in BD patients compared to the
general population, similar to other studies (4, é). One
study that included 10 BD patients reported BD patients
to be much younger and appear to have an increased
risk of severe outcome due to COVID-19 (8), a finding
not supported by the current study. In addition, another
study in Turkiye with a small number of patients reported
the relative risk of COVID-19 infection and complications
in BD patients to be higher than the other inflammatory
diseases (3). However, another study in France evaluated
117 patients with autoinflammatory diseases, 21 of whom
had been diagnosed with BD, and found no significant
difference in the severity of COVID-19 between patients
with systemic autoinflammatory disease and those with-
out. Furthermore, the study in France suggested patients
with systemic autoinflammatory disease under corti-
costeroid treatment should be considered at high risk
for severe COVID-19 (14). Yet another study also found
receiving glucocorticoids and cytotoxic drugs to be as-
sociated with an increased hospitalization rate (11). In
contrast, a recent systemic review and meta-analysis con-
cluded administering glucocorticoids have no significant
correlation with hospitalization risk in patients with rheu-
matic diseases, as well as the risk of severe COVID-19 in
this population was similar to that observed in the refer-
ence population (18). The current study found only one
BD patient to have been hospitalized due to COVID-19.
All other BD patients’ COVID-19 infections had mild or
moderate symptoms.

While this study found deep venous thrombosis to be
the most common form of systemic activation, recurrent
aphthous stomatitis was the most common form of mu-
cocutaneous activation. Remarkably, one patient post-
COVID-19 experienced their first epididymo-orchitis
attack, with another experiencing their first genital ulcer

attack; these attacks also significantly raised their BDAI
scores. This study found systemic activation to be more
common in males whereas mucocutaneous activation to
be more common in females.

The higher rates of deep venous thrombosis in BD pa-
tients post-COVID-19 may be due to high levels of IL-
1a in BD patients’ serum. IL-1a is a cytokine responsi-
ble for susceptibility to vascular inflammation and clot
formation. Similarly, IL-1a release and inflammasome
formation have also been observed in COVID-19 infec-
tion. IL-1a released into the blood causes endothelial
damage and inflammatory thrombosis formation, which
might explain the exacerbation of activation observed
in some BD patients (19-21). Contrary to previous re-
sults, a recent study in Turkiye reported COVID-19 not
appearing to exacerbate thrombotic events during or
after infection in a large series (10). Colchicine is widely
used in BD worldwide to prevent inflammasome forma-
tion and suppress IL-1 levels, which may have a protec-
tive role against COVID-19. However, another study in
Turkiye reported evaluating the frequency and severity
of COVID-19 in patients with various rheumatic diseases
(including BD) who'd been treated regularly with colchi-
cine or hydroxychloroquine; these treatments did not
result in preventing COVID-19 or ameliorating its man-
ifestations (12). Another study showed BD patients to
have asymptomatic COVID-19 and also suggested an-
ti-tumor necrosis factor agents to be able to protect BD
patients from severe COVID-19 (9). Biological agents
were delayed following COVID-19 cases in many coun-
tries that were used to manage many diseases. During
this period of treatment cessation, uveitis attacks were
reported in BD patients using infliximab and adalimum-
ab. Of the current work’s study group, only one patient
under adalimumab treatment had experienced an uve-
itis attack post-COVID-19. In addition, other systemic
involvements have been reported, such as a Neuro-Be-
hget's disease being exacerbated by COVID-19 (22).
Although the present study has only one patient with
Neuro-Behget's disease, no aggravation or change in
her condition was observed. Furthermore, the fact that
most of the current study’s patients suffered exacerba-
tions regarding BD, with mostly mucocutaneous symp-
toms in addition to mild COVID-19 symptoms, may be
related to the protective role of colchicine.

This study’s main limitations are its retrospective nature
and the fact that it has been conducted in a single tertiary
center. Furthermore, a direct comparison of activation ra-
tios could not be performed due to the need for a control
group of BD patients who'd not had COVID-19.

CONCLUSION

This study represents a large case series of BD patients
who'd also contracted COVID-19 and shows BD acti-
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vation or exacerbation of activation occurred mostly
with mucocutaneous symptoms, in addition to the sys-
temic involvements recorded in a few patients post-
COVID-19 diagnosis. The findings suggest a complex
relationship between COVID-19 and BD, however the
underlying pathogenic mechanisms needs to be fur-
ther studied.
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ABSTRACT

Objective: Nesfatin-1 is an anorectic polypeptide that plays im-
portant roles in regulating appetite and energy intake. Cachexia
and malnutrition are common in individuals with cirrhosis. We ex-
amined the relationship between serum nesfatin-1 levels and stage
of cirrhosis, with the hypothesis that an increase in nesfatin-1 levels
in patients with cirrhosis may be related to this catabolic process.

Material and Method: The study includes 51 patients with cirrhosis
and 30 healthy volunteers. Nesfatin-1 levels in serum samples were
compared using the enzyme-linked immunosorbent assay (ELISA).
We calculated the Child-Pugh stages and Model for End-Stage
Liver Disease (MELD) scores of patients with cirrhosis and examined
their relationship with nesfatin-1. We've also investigated the
relationship between cirrhosis complications and nesfatin-1.

Results: We found nesfatin-1 levels to be significantly higher
in the cirrhosis patient group compared to the control group
(p=0.001). The patient group was divided into those with
compensated and those with decompensated liver cirrhosis

OZET

Amag: Nesfatin-1, istahin ve enerji aliminin dizenlenmesinde
Snemli rolleri olan anorektik bir polipeptittir. Kaseksi ve malnut-
risyon sirozlu bireylerde yaygindir. Nesfatin-1 diizeylerinin siroz-
lu hastalardaki artiginin sirozdaki katabolik strecle alakali olabi-
lecedi hipoteziyle nesfatin-1 serum dizeyleri ve siroz agamalari
iligkisini inceledik.

Gereg ve Yontem: Calismamiza 51 sirozlu hasta ve 30 saglikh
gonulld alindi. Serum 6érneklerinden nesfatin-1 dlzeyleri ELISA
kullanilarak karsilastinldi. Sirozlu hastalarin Child-Pugh evreleri
ve multifaktériyel son dénem karaciger hastaligi modeli (MELD)
skorlar hesaplanarak nesfatin-1 ile iliskileri incelendi. Ek olarak
siroz komplikasyonlari ile nesfatin-1 arasindaki iligki arastinldi.

Bulgular: Nesfatin-1 dlzeyleri sirozlu hasta grubunda kontrol
grubuna goére anlamli olarak yitksek bulundu (p=0,001). Hasta
grubu kompanse ve dekompanse olarak ayrilip, kontrol grubu ile
karsilastinldi. Kompanse siroz grubunda nesfatin-1 dizeyleri an-
lamli olarak ylksek bulundu (p=0,01). Sirozlu hastalar Child-Pugh
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and compared with the control group. Nesfatin-1 levels were
found to be significantly higher in the compensated liver
cirrhosis group (p=0.01). When classifying the patients with
cirrhosis based on their Child-Pugh stages and MELD scores, no
significant relationship was detected between these groups and
their nesfatin-1 levels.

Conclusion: Nesfatin-1 may have antioxidant, anti-inflammatory,
and anti-apoptotic effects in maintaining the state of patients
with compensated liver cirrhosis. Low levels of nesfatin-1 in
decompensated liver cirrhosis may result from defense mecha-
nisms and inadequate production.

Keywords: Nesfatin-1, liver, cirrhosis, decompensation, anti-in-
flammatory, antioxidant

evrelerine ve MELD skorlarina gére siniflandinldiginda bu gru-
plarile nesfatin-1 diizeyleri arasinda anlamli bir iliski saptanmadi.

Sonug: Sirozlu hastalarda kompanze halin strdirilmesinde nes-
fatin-1'in antioksidan, antiinflamatuar ve antiapoptotik etkileri
olabilir. Dekompanse sirozda nesfatin-1 diizeylerinin diistik olmasi
savunma mekanizmasi ve yetersiz Uretimden kaynaklanabilir.

Anahtar Kelimeler: Nesfatin-1, karaciger, siroz, dekompansas-
yon, antienflamatuvar, antioksidan

INTRODUCTION

Cirrhosis develops as a result of hepatocellular damage
leading to extensive fibrosis and nodular regeneration
in the liver. Advanced cirrhosis usually involves anorexia.
Taste and smell disorders in patients increase anorexia.
Weight loss, cachexia, sarcopenia, and chronic disease
are common. Body mass index (BMI) has been previously
shown to be insufficient at revealing malnutrition, espe-
cially in patients with overt ascites (1, 2).

Nesfatin-1is a polypeptide that has important roles in the
regulation of food intake, energy homeostasis, and water
intake. Nesfatin-1 is the amino-terminal portion of nu-
cleobindin-2 (NUCB2) detected in the hypothalamic nu-
clei and has proven to be effective in appetite control in
rats. Intracerebroventricular (ICV) injection of nesfatin-1
dose-dependently reduced food intake in rats with leptin
receptor mutation (3). Nesfatin-1 has been shown to be
expressed in many peripheral tissues other than the cen-
tral nervous system (4, 5). Recent studies have highlight-
ed the anti-inflammatory, antioxidant, and anti-apoptotic
effects of nesfatin-1 (6).

We aim to determine the level of nesfatin-1 in the cir-
rhosis and control groups in order to investigate its rela-
tionship with the severity and complications of cirrhosis
and also to determine whether nesfatin-1 has a role in
decompensated liver cirrhosis by considering how the
anorectic nesfatin-1 peptide might be responsible for the
frequently encountered cachexia and malnutrition in pa-
tients with cirrhosis.

MATERIALS and METHODS

Study group

Our study involves a patient group consisting of 51 patients
with cirrhosis and 30 healthy volunteers who were admit-
ted to the internal medicine clinic in our hospital. We de-
termined sample size according to a power analysis based
on previous articles about nesfatin-1. Volunteers over 18
years old who'd been diagnosed with cirrhosis of the liver
and followed up in our clinic and who'd been supported

by clinical, laboratory, and radiologic data were included
in the study as the patient group. Volunteers over 18 years
old without liver cirrhosis were included in the study as the
control group. Persons under 18 years of age, who did not
give consent, who were pregnant, who have a BMI > 35
kg/m?, who'd been diagnosed with schizophrenia and an-
orexia nervosa, or who are patients with a malignancy were
excluded from the study.

We noted the age, sex, height, and weight of the partici-
pants after obtaining informed consent from all volunteers,
then questioned them about comorbidities and drug use
before measuring basic biochemical parameters, interna-
tional normalized ratio (INR), C-reactive protein (CRP), and
glycated hemoglobin (HbA1c) levels. We then asked about
any complications of cirrhosis and the etiology of cirrhosis.
The only complications of cirrhosis in the patient group
were hepatic encephalopathy, ascites, and variceal bleed-
ing. The Model for End-Stage Liver Disease (MELD) scores
and Child-Pugh stages were also calculated. The primary
endpoint of the study is to determine and compare the lev-
els of nesfatin-1 in the patient and control groups. The sec-
ondary endpoint of our study is to determine the relation-
ship between cirrhosis complications and nesfatin-1 levels.
Our study was approved by Turkiye's University of Health
Sciences Prof. Dr. Cemil Tascioglu City Hospital Ethics Com-
mittee (Date: 05.03.2019, No: 1143).

Measuring nesfatin-1

A blood sample was taken from the participants in one bio-
chemistry tube and centrifuged. The supernatant portion
was stored at -80°C. All stored blood samples were thawed
only once on the day of analysis. Nesfatin-1 levels were
measured using a human nesfatin-1 enzyme-linked immu-
nosorbent assay (ELISA) kit (Cloud-Clone Corp. ELIZA Kit
for Nesfatin 1 [NES1] CEA242Hu 96 Tests), with nesfatin-1
levels able to be detected between 617.3-50,000 pg/mL.

Data analysis

The descriptive statistics use mean, standard deviation,
median, and 25%-75% values for the numerical variables,
with numbers and percentages being used for the cat-
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egorical variables. The independent samples t-test was
used to analyze the differences between the two groups
of variables through parametric distribution, while the
Mann-Whitney U test was used to analyze differences be-
tween the two groups of variables with non-parametric
distribution and the Kruskal-Wallis test to analyze the dif-
ferences between more than two groups of variables with
non-parametric distribution. Pearson’s chi-square test
was used for intergroup comparisons of the categorical
variables. When a significant difference was detected in
the comparisons between more than two groups, a post-
hoc analysis was performed to understand from which
group the difference had originated. Correlation analysis
was performed using Spearman’s non-parametric cor-
relation test, with the confidence interval set at 95% and
the significance level being accepted as p < 0.05.

RESULTS

The patient group includes a total of 51 patients (21 fe-
males, 30 males), while the control group includes a total
of 30 participants (17 females, 13 males). The groups are
similar in terms of age (p=0.201) and sex (p=0.177, Table 1).

When examining the etiology of cirrhosis, liver cirrho-
sis was seen to be due to cryptogenic liver disease in
15 (29.4%) patients, alcoholic liver disease in 12 (23.5%),
nonalcoholic steatohepatitis (NASH) in nine (17.6%), car-
diac causes in five (9.8%), hepatitis B virus (HBV) infection
in four (7.8%), hepatitis C virus (HCV) infection in three
(5.9%), and other causes in three (6%) patients. Nesfatin-1
levels were found to be significantly higher in the NASH
group (p=0.003). BMI was higher in the NASH group, but
not at a statistically significant level.

The levels of nesfatin-1 were compared between the cir-
rhosis and control groups and found to be statistically sig-
nificantly higher in the cirrhosis group (p=0.001, Table 1).

A significant difference was found among the control
group, the compensated liver cirrhosis group, and the
decompensated liver cirrhosis group in terms of nesfa-
tin-1 levels (p=0.001). Post-hoc analysis was performed
to examine from where the difference had originated.
Accordingly, the levels of nesfatin-1 in the compensated
group were found to be significantly higher than in the
control group (p=0.010, Table 2).

Table 1: A comparison of some parameters between the cirrhosis and control groups

Cirrhosis group (min-max) (n=51) Control group (min-max) (n=30) p value

Age (year) 65.8+12.5
Female, n (%) 21 (42)
Male, n (%) 30 (58)
DM (+), n (%) 24
DM (-), n (%) 27

HT (+), n (%) 23
HT (-), n (%) 28
IHD (+), n (%) 1
IHD (-), n (%) 40
BMI (kg/m?) 27.4+42

Nesfatin-1 (ng/mL)
Fasting blood glucose (mg/dL)

11.3(8.4-13.1)
110 (96-149)

Creatinine (mg/dL) 0.94 (0.6-1.4)
Sodium (mmol/L) 138 (133-140)
ALT (U/L) 20 (14-30)
AST (U/L) 29 (22-40)
Platelet (10%/uL) 98 (68-125)
Total Bilirubin (mg/dL) 1.5(0.9-2.2)
INR 1.2(1.1-1.3)
Albumin (g/dL) 3.0(2.4-4.1)
HbA1c (%) 6.2 (5.4-7.8)
CRP (mg/L) 14 (5-63.5)

61.9+13.9 0.201
17 (56) 0.177
13 (44)
17 0.404
13
15 0.669
15
4 0.357
26
26.6+3.6 0.439
7.2 (6-10.1) 0.001
97 (88-174) 0.152
0.73(0.5-1.2) 0.286
139 (137-143) 0.089
15(11.7-19) 0.007
18 (14.7-23.2) < 0.001
211.5(175.5-271) < 0.001
0.4 (0.3-0.5) < 0.001
1.0 (0.9-1.1) < 0.001
3.7 (3.1-4.1) 0.004
7 (5.7-8.6) 0.079
15.6 (5.2-35.6) 0.835

ALT: Alanine transaminase, AST: Aspartate transaminase, CRP: C reactive protein, DM: Diabetes mellitus, HbA1c: Hemoglobin A1C, HT:
Hypertension, INR: International correction ratio, IHD: Ischemic heart disease, BMI: Body mass index

AN
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Patients with cirrhosis were grouped as Child A, Child B,
Child C (for the Child-Pugh stage) and as having MELD
scores equal to or greater than 15 or less than 15. No
significant difference was found between the groups in
terms of nesfatin-1 levels (Table 3).

period, hepatic expression of nesfatin-1 may decrease
with the deterioration of liver functions. Again, in patients
with encephalopathy, central expression of nesfatin-1 may
decrease due to possible central nervous system involve-
ment. These mechanisms may explain the relatively lower

Table 2: Nesfatin-1 level comparisons among the control, compensated, and decompensated cirrhosis groups

® ® v ©
. Control Compensated  Decompensated i 2 o2 02 Q=2
Nesfatin-1 (ng/mL) A (n=30) cirrhosis B (n=20) cirrhosis C (n=31) < g <3 < S
o o o a

Median 7.2 (6-10.1)  11.9(10.2-14.8) 10.4 (6.6-12.6) 0.001 0.010 0.077 0.218
BMI (28.01+4.09) (26.9+4.27) 0.38

BMI: Body mass index

Table 3: Nesfatin-1 level comparison according to the Child A, B, and C as well as MELD <15 and MELD =15 groups

Nesfatin-1 (ng/mL) CHILD A (n=14)

CHILD B (n=28)

CHILD C (n=9) p value

Mean 1

12.4 1.9 0.667

Median 11.3(10.1-13.1) 11 (8.1-14.6) 10.4 (6.4-12.6)
Cirrhotic patients with Cirrhotic patients with
MELD 215 (n=17) MELD score <15 (n=34)
Mean 11.6 12.1 0.589
Median 12.4 (8-14.8) 10.9 (8.3-13.1)

CHILD: Child-Pugh Score, MELD: Model for End-Stage Liver Disease score

We examined the relationship between nesfatin-1 levels
and the amount of ascites (absent, minimal, overt;
p=0.727), the presence of encephalopathy (absent,
present; p=0.499), and variceal bleeding (absent, present;
p=0.902) and found no significant difference.

We then examined the relationship between complica-
tions and nesfatin-1 levels and again found no significant
correlation (ascites: r=-0.096, p=0.504; encephalopathy:
=-0.096, p=0.505; variceal bleeding: r=0.017, p=0.903).

DISCUSSION

Our study has found serum nesfatin-1 levels to be sig-
nificantly higher in the cirrhosis of the liver patient group
than in the control group. Increased nesfatin-1 levels may
be one of the mechanisms of malnutrition and cachexia in
patients with cirrhosis. When making a triple comparison
among the compensated liver cirrhosis, decompensated
liver cirrhosis, and control groups, a significant difference
was found in terms of nesfatin-1 levels. When comparing
the groups with one another in pairs, a significant differ-
ence was found only between the compensated liver cir-
rhosis group and the control group.

Nesfatin-1 has been shown to be an anorectic polypep-
tide and to be expressed in peripheral tissues such as the
liver and the hypothalamus (4, 7). In the decompensated

release of nesfatin-1 in decompensated liver cirrhosis than
in compensated liver cirrhosis. On the other hand, when
comparing the control group and the decompensated cir-
rhosis group, p was found to be 0.070, which is not signifi-
cant; however, we might have reached a significant differ-
ence if we'd had more patients. Clearly, more studies with
larger patient groups are needed on this subject.

The Child-Pugh classification and MELD are prognostic
scoring systems created using biochemical parameters
and the complications of cirrhosis. With its antioxidant
and anti-inflammatory properties, nesfatin-1 can be
thought to be more prominent in cirrhosis. Although not
statistically significant, the relative elevation of nesfatin-1
in the Child B group supports our view that this may be
due to antioxidant and anti-inflammatory activities of
nesfatin 1 in compensated liver cirrhosis.

Ogiso et al. found serum nesfatin-1 levels to be lower in
patients with anorexia nervosa restricting type when com-
pared to controls (8). When considering this information
alongside our results, we can say that the possible defense
mechanisms and insufficient production in decompensat-
ed liver cirrhosis suppress nesfatin-1 values. Aydin et al.
studied 97 patients with cirrhosis in their study on proli-
dase, urotensin-2, and nesfatin-1 levels. Their study found
the serum nesfatin-1 levels to be significantly higher in the

212




] Nesfatin-1 and cirrhosis
Istanbul Tip Fakiltesi Dergisi @ J Ist Faculty Med 2024;87(3):209-214

cirrhosis group and the decompensated cirrhosis group
when comparing these to the control group (9). The dif-
ference between our results and those of Aydin et al. may
be due to the patients having comorbid chronic diseas-
es and the differences in the etiologic causes of cirrhosis.
Due to the insufficient number of patients, we were unable
to make a separate etiologic evaluation. Our study also
examined the relationship between complications of cir-
rhosis and nesfatin-1 and found no significant difference.

The production of free oxygen radicals such as nitric ox-
ide (NO), which plays an active role in the hemodynamic
changes developing in liver failure and the regulation of
hepatocyte function (10), can be stimulated by endotox-
ins formed in liver failure, by a portosystemic shunt, by
decreased reticuloendothelial cell function, and by bac-
terial products of gastrointestinal origin being cleared
less (11). Ubeda et al. study on rats found increased con-
centrations of activated helper T cells, monocytes, and
proinflammatory cytokines in the peripheral blood of rats
with cirrhosis that had not yet developed ascites. They
concluded the activation of the immune system to have
occurred before the development of ascites in experi-
mental cirrhosis, as well as bacterial DNA fragments to
have reached the mesentery lymph nodes and caused
local inflammation in compensated cirrhosis (12). Recent
studies support nesfatin-1 as having anti-inflammatory,
antioxidant, and anti-apoptotic effects (13-16). Anoth-
er study has also shown nesfatin-1 levels to decrease
in sepsis (17). Nesfatin-1 may balance the negative ef-
fects of inflammatory cytokines, NO, and free oxygen
radicals through its antioxidant and anti-inflammatory
mechanisms in those with compensated liver cirrhosis. A
decrease in nesfatin-1 levels may accelerate the decom-
pensation process by the decrease in anti-inflammatory,
antioxidant, and anti-apoptotic activities.

Mean arterial blood pressure increase induced by nesfa-
tin-1 had been shown to be abolished through the me-
lanocortin-3/4 receptor antagonist or phentolamine (18).
Another study showed the blood pressure raising effect
of nesfatin-1 to be blocked by the oxytocin receptor an-
tagonist ornithine vasotocin (19). Another study examin-
ing the relationship among nesfatin-1, blood pressure,
and sympathetic activity showed ICV nesfatin-1 injections
to increase the sympathetic activity of the melanocortin
system in kidneys and to cause an increase in blood pres-
sure (20). Hyperdynamic circulation occurs in cirrhosis.
In hepatorenal syndrome (HRS) and ascites in particular,
sympathetic nervous system activation is known to oc-
cur due to effective arterial volume reduction. Increased
nesfatin-1 levels may play a role in the pathogenesis of
cirrhosis and its complications, and the maintenance of
compensation through the activation of the sympathetic
nervous system.

Nesfatin-1 is a pleiotropic molecule with different effects
in many tissues. Many unknown factors could change the
results of the study. In addition, the etiology of cirrhosis
may also affect nesfatin-1 levels. Therefore, studies with
larger numbers of patients are needed to demonstrate the
effects of the nesfatin-1 molecule. Our study found no sig-
nificant difference between BMIs in the control and cirrho-
sis groups, whereas the nesfatin-1 levels of NASH patients
were found to be significantly higher than in the control
group. Controversial results about this subject are found in
the literature (21, 22). One study showed nesfatin-1 levels
to be low in patients with NASH, while another showed
them to be high, albeit not a statistically significant level.
While our study did find nesfatin-1 levels to be significantly
higher in patients with NASH, we refrain from making a de-
finitive interpretation due to their cirrhotic stage and the
low number of patients. In patients who develop decom-
pensated ascites, relative weight gain secondary to ascites
may be misleading because it may hide malnutrition and
sarcopenia when evaluated using BMI alone. The limita-
tions of our study are the lack of additional evaluations for
malnutrition and the small sample size.

CONCLUSION

Our study has found nesfatin-1 levels to be significantly
higher in the cirrhosis group and compensated liver cir-
rhosis group compared to in the control group. Nesfatin-1
may be involved in the maintenance of compensation
with its antioxidant, anti-inflammatory, and anti-apoptot-
ic effects. Based on the control group, the decrease in
serum nesfatin-1 levels in decompensated liver cirrhosis
compared to compensated liver cirrhosis may be due to
its defense mechanisms and insufficient production. Nes-
fatin-1 has blood pressure increasing effects on the cen-
tral and sympathetic nervous system, which may contrib-
ute to the maintenance of homeostasis in patients with
cirrhosis involving hyperdynamic circulation.
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ABSTRACT

Objective: Unless treated, a hepatitis C virus (HCV) infection is as-
sociated with high morbidity and mortality. The study investigates
anti-HCV screening efficacy and treatment access rates for patients.

Material and Method: This cross-sectional study screened all
anti-HCV tests requested between January 2014-June 2017 from
hospital records. Patient interviews were conducted by tele-
phone-based interview.

Result: The overall number of anti-HCV tests requested was
77,783, 1,373 of which were positive. Among these, the study
interviewed 488 patients (266 females, 222 males; mean
age=52.81+16.5 years) and analyzed their tests. Further
investigation with HCV-RNA had not been done in 69 (14.1%)
anti-HCV positive patients. HCV-RNA was positive in 309
patients, 268 of whom were treated (86%), while 41 were not
(14%). The main reasons for remaining untreated are: unknown
(21%), no patient follow up (28%), or physician didn't indicate
(19%).

Conclusion: In order to successfully eliminate HCV, the anti-HCV
test alone is not enough. Informing patients about the results of
the anti-HCV test and, if positive, referring them for the HCV-RNA
test are important. When considering the high amount of untreat-
ed patients, linkage to care should be encouraged in HCV-RNA
positive patients unless an absolute contraindication is present.

Keywords: Hepatitis C virus infection, anti-HCV antibody, HCV-
RNA, screening

OzZET

Amacg: Hepatit C Virls (HCV) enfeksiyonu, tedavi edilmedigi su-
rece ylksek morbidite ve mortalite ile iligkilidir. Bu ¢alismada an-
ti-HCV tarama etkinligi ve tedaviye erisim oranlari arastirlmistir.

Gereg ve Yontem: Bu kesitsel calismada Ocak 2014 ile Haziran
2017 tarihleri arasinda istenen tim anti-HCV testleri hastane ka-
yitlarindan tarandi. Hasta goriismeleri telefon ortaminda gergek-
lestirildi.

Bulgular: istenilen toplam anti-HCV testi sayisi 77,783 olup,
bunlarin 1,373'U pozitif ¢cikmigtir. Bunlardan 266'si kadin, 222'si
erkek; yas ortalamasi 52,81£16,5 yil olan 488 hastayla gérisme
yapilimistir. Anti-HCV pozitif hastalarin 69'una (%14,1) HCV-RNA
ile ileri arastirma yapilmadig saptandi. Ug yiiz dokuz hastada
HCV-RNA pozitifti ve 268'i tedavi almigken (%86), 41'i (%14) teda-
vi edilmemisti. Tedavisiz kalmanin temel nedenleri ise bilinmey-
en (%21), takip edilmeyen hasta (%28) ve hekimin endikasyon
gostermemesi (%19) olarak belirlendi.

Sonug: HCV'nin basarili bir sekilde eradike edilmesi icin anti-
HCV testi tek basina yeterli degildir. Hastalarin anti-HCV testi
sonuglar hakkinda bilgilendirilmesi; pozitif ise HCV-RNA testine
basvurulmasi 6nemlidir. Tedavi edilmeyen hasta sayisinin yiiksek
oldugu gdz onine alindiginda, mutlak bir kontrendikasyon
olmadigi sirece HCV-RNA porzitif hastalarda tedaviye
yonlendirilme tesvik edilmelidir.

Anahtar Kelimeler: Hepatit C enfeksiyonu, anti-HCV antikoru,
HCV RNA, tarama
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INTRODUCTION

Acute hepatitis C virus (HCV) infection has a chronicity
rate of 75-80%, and is one of the most common reasons
for chronic liver disease and hepatocellular carcinoma
(1, 2). Chronic HCV infection is a common public health
issue associated with high all-cause morbidity and mor-
tality if left untreated (1). Around 71 million cases of HCV
infection are found all around the world (2). The introduc-
tion of direct-acting antiviral agents (DAA) makes HCV
a curable disease in a shorter time with less adverse ef-
fects and more than 95% sustained viral response (SVR)
rates (3). Thus, the World Health Organization (WHO)
announced the target of eliminating HCV by 2030 (4).
To achieve this 2030 target, around 300,000 viremic HCV
patients have been waiting to be diagnosed and treat-
ed since 2016 in Turkiye (5). However, the success of this
elimination plan will only be possible if infected patients
are detected and get treatment on time, thus indicating
the importance of HCV screening. An effective screening
and treatment policy is not only important for diagnosis
and treatment success but also for decreasing disease in-
cidence and prevalence by avoiding transmission among

individuals (4).

To investigate the effectiveness of the HCV screening
policy regarding hospital care settings and treatment ad-
ministration rates, the study evaluates the patient path-
way, which starts with anti-HCV monitorization and con-
tinues with the treatment of HCV RNA positive patients,
and identifies key markers for each step.

MATERIALS and METHODS

This study was conducted cross-sectionally and identifies
all patients screened for HCV between January 1, 2014-
June 30, 2017 at a single tertiary center based on the
medical records of the hospital archive, with a total of
77,783 patients being included. To gather data, a tele-
phone-based interview was performed with the patients
themselves.

Virologic tests were performed using the routine en-
zyme-linked immunosorbent assay (ELISA) method for
the anti-HCV test (Innogenetics HCV Ab IV, Innogenet-
ics N.V, Belgium) and quantitative real-time polymerase
chain reaction (qt RT-PCR) for the HCV-RNA test in a
microbiology laboratory (COBAS Ampliprep/COBAS
Tagman HCV Quantitative Test V2.0, Roche Diagnostics
Mannheim, detection range 15-100 000 000 1U/mL).

All participants gave informed consent and volunteered
to be interviewed. The study was approved by the istan-
bul Faculty of Medicine Clinical Research Ethics Com-
mittee (Date: 22.09.2023, No: 19). Data are presented as
mean values for continuous variables and as percentages
for qualitative variables.

Statistical analysis

Due to only patient group data being defined, mean and
standard deviations have been given for the quantitative
data and frequencies for the qualitative variables. Statis-
tical analyses were performed using SPSS Statistics for
Windows, version 28.0 (IBM SPSS Corp., Armonk, NY,
USA).

RESULTS

Study population characteristics

A total of 77,783 patients were enrolled in the study.
Among these, 1,373 had tested positive for anti-HCV
(1.76%). Duplicated requests (n=430, 31.3%) were re-
moved, and the remaining 943 patients were reviewed.
After obtaining consent, the 943 patients were inter-
viewed. Among these, 200 patients’ telephone numbers
could not be found, 157 did not respond to repeated
calls, 73 patients had died, and 25 refused to give infor-
mation. As a result, the study interviewed 488 patients
(266 females, 222 males; mean age = 52.81+16.5 years)
via a telephone-based interview.

Among the 488 anti-HCV positive patients, 69 (14.1%)
had not been monitored for HCV-RNA testing. Among
the 419 HCV-RNA results, 110 were negative (false pos-
itive for anti-HCV), while 309 were confirmed positive
through gt RT-PCR (Figure 1). No significant differences
were observed regarding age or gender for the patients
tested positive for anti-HCV and HCV-RNA.

Reasons for HCV screening and transmission route ac-
cording to groups

Based on the patient interviews, Table 1 presents the
major reasons for anti-HCV screening for the HCV-RNA
tested (n=419) and non-tested (n=69) groups. The main
indication for screening was general screening in study
population (32%), and pre-operative screening was the
most common reason in patients who'd not been re-
ferred for HCV-RNA testing (42%).

The main routes of HCV transmission were declared as
unknown (37%), blood transfusion (23%), surgery (12%),
dental care (9%), hemodialysis (14%), tattoo-piercing
(1%), risky sexual behavior (1%), intravenous drug abuse
(1%), and positive family history for viral hepatitis (1%).

Treatment status

Positivity for HCV-RNA was detected in 309 patients, of
whom 268 received treatment (86%) and 41 who did not
(14%). The given treatments involved interferon-based
regimen (46%), DAA (27.4%), multiple therapy (21.5%),
and unknown (5.1%). Patients declared the reasons for re-
maining untreated as: unknown (21%), no patient follow
up (28%), clinician’s decision to not consider treatment
without a contraindication (19%), physician perceiving
the patient as too young or too old for treatment (12%),
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Figure 1: Study flowchart

HCV: Hepatitis C virus, IFN: Interferon, DAA: Directly acting antivirals

Table 1: The reasons for HCV screening overall and by patient group

All patient groups  Patients not screened HCV-RNA positive patients not

Screening indications (n=488), % for HCV-RNA (n=69), % referred and untreated (n=41), %

General screening 32 32 43
Surgery 26 42 22
Impaired liver biochemistry 21 10 15
Hemodialysis 7 N/A
Don’t remember 5 10
Blood donation 3 2
Self-interest 2 N/A N/A
Risky behavior 1 N/A 3
Job application 1 N/A 3
Marriage screening 1 1 N/A

Family history 1 N/A 2




) Anti-HCV test effectivity in HCV screening
Istanbul Tip Fakiiltesi Dergisi @ J Ist Faculty Med 2024;87(3):215-219

improper general health status (5%), patient rejected
(10%), and being under a treatment plan (5%). Therefore,
29 (71%) of the 41 untreated HCV-RNA positive patients
(i.e., the ones excluding those as non-indicated by physi-
cians, with improper health status, and under a treatment
plan) were also eligible for treatment. Overall, 14% of
anti-HCV positive patients (n=69) and 13% of HCV-RNA
positive patients (n=41), namely a total of 110 of the 488
interviewed patients at the time of that research, were
unable to access treatment.

DISCUSSION

Chronic hepatitis C virus (HCV) infection is a worldwide
public health problem and one of the reasons for pre-
ventable morbidity and mortality if left untreated (1).
Therefore, early screening, diagnosis, and linkage to care
have crucial importance. The generally accepted method
for HCV screening is the testing of anti-HCV antibodies
in peripheral venous blood using the enzyme-linked im-
munosorbent assay (ELISA) method. Anti-HCV positivity
frequency varies from region to region and also from the
general population to special groups, including HIV co-
morbidity and among people who inject drugs (PWID) (2,
4, 6). WHO data showed anti-HCV positivity in Western
countries as 1.10%, while studies from Eastern regions
demonstrated even higher anti-HCV rates. Naz et al. de-
clared 1.56% in Pakistan, while Turkish HCV epidemiolo-
gy data reveal an anti-HCV positivity rate of 1% (7, 8). This
study found an anti-HCV positivity rate of 1.76%, higher
than in most studies that include the general population.
However, because this study was performed in a tertia-
ry hospital, high-risk subgroups were probably recruited
at a greater frequency than in the general population as
a one-center study bias. This is consistent with previous
hospital-based studies that found a higher prevalence of
anti-HCV positivity than expected for the general popu-
lation (?-11). During the calculation of anti-HCV positivity,
those who had negative HCV RNA tests (n=110) were not
excluded; they had either been treated previously or had
a false positive anti-HCV test with no actual infected sta-
tus. However, even in the patients requesting the HCV
RNA test, being tested once is necessary to exclude ac-
tive infection and need for treatment.

The high number of repeated tests and the gap between
anti-HCV positivity and a referral for the HCV-RNA test
were the main results of low awareness among physicians.
Repeated tests not only increase the cost of managing
the disease but also the emotional stress for patients with
false positives or who've been cured owing to the life-
long positivity of anti-HCV in both situations. Although
studies have shown an increased effort to screen special
groups, such as patients with risky behaviors, HCV-HBY,
HCV-HIV coinfections, and PWIDs, they also show screen-
ing, referrals for HCV-RNA testing, and active infection

rates to be lower in the general population (6, 12). How-
ever, studies have also shown cost effectivity for screen-
ing high-risk populations vs general populations owing
to decreased transmission and higher treatment success
rates with DAAs (13). In addition, the lack of evaluation
regarding the HCV-RNA test results for proper linkage to
care and the lack of education among patients about dis-
ease outcomes and the importance of being treated de-
creased the rate of treatment initiation. The results from
this study have revealed a lack of knowledge on how to
manage HCV infection to be present among patients and
physicians, such as informing anti-HCV positive patients
who'd already been indicated as positive in the health-
care databases about test results, as well as the need to
refer these patients for HCV-RNA testing to determine
viremia.

One of the limitations of this study is its retrospective de-
sign, which has led to an important loss for the cohort
due to the inability to contact patients. Another limitation
is the basis on a single tertiary center. Data from tertiary
centers may include more risky and complicated patient
groups compared to the general population.

CONCLUSION

In conclusion, requesting an anti-HCV test is not ade-
quate as a single screening tool with regard to the strate-
gy for eliminating HCV. Further investigation of HCV-RNA
in positive patients is so crucial and a complementary
portion of the screening strategy. Therefore, physicians'’
awareness of screening and linkage to care become more
important. The wide use of electronic patient record sys-
tems and digital warnings may decrease the number of
unnecessary duplicated test requests. Despite being
easily treated with DAAs, approximately one in four pa-
tients lose the chance of being successfully referred to
treatment. Therefore, the healthcare system should be
evolved to treat every patient who tests positive for HCV-
RNA unless an absolute contraindication is present.
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ABSTRACT

Objective: The recent literature is scarce regarding the out-
comes of mid-shaft clavicular non-union treated by open reduc-
tion and internal fixation (ORIF) with autologous bone grafting,
and the influence of the type of initial treatment has not yet been
investigated. The study aims: (1) to present the mid-term surgi-
cal results of mid-shaft clavicular non-unions treated by plate
fixation with autologous bone grafting and (2) to determine the
effect the type of initial treatment has on the surgical results.

Material and Method: The study reviews 14 patients (eight females)
who'd undergone ORIF with autologous bone grafting due to atro-
phic mid-shaft clavicular nonunion where clinical and radiographical
outcomes were recorded. The study divides the patients into two
groups based on their initial treatment: Group A (eight with non-sur-
gical treatment) and Group B (six with surgical treatment).

Result: The mean QuickDASH score at final follow-up was
22. The Constant Score significantly improved from 40 to 87
postoperatively. The mean Preoperative Visual Analogous Scale
(VAS) score went down from 7 to 2 (p<0.001). A solid union was
achieved in all patients. In the preoperative between-group
comparison, no significant differences were observed for any
of the clinical outcome. At final follow-up, Group A exhibited
significantly higher Constant Scores.

Conclusion: Regardless of the type of initial treatment, plate
fixation with autologous bone grafting is effective in obtaining

OzZET

Amag: Otolog kemik grefti ile acik redUksiyon ve internal fiksas-
yon (ORIF) ile tedavi edilen mid-saft klavikula kaynamamasinin
sonuclaryla ilgili glincel literatir azdir. Bu c¢alismanin amaclari
sunlardi: (1) otolog kemik grefti ile plak fiksasyonu ile tedavi edi-
len mid-saft klavikiler kaynamamalarin orta dénem cerrahi so-
nuglanini ardisik bir vaka serisinde sunmak ve (2) baslangi¢ tedavi
yonteminin klinik sonuclara olan etkisini arastirmaktir.

Gereg ve Yéntem: Atrofik mid-saft klavikula kaynamamasi nede-
niyle otolog kemik grefti ile ORIF uygulanan 14 hasta (sekiz ka-
din) retrospektif olarak incelendi. Genel ¢alisma popllasyonun-
da cesitli klinik ve radyografik sonuclar kaydedildi. Hastalar daha
sonra baslangi¢ tedavisinin tirline gore iki gruba ayrildi: Grup A
(sekizi cerrahi olmayan tedavi) ve Grup B (altisi cerrahi tedavi).

Bulgular: Son degerlendirmede ortalama QuickDASH skoru 22
idi. Constant skoru ameliyat sonrasi 40'tan 87'ye anlamli olarak
artt. Ameliyat oncesi ortalama gérsel analog skala (VAS) skoru
son degerlendirmede 7'den 2'ye (p<0,001) geriledi. Tim hasta-
larda kaynama gorildi. Ameliyat dncesi dénemde gruplar arasi
karsilagtirmada, klinik sonuglar arasinda anlamli bir fark gozlen-
medi. Son degerlendirmede gruplar arasi karsilagtirmada grup A
anlamli derecede daha yiiksek Constant puanlari sergiledi.

Sonug: Baslangi¢ tedavisinin tlrl ne olursa olsun, otolog kemik
grefti ile plak tespiti, mid-saft klavikiler kaynamamasi olan hasta-
larda fuzyon elde etmede ve klinik durumu iyilestirmede etkilidir.
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solid fusion and improving the clinical status of patients with
mid-shaft clavicular non-union. Additionally, this technique can
provide shorter time to union and greater improvements in spe-
cific shoulder function in patients who've undergone non-surgi-
cal treatment.

Keywords: Mid-shaft clavicular non-union, initial treatment,
plate fixation, autologous bone grafting

Ek olarak, bu teknik, baslangicta konservatif tedavi géren hasta-
larda kaynamanin daha kisa slrede gergeklesmesini ve spesifik
omuz fonksiyonlarinda daha buytk iyilesmeler saglayabilir.

Anahtar Kelimeler: Mid-saft klavikula kaynamama, baslangic te-
davisi, plak ile osteosentez, otolog kemik greftleme

INTRODUCTION

Clavicular fractures are common injuries accounting for
up to 10% of all fractures in adults and most often occur
at the middle-third segment (1, 2). Mid-shaft clavicular
non-union is a rare but potentially serious complication
that may require surgical intervention due to pain and
functional impairment in the upper extremity (3-6).

Although different surgical techniques, involving intra-
medullary, external and internal fixation have been intro-
duced in the management of mid-shaft clavicular non-
unions, little consensus is found on which technique is
the ideal method of fixation (5-8). Open reduction and
internal fixation (ORIF) with autogenous bone graft have
been reported as an acceptable method for treating this
rare disorder in older case series, with favorable results (5,
6, 9-11). However, according to a literature review, more
recent published studies investigating the outcomes of
ORIF with plate and screws in such patients are lacking.

Mid-shaft clavicular non-union can occur following initial
surgical or non-surgical treatment (5). Although clinical
and radiological outcomes after treatment by ORIF in
such patients have been evaluated, the influence of the
type of initial treatment on the surgical results has not yet
been investigated in the literature as far as is known. This
study assumes the choice of initial treatment to be a pos-
sible critical factor in the success of treatment by ORIF in
mid-shaft clavicular non-union.

The primary aim of this study is to present the mid-term
surgical results of mid-shaft clavicular non-unions treated
by plate fixation with autologous bone grafting in a con-
secutive case series. The secondary aim is to determine
the influence of the type of initial treatment on the sur-
gical results.

MATERIALS and METHODS

The study has retrospectively identified 17 patients with
atrophic mid-shaft clavicular nonunion who were diag-
nosed and treated at an institution using ORIF with au-
tologous bone grafting between 2009-2015. The study
has evaluated all patients based on the eligibility crite-
ria (Table 1). After excluding three patients (one missed
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Table 1: Eligibility criteria for inclusion and exclusion of
the study participants

Inclusion criteria Exclusion criteria

A diagnosis of mid-shaft
clavicular non-union
Complete medical

Missed follow-up
Inadequate medical records
Pathological fracture
records and radiographic Concomitant fracture in the
images same extremity

Willingness to participate Unwillingness to participate
in the study in the study

the follow-up, and two had inadequate medical records),
the study enrolled the remaining 14 patients (six males,
eight females; 14 clavicles) who met the inclusion crite-
ria and invited them to a final follow-up appointment. All
patients had been initially treated surgically or non-surgi-
cally at an outside hospital and admitted to the institute’s
department with a painful clavicular nonunion and lim-
itations in daily activities. All participants gave informed
consent, and the study was approved by the istanbul
Faculty of Medicine Clinical Research Ethics Committee
(Date: 26.01.2024, No: 02).

Study protocol

Part I: Clinical and radiographic assessment of the en-
tire study population

Demographic and clinical data were obtained from the
hospital’s database, as well as the patients’ medical re-
cords including gender, age, mechanism of injury, initial
treatment, the period from injury to the non-union sur-
gery, follow-up period, occupational history and pres-
ence of pre- and post-operative neurological symptoms
(brachialgia). Complications were also recorded.

Clinical outcome measures

The shortened Disabilities of the Arm Shoulder and Hand
Questionnaire (QuickDASH) scores were measured at the
patients’ final follow-ups (12). The Constant Score and Vi-
sual Analogous Scale (VAS) were both measured immedi-
ately before the non-union surgery and again at the final
follow-up (13).

The Constant Score is a validated shoulder-specific out-
come measure consisting of two objective and two sub-
jective individual parameters that add up to an overall
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maximum of 100 points: range of motion (40 points),
strength (25 points), pain (15 points), and activities of dai-
ly living (20 points). The QuickDASH score is a functional
outcome measure for evaluating overall upper-extremi-
ty disability and involves an 11-item scale with possible
scores ranging from 0 (no disability) to 100 (severe dis-
ability). VAS is used to assess changes in pain intensity.
The VAS score used in the current study is a simplified
measure where pain intensity during daily activity is rated
on a scale of 0-10, with 0 showing no pain and 10 show-
ing the highest pain (14).

Radiographical outcome measures

Non-union is defined as persistent pain and no radiograph-
ic sign of a bridging callus at the fracture site six months
after the initial treatment (8). Clavicular length is measured
from the anterolateral angle of the acromion to the sternal
notch on standard anterior-posterior clavicle radiographs
immediately before the non-union surgery and at the final
follow-up. A clavicular reconstruction ratio was utilized to
evaluate the restoration of clavicular length, with a recon-
struction ratio of 1 implying the reconstructed length of
the non-united clavicle to be equal to that of the contra-
lateral uninjured clavicle. Union is defined as evidence of
continuity of cortex or bridging callus on standard radio-
graphs of the clavicle (anterior-posterior 30° cephalad and
anterior-posterior perpendicular to cassette).

Part Il: Assessing the initial treatment method’s effect
on the surgical results

All the patients included in the study were first divided
into two groups based on the type of initial treatment:
Group A (8 patients with non-surgical treatment; 4 AO
type 15.2 A1, 2 AO type 15.2A2, and 2 AO type 15.2 B1)
and Group B (6 patients with surgical treatment; 2 AO
type 15.1 A1, 3 AO type 15.2 A2, and 1 AO type 15.2 B2).
The parameters described above were then compared
between the two groups.

In Group A, the initial treatment was sling immobiliza-
tion in three patients and figure-of-eight bracing in five
patients (Figure 1). In Group B, all patients initially un-
derwent ORIF with plate and screws for their clavicle
fractures, with non-union having developed as a result of
loosening of the osteosynthesis (Figure 2).

Surgical technique

The main indication for non-union surgery was pain and
functional impairment in all the patients. All operations
were performed by 1 of 2 experienced orthopedic sur-
geons. A standardized protocol for the surgical technique
was used in all patients. Patients were placed on a radio-
lucent table in a beach-chair position with a folded towel
under the involved shoulder. The involved upper extremity
and iliac crest were draped free to respectively enable ma-
nipulation and harvesting of the autologous bone graft.
The standard anterior approach to the middle-third of the

Figure 1: The preoperative radiograph shows a nonunion
case of mid-shaft clavicle following the initial non-surgical
treatment (a). The postoperative standard radiographs
demonstrate continuity of cortex as evidence of union at
the nonunion site (b and ¢).

Figure 2: The preoperative radiograph displays a case of
nonunion of the mid-shaft clavicle following initial surgical
treatment. Note that loosening of the osteosynthesis
with the pull-out of the screws (a). The postoperative
standard radiographs show continuity of cortex as
evidence of union at the nonunion site (b and c).

clavicle was used. In Group B, all previously inserted im-
plants and screws were first removed, and then the non-
union site was exposed. In both groups, pseudoarthrotic
tissue was removed, and the sclerotic bony ends of the
atrophic non-union area were refreshed using curettes,
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rongeurs, and osteotomes until cortical bone bleeding
was observed (the paprika sign). The medullar canal was
then opened on both sides of the nonunion area using a
high-speed drill. In the later stage, a cancellous autoge-
nous bone graft was routinely taken from the iliac crest
and inserted onto the non-union area in all cases. One
patient from Group A and two patients from Group B de-
veloped a gap at the non-union site after resection of the
sclerotic bony ends, which was then reconstructed with an
intercalary iliac-crest graft. In the final stage, ORIF was per-
formed using a 3.5 mm superior anterior limited-contact
dynamic-compression plate (Synthes, LCP clavicle plate®,
Bettlach, Switzerland) under an image intensifier. Recon-
struction and stability were evaluated via direct observa-
tion and fluoroscopic imaging intraoperatively. After con-
firming stability, wound closure was performed.

Postoperative rehabilitation protocol

All patients had undergone the same rehabilitation proto-
col. The shoulder joint was immobilized for comfort with
an arm-sling for 4-6 weeks postoperatively. During this pe-
riod, the patients were allowed to execute active elbow
flexion and extension. After six weeks, the arm-sling was
removed, and active-assisted physical therapy was initiated
until union was demonstrated radiographically. After bony
union was achieved, progressive strengthening exercises
were performed. Return to recreational and occupational
activities were allowed three months post-operation.

Statistical analysis

Statistical analyses were performed using SPSS ver. 25.0
software (IBM Corp, Armonk, NY, USA). A p<0.05 was con-
sidered significant. The Shapiro-Wilk test and histogram
graphics were used for normality tests. Data were present-
ed as maxima, minima, and arithmetic means. Student's
t-test and the Mann-Whitney U test were used for the be-
tween-group analysis. Fisher's exact test was used for cat-
egorical variables. For intra-group differences from before
to final follow-up, the paired samples t-test was used, with
the Mann-Whitney U test used for between-group differ-
ences at baseline and the final follow-up assessment, both
measuring significance at p<0.05.

RESULTS

Part I: Baseline characteristics and results for the
entire study population

Baseline characteristics

The study examined five females and nine males with a
mean age of 45 years (range=31-65 years). The right side
was involved in six patients and the left side in eight pa-
tients. The dominant side was involved in seven patients.
The mean period from injury to non-union surgery was
10 months (range=6-24 months), and the mean follow-up
was 44 months (range=24-72 months). Preoperative bra-
chialgia was present in one patient, which resolved fully
after the non-union surgery (Table 2).

Table 2: Demographic characteristics of the study
participants.

Number of patients 14
Gender (Female/Male) 5/9
Age (years), mean (min—-max) 45 (31-65)
Left/Right side 8/6
Involvement of the dominant side 7 cases
Follow-up (month), mean (min-max) 44 (24-72)
Period from injury to non-union 10 (6-24)
surgery (month), mean (min-max)
Mechanism of injury, n (%)
Simple fall 9 (64%)
Car accident 3(21%)
Motorcycle accident 2 (15%)
Occupations, n (%)
Office worker 6 (42%)
Housewife 4 (30%)
Teacher 2 (14%)
Hairdresser 1 (7%)
PO“CG oﬁicer 1 (7%)

Clinical results

With favorable functional outcomes, all patients returned
to their daily activities without difficulties or much ef-
fort. The mean QuickDASH score was measured as 22
(range=12-33) at the final follow-up. The Constant Score
significantly improved from 40 (range=28-52) preoper-
atively to 87 (range=78-99) postoperatively. The mean
preoperative VAS score significantly reduced from 7
(range=5-9) to 2 (range=0-4; p<0.001) at the final fol-
low-up (Table 3). Four patients experienced complete
relief from pain, with the remaining patients reporting
substantial relief from pain.

Radiographic results

The reconstruction ratio significantly improved from 0.79
(range=0.74-0.84) preoperatively to 0.94 (range=0.87-0.99)
postoperatively (p<0.001). Solid union was achieved in all
patients, with the mean time to union being eight months
(range=4-13 months; Figures 1 and 2; Table 3).

Part ll: Comparing the results between the two groups
Group A is comprised of three females and five males
with a mean age of 47 (range=34-65) years, and Group B
consists of two females and four males with a mean age
of 40 (range=31-59) years. The comparison of the base-
line characteristics between the two groups is demon-
strated in Table 4.

Table 5 details the comparison of the clinical and radio-
graphical outcomes at pre-op and final follow-up as-
sessments between the two groups. In the intra-group
comparisons, all the clinical outcome measures were sig-
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Table 3: Preoperative and final follow-up clinical and
radiographical outcomes of the study participants

nificantly improved preoperatively after non-union sur-
gery compared to preoperatively. In the preoperative be-
tween-group comparison, no significant differences were

o
g 2 " observed among any of the clinical outcome measures.
® o o
. o [ =
Variables §- & S Table 4: Comparison of the demographic characteristics
(4 § o between the two groups
o. o
. Group A Group B p values
Clinical outcomes Variables (n=8) (n=6)
QuickDASH score, 22 0.002* Mean age 47 (34-65) 40 (31-59) 0.1312
(mean) (min-max) (12-33) (years), mean
Constant score, 40 87 0.003* (min-max)
(mean) (min-max) (28-52) (78-99) Gender 3/5 2/4 0.516°
VAS score, 7 2 <0.001* (female/male)
(mean) (min-max) (5-9) (0-4) Period from 9 (6-12) 12 (6-24) 0.231°
Radiographical Outcomes injury to non-
union surgery
Reconstruction 0.79 0.94 <0.001* (months)l mean
ratio, (%) mean (0.74-0.84) (0.99-0.87) (min-max)
(min-max) Follow-up 42(24-70) 46 (24-72) 0623
Time to union 8 (4-13) (months), mean
(months) mean (min-max)

(min-max)

*p<0.05

2 Mann-Whitney U test, p<0.05; ® Fisher's exact test, p<0.05

Table 5: Comparison of clinical and radiographical outcomes at preoperative and final follow-up assessments

Group A Group B Follow-up comparisons
between groups
. Pre- Final p Preopera- Final p Preoperative Final fol-
Variables operative follow-up values? tive follow-up values®  p values® low-up
p values®
Clinical outcomes
QuickDASH - 19 (12-30) - 25(18-35)  0.004 - 0.07
score, mean
(min-max)
Constant score, 42 (36-52) 90(82-99)  0.001*  39(28-47) 83(81-93) 0.001 0.49 0.01*
mean (min-max)
VAS score, 859 2(0-3) 0.001* 7 (4-9) 3(1-4) 0.001 0.81 0.51
mean (min-max)
Radiographical outcomes
Reconstruction 0.79 0.95 0.001* 0.77 0.93 0.001* 0.07 0.06
ratio, (%) mean  (0.75-0.86) (0.92-0.99) (0.74-0.80)  (0.87-0.97)
(min-max)
Preoperative Final follow-up
Time to union, 7 (4-12) 10 (6-13) 0.01*

(months) mean
(min-max)

VAS: Visual Analogous Scale; ? For within-group differences from pre- to final follow-up, the paired samples T test was used, p<0.05;  For
between-group differences at baseline and the final follow-up assessment, Mann-Whitney U test was used, p<0.05; * p<0.05
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At the final follow-up between-group comparison, no sig-
nificant differences were observed in the QuickDASH or
VAS scores, while Group A exhibited significantly higher
Constant Scores.

With respect to radiographical outcomes, the recon-
struction ratio significantly increased in the respec-
tive Groups A and B from 0.79 (range=0.75-0.86)
and 0.77 (range=0.74-0.80) preoperatively to 0.95
(range=0.92-0.99) and 0.93 (range=0.87-0.97) at the final
follow-up. Otherwise, no significant difference was ob-
served in the between-group comparisons either at base-
line or at the final follow-up. Time to union was signifi-
cantly shorter in Group A (mean=7 months, range=4-12)
than in group B (mean=10 months, range=6-13).

DISCUSSION

Earlier case series have shown plate fixation with autol-
ogous bone grafting to be an acceptable method for
treating patients with mid-shaft clavicular nonunion by
providing favorable clinical results and higher rates of
bony union (5, 6, 9-11). However, the more recent liter-
ature as best is known contains little information apart
from a few retrospective case series supporting the use
of this technique (8,15,16). Accordingly, the study has pri-
marily aimed to investigate the mid-term outcomes of
plate fixation with autologous bone grafting in a consec-
utive case series of mid-shaft clavicular non-union. Cur-
rent data from the study have confirmed the feasibility
and effectiveness of this technique.

In one of several recent clinical studies on the topic,
Huang et al. achieved radiographic consolidation in all
patients (n=21) using AO reconstruction plate at a mean
time of 13.6 (range=11-27) weeks (8). All patients were
subjectively satisfied with the outcome of their operation.
They used an autologous iliac bone graft for only atro-
phic non-unions. Baker and Mullet later reported a case
series of 15 patients treated by a pre-contoured locking
plate without the use of distant bone graft from the iliac
crest at a mean follow-up of 12.4 months (15). All patients
in their case series achieved radiographical union along
with favorable clinical outcomes. The authors concluded
the distant bone graft to perhaps be unnecessary for cla-
vicular non-union and even atrophic types. More recently,
Beirer et al. reported the results of 14 patients with clavic-
ular non-union (n=11) and/or malunion (n=3) treated by
an LCP with autologous iliac bone graft at a short-term
follow-up (mean=27 months, range=12-44 months) (16).
All but one patient in their series had mid-shaft non- or
mal-union. The authors achieved union in all patients and
observed significant improvement in the relative Con-
stant Scores.

This study examined ORIF consecutively performed with
an LCP and autologous bone grafting for the treatment of

atrophic non-union of the mid-shaft clavicle in 14 patients.
The primary goal with this treatment approach was to ob-
tain solid fusion, relieve symptoms, and improve clinical
status. In this study’s case series and consistent with the
recent literature above, all patients achieved radiograph-
ical union at a mean time of eight months (range=4-13)
without implant failure. An autologous bone graft orig-
inating from the iliac crest was routinely used. While an
intercalary bone graft was required in three cases with
a large defect, a cancellous bone graft was adequate to
fill the defect area in the remainders. In contrast to Baker
and Mullet, who determined distant bone graft from the
iliac crest as unnecessary, this study considers this proce-
dure to represent a safer option that generates high rates
of bony union for the treatment of clavicular non-union,
especially for those with a large defect (15).

Discussing the quality of life and functional status of the
patients involved in this study is also necessary. In the pres-
ent case series, four patients reported complete relief from
pain, with the remaining patients experiencing a substan-
tial relief from pain. The present study population consists
of young and middle-aged patients with a mean age of
45 (range=31-65) years. Thus, symptomatic clavicular non-
union had imposed a significant socioeconomic burden
and affected the quality of life of the study's patients who
had physically demanding occupations prior to non-union
surgery due to pain and inability to use their affected ex-
tremities. In contrast, this study considers the substantial
improvement in Constant Scores and satisfactory Quick-
DASH scores at the final follow-up after non-union surgery
to correspond to higher rates of returning to work with an
enhanced quality of life in the study population. Compara-
ble to the recent literature mentioned above, the current
study’s results have demonstrated ORIF using an LCP with
autologous bone grafting to be effective in providing pain
relief and improving clinical status.

As reviewed above, the existing literature has mainly
focused on the treatment outcomes of ORIF with plate
and screws for mid-shaft clavicular non-unions. Different
from previous studies, this article has also explored as a
secondary outcome whether the type of initial treatment
received has an influence on the surgical results, with a
significantly shorter time to union being found in patients
who'd initially received non-surgical treatment. Perform-
ing non-union surgery as a revision surgery appears to
have longer consolidation times as an expectation. With
respect to clinical status, while both groups exhibited
poor results in terms of Constant Score and VAS score
before the non-union surgery, post-operative outcomes
demonstrated each group’s clinical status to be satisfac-
tory. Nonetheless, despite no differences in QuickDASH
and VAS scores at the final follow-up, patients who'd
initially undergone surgical treatment exhibited better
postoperative Constant Scores. Constant Score spe-
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cifically measures the shoulder joint function, whereas
QuickDASH is a general tool for assessing overall upper
extremity function. Therefore, these findings may be in-
terpreted to mean that plate fixation with autologous
bone grafting is able to provide favorable overall clinical
status regardless of the type of initial treatment. Howev-
er, patients who initially received non-surgical treatment
can experience significantly greater improvements in
specific shoulder function.

Finally, several limitations need to be considered. The
major limitations of the study are its retrospective nature
and limited sample size. Nevertheless, compared to most
of the studies cited herein, the present study has includ-
ed a larger patient cohort with longer follow-up (8, 15,
16). Lastly, the existing literature on the topic has mostly
been limited to retrospective case series. Thus, further
prospective controlled studies are needed to confirm
which technique is the ideal method of fixation in the
management of mid-shaft clavicular nonunion.

CONCLUSION

In conclusion, evidence from this study has shown that, re-
gardless of the type of initial treatment, plate fixation with
autologous bone grafting is effective in obtaining solid
fusion, relieving pain, and improving clinical status in pa-
tients with mid-shaft clavicular non-union at mid-term fol-
low-up. Nonetheless, this technique can confer a shorter
time to union and greater improvements in specific shoul-
der function in patients who'd initially undergone non-sur-
gical treatment for a mid-shaft clavicle fracture.
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ABSTRACT

Objective: lodine-131 ("*'l) treatment offers imaging advantages
due to its emission of high-energy gamma radiation, despite
concerns being raised regarding radiation safety. Various rules
and standards for radiation protection have been established
internationally and nationally. Patients undergoing this treatment
can present a risk of external radiation exposure to the people
around them. The purpose of this study is to measure the
radiation dose rates around patients who have undergone
treatment and to assess the effects of cumulative doses received
by those who have been exposed.

Material and Method: The study includes a total of 44 patients
who had undergone radioactive iodine therapy for differentiated
thyroid cancer and measures their thyroid stimulating hormone
(TSH) levels and 24-hour radiociodine uptake. The "'l doses ad-
ministered to the patients were recorded. Following treatment,
external dose rates (EDR) were measured at distances of 30 cm
and 1 m from the patients at 0, 4, 24, 48, 72, 144, and 240 h post
3] treatment. Radiation exposure was calculated by considering
three scenarios for those accompanying the patient.

Result: The study calculated the median TSH values of the 44
patients as 81.74+41.98 mlU/L, while the median of their 24-
hour uptake values was determined as 6.39+8.42%. The mean
administered treatment dose was 5.28 GBq (+1.3). A correlation
was observed between the initial 24-hour measurements and the

OzZET

Amag: lyot-131 ("¥'l) tedavisi, yiiksek enerjili gama radyasyonu
yaymasi nedeniyle gorlintileme avantajlari sunmakla birlikte,
radyasyon guvenligine iliskin endiseleri de artirmaktadir. Rad-
yasyondan korunmaya yonelik uluslararasi ve ulusal dizeyde
cesitli kurallar ve standartlar olusturulmustur. Bu tedaviyi géren
hastalar, etraflarindaki kisilerin disaridan radyasyona maruz kal-
ma riski olusturabilir. Bu ¢calismanin amaci tedavi géren hastalarin
yakinindaki radyasyon doz oranlarini élgmek ve maruz kalanlarin
aldigi kimdlatif dozlan degerlendirmektir.

Gereg ve Yontem: Diferansiye tiroid kanseri nedeniyle rad-
yoaktif iyot (RAI) tedavisi géren toplam 44 hasta calismaya
dahil edildi. Tiroid uyarici hormon (TSH) dlzeyleri ve 24 sa-
atlik radyoiyot alimlarn &l¢ildi. Hastalara uygulanan RAI doz-
lari kaydedildi. Tedaviyi takiben ™'l tedavisinden sonraki 0,
4,24, 48, 72, 144 ve 240. saatlerde hastalardan 30 cm ve T m
mesafeden eksternal doz oranlari (EDR) dl¢ildi. Hastaya eslik
edenlerin radyasyon maruziyetleri ¢ senaryo dikkate alinarak
hesaplandi.

Bulgular: Kirk dért hastanin ortanca TSH degeri 81,74+41,98
mlU/L olarak hesaplanirken, 24 saatlik alim degerlerinin ortan-
casl %6,39+8,42 olarak belirlendi. Ortalama uygulanan tedavi
dozu 5,28 GBqg (+1,3) idi. ik 24 saatlik Slcuimler ile uygulanan
doz arasinda korelasyon gozlendi. Ayrica 24. saatten sonra alinan
Slcumler ile 24. saatteki alim degeri arasinda korelasyon bulun-
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administered dose. Furthermore, another correlation was found
between the measurements taken after the 24th hour and the
24-hour uptake value. The radiation exposure for accompanying
individuals was estimated to range between 0.4-1.62 mSv across
three scenarios.

Conclusion: Patients receiving "'l treatment should be given
comprehensive information about the importance of radiation
protection after treatment and the precautions to be taken
during isolation.

Keywords: Radiation safety, differentiated thyroid carcinoma,
131, external dose rate, radiation protection

du. Eslik eden kisilerin radyasyona maruz kalma oraninin lg sen-
aryoda 0,4 ila 1,62 mSv arasinda oldugu tahmin edildi.

Sonug: RAI tedavisi géren hastalara tedavi sonrasinda radyas-
yondan korunmanin énemi ve izolasyon sirasinda alinmasi gere-
ken &nlemler konusunda kapsamli bilgi verilmelidir.

Anahtar Kelimeler: Radyasyon giivenligi, diferansiye tiroid kar-
sinomu, ®'l, harici doz hizi, radyasyon korumasi

INTRODUCTION

Since the first applications of nuclear medicine, radionu-
clides have been increasingly utilized in clinical diagno-
sis and treatment (1-3). Radioactive iodine ("*'l) is widely
used in the diagnosis and treatment of diseases, espe-
cially in the context of thyroid cancer therapy. The effec-
tiveness of 'l treatment has been proven and success-
fully applied for ablation and adjuvant therapy following
total thyroidectomy in patients diagnosed with thyroid
carcinoma. This treatment increases the survival rate and
reduces the risk of recurrence and metastasis after total
thyroidectomy (1).

The ™'l ablation treatment, commonly administered
using empirical methods, is given in doses ranging from
1850 MBg-7400 MBq in line with the latest guidelines.
The effective beta radiation emitted in the treatment
also has 364 keV of gamma energy to provide an imaging
advantage; however, this presents challenges concerning
radiation safety, the importance of which remains
significant due to the long half-life, high energy, and
the quantity of activity administered in nuclear medicine
applications. Because of the high gamma energy, patients
undergoing treatment act as open sources, exposing
nearby individuals to external radiation. Therefore, the
International Commission on Radiological Protection
(ICRP) has established strict rules for radiation protection
in its ICRP Publication 60. In 2006, the International
Atomic Energy Agency (IAEA) suggested a guideline for
discharging patients, recommending an external dose
rate (EDR) of 1200 MBq or 70 uSv/h at a distance of 1 meter
from patients as a directive level. However, the specific
regulations vary by country. According to European
Union (EU) guidelines, the release of patients undergoing
31 treatment is specified to be permissible only if the
retained body activity (RBA) is < 400 MBq and the EDR at
a distance of 1 meter is < 20 pSv/h (3). According to the
laws of the Turkish Energy, Nuclear and Mineral Research
Agency (TENMAK) and the Turkish Ministry of Health,
patients who are to be treated at levels exceeding 600
MBg must be treated in specially designed rooms in
clinics possessing a radionuclide therapy license as per

the rule for inpatient care. For patients to be discharged,
the requirement is that the EDR must have fallen below 30
pSv/h at a distance of 1 meter from the abdominal region
(4, 5). Even if the EDR falls below these levels, patients
remain an open source of radiation until the activity in
their bodies has been completely neutralized and thus are
a source of external radiation (6-9). Close-range exposure
to doses from patients undergoing treatment may lead
to undesirable situations. This is particularly challenging
in large cities with dense populations and cultures with
limited living spaces, as isolating patients treated for
radiation can pose dangers. Despite education provided
to patients and their families regarding radiation
protection and isolation prior to treatment, instances do
occur where these recommendations are not followed.
Understanding the exposure levels of individuals
subjected to close-range dose exposure is crucial for
various reasons, particularly regarding those who do not
comply with radiation isolation rules. Many studies have
been carried out concerning patients’ EDRs, and these
studies have provided results regarding the decrease in
radiation in the patient’s body (10-13). However, most of
these studies are based on measurements taken at the
end of the treatment up until the patient is discharged
(13-17). Furthermore, the approach in long-term studies
has involved taking measurements from 1-2 m away
from the patient (13, 18). Both the individuals who are
exposed as well as health authorities must possess a
basic understanding of the exposure risks associated
with close contact with a patient who has undergone ™|
treatment.

This study aims to assess patients’ short-range dose rates
and calculate the cumulative doses to which family mem-
bers or those in close contact are exposed.

MATERIALS and METHOD

Patient population

This study includes a total of 44 patients (6 males, 38
females) who received 'l treatment at the Istanbul Uni-
versity Faculty of Medicine Department of Nuclear Med-
icine between 2005-2006 are included in this study. The
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average age of these patients is 42+13.8 years. This study
was approved by the Istanbul Faculty of Medicine Clinical
Research Ethics Committee (Date: 15.12.2023, No: 25).

Treatment procedure

All patients had previously undergone total thyroidecto-
my, and 'l therapy was administered after a minimum
waiting period of 6 weeks following surgery. Additionally,
all patients adhered to a low-iodine diet for at least two
weeks before therapy, with LT4 therapy being discontin-
ued for 4-6 weeks prior to receiving *'l therapy in order
to prevent iodine contamination and to ensure maximum
iodine retention. Before treatment, a "'l uptake test was
performed to ensure that the TSH levels of the patients
admitted to the clinic for treatment were >30 mlU/L. Fur-
thermore, female patients underwent hCG testing to rule
out pregnancy. To optimize "'l absorption in patients,
they were required to fast for 3 hours before treatment.
The dose of the ™'l capsule to be administered to the
patient was measured using a dose calibrator and then
administered with 200 ml of water.

The measurements

The measurements were performed using a Ludlum Model
3 survey meter (measurement range 0-2 R/h; Ludlum Mea-
surements, Inc., Sweetwater, TX, USA), calibrated by the na-
tional Secondary Standard Dosimetry Laboratories (SSDL).
To reduce the margin of error in the measurements follow-
ing the administration of ', readings were taken using a
specially designed setup at distances of 30 cm and 1 meter
from the abdominal region at 0, 4, 24, 48, 72, 144, and 240
h post-treatment. Upon considering the localization of ™|
uptake in the thyroid region, additional measurements were
also recorded from the neck area at distances of O meters
and 30 cm over the 240 h period with the survey meter.

Scenarios

The radiation exposure experienced by individuals who
were in close contact with the patient as companions af-
ter receiving treatment was calculated for the total peri-
ods between 48 hours and 240 hours in accordance with
the following three different scenarios:

Scenario 1 (S1): At 48 h post-discharge, a scenario was
devised assuming that the patient sleeps in the same
bed as the companion at a distance of 30 cm for eight
hours in a day.

Scenario 2 (S2): At 48 h post-discharge, a second scenario
was devised assuming that the patient sleeps in a differ-
ent bed than the companion in an adjacent room and
separated by a 10 cm concrete wall (at 30 cm distance
from the patient) for eight hours in a day. In accordance
with radiation protection rules, the reduction effect of the
concrete wall was calculated mathematically. It was cal-
culated that a 10 cm concrete wall absorbed 20% of ¥l
radiation (19).

Scenario 3 (S3): At 48 h post-discharge, a third scenario
was devised assuming that the patient slept in separate
beds in the same room, with a 50 cm distance between
them (1 m distance between patient and companion), for
eight hours in a day (Figure 1).

For these three scenarios, calculations were made to de-
termine the radiation exposure dose for the companion
of the treated patient. A decay graph of the EDR values
measured from the patients was plotted based on these
calculations. The cumulative dose value was determined
by calculating the area under this graph. After 240 hours,
the activity regarding the dose calculations was assumed
to only decrease physically within the patient’s body.

Scenario 1 Scenario 2 Scenario 3
Wall (10 cm)
Bed Bed Bed
50 cm

Figure 1: Positions of rooms and beds for the three scenarios used in the study.
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Statistical analysis

IBM SPSS Statistics for Windows (Ver. 28.0; IBM Corp.,
Armonk, NY, USA) was used for the statistical analyses.
The Pearson correlation test was used to analyze the rela-
tionship between TSH and EDR, uptake at 24 h and EDR,
and dose and EDR, with a p<0.05 being considered sta-
tistically significant.

RESULTS

Table 1 presents the TSH, uptake value at 24 h, and EDR
measurements for all patients. When considering these
values, the median TSH value for the 44 patients was cal-
culated as 81.74+41.98 mlU/L, and their median uptake
value at 24 h was calculated as 6.39+8.42%.

The mean administered treatment dose was 5.28 GBq
(£1.3). Treatment dosages were distributed as follows:
14 patients received 3.7 GBq, 23 received 5.55 GBq, six
received 7.4 GBq, and one received 8.51 GBg. Of these
patients, five were undergoing repeated treatment.

The 30 cm EDR values at O h, 4 h, 24 h, 48 h, 72 h, 144
h, and 240 h were measured and found respectively as
67.2+15.02 mR/h, 66.59+14.95 mR/h, 19.76+8.74 mR/h,
7.92+4.87 mR/h, 4.14+4.35 mR/h, 1.23+1.40 mR/h, and
0.45+0.74 mR/h (Figure 2).

The 1 m EDR values at0, 4, 24, 48, 72, 144, and 240 h were
measured and found respectively as 16.26+3.80 mR/h,
16.01+£3.88 mR/h, 4.94+1.99 mR/h, 2.02+1.32 mR/h,
1.08+1.18 mR/h, 0.40+0.76 mR/h, and 0.07+0.21 mR/h.

Pearson correlation tests were performed for the EDR
measurements with TSH, uptake at 24 h, and the applied
treatment dose. No significant relationship was found
between the patients’ pre-treatment TSH values and EDR
measurements (p>0.05). While no significant relationship
was found between uptake result at 24 h and the EDR
measurements at 0, 4, and 24 h (p>0.05), significant rela-
tionships were found for subsequent EDR measurements
at 48, 72, 144, and 240 h (p<0.05).

A significant relationship was observed to exist between
the "'l dose that was applied to the patients and EDR
measurements at 0, 4, and 24 h (p<0.05). However, the
subsequent measurements showed no significant rela-
tionship (p>0.05). Dose calculations were made using the
EDR results based on the three different scenarios. The
radiation exposure dose for the patients’ companions
was calculated as 1.62 mSv for scenario 1, 1.29 mSv for
scenario 2, and 0.4 mSv for scenario 3 (Figures 3 and 4).

Scenario 1: Calculations were made based on the aver-
age EDR measured at a distance of 30 cm from patients
undergoing treatment. According to these calculations,
a person who spends eight hours in the same bed at 30
cm from the patient would be exposed to approximately

Table 1: Patients’ thyroid stimulating hormone (TSH), uptake values at 24 h, external dose rates (EDR) mR/h taken from distances of 30 cm and 1 m

1 m EDR (mR/h)

30 cm EDR (mR/h)

4 h 24h 48h 72h 144h 240h Oh 4h 24h 48h 72h 144 h 240 h

Oh

lodine
Uptake at
24 h (%)

TSH
(mlU/L)

Patient

0.0
0.0
0.0
0.1

0.2

1.0
1.0
0.4
0.3

1.6
2.7

34
4.2

12.0 12.0

0.40
0.22
0.20
1.00
0.20
0.08
0.12
0.54
0.20
0.15
0.19
0.40
0.70

0.9

1.1

4.2

9.0
9.0
3.5

49 16.0
3.1

50
44
49
45

1.00
2.97
1.10
6.41
9.35
4.07
0.75
26.79

97.3

0.3

11.0
12.0

11.0
12.0

4.6

20.0

44
50

45

70.9

0.1

1.3
0.9

1.1

3.3
2.6

2.8

0.4
0.5

1.0
0.9

2.1

9.0
8.0
11.0
12.0

65.0

0.2

10.5

10.5

75.0

0.0
0.0
0.1

0.1

0.5

12.0

12.0

4.0 1.1

4.8

48

48

74.0

0.1

0.9
0.3

1.2

0.9
1.8
2.0
2.0

10.0 27
0.5

12.0

1.0
0.4
1.7

2.9
1.2

4.3

48

50
46
41

69.0

0.0
0.4

3.2
3.3

12.0

12.0

2.6
8.0
8.0

12.0

46

130.5
65.9

71.9

0.2

1.1
1.1

11.0
12.0

11.0
12.0

15.0

41

0.0
0.0
0.0
0.0
0.2

0.3

3.1

1.0
0.9
0.3

4.8

45 14.0

45

8.60
419
0.26
33.22

0.2

1.2
0.3

13.0 4.8

13.0

4.0
0.9
5.6
6.0

48 22.0 12.0

49
48

13.2

10
11
12
13

0.0
0.4

12.0 2.8

12.0

1.6
11.0
11.0

10.0

48

154.0

1.3
1.5

2.3
2.6

11.0 4.3

12.0

11.0
12.0

2.1

49 22.0

49
72

9.9
63.0

1

0.6

8.0

2.1

46.0

72

6.20
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Figure 2: Distribution of patients’ decrease in external
dose rates (EDR) in milliroentgen per hour (mR/h) at 30

cm.

30 cm EDR (uSv/h)

svm

Hours after 48. hour

Figure 3: Cumulative companion dose measured using
the external dose rates (EDR) for the period of 48-240 h
post-treatment at a distance of 30 cm from the patient in
microsieverts per hour (uSv/h).
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Figure 4: Cumulative companion dose measured using
the external dose rates (EDR) for the period of 48-240 h
post-treatment at a distance of one m from the patient in
microsieverts per hour (uSv/h).

1.62 mSv of radiation. This dose exceeded the permis-
sible exposure limit for the public (an average of 1 mSv
over 5 consecutive years) (20).

232

Scenario 2: The calculations were performed using the
average EDR measured 30 cm away from patients receiv-
ing treatment. According to these calculations, a person
who spends all eight hours a day in a bed 30 cm away
next to the same 10 cm concrete wall will be exposed to
approximately 1.29 mSv of radiation. The exposure dose
may vary depending on the construction material of the
wall separating the beds. If the wall is made of brick, the
exposure dose will be higher than 1.29 mSv.

Scenario 3: According to Scenario 3, even if the two beds
in the same room are assumed to have 50 cm between
them, the distance between the patient and the person
being exposed is approximately one meter due to their
position in the center of the bed. Therefore, calculations
were made based on the average EDR measured at a dis-
tance of one meter from patients undergoing treatment.
According to the calculations, a person who spends a total
of eight hours in a separate bed in the same room as the
patient would be exposed to approximately 0.4 mSv of ra-
diation.

DISCUSSION

131 ablation therapy is a proven and commonly admin-
istered treatment for thyroid cancers. Due to the high
gamma energy of *'l, patients who receive this treatment
can be a significant source of radiation exposure to peo-
ple nearby. Patients are typically kept in the hospital until
the radioactivity in their body falls to a safe threshold as
defined by national guidelines. However, even after dis-
charge, external radiation emissions continue until the ra-
dioactive substance is fully depleted from the body, thus
presenting a risk to individuals close to the patient.

This study found 91% (n=41) of the patients who'd received
treatment to have reduced their radiation levels to below the
discharge threshold (30 uSv/h or 3 mR/h) by the 48" hour. For
those patients whose measurements were above 3 mR/h at
the 48-hour mark, three were noted to have had high iodine
uptake values at 24 hours because of remnant thyroid tissue
and the third patient to have distant metastasis.

A notable correlation emerged between the treatment
dose administered to a patient and the measurements re-
corded at 0, 4, and 24 h (p<0.05). However, no correlation
was detected regarding the measurements taken at 48,
72,144, or 240 h. The median EDR values obtained follow-
ing the administration of 3.7 GBq, 5.55 GBq, and 7.4 GBq
of ¥ at a distance of 30 cm were respectively 6.38 mR/h
(£3.51), 10.96 mR/h (+5.75), and 8.5 mR/h (£2.87).

Notably, the association between the administered dose
and the subsequent measurements deteriorated with
time, particularly at 48 h and beyond. These findings sug-
gest the physiological excretion of ®*'l to occur within the
initial 48 h post-administration, with any remaining activity
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likely sequestered within residual tissue or metastatic sites.

When looking at the EDR measurements regarding the
activity of patients who've received ablation therapy, the
following observations are made: at 72 h post-treatment,
the average EDR measurements at 30 cm was 3.04 mR/h
for patients who received 3.7 GBq, 5.21 mR/h for those
who'd received 5.55 GBqg, and 4.04 mR/h for those who'd
received 7.4 GBg. At 240 h (10 d) post-treatment, the av-
erage EDR measurements at 30 cm for these same groups
were found to be 0.3 mR/h, 0.631 mR/h, and 0.29 mR/h,
respectively. Based on these results, no direct relationship
has been concluded to exist between the dose adminis-
tered to the patient and the EDR measurements after 48 h.
This suggests that factors other than just the administered
dose may influence the radiation exposure levels mea-
sured from patients different times post-treatment.

When looking at the iodine uptake values at 24 h com-
pared to the EDR measurements, no correlation was ob-
served to be present in the measurements taken at 0, 4,
and 24 h, while correlations with EDR measurements were
found for uptake values at 48, 72, 144, and 240 h (p<0.05).
After the physiological excretion had completed, the ac-
tivity is thought to remain solely in remnant tissue. When
considering these findings, companions of patients with
higher 24-hour uptake values were observed to have in-
creased radiation exposure post-discharge. In light of
these results, patients with high 24-hour iodine uptake
values should pay more attention to isolation rules after
discharge.

Because of high ¥'l uptake value of 31th patient (24-hour
31 uptake value of 37.77%), patient number 31 had a 144
h post-treatment EDR measurement of 9.5 mR/h at a dis-
tance of 30 cm and a 240 h post-treatment EDR measure-
ment of 5 mR/h at a distance of 0.3 meters.

Bhatia et al.’s study with 32 patients conducted EDR mea-
surements following the administration of radioiodine
therapy for ablating remnant tissue after a total thyroid-
ectomy (16). The average EDR measurements taken 1 m
away from the patients were 0.16 mR/h/mCi at O h, 0.13
mR/h/mCi at 1 h, and 0.11 mR/h/mCi at 2 h. These find-
ings are consistent with the 0-hour EDR measurements
in the current study. Moreover, Bhatia et al. also simul-
taneously measured EDRs at 5 cm away from the skin at
the neck and stomach levels. They observed the stom-
ach level EDRs to be higher during the first hour, with
neck-level EDRs increasing and stomach EDRs decreas-
ing in the second hour. This indicates the residual tissues
in the patients to have quickly absorbed the radioactivity
and the physiological excretion to also occur rapidly. Al-
though this study provided important information about
the physiology in the early post-treatment period, it did
not provide any long-term EDR details.

Zhang et al.’s study with 70 patients took EDR measure-
ments while patients were seated at distances of 1, 1.5, 2,
and 2.5 m over 72 h (18). The study found a majority of the
physiological excretion to finish within the first 48 h and
also noted excretion rates to occur faster in subsequent
treatments. This aspect aligns with the initial hour EDR
measurements in the current study. However, Zhang et
al.'s study did not include close-range measurements or
assess the radiation exposure risks associated with close
physical contact.

The outcomes of the scenarios indicated radiation expo-
sure levels to exceed the permissible public dose limit
in Scenarios 1 and 2 while falling below this threshold
in Scenario 3. "'l has high gamma energy, and although
the building material of the wall between patient and
companion in S2 reduces the dose from 1.62 mSv to
1.29 mSy, this value is higher than the annual maximum
allowable dose limit for the public (1 mSv/year). As can
be understood from the descending graph, radioactivity
in a patient’s body fully diminishes by 240 h post-treat-
ment. Hence, ensuring patients’ compliance with isola-
tion protocols for a minimum of 10 days is imperative. ¥l
is also known to be excreted through the respiratory sys-
tem. Even if the exposure to external radiation is below
the permissible dose when sharing the same room with
a patient, the risk of internal radiation exposure through
inhalation is still present. Internal radiation is a significant
concern for individuals. Numerous studies have demon-
strated the internal exposure following 'l treatment due
to the exhalation of patients treated with ¥'l to result in
the presence of 'l in the environment. When consider-
ing both external and internal exposure, adherence to ra-
diation safety guidelines becomes even more crucial for
patients who undergo 'l treatment. Therefore, patients
receiving *'l treatment should be thoroughly educated
about the importance of post-treatment radiation pro-
tection and the specific conditions to be observed during
isolation.

CONCLUSION

The companions of patients who receive "'l treatment
may be exposed to an external dose of over 1T mSv if the
patients do not comply with isolation rules. Even in cas-
es where the patient and companion sleep in separate
rooms, maintaining a safe distance between the beds
remains imperative. Consequently, giving these patients
comprehensive information about the importance of pro-
tection from radiation after treatment and about the pre-
cautions to be taken during isolation is crucial.

Ethics Committee Approval: The study has ethical approval
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ABSTRACT

Objective: Curcumin is considered an epigenetic regulator
with anticancer effects. The micro-RNA (miRNA) miR-145-5p is
a tumor suppressor that shows low expression levels in various
cancers, including breast cancer (BC). This study aims to investi-
gate whether curcumin inhibits MCF-7 human BC cell line prolif-
eration and migration by regulating miR-145-5p and its possible
target genes.

Material and Method: MCF-7 cells were treated with curcumin
and its solvent control. Additionally, cells were transfected with
an miR-145-5p mimic and a non-targeting miRNA mimic. Cell
viability was then evaluated, and the scratch wound assay was
used to assess cell migration. The study predicts the miR-145-
5p putative target genes by searching for overlapping genes in
the miRNet and miRTarBase v8 databases via the overexpressed
genes in the BC tissue samples in the Cancer Genome Atlas
(TCGA) datasets. Expression levels of miR-145-5p and the se-
lected genes were detected using the quantitative real-time
polymerase chain reaction (QRT-PCR). The 2% method was
used for the quantification analysis, with p<0.05 being consid-
ered statistically significant.

Result: Curcumin treatment and overexpression of miR-145-
S5p via the transfection of an miR-145-5p mimic significantly
decreased the proliferation and migration of MCF-7 cells.
Moreover, curcumin treatment significantly increased the

OzZET

Amag: Kurkumin anti-kanser etkileri olan bir epigenetik regila-
tor olarak kabul edilmektedir. miR-145-5p, meme kanseri (MK)
dahil olmak Uzere bir ¢ok kanserde ekspresyon dizeyi dustk
olan bir timor baskilayici mikroRNA'dir (miRNA). Bu calismada,
kurkuminin miR-145-5p'yi ve olasi hedef genlerini regiile ederek
MCF-7 insan MK hiicre hattinin proliferasyonunu ve gdciini inhi-
be edip etmediginin arastirlmasi amaglanmistir.

Gereg¢ ve Yéntem: MCF-7 hucreleri kurkumin ve onun solvent
kontroli ile muamele edildi. Ayrica hiicreler miR-145-5p mimi-
Ji ve negatif kontrol miRNA mimigi ile transfekte edildi. Hlcre
canlihgr degerlendirildi ve hiicre géc¢u scratch yara (wound) testi
kullanilarak degerlendirildi. miR-145-5p'nin potansiyel hedefle-
ri, MK doku &rneklerinde asir eksprese edilen genlerle miRNet
ve miRTarBase v8 veri-tabanlari ile értisen genlerin Kanser Ge-
nom Atlasi (TCGA) datasetlerinde arastirlmasi yoluyla belirlendi.
miR-145-5p ve secilen genlerin ekspresyon dizeyleri, kantitatif
gercek-zamanli polimeraz zincir reaksiyonu (gRT-PCR) ile tespit
edildi. Kantifikasyon analizi icin 222t yéntemi kullanildi. p-degeri
<0,05 istatistiksel olarak anlamli kabul edildi.

Bulgular: Hem kurkumin ile muamele edilmis hem de miR-145-5p
mimigi ile transfekte edilmis MCF-7 hiicrelerinde, proliferasyonun
ve gogln, kontrollere kiyasla azaldigi gdzlenmistir. Ayrica, kurku-
min ile muamele edilen hiicrelerde miR-145-5p'nin ekspresyo-
nunun anlamli dizeyde artti@r gérllmistir. miR-145-5p"nin olasi
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expression of miR-145-5p. The possible target genes of miR-145-
5p (i.e., MCM2, MMP1, MMP9, EEF1A2) were downregulated in
curcumin-treated MCF-7 cells. Additionally, miR-145-5p mimic-
transfected cells showed low expression levels of the MCM2,
MMP1, and MMP9 genes.

Conclusion: Curcumin inhibits the proliferation and migration
of MCF-7 cells by acting on miR-145-5p and its possible target
genes.

Keywords: Breast cancer, MCF-7 cell line, curcumin, miR-145-
5p, target genes

hedef genlerinin, MCM2, MMP1, MMP9 ve EEFTA2, kurkumin
ile muamele edilmis MCF-7 hiicrelerinde ekspresyon diizeyinin
azaldigi saptanmistir. Bunun yani sira, miR-145-5p mimigi ile trans-
fekte edilmis hicrelerde, MCM2, MMP1 ve MMP9 genlerinin eks-
presyon dlzeyinin dislk oldugu belirlenmistir.

Sonug: Kurkuminin, miR-145-5p ve olasi hedef genleri Gizerinden
etki ederek MCF-7 hucrelerinin hem proliferasyonunu hem de
g6¢lni inhibe ettigi gdsterilmistir.

Anahtar Kelimeler: Meme kanseri, MCF-7 hicre hatti, kurku-
min, miR-145-5p, hedef genler

INTRODUCTION

Breast cancer (BC) is the most commonly diagnosed can-
cer among women, with approximately 2.26million cases
occurring in 2020. BC is the major leading cause of mor-
tality in female cancer patients (1, 2). By 2040, more than
three million new cases of BC and one million deaths are
predicted to occur each year due to population growth
and aging. Global efforts and public health awareness pro-
grams aimed at managing the incidence and mortality of
BC should include screening, early diagnosis, treatment,
and follow-up of BC patients (3). The MCF-7 cell line is a
luminal A subtype of BC that expresses both the proges-
terone receptor (PR) and the estrogen receptor (ER) (4).

Numerous molecular mechanisms have demonstrated
the impact of natural nutritional sources such as curcumin
on cellular processes (5, 6). Curcumin is a yellow pigment
found in Curcuma longa Linn rhizome (7). In vitro and in
vivo studies have shown curcumin to have anticancer ef-
fects on various tumors by reducing the proliferation and
migration of cells and by inducing apoptosis (8). Recent
studies have suggested curcumin to be able to act as
an epigenetic regulator in several cancers by acting on
non-coding RNAs (5, 9).

MicroRNAs (miRNAs) are noncoding RNAs of about 22
nucleotides (10); miRNAs regulate the expression of
genes as oncogenes or tumor suppressors and affect dif-
ferent biological processes (e.g., proliferation and apop-
tosis) through their involvement in tumor development
and progression (2, 11).

miRNA-145-5p (miR-145-5p) is a miRNA with tumor sup-
pressor activity and has low expression in different malig-
nant tissues such as BC compared to normal tissues. miR-
145-5p decreases tumor cell proliferation and migration,
as well as invasion, and increases cell sensitivity to che-
motherapy drugs by acting on a variety of genes. Some
studies suggested miR-145-5p to perhaps have value as
a target molecule in cancer treatment, apart from its di-
agnostic and prognostic benefits during the assessment
of cancers (12, 13).

By regulating multiple genes, miR-145-5p can serve as a
potential biomarker for risk assessment in BC patients (14,
15). miR-145-5p could be a potential predictive biomarker
for BC stemness by acting on the SRY-box transcription fac-
tor 2 (SOX2) gene (14). Moreover, studies have significantly
linked decreased miR-145-5p expression to higher Ki-67
expression levels, larger tumors, metastasis, and shorter
overall survival (OS) (15). Another study has demonstrat-
ed the oncogenic hepatitis B X-interacting protein (HBXIP)
gene as a target of miR-145in MCF-7 cells (16). In addition,
a recent study has reported that, compared to their con-
trols, both BC cell lines and patient BC tissues significantly
showed lower expression levels of miR-145-5p and a neg-
ative association with the expression of the programmed
death-ligand 1 (PDL1) gene (17). The regulatory role of cur-
cumin in miR-145-5p has been investigated in several can-
cers such as laryngeal squamous cell carcinoma (18). Many
studies have also determined low expression levels of miR-
145-5p in both BC cell lines and patient tissue samples,
thus establishing it as a known tumor suppressor miRNA in
BC. However, how curcumin affects BC cells via miR-145-
5p and its target genes remains unclear. This study aims to
investigate whether curcumin inhibits the proliferation and
migration of the MCF-7 human BC cell line by acting on
miR-145-5p and its target genes.

MATERIALS and METHODS

Cell culture

The MCF-7 human BC cell line was obtained from the
Istanbul University Faculty of Sciences Department of
Biology. The cells were cultured in Dulbecco’s Modified
Eagle Medium (DMEM) high glucose (EcoTech Biotech-
nology, Turkiye) supplemented with 10% fetal bovine se-
rum (FBS; Gibco, UK) and 1% antibiotic (penicillin-strep-
tomycin; Gibco, NY, USA). Cells were incubated at 37°C,
> 90% humidity, and 5% CO,

Curcumin treatment

High-purity curcumin (Bio Basic Inc., Canada) was dis-
solved in dimethyl sulfoxide (DMSO; 1mg/mL; EcoTech
Biotechnology, Tirkiye). Based on the recommendations
of previous literature, the study performed a 10 pM cur-
cumin treatment for 24 h (19-21).
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miR-145-5p mimic transfection

A commercial miR-145-5p mimic was used for transfec-
tion with the following sequence: 5-GUCCAGUUUUC-
CCAGGAAUCCCU-3' (Thermo Fisher Scientific, USA);
a non-targeting miRNA mimic (NT miRNA mimic) with
validated random sequences producing no identifiable
effects on known miRNA function (Ambion, USA) were
used for transfection. Transfection with 30 pmol miR-145-
5p mimic and NT mimic miRNA was achieved using the
Lipofectamine 2000 Transfection Reagent (Invitrogen,
USA\) in accordance with the manufacturer’s instructions.
In short, 1.5 pL transfection reagent and 3 uL 5nmol miR-
145-5p mimic were mixed with 125 uL Opti-MEM medium
(Gibco, USA) separately and incubated for 5 min at room
temperature. Both tubes were then mixed and incubated
for 20 min at room temperature. The same was done for
the NT mimic miRNA transfection. All transfection pro-
cesses were performed for 24 h.

Cell proliferation assay

MCEF-7 cells were seeded in quadruplicate (5,000 cells per
well) in four columns of 96-well plates (Nest Biotechnolo-
gy Co., China) and incubated under suitable conditions.
After 24 h of cell culturing, cells were treated with 10 uM
curcumin and its solvent control (DMSO). Additionally, the
cells were transfected with 30 pmol miR-145-5p mimic and
NT mimic miRNA using the Lipofectamine 2000 Transfec-
tion Reagent (Invitrogen, USA). 24 h later, 10 pL of the cell
viability detection kit 8 (CVDKS) solution (NutriCulture,
Turkiye) were added. After 3 h of plate incubation, absor-
bance was measured using a microplate reader at 450 nm.
The medium was then discarded by flipping the plate. All
wells were washed with phosphate-buffered saline (PBS),
and cell morphology was evaluated using a phase contrast
microscope to capture images (Argenit, Turkiye).

Cell migration

The wound-healing assay was used for evaluating cell
migration. MCF-7 cells were seeded in six-well plates
(Nest Biotechnology Co., China) and incubated. After
the cells became almost completely (90%) confluent,
the monolayer was scratched using a sterile 10 pl pi-
pette tip. The wound area was recorded at 0 h and 24 h
using a phase contrast microscope. The migration area
was calculated as:

Migration area (%) = [(My— M,4) / Mg] x 100 m

where My is the wound area at 0 h, and M,, is the wound
area at 24 h.

Gene expression analysis

Analyzing the miR-145-5p expression level

MCF-7 cells were cultured and treated with curcumin
and its solvent control. Cells were also transfected with
the miR-145-5p mimic and NT miRNA mimic. 24 h later,
the cells were harvested and resuspended in 1 mL TRIzol
Reagent (Invitrogen, USA) for total RNA isolation. The
concentration and purity of the isolated RNAs were eval-
uated utilizing a NanoDrop ND-2000c spectrophotome-
ter (Thermo Fisher Scientific Inc.). Complementary DNA
(cDNA) synthesis for miRNAs was performed to validate
the transfection and to evaluate the relative expression
levels of miR-145-5p using miRNA reverse transcription
primers (Thermo Fisher Scientific Inc.) and Tagman miR-
NA Reverse Transcriptase Kit (Applied Biosystems, Ther-
mo Fisher Scientific Baltics UAB, Lithuania).

The LightCycler® 480 instrument (Roche, Germany) was
used for transfection validation and for evaluating the
alterations in miR-145-5p expression. All reactions were
conducted in duplicate using the TagMan miRNA probes
(Thermo Fisher Scientific Inc.) and TagMan Universal Mas-
ter Mix Kit (Applied Biosystems, Thermo Fisher Scientific
Baltics UAB, Lithuania). RNU43 expression was used to
normalize miRNA expression. The quantitative real-time
polymerase chain reaction (QRT-PCR) protocol was con-
ducted as presented in Table 1.

Analyzing the expression levels of the identified genes
The cDNA synthesis was conducted utilizing the Re-
vertAid First Strand cDNA Synthesis Kit (Thermo Fisher
Scientific Baltics UAB, Lithuania). The LightCycler® 480
instrument (Roche, Germany) was used to determine the
expression levels of the identified genes. All reactions
were conducted in duplicate using the 5X HOT FIREPol
EvaGreen gPCR Supermix (Solis Biodyne, Estonia). The
B -actin (ACTB) gene was used for expression normal-
ization. The sequences of the primers are presented in
Table 2 (22-27). The gRT-PCR protocol was conducted as
presented in Table 3.

Table 1: The gRT-PCR cycles protocol for TagMan Universal Master Mix regarding miRNA detection

Cycle step Temperature Time Cycles
Enzyme Activation 95°C 15 min 1
Quantification Denaturation 95°C 15s 40
Annealing 60°C 60s
Elongation 60°C 1s
Cooling 40°C 30s 1

min: Minutes, s: Seconds
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Table 2: Forward and reverse primer sequences of the studied genes

Gene Forward Primer

MCM2  5'-CTACCAGCGTATCCGAATCCA-3'
MMP1 5-ATTTGCCGACAGAGATGAAGTCC-3'
MMP9  5-TCCCTGGAGACCTGAGAACC-3'
EEF1A2 5-GGACCATTGAGAAGTTCGAGA-3'

FN1 5-GTGTGACCCTCATGAGGCAAC-3'
ACTB 5'-GCCTCGCCTTTGCCGATC-3

Reverse Primer Ref.
5'-CCTACAGCAACCTTGTTGTCCT-3' (22
5-GGGTATCCGTGTAGCACATTCTG-3' (23
5'-CGGCAAGTCTTCCGAGTAGTT-3' (24
5-AGCACCCAGGCATACTTGAA-3' (25
5-CTGGCCTCCAAAGCATGTG-3' (26

)
)
)
)
)
5'-CCCACGATGGAGGGGAAG-3' (27)

Ref.: Reference, MCM2: minichromosome maintenance complex component 2, MMP1: matrix metalloproteinase 1, MMP9: matrix metallo-
proteinase 9, EEF1A2: eukaryotic translation elongation factor 1 alpha 2, FNT: fibronectin 1, ACTB: actin beta

Table 3: The gRT-PCR cycles protocol for Hot FirePol EvaGreen gPCR Super mix regarding gene expression

detection
Cycle step Temperature Time Cycles
Enzyme activation 95°C 12 min 1
Quantification Denaturation 95°C 15s 40
Annealing 60°C 25s
Elongation 72°C 25s
Melting curve 95°C Ss 1
62°C 60s
Cooling 40°C 20s 1

min: Minutes, s: Seconds

Bioinformatic analyses

Predicting the target genes of miR-145-5p

Different in silico analyses were conducted to find the
possible target genes of miR-145-5p. Overexpressed
genes that met the logFC>+2 and p<0.001 criteria were
determined in the Cancer Genome Atlas (TCGA) BC
datasets (1,135 tumor tissue samples against 114 normal
tissue samples). The expression analyses were performed
using GEPIA2 (28, 29), an interactive web tool for gene
expression evaluation based on thousands of cancers
and normal specimens from the TCGA and GTEx data-
bases that are processed through a standard RNA se-
quencing workflow. The miRNet 2.0 and miRTarBase v8
databases were also used to identify the target genes of
miR-145-5p (30, 31). Subsequently, the genes that over-
lapped between those overexpressed in TCGA BC and
the miR-145-5p probable candidate targets in the miR-
Net and miRTarBase databases were identified.

The identified genes were searched in PubMed using
words such as “gene name”, “breast cancer”, "BC”,
“overexpression”, “downregulation”, “oncogene”, and
“tumor suppressor”. Other databases were used to search
for these genes, including Ensembl and Genecards (32,
33). Additionally, enrichment analyses for the identified
genes were performed using the Metascape and the Dis-
GeNET databases (34, 35). Moreover, the OS rates for BC

associated with the selected genes were investigated uti-
lizing the Kaplan-Meier plotter tool (36). While gene co-ex-
pression analysis involves a number of complex processes,
it is an effective approach for identifying gene partners
and predicting gene function (37). The current study used
the Correlation AnalyzeR tool (Bishop Lab, UT Health San
Antonio), with Pearson correlation being preferred in the
analysis, for performing a genome-wide co-expression
correlation analysis in order to determine the genes that
correlate with those studied in BC (38).

Statistical analysis

Statistical analyses were performed using Statistical
Package for the Social Sciences (SPSS) version 26.0 (IBM
Corp., Armonk, NY, USA). Student’s t-test was used to
compare the means of the two groups. The 24t method
was performed for the relative quantitation analysis. All
study results were presented as mean + SD, with p<0.05
being considered statistically significant. The figures
were drawn using GraphPad Prism 5.

RESULTS

Curcumin treatment and overexpression of miR-145-
5p decrease cell proliferation

Microscopic images of MCF-7 cells at 24 h after curcumin
treatment and miR-145-5p mimic transfection were cap-
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tured and compared to their controls (Figure 1a). Both
cell viability and morphology results indicate the curcum-
in treatment to have statistically significantly reduced
the proliferation of MCF-7 cells compared to the control
group at 24 h (p<0.01). Additionally, the miR-145-5p mim-
ic transfection had statistically significantly decreased the
proliferation of MCF-7 cells compared to the NT miRNA
mimic transfected group at 24 h (p<0.001; Figure 1b).

Curcumin treatment and overexpression of miR-145-
5p reduce cell migration

According to the wound healing assay results, curcumin
treatment statistically significantly decreased MCF-7 cell
migration compared to the control cells at 24 h (Figure
1a). Moreover, miR-145-5p mimic transfection significant-
ly reduced the migration compared to NT mimic miR-
NA-transfected cells at 24 h (Figure 2b).

Curcumin increases the expression level of miR-145-5p
The MCF-7 cells transfected with mimic miR-145-5p ex-
pressed significantly higher levels of miR-145-5p than the
NT mimic miRNA control (p<0.001). This finding indicates
the miR-145-5p mimic transfection into cells to have been
successfully achieved. The MCF-7 cells treated with cur-
cumin had higher levels of miR-145-5p expression than
the control group (p<0.01; Figure 3a).

Bioinformatic analyses results

miR-145-5p candidate genes

Intotal, 2671 overexpressed genes with logFC values great-
er than +2 and p<0.001 were chosen from the TCGA BC
dataset. The miRNet and miRTarbase v8 databases were

a)
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Figure 1: The effects of curcumin and miR-145-5p on MCF-7
cell proliferation. a) microscopic images for MCF-7 cells 24 h
after curcumin treatment and miR-145-5p mimic transfection
compared to their controls. b) Cell proliferation (%cell viability)
of cells was evaluated by the CVDK8 assay 24 h after curcumin
treatment and mimic miR-145-5p transfection compared to
their controls (NT mimic = non-targeting mimic).

<001, **p<0.001

used to identify 881 potential target genes of miR-145-
5p (Figure 1). The minichromosome maintenance com-
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Figure 2: Scratch wound assay for evaluating the cell
migration of MCF-7 cells. a) The effects on cell migration
at 24 h post-curcumin treatment. b) The effects on cell
migration at 24 h after miR-145-5p mimic transfection.
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Figure 3: a) Expression level of miR-145-5p in MCF-7 cells
after 24 h of curcumin treatment and miR-145-5p mimic
transfection compared to their controls. b) Expression
levels of the studied genes in MCF-7 cells after 24 h of
curcumin treatment compared to the solvent control
(DMSOQ) group. c) Expression levels of the studied genes in
MCF-7 cells after 24 h of miR-145-5p mimic transfection
compared to the NT mimic miRNA control group.
*p<0.05, *p<0.01, ***p<0.001, MCM2: minichromosome
maintenance complex component 2, MMP1: matrix
metalloproteinase 1, MMP9: matrix metalloproteinase 9,
EEF1A2: eukaryotic translation elongation factor 1 alpha
2, FN1: fibronectin 1
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plex component 2 (MCM2), matrix metalloproteinase 1
(MMPT), matrix metalloproteinase 9 (MMP9), eukaryotic
translation elongation factor 1 alpha 2 (EEF1A2), and fi-
bronectin 1 (FNT) genes were found to overlap among
the TCGA BC data and probable targets of miR-145-5p
in the miRNet and miRTarbase v8 databases (Figure 4).

Significance of the selected genes

MMP1

MMP9
EEF1A2

. hsa-mir-145-5p

MCM2

FN1

Figure 4: The miR-145-5p in silico target genes. Yellow
nodes involve 881 genes, including MCM2, FN1, EEFT1A2,
MMP1 and MMP9. The red square is miR-145-5p.
Interaction edges number 2,723 (Created using miRNet).

Because all five genes are oncogenes and associated with
BC, they are considered good candidates for the in vitro
investigations, as shown in Figure 5a. In the enrichment
analysis, the identified possible target genes of miR-145-
5p were associated with many malignancies, with BC being
one of these (Figure 5b). Upregulation of MCM2, MMP1,
and MMP9 reduced OS for BC. In contrast, expression
changes in the FNT and EEF1A2 genes had no influence
on the OS (Figure 6). In the correlation analysis, the top
genes likely to be correlated with the studied genes (i.e.,
MCM2, MMP1, and MMP9) were selected and are present-
ed in Table 4. These genes were shown to be associated
with BC through both in silico and in vitro methods.

Curcumin modulates the expression of MCM2, MMP1
and MMP9 genes by regulating miR-145-5p

Relative quantification analysis of the MCM2, MMP1, MMP?,
EEF1A2, and FN1 genes was performed using the primers
described in Table 2. The MCM2, MMP1, MMP9, and EEF1A2
genes were significantly downregulated in curcumin-treated
MCF-7 cells compared to the controls (p<0.05; Figure 3b).
Moreover, the MCM2, MMP1, and MMP9 genes were signifi-
cantly downregulated in the mimic miR-145-5p-transfected
cells compared to the NT miRNA mimic control cells (p<0.05;
Figure 3¢). The MCM2, MMP1, and MMP9 genes were the
commonly less-expressed genes in both the curcumin-treat-
ed and miR-145-5p mimic-transfected MCF-7 cells. These
findings suggest that curcumin may be a negative regulator
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Figure 5: a) GEPIA2 relative expression analysis of the studied miR-145-5p target genes in BC samples. All five genes
are overexpressed in the BC tumor tissue samples. GEPIA2 TCGA. (log2FC Cutoff = 1; pc.¢=0.01; 1085 tumor samples
vs. 291 normal samples). b) The associations the five identified miR-145-5p potential targets (i.e., MCM2, FN1, EEF1A2,
MMP1, and MMP9) have with different diseases. Invasive BC is one of the diseases related to these genes, as seen in
the red box. According to the figure, these genes are also linked to other cancers such as squamous cell skin carcinoma,

nasopharynx cancer, and tongue cancer.

MCM2: minichromosome maintenance complex component 2, MMPT: matrix metalloproteinase 1, MMP9: matrix
metalloproteinase 9, EEFTA2: eukaryotic translation elongation factor 1 alpha 2, FN1: fibronectin 1




) Curcumin/miR-145-5p/target genes in MCF-7 cells
Istanbul Tip Fakiltesi Dergisi @ J Ist Faculty Med 2024;87(3):235-245

McM2

1c

HR = 1.48 (1.34 - 1.64)
logrank P = 2.8e-14

{
Probability

Probability
0.0 02 04 06 08

00 02 04 06 08 10

Expression
low
high

a 50

| Expression

100 150 200 250 ] 50
Time (manths)

MMPL

HR = 1.66 (1.5 - 1.84)
logrank P < 1E-16

Probability
00 02 04 06 08 10

| Expression
low

high

100 150 200 250
Time (months)

o 50

100 150 200 250 o 50
Time (months)

FN1 EEF1A2

HR = 1,09 (0,98 - 1.21)
logrank P = 0,096

HR = 0.94 (0.85 - 1.04)
logrank P = 0.24

i

Probability
00 02 04 06 08 10

Expression
low
high

100 150 200 250
Time (months)

MMP9

HR =119 (1.07 - 1.31}
logrank P = 0.00089

Probability
00 02 04 06 08 10

Expression
low
high

0o 50

100 150 200 250
Time (months)

Figure 6: The effect of the selected genes on BC survival using the Kaplan-Meier plotter. Overexpression of MCM2,
MMP1 and MMP9 decreases OS for BC. However, alterations in the expression of FNT and EEF1A2 genes have no

effect on OS for BC.

MCM2: minichromosome maintenance complex component 2, MMP1T: matrix metalloproteinase 1, MMP9: matrix
metalloproteinase 9, EEFTA2: eukaryotic translation elongation factor 1 alpha 2, FN1: fibronectin 1

that modulates the expression of MCM2, MMP1, and MMP9
genes by acting on miR-145-5p in MCF-7 cells.

DISCUSSION

Turmeric (Curcuma longa) is a famous Indian spice. Poly-
phenol curcumin is the primary constituent of turmeric
and the one accountable for the majority of its biological
effects (9). Curcumin has been utilized for an extensive
period to address issues regarding the gastrointestinal
tract, liver, respiratory system, and sinusitis; to promote
wound healing; and to alleviate pain and burning sen-
sations. Studies have demonstrated the pharmacological
properties of curcumin, including its anti-oxidant, anti-in-
flammatory, cell death-inducing, and anticarcinogenic
effects in various diseases (5). The potential of curcumin
to alter miRNA expression and its target genes has creat-
ed new opportunities for cancer-targeted treatment (39).
The present study has investigated the effects of curcum-
in on the proliferation and migration of the MCF-7 hu-
man BC cell line and whether its anticancer effects are
mediated by acting on miR-145-5p and its possible tar-
get genes. The findings have shown curcumin treatment
and the overexpression of miR-145-5p to decrease the
proliferation of MCF-7 cells as well their migration. Ad-
ditionally, the relative expression level of the tumor sup-
pressor miRNA miR-145-5p was significantly elevated in
the curcumin-treated cells. Curcumin treatment reduced
the relative expression of the putative miR-145-5p target
genes MCM2, MMP1, MMP9, and EEF1A2. Furthermore,
the overexpression of miR-145-5p decreased the expres-
sion levels of the MCM2, MMP1, and MMP9 genes.

Previous studies have demonstrated the expression of
miR-145-5p to be lower in BC tissues compared to nor-
mal breast tissues, with this being linked to large tumors,
metastasis, and high Ki-67 expression levels (14, 15, 17,
40). By modifying the expression of different signaling
proteins and molecular pathways, curcumin suppresses
the proliferation of BC cells. Consequently, one of the
best ways to treat cancer is to target oncogenes and tu-
mor suppressor genes (41). Studies have shown curcum-
in to be able to successfully inhibit the proliferation of
different cancerous cells by acting on miR-145-5p, such
as in laryngeal squamous cell carcinoma and in human
prostate cancer stem cells (18, 42). When considered
together, no study has been conducted evaluating the
regulatory effect of curcumin on miR-145-5p in BC. The
current results suggest curcumin treatment and miR-145-
5p overexpression to both markedly suppress MCF-7 cell
proliferation and migration by modulating the expression
of the MCM2, MMP1, and MMP9 genes.

MCM?2 is a promising proliferative marker in numerous
different cancer types (e.g., thyroid, rectal, and BC).
MCM2 is also a more effective proliferative and prog-
nostic marker in BC than Ki-67 (39). Samad et al.’s study
demonstrated MCM2 gene expression levels to be high-
er in BC patients, suggesting MCM2 as a useable bio-
marker for the prognosis of BC (43).

The genes studied herein have been shown to be correlat-
ed with many genes previously linked to BC (Table 4), with
the flap structure-specific endonuclease 1 (FENT) being
one example of a gene correlated with the MCM2 gene.
FENT overexpression has been shown to promote BC.
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Table 4: The top 10 co-expression correlations of MCM2, MMP1, and MMP? in BC according to the Correlation

AnalyzeR results

Studied Correlated
gene genes Gene name r P
MCM5 Minichromosome Maintenance Complex 0.861 4.235e-08
Component 5
FEN1 Flap Structure-Specific Endonuclease 1 0.859 4.35e-08
MCM?7 Minichromosome Maintenance Complex 0.848 5.016e-08
Component 7
MCMé Minichromosome Maintenance Complex 0.845 5.207e-08
N Component 6
LE) CDCA5 Cell Division Cycle Associated 5 0.843 5.338e-08
= CDK2 Cyclin Dependent Kinase 2 0.837 5.741e-08
RACGAP1 Rac Gtpase Activating Protein 1 0.835 5.879e-08
MYBL2 MYB Proto-Oncogene Like 2 0.833 6.02e-08
PRC1 Protein Regulator of Cytokinesis 1 0.832 6.091e-08
MCM3 Minichromosome Maintenance Complex 0.829 6.307e-08
Component 3
PRDM8 PR/SET Domain 8 0.756 1.334e-07
LAYN Layilin 0.741 1.529-07
G0S2 GO/G1 Switch 2 0.739 1.557e-07
PTX3 Pentraxin 3 0.734 1.627e-07
& COL13A1 Collagen Type XIll Alpha 1 Chain 0.732 1.656e-07
§ ROBO4 Roundabout Guidance Receptor 4 0.718 1.872e-07
PRSS3 Serine Protease 3 0.715 1.921e-07
ANTXR2 ANTXR Cell Adhesion Molecule 2 0.712 1.971e-07
HBEGF Heparin Binding EGF-Like Growth Factor 0.711 1.987e-07
SERPINE1 Serpin Family E Member 1 0.71 2.004e-07
ILTORA Interleukin 10 Receptor Subunit Alpha 0.667 2.863e-07
C1QA Complement C1g A Chain 0.664 2.934e-07
PIK3R5 Phosphoinositide-3-Kinase Regulatory Subunit 5 0.649 3.309e-07
CD86 CD86 Molecule 0.633 3.758e-07
x SPI1 Spi-1 Proto-Oncogene 0.625 4.003e-07
§ CDh2 CD2 Molecule 0.621 4.131e-07
C10B Complement C1qg B Chain 0.619 4.196e-07
c10C Complement C1g C Chain 0.618 4.229e-07
IGHG1 Immunoglobulin Heavy Constant Gamma 1 0.611 4.468e-07
IGHG1 Immunoglobulin Heavy Constant Gamma 1 0.611 4.468e-07

r: Pearson correlation coefficient. The p values are presented by the scientific mathematical method. All p values indicate p<0.001.

Zou et al. showed a negative association between FENT
expression and cisplatin sensitivity in BC cells. Moreover,
curcumin treatment (dose-dependent) downregulated
the expression of FENT. In addition, they showed an in vi-
tro and in vivo combination of curcumin with cisplatin to in-
crease the sensitivity to cisplatin, which was found to occur

through the downregulation of FENT in BC. Interestingly,
their study concluded that curcumin sensitizes cells to cis-
platin via the downregulation of FEN1 (44). As a result, this
opens up a new approach to treatment by increasing can-

cer cells’ sensitivity to chemotherapy treatments.
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MMP1 is associated with many physiological processes
via the modification of the tumor microenvironment and
the extracellular matrix (45). MMPT is upregulated in BC
tissues and has been shown to be associated with inva-
sion and metastasis (46). The current study has demon-
strated curcumin’s ability to alter the expression of on-
cogenic genes such as MMP1 by down-regulating their
expression.

MMP9 is also a member of the MMP family that pro-
motes the invasion and migration of BC cells. MMP9
gene was found to be linked to the signal transducer
and activator of transcription 3 (STAT3) gene activation,
which is involved in cellular proliferation, apoptosis,
tumorigenesis, and angiogenesis. Furthermore, the
knockdown of STAT3 suppressed MMP9 expression and
metastasis in BC cells (47). These findings suggest the
inhibition of MMP1T and MMP9 expression by curcumin
and miRNA miR-145-5p to be possible novel strategies
for controlling BC.

The present study has investigated the prognostic sig-
nificance of the five hub genes with regard to the OS
of BC patients and revealed the overexpression of the
MCM2, MMP1, and MMP9 genes to decrease the OS of
BC patients. However, no influence was found regard-
ing alterations in the expression of the FN1 and EEF1A2
genes (Figure 6). A comprehensive bioinformatics anal-
ysis study assessing the significant value of MCMs in BC
demonstrated the MCMZ2-7 genes to be significantly
overexpressed in BC, particularly in tumor subtypes that
proliferate and spread quickly. This predicted a worse
prognosis with shorter OS and relapse-free survival
(RFS) for BC patients, providing insight into the prog-
nostic value of MCMs regarding the various molecular
subtypes of BC (48). Consequently, the current and other
findings have suggested MCM2 to be a possible good
prognostic biomarker for BC and to perhaps be a po-
tential therapeutic target. One study showed the Y-box
binding protein-1 (YB-1) to mediate the invasion and
metastasis of BC by acting on MMPT and beta-catenin
(CTNNBT). That study’s analysis of breast tumor samples
from the Gene Expression-Based Outcome for Breast
Cancer Online (GOBO) database showed a markedly
reduced 10-year distant metastasis free survival to be
predicted with the overexpression of the YB-1, MMP1,
and CTNNBT1 genes (49). MMP1 may be a good mark-
er of the prognosis for BC metastases (49). Moreover,
the elevated expression level of the MMP9 gene in both
blood and tumor tissue samples of 108 BC patients has
indicated worse prognoses (50). Accordingly, MMPs are
being extensively investigated as potential therapeutic
targets for cancer progression.

This study has combined a bioinformatic analysis with
in vitro experiments, including cell proliferation assays,

scratch wound assays, and expression studies, to in-
vestigate the effect of curcumin in combating cancer
through miR-145-5p and its target genes. One limitation
of the study is that it only examined the expression of
the selected genes at the mRNA level. It did not eval-
uate changes in protein levels to verify the relationship
between miR-145-5p and its target genes. Additional
research is required to analyze the collective influence
of miR-145-5p and curcumin on cell proliferation and
migration, as well as their effects on the expression of
target genes.

CONCLUSION

Curcumin exerts a strong anticancer impact on BC MCF-
7 cells by suppressing cellular growth. This effect is like-
ly mediated by the upregulation of miR-145-5p and the
downregulation of the MCM2, MMP1 and MMP9 genes.
The upregulation of MCM2, MMP1 and MMP9 genes
is negatively associated with the OS in BC. Obviously,
different studies should validate the findings of the in
silico and in vitro studies at the protein levels. These will
be valuable for evaluating the potential therapeutic role
and clinical utility of curcumin and the miR-145-5p mimic
prior to clinical trials and therapeutic usage when con-
sidering a tumor’s pathological results. Additionally, due
to the study’s bioinformatic analysis providing informa-
tion about the potential the target genes of miR-145-5p
have regarding OS, further studies are recommended
on patient-derived BC samples based on their clinical,
biological and pathological characteristics for a better
understanding of the impact these genes have on OS.
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ABSTRACT

Objective: Multiple myeloma (MM) patients have a high risk of
developing infections. In this study, we documented the infec-
tion events in patients with MM who underwent autologous hae-
matopoietic stem cell transplantation (AHSCT).

Material and Method: Patients who received an induction regi-
men and underwent AHSCT were enrolled in the study. Routine
antimicrobial prophylaxis was not given. Infection treatment was
performed in accordance with the febrile neutropenia guidelines.

Result: Between May 2007 and November 2016, 150 patients
with MM underwent AHSCT. The median age was 51.7+7.2
years, and the male-to-female ratio was 84/66. Nearly all patients
developed fever. The median time from the HSCT day to the first
fever episode was 7.4+2.8 days. Pneumonia and oropharyngeal
candidiasis were frequently associated with fever. Blood and
urine culture positivity was 18.6% and 20%, respectively. The
neutropenia duration was not associated with culture positivity
but proved to be longer in patients who had received two types
of induction regimen (8.4+3.7 vs. 7.4+2.3 days, p=0.056). The
mortality rate in the first 100 days was 0.6%, which was similar to
the results of other experienced centers.

Conclusion: Our study encompassed the period when the in-
duction regimen included combinations of chemotherapy, and
novel agents were used after chemotherapy refractoriness or
for improvement in response quality. In relation to this, most

&ZET

Amag: Multipl miyelom (MM) hastalarinda enfeksiyon gelisme
riski ylUksektir. Bu calismada, otolog hematopoetik kék hicre
nakli (OHKHN) yapilan MM hastalarinda enfeksiyon olaylari
derlenmistir.

Gereg ve Yéntem: indiiksiyon rejimi ardindan OHKHN uygula-
nan MM hastalar caligmaya dahil edilmistir. Rutin antimikrobiyal
profilaksi uygulanmamustir. Enfeksiyon tedavileri febril nétropeni
kilavuzlarina paralel yapilmistir.

Bulgular: Mayis 2007 ve Kasim 2016 tarihleri arasinda toplam
150 MM hastasina OHKHN uygulandi. Ortanca yas 51,7+7,2
yil ve erkek/kadin orani 84/66 idi. Hastalarin neredeyse tama-
minda ates gelisti. HKHN gininden ilk ates atagina kadar
gecen sire ortanca 7,4+2,8 gindu. Atesle en sik iligkili en-
feksiyonlar pnémoni ve orofarengeal kandidiyazis idi. Kan ve
idrar kultirG pozitifligi sirasiyla %18,6 ve %20 olarak bulundu.
Nétropeni stresi kiltlr pozitifligi ile iligkili degdildi, ancak iki
tip indiksiyon rejimi alan hastalarda nétropeninin daha uzun
sturdugu gorildi (8,4+3,7 vs, 7,4+2,3 giin, p=0,056). ilk 100
glinde mortalite orani %0,6 olup diger deneyimli merkezlerin
sonuglarina benzerdi.

Sonug: Calismamiz, indiksiyon rejiminin kemoterapi kombinas-
yonlari ile yapildigi ve yeni ajanlarin kemoterapi refrakterligin-
den sonra veya yanit kalitesinde iyilesme icin kullanildigi dénemi
kapsamaktadir. Bununla baglantili olarak, hastalarin cogu ikinci
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patients received second-line induction therapy. The infection
events were manageable, and patients showed acceptable out-
comes and a very low early mortality rate.

Keywords: Multiple myeloma, autologous haematopoietic stem
cell transplantation, infection, febrile neutropenia

basamak indiksiyon almistir. Enfeksiyon olaylari yonetilebilir ni-
telikteydi; hastalar kabul edilebilir sonuglar ve ¢ok duslk erken
olim orani gosterdi.

Anahtar Kelimeler: Multipl miyelom, otolog hematopoietik kék
hicre nakli, enfeksiyon, febril nétropeni

INTRODUCTION

Multiple myeloma (MM) patients are at increased risk of
infection. MM itself, its disease pathophysiology, and
treatment contribute to significant cellular and humoral
immunity dysfunction. Along with the patient’s comorbidi-
ties including physical and social compromise, infection in
MM was associated with an individual variable rate (1-7).

In the last two decades, MM treatment has evolved from
chemotherapy to pathology-targeted therapies. First,
drugs that intervene in the microenvironment interaction,
increase cellular immunity, and contributing to tumour
cell apoptosis are released in the medical area. Thalido-
mide and its analogues with proteasome inhibitors were
the first novel players in MM treatment. The treatment
evolution schedules the MM treatment in fragments as
induction, consolidation, and maintenance. All these in-
novations contributed to significantly improved survival,
but relapse was inevitable. The second wave of MM treat-
ment came with immunotherapy, first with monoclonal
antibody followed by bispecific antibodies, and last with
chimeric antigen receptor (CAR)-T cell application, which
took MM treatment to the top (8, 9). MM’s treatment sto-
ry created an area where to mention minimal residual dis-
ease negative life and cure. Unfortunately, access to this
treatment evolution in some low-income countries was a

little behind.

We aimed to document the infection rates in patients
with MM by reflecting on the MM treatment story in
our country, which may assume a role as historical data.
Across the AHSCT, the induction, mobilisation regimens,
and conditioning were assessed. The duration of neutro-
penia and the relationship between neutropenia dura-
tion and other parameters were evaluated.

MATERIALS and METHODS

We retrospectively assessed 150 patients diagnosed with
MM who underwent AHSCT. An institutional electronic data-
base and the European Society of Blood and Marrow Trans-
plantation (EBMT) data collection forms were used for data
collection. All of the patients’ treatment costs were covered
by social insurance, and the treatment protocol was based on
the health authority indications and national reimbursement
criteria. Transplant eligibility was assessed by the HSCT team
of the institution following the EBMT guidelines (10).

The patient’s induction regimen is based on drugs li-
cenced by the Ministry of Health and is covered by the
Social Security and General Health Insurance. Induction
regimens mainly comprised combined chemotherapy
(VAD regimen, vincristine (V), doxorubicin (A), and high-
dose dexamethasone (D)). Proteasome inhibitors with or
without an immunomodulatory drug (IMID) were added
to the induction therapy when the disease response was
insufficient before AHSCT. Treatment was continued until
the completion of AHSCT.

The mobilisation regimen was based on the patient's
MM response depth, either with chemotherapy-based
regimens, such as cyclophosphamide plus granulo-
cyte colony-stimulating factor (G-CSF), cyclophospha-
mide+etoposide plus G-CSF, or G-CSF alone. The target
CD34-positive cell number was >2x10%/kg.

The conditioning regimen was melphalan administered
at a single dose of 200 mg/m? (140 mg/m? in patients with
kidney failure). Reverse isolation rules were applied. Anti-
microbial prophylaxis was not routine and was used only
as secondary therapy according to the patient’s medical
history. All patients with HBsAg and/or anti-HBc IgG pos-
itivity received antiviral prophylaxis.

Routine antimicrobial prophylaxis was not given. For
patients with a history of previous invasive aspergillosis,
expected prolonged neutropenia of >2 weeks, or pro-
longed neutropenia before transplantation, antifungal
prophylaxis was applied.

CMV monitoring was not routinely performed. In cases
with clinical suspicions such as unexplained and/or un-
responsive fever, CMV assessment was performed using
CMV PCR. CMV reactivation was defined as the detection
of plasma CMV DNA>5001U/mL in plasma.

The post-transplant management protocol was based on
supportive therapy, mainly febrile neutropenia treatment
and transfusion. All patients received G-CSF to acceler-
ate haematopoietic recovery from the 5" HSCT day until
engraftment.

Neutropenic fever was defined as a temperature of
>38.3°C orally or 238.0°C over 1 h with an absolute neu-
trophil count (ANC) of <500/ pL, or <1000/ pL and expect-
ed to fall <500/ pL over the next 48 h. This management
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was in accordance with the recommendations of the Na-
tional Comprehensive Cancer Network (NCCN) guide-
line 2023 (11).

Microbiological evaluation of neutropenic fever includ-
ed obtaining at least two sets of blood cultures from the
catheter lumen and peripheral vein, urine cultures, and
other secretions or body fluids in case of clinical suspi-
cion. High-resolution chest computed tomography was
performed in patients with fever persisting for >72 hours
according to the European Society for Medical Oncology
(ESMO) Practise guidelines for the management of febrile
neutropenia (12). Thorax CT was skipped when the pa-
tient's clinical performance was not suitable for imaging.

All patients with neutropenic fever received empirical in-
travenous broad-spectrum antipseudomonal antibiotics;
in case of pneumonia, diarrhoea, and/or central venous
catheter infection, vancomycin was added to the treat-
ment. When an infection agent was documented in cul-
ture, the antimicrobials were changed according to the
clinical course and antibiotic susceptibility test results. All
patients were re-evaluated 48-72 hours after the initia-
tion of antibiotics. In patients with refractory fever, the an-
tipseudomonal antibiotic was changed to carbapenem,
and/or vancomycin was added, if not started at the be-
ginning of the fever. Although no clear distinction has yet
been made, they were categorised to classify information
on the causative agents and resistance patterns produced
and to guide antibiotic use strategies at intermediate
stages. According to this categorisation, multidrug-re-
sistant (MDR) was defined as acquired non-susceptibility
to at least one agent in three or more antimicrobial cat-
egories, extensively drug-resistant (XDR) was defined as
non-susceptibility to at least one agent in all but two or
fewer antimicrobial categories (i.e. bacterial isolates re-
main susceptible to only one or two categories), and pan-
drug resistant (PDR) was defined as non-susceptibility to
all agents in all antimicrobial categories (13). At the 96*
hour after refractory fever, invasive fungal infection (IFI)
was evaluated using blood galactomannan analysis and
thorax computed tomography (CT). In general, empiric
antifungals with caspofungin or liposomal amphotericin
B were added to the antibacterial treatment. In cases of
proven or probable aspergillosis, voriconazole was add-
ed to anti-microbial therapy according to the clinical pro-
tocol. Ganciclovir was used to treat CMV-DNA viremia.

Statistical analysis

Statistical analyses were performed using the Statisti-
cal Package for the Social Sciences (SPSS) version 11.0
(SPSS Inc., Chicago, IL, USA). Descriptive statistics were
defined as numbers and percentages for categorical vari-
ables and mean, standard deviation, minimum, and max-
imum values for numeric variables. Student's t-test was
used to compare normally distributed parameters, and

the Mann-Whitney U test was used for other tests. The
qualitative variables were compared using Pearson’s Chi-
square test. The statistical significance level was defined
as p<0.05.

The study was approved by istanbul Faculty of Medicine
Clinical Research Ethics Committee (Date: 21/07/2023,
No: 15).

RESULTS

The study included patients with MM who underwent
AHSCT between May 2007 and November 2016.

The median age of the patients was 51.7+7.2 years (range
between 30 and 69 years). The male-to-female ratio was
84 (56%) to 66 (44%). In addition to MM, hypertension
(22.6%), diabetes mellitus (15.3%), chronic hepatitis B
(6%), coronary artery disease (3.3%), tuberculosis history
(1.3%), and chronic obstructive pulmonary disease (0.7%)
were noted in the medical records.

VAD was the most frequently used induction regimen
related to the social insurance system financial support
limitation for other regimens. Table 1 lists the induction
regimens used. The total number of induction courses
was 8.2+3.4 (between 2-23). The time interval to AHSCT
proved to be 179.7+158.7 days from diagnosis.

Table 1: Induction regimen types as first- and second-
line regimens

Chemotherapy n %

First-line

VAD 109 732
High-dose dexamethasone 15 101
VD 16 10.7
CyBORD 5 33
TD 4 2.7
Second-line

VD 68 4546
CyBORD 25 168
Cyclophosphamide, dexamethasone 10 6.7

TD 14 9.4
DCEP 5 34
Rd 6 4.0
CEP 1 0.7

VAD: vincristine, adriamycin, dexamethasone, VD: bortezomib,
dexamethasone, CyBORD: bortezomib, dexamethasone, cyclo-
phosphamide, TD: thalidomide, dexamethasone, DCEP: dexa-
methasone, cyclophosphamide, etoposide, cisplatin, Rd: lena-
lidomide, dexamethasone, CEP: cyclophosphamide, etoposide,
cisplatin
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G-CSF alone was the most used (59.3%) mobilisation
regimen. Chemotherapy-based regimens were equal-
ly distributed. G-CSF plus cyclophosphamide was ad-
ministered to 32 patients (21.3%) and cyclophospha-
mide plus etoposide to 29 (19.3%). The mean infused
CD34-positive cell dose was 6.2x10%kg (range 1.35-
27.2x10°). Neutrophil engraftment occurred on 13+3.7
days (between 6-33 days) and platelet engraftment on
14+4.7 days (6-31 days). The duration of neutropenia
was longer in patients who received two two-line induc-
tion regimens compared with only one line (8.4+3.7 vs.
7.4+2.3 days, p=0.056).

All patients experienced mucositis at different degrees.
Diarrhoea developed in 50 (33.3%) patients in the early
post-transplant period.

All patients developed fever except 21 (14.0%). The me-
dian time from AHSCT day to fever development was
7.4+2.8 days. There was no significant difference between
infused CD34-positive cell count and febrile neutropenia
(p=0.34) episode. The relationship between neutropenia
duration and neutropenic fever was not statistically sig-
nificant (p=0.74).

The infection source could not be identified in 72 (48%)
patients. The most frequently occurring infection was
pneumonia (12.0%). Oropharyngeal candidiasis is the
second most frequent (10.6%) infection-related clinical
diagnosis. Rare infections included skin and soft-tissue in-
fections (5.3%), herpetic stomatitis (4%), and neutropenic
enterocolitis (2.6%). One patient (0.66%) with diarrhoea
was diagnosed with CMV colitis based on histological ex-
amination of tissues biopsied on colonoscopy. Nineteen
(12.6%) patients received antifungal therapy due to clini-
cal diagnosis of possible IFI.

Imaging studies were performed on 30 patients. Four-
teen (46.6%) patients presented with pulmonary infil-
trates with pleural effusion on thorax CT. One patient
with severe abdominal pain had intestinal wall thick-
ening on abdominal CT suspecting inflammation and
broad-spectrum antimicrobial agents were initiated with
a preliminary diagnosis of neutropenic enterocolitis (ty-
phlitis).

A total of 28 patients (21.7%) of 129 who developed
neutropenic fever had blood culture positivity (Table 2).
When the Gram-negative bacilli isolated from the pa-
tients were analysed, ESBL positivity was detected in
75% of the isolates, XDR positivity in 9.5%, and resis-
tance to all tested antimicrobials, PDR, in only one clini-
cal isolate (4.76%). Urine culture positivity was detected
in 30 patients (23%) (Table 3). The most commonly iso-
lated microorganisms were coagulase-negative staph-
ylococci in blood culture and Escherichia coli in urine
culture. Among catheter tip cultures, Staphylococcus

Table 2: Results of blood culture during neutropenic
fever

Blood culture n %

None 122 81.3
MSCoNS 9 6.0
MRCoNS 8 53
MSSA 3 2.0
Escherichia coli 4 27
Enterococci sp. 1 7.0
Klebsiella pneumoniae 3 2.0

MSCoNS: Methicillin Susceptible Coagulase-negative staphylo-
cocci, MRCoNS: Methicillin Resistant Coagulase-negative staphy-
lococci, MSSA: Methicillin-sensitive Staphylococcus aureus

Table 3: Results of urine culture during neutropenic
fever

Urine culture n %

None 120 79.3
Escherichia coli 10 6.7
Enterococcus spp. 6 4.0
Klebsiella pneumoniae 5 33
Candida spp. 3 2.0
MSSA 1 0.7
Stenotrophomonas maltophilia 1 0.7
Proteus sp. 1 0.7
Pseudomonas sp. 1 0.7
Acinetobacter sp. 1 0.7
Morganella sp. 1 0.7

MSSA: Methicillin susceptible Staphylococcus aureus.

infections were the most frequently encountered agents
in 17 patients, followed by methicillin-sensitive Staph-
ylococcus aureus positivity in 2 patients, and Pseudo-
monas positivity in 2 patients. Candida spp. were iso-
lated from catheter tip cultures of two patients. In two
patients with uncontrollable fever, despite algorithmic
management, surveillance culture revealed vancomy-
cin-resistant Enterococcus (VRE), and linezolid was re-
placed with vancomycin. There was no relationship be-
tween neutropenia duration and culture positivity.

Within 100 days of AHSCT, only one patient (0.6%) re-
quired intensive care unit care and died of sepsis.

There was no statistically significant difference between
the number of pre-transplant treatment courses and the
timing of AHSCT with antimicrobial lines (p=0.34 and
p=0.44, respectively).
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DISCUSSION

MM, with its disease evolution and pathophysiology,
forms a major research area that contributes to the de-
velopment of new drugs. Every progress in treatment
is associated with some adverse effects. Infection is the
main adverse effect of MM treatment, but the disease it-
self causes an immunosuppressive environment.

Our study included a cross-section of MM treatment
history from combination chemotherapy to novel drugs.
We documented infection events during the early peri-
od of AHSCT in patients with MM, which encompassed 4
weeks after transplantation.

We found that all patients developed fever, except 21
(14.0%). The infection source could not be identified in
72 (48%) patients. A study from Poland reported infec-
tious complications after AHSCT, including lymphoma,
acute myeloid leukaemia, and MM patients. The infec-
tious complication rate was 92.3% during neutropenia
after AHSCT. The clinically documented infection ratio
was 9.3%, and fever of unknown origin was 51.7% (14).
Another study from Tirkiye reported that febrile neutro-
penia developed in 92% of autologous stem cell trans-
plant recipients (15). This result is also consistent with the
review written by Nesher L and Rolston K in Principles
and Practise of Transplant Infectious Disease (16). They
reported that approximately 40-50% of febrile neutro-
penic patients have neither clinical evidence of infection
nor positive microbiological documentation of infection,
which are episodes of unexplained fever.

In our study, only one patient (0.6%) required intensive
care unit care and died of sepsis within 100 days of AH-
SCT. A study from Taiwan reported that the early mortal-
ity rate defined as death within 60 days after diagnosis
was 12.6%. They reported that infection was the cause
in nearly two-thirds of those early deaths (17). Another
study from the USA revealed an overall early mortality
rate, defined as death within 6 months after MM diagno-
sis, of 8.3%. Advanced-stage disease, poor ECOG perfor-
mance, and older patients (aged > 70 years) were found
to be predictors of early mortality (18). The low death rate
in our study may be related to the restricted definition of
transplant candidates.

We experienced that nearly half of the febrile neutro-
penic patients had no clinical or laboratory evidence
of infection. Nearly half of the febrile patients (48%)
did not have any clinical symptoms or signs leading to
an obvious infection diagnosis. Pneumonia occurred in
12% of patients. The most frequently isolated pathogen
was Gram-positive cocci. Urinary tract infection was also
not at a low rate. The rate of urinary system infection by
E. coli was 20%. CMV infection and IFI were not major
complications in our cohort. Consistent with our study, a

study from Pakistan documented the incidence and main
characteristics of infections in patients with MM treated
at their centers over 10 years. They found that the lung
was the most common site of infection, followed by the
genitourinary system, and E. coli was the most common
organism (19). They also reported that infection was the
main cause of death at a rate of 6.3%. The same experi-
ence was reported in Germany, which conducted a large
retrospective analysis of 479 patients with MM. The study
showed that the rate of infections was stable over time
and was mainly associated with high disease burden,
relapsed disease, and treatment with high-dose chemo-
therapy (20). A meta-analysis conducted in China showed
that patients with MM treated with IMIDs are at high risk
of serious infection (21). A systematic review encompass-
ing the frontline, maintenance, and relapsed/refractory
settings of MM treatment within randomised clinical tri-
als reported that the significant risk factors were severe
infection, pneumonia, and neutropenia (22).

A retrospective data evaluation from China revealed that
newly diagnosed patients with MM were highly suscepti-
ble to viruses, including mainly Epstein-Barr virus (EBV)
and hepatitis B virus (HBV) (23). Our institution’s antiviral
prophylaxis protocol against HBV was routine according
to the criteria defined in the method part of the study.
In our study, only one CMV organ disease had intestinal
involvement. Therefore, CMV infection was not a signif-
icant problem with historical induction regimens. In the
study conducted in ltaly, covering 327 AHSCT (n=201
MM, n=126 lymphoma), 11% required specific antiviral
treatment for symptomatic CMV reactivation (n=32) or
end-organ disease (n=4), which increased transplant-re-
lated mortality (24).

For antibacterial prophylaxis, levofloxacin is recommend-
ed during the first 3 months, particularly in patients at
intermediate and high risk for early infection (25). Our
institutional protocol excluded antibacterial prophylaxis.

A multicenter study in Melbourne focusing on IFl in MM
patients. Based on the clinical and microbiology records
review, the IFl rate was low in patients with MM treated
with novel drugs, including monoclonal antibodies (26).
Similarly, IFl was not a major complication in our cohort.

Our study is retrospective. The emphasis is that in our
study population, the total number of treatment cours-
es given for remission induction was high, and the time
from diagnosis to HSCT was long. The explanation for
this is institution-related. The institution transplant unit's
working intensity resulted in an obligatory waiting list.
On the other hand, the infection events were manage-
able, and patients showed acceptable outcomes and a
very low early mortality rate. Radiological imaging was
performed on a few patients who developed neutropenic
fever. These are the limitations of our study. On the other
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hand, our results provide historical data and reflect infec-
tion events in Tlrkiye when immunotherapy, either dara-
tumumab, elotuzumab, or isatuximab, has not yet been
reimbursed, and combined chemotherapy was allowed
as frontline therapy.
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ABSTRACT

Peripheral lymphedema occurs because of mechanical or func-
tional obstruction of the lymphatic system. Accurate diagnosis
is important for the appropriate management of patients with
lymphedema. Lymphoscintigraphy is a useful technique among
the first-choice methods to detect lymphedema. Factors affect-
ing the outcome of the test and different test protocols can
make it difficult to interpret. The aim of this review is to provide a
literature-based overview of the aetiology and diagnostic meth-
ods of extremity lymphedema and to summarise the current
knowledge on lymphoscintigraphy protocols and interpretation.

Keywords: Peripheral lymphedema, lymphoscintigraphy, scin-
tigraphy protocols

OzZET

Periferik ekstremite lenfédemi lenfatik sistemin mekanik veya
fonksiyonel obstriksiyonu sonucunda olugur. Lenfédemli has-
talarin uygun sekilde yonetilebilmesi icin dogru tani konulmasi
Snemlidir. Lenédemin saptanmasi icin ilk tercih edilecek yon-
temler arasinda lenfosintigrafi dnemli bir yer tutar. Testin sonucu-
nu etkileyen faktérler, farkli test protokollerinin yorumlanmasini
zorlastirabilir. Bu derlemenin amaci, alt ekstremite lenfédeminin
etiyolojisi ve tani yontemleri hakkinda literatlire dayali bir bakig
saglamak ve lenfosintigrafi protokolleri ve yorumlamasi hakkin-
daki glincel bilgileri 6zetlemektir.

Anahtar Kelimeler: Periferik lenfédem, lenfosintigrafi, sintigrafi
protokolleri

INTRODUCTION

Powerful diagnostic methods are needed for the defin-
itive diagnosis and appropriate treatment of peripheral
lymphedema, which is manifested by the deterioration
of lymphatic drainage in the extremities due to various
aetiologies. Peripheral lymphoscintigraphy, which has
been used for many years in imaging lymphatic ducts
and nodes, is a useful method for both differential di-
agnosis and clarification of the aetiology of lymphede-
ma. In this review, a brief history of lymphoscintigraphy,
anatomy and physiology of peripheral lymphatic ducts,
aetiology of lymphedema, and other imaging methods
will be discussed. Radiopharmaceuticals used, applica-
tion techniques, interpretation, advantages and disad-
vantages, and clinical indications of lymphoscintigraphy
will also be mentioned.

History

Walker was the first to report the activity observed in
regional lymph nodes after radioactive Gold-198 col-
loid injection (1). In a study conducted by Sherman and
Ter-Pogossian in 1953, subcutaneous radioactive colloid
gold was injected into the right and left sides of the ante-
rior abdominal wall of rabbits, and it was shown that the
colloid quickly drained into the regional lymph nodes (2) .
Threefoot and his colleagues used this method to demon-
strate lymphaticovenous and lymphaticolymphatic com-
munication in humans in 1963 (3). Radioactive gold-198
colloid was not used in later years because of its high beta
radiation, but lymphoscintigraphy has taken its place as
a valuable method in the diagnosis of lymphedema with
the development of new and various radiopharmaceuti-
cals. Peripheral lymphoscintigraphy is most commonly
performed to investigate extremity lymphedema.
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Anatomy and physiology

The lymphatic system comprises two parts in the ex-
tremities: superficial and deep. While the superficial
(epifascial) system collects the lymphatic flow of the skin
and subcutaneous tissues, the deep (subfascial) system
drains lymph from muscle, bone tissues, and deep blood
vessels. This lymphatic drainage is directed to the pel-
vic lymph nodes in the lower extremities and the axillary
lymph nodes in the upper extremities (4, 5).

In contrast to the closed systemic circulation, the lymphatic
system is open. It transports macromolecules and immune
and excess interstitial fluids in tissues through lymphatic
channels and delivers them to cells and systemic circulation
through the subclavian vein. The lymphatic vascular struc-
ture initially consists of subunits called lymphangion. These
structures form lymphatic microcapillaries, starting with
blunt ends under the epidermis in the extremities and in
the tunica adventitia of the vessels. By regular contraction,
lymph reaches the systemic circulation. Initially, there is no
basement membrane in this structure. It comprises lymphat-
ic endothelial cells with spaces between them. These cells
have filamentous extensions that attach to the surrounding
tissues. Endothelial cells are in relationship with the extra-
cellular matrix and move away from each other and come
closer with the oncotic and hydrostatic pressure difference,
taking fluid and other molecules into this microcapillary
structure and providing drainage. The lymph fluid formed
in this manner moves passively. Meanwhile, the lymphatic
microcapillaries grow a little more and become a conduct-
ing vessel or channel structure with a basement membrane
and peripheral smooth muscle. Because of the one-way-
opening valves, lymph fluid does not flow backwards but is
pumped to the next vascular segment. Any mechanical or
other cause that disrupts this function causes accumulation
of lymph fluid and lymphedema (6, 7).

LYMPHEDEMA

Lymphedema may occur because of local or systemic
reasons (8, 9). Systemic diseases such as congestive heart
failure, renal failure, hypoalbuminemia, and nephropa-
thies that cause protein loss can induce lymphedema. Lo-
cal causes include primary and secondary lymphedema,
lipedema, deep vein thrombosis, chronic venous diseas-
es, postoperative complications, and cellulitis.

Lymphedema can be divided into two groups; primary
and secondary.

Primary lymphedema occurs congenitally in the lymphat-
ic system. There are three different types depending on
the age of emergence. Primary congenital lymphedema
usually occurs under 1-2 years of age. It may be sporadic
or familial. It may be a symptom of some genetic diseas-
es, such as Milroy disease. Primary lymphedema precocial
is the most common type. It usually occurs between the

ages of 1 and 35. It is more common in women and oc-
curs most commonly during puberty. It usually becomes
evident when the compensated lymphatic structure is de-
compensated after a minor trauma. Primary lymphedema
tarda occurs after the age of 35 (9).

Secondary lymphedema is lymphedema that occurs lat-
er in the lymphatic system because of infection, cancer,
trauma, and other reasons. Secondary lymphedema is
most common in developing countries due to filariasis
infection and in developed countries in patients who
undergo axillary or inguinal lymph surgery and radio-
therapy due to breast and pelvic cancers (4). Again, sur-
geries performed in the inguinal region and any type of
lymph node excision may cause secondary lymphedema.
Lymphedema occurs within 1 to 3 years in approximate-
ly 20-30% of breast cancer patients who undergo axillary
surgery (10, 11).

Lymphedema is generally a slowly progressing disease. At
first, the oedema is soft and leaves a pit when pressed with
afinger, but over time it hardens and does not leave a pit.
As the process progresses, skin thickening (hyperkerato-
sis) and coarsening (papillamotosis) develop. Disruption
of skin integrity causes recurrent infections, cellulitis, and
lymphangitis. Lymphatic drainage deteriorates further and
enters a vicious cycle if left untreated (9). Therefore, early
diagnosis and a correct treatment approach are important.
In treatment, conservative or surgical approaches are ap-
plied depending on the stage of the disease. The conser-
vative approach, namely, decongestant lymphatic therapy,
includes methods such as skin hygiene, massage, manual
lymphatic drainage, extremity compression, and exercise.
Surgical methods such as subcutaneous tissue resection,
lymphovenous microanastomoses between lymphatic ves-
sels and the venous system, and vascularised lymph node
transfer are used (12, 13).

IMAGING METHODS

Lymphangiography

Before lymphoscintigraphy, lymphangiography was used
to show lymphatic pathways and investigate lymphede-
ma. Kinmoth introduced traditional lymphangiography
(14). In this method, following the intradermal injection
of blue dye, the lymph channels are stained blue and be-
come visible through an incision made in the foot skin.
After the fat-soluble iodine contrast agent is injected into
the visible lymph channels with a thin cannula, serial im-
aging is taken with X-ray or computed tomography at the
60., 90., minutes and 24. h. It is a quite invasive method.
Because it requires incision and cannulation, it is suscep-
tible to infection and local inflammation. It is a technically
difficult procedure. It has not been a widely used method
because of reasons such as being painful, the procedure
taking time, allergy to contrast material or embolisation
6,7,9,15,16).
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Ultrasonography

Ultrasonography (USG) and Doppler USG provide infor-
mation about the lymph nodes but do not show the lym-
phatic channels and vascular structure. In the evaluation
of lymphedema in the extremities, USG helps to exclude
venous aetiologies by showing the presence of obstruc-
tion or reflux in the venous system (6). With USG, volu-
metric features, such as thickening of the dermis, thick-
ening of the subcutaneous tissue, and changes in muscle
mass, as well as structural features, such as changes in the
echogenicity of the dermis and subcutaneous tissues, can
be evaluated in the extremities with lymphedema (17).

Computed tomography

In lymphedema, computed tomography (CT) like USG,
shows skin and subcutaneous tissue thickening, increased
fat density, and anatomical changes around the muscle.
In tomography, there is often a honeycomb appearance
in the subcutaneous tissue, but it is not a specific find-
ing because it is also seen in cellulitis and generalised
oedema. In addition, as an anatomical imaging modality,
it also provides information about the morphology and
number of lymph nodes (18). Because it cannot differen-
tiate between lymphedema and oedema, it plays a sup-
portive role in lymphedema diagnostics.

Magnetic resonance imaging

Anatomical evaluation of the lymphatic system can be
made with standard magnetic resonance imaging (MRI)
images, and information about deep lymphatic vessels
can be obtained. MRI provides the extent of oedema
and adipose tissue deposition (19). Non-contrast MRI
is non-invasive but has not been widely used because
of image degradation. Using contrast-enhanced MR
Lymphangiography, information is obtained about the
anatomical and functional status of the lymphatic vascu-
lar structure in the extremities. In lymphedema, volume
changes in the extremities, as in USG and CT, show struc-
tural changes in the skin and subcutaneous tissue. Its
advantages are that it is radiation-free, shows the entire
extremity, and allows 3D reconstruction (19, 20). However,
prolonged use reduces patient comfort, has low sensi-
tivity in distinguishing lymphatic-venous vessels, has no
standard protocol or reporting, and gadolinium contrast
material allergy may occur.

Indocianine green lymphography

This is a simple, sensitive, and precise method that does
not involve radiation and is used in the diagnosis of lymph-
edema and in the planning of lymphaticovenous anasto-
mosis treatment. For the first time, in 2008, Unno et al.
used near infrared fluorescence (NIRF) imaging with Indo-
cyanine green to make the lymph channels visible in the
diagnosis of lymphedema in 2008 (21). When an indocy-
anine green substance is injected into the vein, lymphatic
channels become visible and their location and functions

can be determined. Usually injected perioperatively, the
vessels are visible with good resolution. It can demon-
strate superficial lymphatic flow and areas of congestion
with high resolution (19). Its disadvantage is that it is in-
sufficient to show lymphatics deeper than 1- 2 cm. The risk
of allergy to contrast medium should also be considered.
Indocyanine green is also used with near-infrared fluores-
cence imaging. Near-infrared fluorescence imaging with
indocyanine green is a minimally invasive, reliable, and
reproducible method that has emerged in recent years. It
is performed especially for evaluation in terms of plastic
surgery before lymphovascular anastomosis. However, it
is not yet widely available in every clinic. There is limited
experience and availability (19). However, it is one of the
most promising methods in the future.

PERIPHERAL LYMPHOSCINTIGRAPHY

Radiopharmaceuticals

Unfortunately, there is no ideal radiopharmaceutical for
lymphoscintigraphy today. Gold-198 colloid, which has
historical importance, could not be used much because
of its high beta radiation. The most standard radiophar-
maceuticals used today are nanocolloids labelled Tech-
netium 99m (Tc99m). However, colloids marked with
Tc99m do not have a worldwide standard because they
have different diameters. For example, because nanocol-
loid is not licenced in the United States, sulphur colloid,
which was formerly used in liver scintigraphy, is filtered
through 0.1 micrometer philtres to obtain colloids smaller
than 100 nm. In Europe, Rhenium sulphide colloid and al-
bumin nanocolloids marked with Tc99m are mostly used.
Once radioactive colloids are injected into the interstitial
tissue, they are absorbed slowly, with most of the activity
remaining at the injected site. Progression occurs slowly
in the lymph channels (4).

Unlike colloids, non-colloidal substances such as human
serum albumin, dextran, and human immunoglobulin
labelled with Tc99m have also been used for lympho-
scintigraphy. When injected, they are rapidly absorbed
and lymph vessels become immediately visible. For this
reason, they are preferred for quantitative analyses, but
different criteria may be required when interpreting due
to differences in absorption mechanisms (22-24).

Today, the most commonly used colloids in lymphoscin-
tigraphy are Tc99m nanocolloids with a diameter of less
than 100 nanomicrons, which are also used in our clinic.

Imaging protocol

There is no single globally accepted methodology for
peripheral lymphoscintigraphy. As with radiopharma-
ceuticals, the injection method and protocols may vary
slightly from country to country and from department to
department. No special patient preparation is required,
such as fasting or stopping medications before scanning.
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Injection: Injection is made intradermally or subdermal-
ly into the space between the first and second finger
roots of both normal and oedematous extremities. After
intradermal injection, lymphatic channels appear imme-
diately; however, with subdermal injection, they appear
more slowly. In lymphedema, the results of the test using
subdermal injection are more reliable than those using
intradermal injection (25, 26). In our department, 200-300
microCurie of Tc99m-nanocolloid is injected subdermally
in approximately 0.5 ml volume. The nanocolloid has a
slight burning effect at the injection site. The diffusion of
the radioactive material can be increased by gently mas-
saging the area after injection. In addition, after early
dynamic imaging, the patient can be mobilised and en-
couraged to walk, and if it is upper extremity oedema,
lymph flow can be stimulated with a light exercise for the
arm muscles. Then, delayed images can be obtained.

Instrumentation: Although imaging varies depending
on the facilities in the Nuclear Medicine Department,
a double-headed SPECT-CT (Single Photon Emission
Computerised Tomography) hybrid gamma camera with
high-resolution parallel hole collimators is used in our de-
partment. For Tc99m gamma rays, a 140 keV photopeak
and 20% window are set in the camera.

Positioning: Depending on the location of the lymph-
edema, the patient is placed in the supine position so
that the injection sites on both lower extremities or both
arms and the parts of the extremities that can enter the
camera field.

Imaging: There is no complete consensus on imaging
protocols. In some clinics, they start with dynamic im-
aging, whereas in some departments, imaging starts by
scanning the extremities. In scanning mode, the extremi-
ties are scanned immediately after injection, with the cam-
era moving 10 cm/min. In dynamic imaging, after the in-
jection sites are placed at the bottom of the camera field,
20 images of 10's are taken, then the camera is moved to
the knee or elbow area and another 20 images of 10 s are
obtained, and finally it is shifted to the pelvic or axillary
region, continuing and ending the dynamic images in the
same way. A 300-s static acquisition of the lymph nodes
in the axillary or pelvic area is taken immediately after the
scan mode or dynamic images are finished and at 1, 2,
and 3 h and later if necessary. If the regional lymph nodes
are not visible, images can be taken after the patient is
mobilised and walked for a while. SPECT-CT study may
also be recommended if lymphedema occurs, especially
in the pelvis, abdomen, and thoracic regions (27). Late
images are particularly useful in demonstrating dermal
reflux, and the visualisation of liver uptake indicates that
the radiopharmaceutical has reached the hepatic circula-
tion (28). Late imaging is also essential for assessing der-
mal backflow or post-traumatic stagnation. If available in

the clinic, a Cobalt-57 flood phantom source is placed
between the patient and the gamma camera during im-
aging to determine the patient’s body contours.

Greater sensitivity and better three-dimensional spatial
resolution can be achieved by acquiring single-photon
emission computed tomography (SPECT) by combining
LS with single-photon emission computed tomography.
SPECT/CT study is recommended when lymphedema
concerns the pelvic-abdominal-thoracic districts (29).
Yoon et al. developed a hybrid SPECT/CT classification
using dermal backflow of SPECT and honeycomb pattern
of CT and compared it with lymphoscintigraphic stag-
ing and clinical severity (30). In this study, the addition of
SPECT/CT to planar scintigraphy showed a 15.4% modifi-
cation rate in lymphoscintigraphic staging (30).

Normal distribution and Interpretation

Qualitative and visual assessment

In people with normal lymphatic anatomy and function,
the radiopharmaceutical flows symmetrically through
the lymphatic channels (usually 3-5 vessels in the calf,
1-2 vessels in the thigh) and drains simultaneously into
the regional lymph nodes in about 30-60 minutes (Fig-
ure 1) (31). When qualitatively interpreting peripheral
lymphoscintigraphy, the symmetry of the two extremities
is examined (4,9). The number and time of appearance
of lymphatic drainage channels and vessels in both ex-
tremities is another criterion. The time of appearance of
regional lymph nodes and whether there is a delay or not
are noted (Figure 2). After these findings, the secondary
findings are evaluated. Whether there is a sudden inter-
ruption in the continuation of lymphatic vessels or chan-
nels, collateral vessel development, and the presence
of backflow in the skin were evaluated (Figure 3). Lymph
nodes in the popliteal or epitrochlear region are usually

a b

Figure 1: Lower extremity lymphoscintigraphy; normal
findings. a) Immediate post-injection image: Injection
sites on both feet. b) Static image at 1 h. Bilateral
symmetrical and similar numbers of ilioinguinal lymph
nodes are visualised.
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Figure 2: Lower extremity lymphoscintigraphy; a patient
with bilateral lower extremity oedema. a) Immediate post-
injection image: Injection sites on both feet. b) Delayed
static whole-body image at 2. hour; there is delayed
visualisation and decreased number of pelvic lymph nodes
bilaterally but more prominent on the right side.

not seen, but when they are seen, it indicates that the
lymph flow passes through the deep lymphatic system
(4, 9). A semi-quantitative scoring system has also been
developed using these qualitative evaluation criteria (26).
Although there are no definitive findings distinguishing
primary and secondary lymphedema, delay or interrup-
tion in the transport of the radiopharmaceutical is more
common in primary lymphedema. Regional lymph nodes
may be reduced in number or not seen at all. In advanced
cases, reflux is observed on the skin. In secondary lymph-
edema, prominence and enlargement of lymphatic chan-
nels, delay in activity transport, presence of collateral
channels, and skin reflux and lymphatic leakage are more
common in late images (26, 31) (Table 1).

Quantitative evaluation

Quantitative evaluation may increase the sensitivity of the
test compared with qualitative visual evaluation. However,
there is no full consensus on this issue. Various researchers
have used different measurement criteria with different ra-

Table 1: Criteria for qualitative interpretation of
lymphoscintigraphy

Interpretation of lymphoscintigraphy

1. Primary findings:
Symmetry
Appearance time of lymph vessels and nodes
Number of lymph nodes

2. Secondary findings:
Sudden interrruption of the lymphatic channels
Presence of collateral lymphatic vessels
Backflow activity in the skin

diopharmaceuticals and protocols. Different quantitative
criteria, such as the clearance rate and time of the sub-
stance from the injection site, the remaining activity rate
at the injection site, the time of the substance to reach the
lymph node from the injection site (transport time or in-
dex), and the retention rate in the lymph node, etc., have
been applied (32-34). In a study by Weissleder et al., 70%
of 238 patients were diagnosed with lymphedema by vi-
sual evaluation, whereas this rate increased to 100% with
quantitative analysis. It has been stated that quantitative
evaluation increases the sensitivity in detecting new-onset
lymphedema (35). However, there is no standard method
for quantitative evaluation as in visual evaluation.

Advantages and disadvantages of lymphoscintigraphy
Lymphoscintigraphy, as a nuclear medicine method, has
low resolution compared with other modalities and cannot
show anatomical contours. Lymph nodes and large vessels
appear with low resolution and may not indicate low-level
lymph leakage in small lymphatic channels (6). Anatomical
imaging can be improved with SPECT-CT hybrid imaging,
and additional information can be obtained, especially re-
garding the typical honeycomb appearance due to lymph-
edema (27). Another disadvantage is the lack of a standard
in terms of both the radiopharmaceutical used and the
application of the test, that is, the injection site, volume,
and acquisition protocol (). This does not allow obtaining
standard results in the meta-analytic evaluation of studies
in which the test is used. However, lymphoscintigraphy is
a non-invasive, easily applicable method for the diagnosis
of lymphedema, and is accessible for clinical follow-up and
pre/post-treatment evaluations.

The visual evaluation of lymphoscintigraphy in patients
with lymphedema, Alavi et al. found that the test was 73%
sensitive and 100% specific (36). The low sensitivity was
due to three false negative cases, and pathology could
not be detected in these cases because early imaging
was not performed. In late images, the findings were
evaluated as normal.

Hassanein et al. qualitatively evaluated lymphoscintiga-
phy studies performed in 227 patients with lymphedema
and showed that the test was 96% sensitive and 100%
specific (37). It was observed that the seven cases with
false negative results were due to reasons such as mis-
diagnosis, new-onset disease, and not having enough
delayed images. They reported that lymphoscintigraphy
is successful in revealing the diagnosis in patients with
borderline clinical findings, confirming people with nor-
mal lymphatic function, and indicating the severity of the
disease (37).

Clinical Indications

1- Lymphoscintigraphy is an appropriate test for the eval-
uation of primary lymphedema or limb oedema of unclear
aetiology. Lymphoscintigraphy can also be appropriate
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Figure 3: Lower extremity lymphoscintigraphy; a patient with bilateral lower extremity oedema. a) Early static images:
Lower: Just above the injection sites and knee region, lymphatic channels are visualised asymmetrically; Upper: No inguinal
lymph nodes are seen on the right and only one lymph node is seen on the left. b) Delayed static images at 4 h; lower: knee
region, increased subcutaneous activity indicates dermal backflow on the right; upper: pelvic region, decreased number of
lymph nodes on the right side indicates the presence of an obstruction on the right side of the extremities.

for patients with suspicion of secondary lymphedema,
particularly if the clinical history or examination is not
definitive for the diagnosis of lymphedema (38). It plays
a role in the differential diagnosis of nonlymphomatous
oedema of the extremities. Lymphoscintigraphy is usually
normal in nonlymphomatous oedema. Lipedema (dense
fat storage under the skin), deep vein thrombosis, and
oedema developing after femoropopliteal bypass should
be considered in the differential diagnosis. In these cas-
es, lymphoscintigraphy will give normal results (9).

2- Lymphoscintigraphy can be performed to determine
the severity and degree of the disease. In a study evalu-
ated using the scoring criteria developed by Papalardo
and Cheng, it was shown that lymphoscintigraphic find-
ings were compatible with the clinical findings of lymph-
edema (26).

3- It is performed to evaluate the presence of lymphatic
drainage after axillary surgery. Lymphatic drainage of the
axilla after surgery in breast cancer has been evaluated in
various studies. In a study of 313 patients who underwent
axillary lymph node dissection, axillary lymph nodes were
not seen in 35.8% of the patients, whereas lymphatic drain-
age was observed in the others (39). Szuba et al. showed
that axillary lymph nodes were visible with lymphoscin-
tigraphy in 86.7% of patients who had breast cancer and
underwent axillary surgery (40). These studies show that
lymphatic drainage is restored after surgery in most cases.

Table 2: Indications for lymphoscintigraphy

Indications

1. Evaluation of primary lymphedema or limb oede-
ma of unclear aetiology.

2. Evaluation of secondary lymphedema, particularly
if the clinical history or examination is not defini-
tive for the diagnosis of lymphedema .

3. Differential diagnosis of nonlymphatic oedema of

the extremities (lipedema (dense fat storage under

the skin), deep vein thrombosis, and oedema de-

veloping after femoropopliteal bypass should, etc. )

Understanding the severity and degree lymphedema.

To evaluate the presence of lymphatic drainage

after axillary surgery (i.e.in breast cancer).

6. To confirm lymphatic dysfunction before lymphatic
surgery.

7. To demonstrate the effectiveness of the treatment.

o1

4- Lymphoscintigraphy can be helpful in confirming lym-
phatic dysfunction before lymphatic surgery (38).

5- Lymphoscintigraphy is used to show the effectiveness
of the treatment in patients receiving lymphedema treat-
ment. For example, in patients who have undergone
lymph node or vein transfer for treatment, the function of
the new transplant and the status of lymphatic drainage
were investigated. Complications at the donor site where
the lymph node was removed were examined. Lympho-
scintigraphy reveals the prognostic value of treatment.
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Studies have shown that lymphoscintigraphy findings are
compatible with clinical findings (41).

However, although guidelines recommend lymphoscin-
tigraphy, in a recent study of 57,000 patients, only 2.5%
of patients underwent lymphoscintigraphy. Most patients
undergoing lymphoscintigraphy are diagnosed with mel-
anoma or breast cancer (42).

In addition, according to the expert opinion consensus
report published in 2022 consisting of The American Ve-
nous Forum, American Vein and Lymphatic Society, and
the Society for Vascular Medicine in the diagnosis and
treatment of lymphedema, no consensus was reached
regarding routine clinical practice use of radionuclide
lymphoscintigraphy as a mandatory diagnostic tool in
lymphedema (43).

CONCLUSION

Lymphoscintigraphy is a very sensitive and specific
method for the diagnosis, treatment, and monitoring
of lymphedema when it is easily accessible. It is easy to
apply, reliable, has a low radiation dose, and does not
depend on the operator when performed in experienced
clinics. Although its low resolution limits anatomical eval-
uation, it provides information about lymphatic drainage
and function. The lack of a single standard application
method is a disadvantage. Expert representatives from
11 professional societies, as part of an autonomous work
group, researched and developed appropriate use crite-
ria (AUC) for lymphoscintigraphy in sentinel lymph node
mapping and lymphedema (38).

Further studies with a larger number of patients are re-
quired on this subject. Although lymphoscintigraphy is a
widely used method, contrast-enhanced MR Lymphan-
giography and Indocyanine Green Near Infrared Lymph-
angiography are also used more and more frequently in
recent years and are promising methods in the future.
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ABSTRACT

Dermoid cysts are benign tumors and occur very rarely in the ce-
cum. To date, the literature shows very few cases to have been
reported of a dermoid cyst in the cecum, one of which was lapa-
roscopic. Even though dermoid cysts have ultrasonographic char-
acteristic appearances, other pathologies in the pelvis can mimic
this appearance. A 35-year-old female patient who had had a di-
lation and curettage a week prior was examined with a complaint
of abdominal pain. A semisolid mass lesion with a size of 105x77
mm originating from the right lateral of the uterus was detected
by transvaginal ultrasonography. During the operation, the frozen
section of the mass was shown to not be malignant. The mass was
removed by ileocecal resection. The surgery was terminated after
ileocolonic anastomosis. The mass was examined histomorpho-
logically and was reported as a dermoid cyst in the cecal colon.
Cecal dermoid cysts should be considered for a differential diag-
nosis of pelvic cysts. A more detailed preoperative radiological
imaging could have contributed significantly to the diagnosis.
Surgical resection of a dermoid cyst in the cecal colon is a curative
treatment. Due to the rarity of such cases, conduct a prospective
study is quite difficult, which is what makes this study important.

Keywords: Dermoid cyst, colon, tumor

OzZET

Dermoid kistler iyi huylu timérlerdir ve ¢cekumda cok nadir
gorilurler. Literatirde bugine kadar biri laparoskopik olmak
lzere ¢ok az sayida ¢cekumda dermoid kist olgusu rapor edil-
mistir. Dermoid kistler ultrasonografik karakteristik gérintimle-
re sahip olsa da pelvisteki diger patolojiler de bu gérinimi
taklit edebilirler. Karin agrisi nedeni ile bagvuran 35 yasinda-
ki kadin hasta muayene edildi. Hastaya bir hafta dnce kiretaj
yapilmisti. Transvajinal ultrasonografide uterusun sagd latera-
linden kaynaklanan 105x77 mm boyutlarinda kitle lezyonu tes-
pit edildi. Operasyon sirasinda kitlenin frozen incelemesinde
malign olmadidi géruldi. Kitle ileocekal rezeksiyonla cikarildi.
ileokolonik anastomoz yapildiktan sonra ameliyat sonlandirildi.
Kitle histomorfolojik olarak incelendi ve ¢ekal kolonda dermo-
id kist olarak rapor edildi. Pelvik kistlerin ayirici tanisinda ¢ekal
dermoid kistler de distnilmelidir. Ameliyat 6ncesi radyolojik
gorintilemenin daha detayli yapilmasinin taniya énemli katki
saglayacagi dustinildu. Cekal kolondaki dermoid kistin cerrahi
olarak rezeksiyonu kiratif bir tedavidir. Vaka sayisi ¢cok az ol-
dugundan prospektif bir calisma yapmak olduk¢a zordur. Bu
bakimdan bu ¢alisma énemlidir.

Anahtar Kelimeler: Dermoid kist, kolon, timor
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INTRODUCTION

Dermoid cysts are benign tumors that involve all three
germinal layers and have a malignancy risk of 1-2%
(1). Benign dermoid cysts of the cecum are very rare-
ly seen (2). The literature shows dermoid cyst cases in
the cecum to very rarely have been reported, with one
of these being laparoscopic. This type of case is rarely
seen distally on the abdominal wall in the peritoneum,
omentum, or cecum (3). Even though dermoid cysts
have ultrasonographic characteristic appearances, oth-
er pathologies in the pelvis can mimic this appearance
(4). The current case report presents a patient who was
thought to have a cystic lesion originating from the right
ovary but who underwent an ileocecal resection due to
having a dermoid cyst.

CASE PRESENTATION

A 35-year-old female patient who had three previous
caesarean sections and dilation and curettage one week
prior at the gynecology and obstetrics clinic presented
with abdominal pain, abdominal swelling, and consti-
pation complaints after the curettage. The patient had
no comorbidities. On physical examination, tenderness
and pain were present in the right lower quadrant of the
abdomen. She had no muscular defense or rebound ten-
derness in her abdomen.

A semisolid heterogeneous mass lesion with a size
of 105x77 mm and originating from the right lateral
of the uterus was detected by transvaginal ultraso-
nography (Figure 1). The laboratory tests showed her
B-hCG (56 U/L) level to be high, the tumor marker
values to be normal, and leukocytes to be 11.100/
pL. The patient presented only with pain in the right
lower quadrant of the abdomen in her physical exam-
ination and was operated on by gynecologists with
prediagnoses of uterine myoma and cyst originating
from the right ovary.

Figure 1: Appearance of the mass on the transvaginal

ultrasound.

During the operation, the mass was seen to originate
from the cecum, and the patient was consulted to gen-
eral surgery. The size of the mass, which contained solid
and cystic components, was approximately 10x7x7 cm.
During the operation, a frozen section of the mass was
seen to not be malignant. The mass was removed by ile-
ocecal resection. The surgery was terminated after ileo-
colonic anastomosis (Figure 2).

Upon macroscopic examination of the tissue, the solid
yellow cystic formation with thick walls located at the
base of the cecum was not associated with mucosa,
was 10 cm at its widest diameter, and contained white
paste-like material. The microscopic examination re-
vealed a keratinous material in the lumen of the cystic
structure that had been laid with squamous epithelium
(Figure 3).

A giant cell reaction in the form of a serosal foreign body
secondary to the cystic lesion was found in the colon
samples (Figure 4). The mass was examined histomor-
phologically and was reported as a dermoid cyst in the
cecal colon.

Regression was observed in the patient's complaints
during the postoperative period, and she was discharged
on the 7" postoperative day. No recurrence was observed
during the patient’s follow-up one year later.

B B =

Figure 3: Squamous epithelium covering the lumen of
the cyst (asterisk) (x20 H&E).
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Figure 4: A foreign-body giant cell reaction that
developed on the serosal surface of the colon. Serosal
surface is covered by lots of giant cells (asteriks) (x40
H&E).

embryogenesis (5). In this present case, the patient had a his-
tory that included three abdominal operations.

Although the cause of extragonadal cysts is not known
exactly, dermoid cysts seen on the midline (e.g., the me-
diastinum, anterior side of the neck, and central nervous
system) frequently occur in the omentum in the abdomen
(6, 7). Further related studies will help to better under-
stand the subject (3). The cases with full texts in the liter-
ature are shown below Table 1.

Dermoid cysts in the cecal colon are frequently seen in
the middle adult age group. However, the literature does
show that they can also be seen congenitally in the pedi-
atric age group.

Pathological examination is essential for the diagno-
sis of these dermoid cysts. Pre-surgery cross-sectional

Table 1: Reported cecal dermoid cyst cases in the literature (including the present case)

Tumor

History of

Case Sex Age Symptom size surgery Surgery Year Reference

1 F 1 Abdominal 8cm No Terminal ileum and 1971 Kay (8)
mass cecum resection

2 F 53 Melena 4 cm Hysterectomy/ Laparotomy- Right 1977  Mossey (9)

Appendectomy hemicolectomy

3 F 34 Colic pain 10 cm 3 Caesarean Laparotomy- Right 1996  Wilkinson (2)
in the lower sections hemicolectomy
abdomen

4 F 39  Abdominal 20 cm No Laparotomy- Right 2000 Mellado (10)
distension and hemicolectomy
pain

5 M 34 Lower abdom- 7.5cm No Laparotomy- 2001  Nirenberg
inal pain Cystectomy and (11)

appendectomy

6 M 30 Right lower 8cm No Laparotomy- Right 2002  Schuetz (12)
abdominal hemi-cholectomy
pain

7 F 41 Weight and 10 cm No Laparotomy- Right 2016  Nahidi (13)
mass Mikulicz colostomy

8 M 2 Abdominal 6cm Anorectal malfor-  Laparotomy- Right 2019  Destro (14)
distension mation surgery hemi cholectomy

9 F 35 Right lower 10 cm No Laparoscopic 2020  Mishra (3)
abdominal cystectomy
pain

10 F 37 Right lower 7 cm Three Caesarean  Terminal ileum and 2020  The present
abdominal sections cecum resection case
pain and
distension

DISCUSSION

Dermoid cysts, also known as mature teratoma cysts, are clas-
sified as congenital or acquired. Acquired dermoid cysts may
develop due to previous operations or trauma. They can also
develop congenitally through ectoderm implantation during

imaging is required for these cysts, which can cause
abdominal pain and intestinal obstruction. Therefore,
total excision is sufficient for these benign cysts. Un-
necessary resection and lymph node dissection should

be avoided.
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CONCLUSION

In this present case, the preoperative ultrasonography
conducted by gynecologists was observed to have been
insufficient at detecting the origin of the mass, and ad-
ditional imaging methods may be needed in such cas-
es. Although cecal dermoid cysts are rarely seen, they
should be considered for the differential diagnosis of pel-
vic cysts. Surgical resection of a dermoid cyst in the cecal
colon is a curative treatment. Due to this type of case
occurring very rarely, conducting a prospective study is
very difficult, which is why this study is important.
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Dear Editor,

We have read the article entitled “A partial trisomy 9 case
with dicentric chromosome due to the adjacent-2 segre-
gation of maternal reciprocal translocation” by Urtekin et
al. published in the Journal of Istanbul Faculty of Medicine
(1). This paper is exceptional because the offspring of ad-
jacent-2 segregation being born alive is a rarity. Although
the authors have been careful with the details of each as-
pect, we would like to comment on certain possible theo-
retical imbalances, especially those caused by tertiary seg-
regations. The authors state that adjacent-2 segregation is
one of the few cases in which the infant is born alive with
dysmorphic features as it results in trisomy/monosomy of
chromosome 22 with partial deletion/duplication of chro-
mosome 9. Moreover, in 3:1 segregation, there are two
possibilities of disomy 22 with duplication and deletion of
chromosome 9 derived from the tertiary monosomy/triso-
my segregation pattern and that most gestational products
will be monosomic or double trisomic for chromosomes 9
and 22 (interchange monosomy/trisomy products).

As the authors have correctly indicated, in this translocation,
adjacent-1 segregation ironically results in gametes with
greater imbalance than adjacent-2 segregation. Nonethe-
less, in tertiary 3:1 segregations, the only possibility for diso-
my of chromosome 22 is caused by gametes with 24 chro-

mosomes retaining der(9). Such gametes will additionally
have a disomy of 9g22.31-pter, whereas those with 24 chro-
mosomes and der (22) will have a disomy of 9922.31-qter
only. The gametes with 22 chromosomes retaining der(22),
namely -9, will have virtually complete nullisomy for chromo-
some 22 and nullisomy for 9922.31-pter, and those retaining
der(9), that is -22, will be nullisomic for 9922.31-gter only. In
such cases, the hypothetical offspring of these gametes will
not conform to the expected imbalance in tertiary 3:1 seg-
regation. However, the interchange aneuploidies would be
the same as those for any other reciprocal translocation (tri-
somy or monosomy for each chromosome) and not mono-
somy or double trisomy, as suggested by the authors.

Furthermore, although it is appropriate to inform the
family about reproductive options to avoid the recur-
rence of unbalanced offspring, the fact that this couple
may also have phenotypically normal offspring, either
with a normal karyotype or chromosomally balanced (like
the mother) owing to an alternate segregation, should
be noted. Finally, if the maternal grandparents are alive,
a karyotype can be requested, and if one of them is a car-
rier of the translocation, karyotyping of other members
can be recommended if they have it.

We believe that these comments do not discredit the
study; rather, they complement it.
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