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Molecular Imaging and Radionuclide Therapy (formerly Turkish Journal of Nuclear
Medicine) is the official publication of Turkish Society of Nuclear Medicine.

Focus and Scope

Molecular Imaging and Radionuclide Therapy (Mol Imaging Radionucl Ther, MIRT)
is a double-blind peer-review journal published in English language. It publishes
original research articles, invited reviews, editorials, short communications, letters,
consensus statements, guidelines and case reports with a literature review on the
topic, in the field of molecular imaging, multimodality imaging, nuclear medicine,
radionuclide therapy, radiopharmacy, medical physics, dosimetry and radiobiology.
MIRT is published three times a year (February, June, October). Audience:
Nuclear medicine physicians, medical physicists, radiopharmaceutical scientists,
radiobiologists.

The editorial policies are based on the "Recommendations for the Conduct,
Reporting, Editing, and Publication of Scholarly Work in Medical Journals (ICMJE
Recommendations)” by the International Committee of Medical Journal Editors
(20186, archived at http://www.icmje.org/) rules.

Molecular Imaging and Radionuclide Therapy is indexed in Pubmed, Pubmed
Central (PMC), Emerging Sources Citation Index (ESCI), TUBITAK-ULAKBIM,
DOAJ, Scopus, Gale/Cengage Learning, EBSCO databases, Embase, ProQuest
Health & Medical Complete, CINAHL, Index Copernicus, J-Gate, IdealOnline,
ROOT INDEXING, Tiirkiye Atif Dizini-Turkiye Citation Index, Turk Medline,
EuroPub, Hinari, GOALI, ARDI, OARE and AGORA.

Open Access Policy

This journal provides immediate open access to its content on the principle that
making research freely available to the public supports a greater global exchange
of knowledge.

Open Access Policy is based on rules of Budapest Open Access Initiative (BOAI)
(http://www.budapestopenaccessinitiative.org/). By "open access" to [peer-
reviewed research literature], we mean its free availability on the public internet,
permitting any users to read, download, copy, distribute, print, search, or link to
the full texts of these articles, crawl them for indexing, pass them as data to
software, or use them for any other lawful purpose, without financial, legal, or
technical barriers other than those inseparable from gaining access to the internet
itself. The only constraint on reproduction and distribution, and the only role for
copyright in this domain, should be to give authors control over the integrity of
their work and the right to be properly acknowledged and cited.

Subscription Information

Manuscripts can only be submitted electronically through the Journal Agent
website (http://www.journalagent.com/mirt/?plng=eng) after creating an account.
This system allows online submission and review.

All published volumes in full text can be reached free of charge through the
website http://mirt.tsnmjournals.org

Copyight Statement

Turkish Society of Nuclear Medicine holds the international copyright of all the
content published in the journal.

ABO

Republication and reproduction of images or tables in any published material should
be done with proper citation of source providing authors names; article title; journal
title; year (volume) and page of publication; copyright year of the article.

The author(s) hereby affirms that the manuscript submitted is original, that all
statement asserted as facts are based on author(s) careful investigation and
research for accuracy, that the manuscript does not, in whole or part, infringe
any copyright, that it has not been published in total or in part and is not being
submitted or considered for publication in total or in part elsewhere.

Completed Copyright Statement form should be submitted to the online article
system.

By signing this form,

1. Each author acknowledge that he/she participated in the work in a substantive
way and is prepared to take public responsibility for the work.

2. Each author further affirms that he or she has read and understands the "Ethical
Guidelines for Publication of Research"

3. The author(s), in consideration of the acceptance of the manuscript for
publication, does hereby assign and transfer to the Molecular Imaging and
Radionuclide Therapy all of the rights and interest in and the copyright of the
work in its current form and in any form subsequently revised for publication and/
or electronic dissemination.

This work is licensed under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.

Instructions for Authors

Instructions for authors are published in the journal and on the website http://
mirt.tsnmjournals.org

Material Disclaimer

Scientific and legal responsibilities pertaining to the papers belong to the authors.
Contents of the manuscripts and accuracy of references are also the author's
responsibility. The Turkish Society of Nuclear Medicine, the Editor, the Editorial Board
or the publisher do not accept any responsibility for opinions expressed in articles.
Financial expenses of the journal are covered by Turkish Society of Nuclear
Medicine.
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Editor in Chief Prof. Murat Fani Bozkurt, MD, FEBNM Hacettepe University,
Medical School, Department of Nuclear Medicine, Ankara, Turkey
E-mail: fanibozkurt@gmail.com

Web page: http://mirt.tsnmjournals.org/
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Molecular Imaging and Radionuclide Therapy (Mol Imaging Radionucl Ther,
MIRT) publishes original research articles, short communications, invited reviews,
editorials, case reports with a literature review on the topic, interesting images,
consensus statements, guidelines, letters in the field of molecular imaging,
multimodality imaging, nuclear medicine, radionuclide therapy, radiopharmacy,
medical physics, dosimetry and radiobiology. MIRT is published by the Turkish
Society of Nuclear Medicine three times a year (February, June, October).
Molecular Imaging and Radionuclide Therapy does not charge any article
submission or processing fees.

GENERAL INFORMATION

MIRT commits to rigorous peer review, and stipulates freedom from commercial
influence, and promotion of the highest ethical and scientific standards in
published articles. Neither the Editor(s) nor the publisher guarantees, warrants
or endorses any product or service advertised in this publication. All articles are
subject to review by the editors and peer reviewers. If the article is accepted
for publication, it may be subjected to editorial revisions to aid clarity and
understanding without changing the data presented.

Manuscripts must be written in English and must meet the requirements of the
journal. The journal isin compliance with the uniform requirements for manuscripts
submitted to biomedical journals published by the International Committee of
Medical Journal Editors (NEJM 1997; 336:309-315, updated 2016). Manuscripts
that do not meet these requirements will be returned to the author for necessary
revision before the review. Authors of manuscripts requiring modifications have a
maximum of two months to resubmit the revised text. Manuscripts returned after
this deadline will be treated as new submissions.

It is the authors' responsibility to prepare a manuscript that meets ethical criteria. The
Journal adheres to the principles set forth in the Helsinki Declaration October 2013
(https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-
for-medical-research-involving-human-subjects/) and holds that all reported
research involving "Human beings" conducted in accordance with such principles.
Reports describing data obtained from research conducted in human participants
must contain a statement in the MATERIALS AND METHODS section indicating
approval by the ethical review board (including the approval number) and
affirmation that INFORMED CONSENT was obtained from each participant.

All manuscripts reporting experiments using animals must include a statement
in the MATERIALS AND METHODS section giving assurance that all animals have
received humane care in compliance with the Guide for the Care and Use of
Laboratory Animals (www.nap.edu) and indicating approval by the ethical review
board.

If the study should have ethical approval, authors asked to provide ethical
approval in order to proceed the review process. If they provide approval, review
of the manuscript will continue.

In case report(s) and interesting image(s) a statement regarding the informed
consent of the patients should be included in the manuscript and the identity of
the patient(s) should be hidden.

Subjects must be identified only by number or letter, not by initials or names.
Photographs of patients' faces should be included only if scientifically relevant.
Authors must obtain written consent from the patient for use of such photographs.
In cases of image media usage that potentially expose patients' identity requires
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obtaining permission for publication from the patients or their parents/guardians.
If the proposed publication concerns any commercial product, the author
must include in the cover letter a statement indicating that the author(s) has
(have) no financial or other interest with the product or explaining the nature
of any relations (including consultancies) between the author(s) and editor the
manufacturer or distributor of the product.

All submissions will be screened by Crossref Smilarity Check powered by
"iThenticate". Manuscripts with an overall similarity index of greater than 25%, or
duplication rate at or higher than 5% with a single source will be returned back
to authors.

MANUSCRIPT CATEGORIES

1. Original Articles

2. Short Communications are short descriptions of focused studies with important,
but very straightforward results.

3. Reviews address important topics in the field. Authors considering the submission
of uninvited reviews should contact the editor in advance to determine if the
topic that they propose is of current potential interest to the Journal. Reviews
will be considered for publication only if they are written by authors who have at
least three published manuscripts in the international peer reviewed journals and
these studies should be cited in the review. Otherwise only invited reviews will be
considered for peer review from qualified experts in the area.

4. Editorials are usually written by invitation of the editor by the editors on current
topics or by the reviewers involved in the evaluation of a submitted manuscript
and published concurrently with that manuscript.

5. Case Report and Literature Reviews are descriptions of a case or small number of
cases revealing a previously undocumented disease process, a unique unreported
manifestation or treatment of a known disease process, unique unreported
complications of treatment regimens or novel and important insights into a
condition’s pathogenesis, presentation, and/or management. The journal's policy
is to accept case reports only if it is accompanied by a review of the literature on
the related topic. They should include an adequate number of images and figures.
6. Interesting Image

One of the reqular parts of Molecular Imaging and Radionuclide Therapy is
a section devoted to interesting images. Interesting image(s) should describe
case(s) which are unique and include interesting findings adding insights into the
interpretation of patient images, a condition's pathogenesis, presentation, and/
or management.

7. Consensus Statements or Guidelines may be submitted by professional societies.
All such submissions will be subjected to peer review, must be modifiable in
response to criticisms, and will be published only if they meet the Journal's usual
editorial standards.

8. Letters to the Editor may be submitted in response to work that has been
published in the Journal. Letters should be short commentaries related to specific
points of agreement or disagreement with the published work.

Note on Prior Publication

Articles are accepted for publication on the condition that they are original,
are not under consideration by another journal, or have not been previously
published. Direct quotations, tables, or illustrations that have appeared in
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copyrighted material must be accompanied by written permission for their use
from the copyright owner and authors. Materials previously published in whole or
in part shall not be considered for publication. At the time of submission, authors
must report that the manuscript has not been published elsewhere. Abstracts or
posters displayed at scientific meetings need not be reported.

MANUSCRIPT SUBMISSION PROCEDURES

MIRT only accepts electronic manuscript submission at the web site http://
www.journalagent.com/mirt/. After logging on to the website Click the ‘online
manuscript submission’ icon. All corresponding authors should be provided with a
password and a username after entering the information required. If you already
have an account from a previous submission, enter your username and password
to submit a new or revised manuscript. If you have forgotten your username and/
or password, please send an e-mail to the editorial office for assistance. After
logging on to the article submission system please read carefully the directions of
the system to give all needed information and attach the manuscript, tables and
figures and additional documents.

All Submissions Must Include:

1.Completed Copyright Assignment & Disclosure of Potential Conflict of
Interest Form; This form should be downloaded from the website (provided in
the author section), filled in thoroughly and uploaded to the website during the
submission.

2. All manuscripts describing data obtained from research conducted in human
participants must be accompanied with an approval document by the ethical
review board.

3.All manuscripts reporting experiments using animals must include approval
document by the animal ethical review board.

4. All submissions must include the authorship contribution form which is signed
by all authors.

Authors must complete all online submission forms. If you are unable to
successfully upload the files please contact the editorial office by e-mail.

MANUSCRIPT PREPARATION

General Format

The Journal requires that all submissions be submitted according to these
guidelines:

® Text should be double spaced with 2.5 cm margins on both sides using 12-point
type in Times Roman font.

e All tables and figures must be placed after the text and must be labeled.

e Each section (abstract, text, references, tables, figures) should start on a separate
page.

e Manuscripts should be prepared as a word document (*.doc) or rich text format
(*.rtf).

® Please make the tables using the table function in Word.

® Abbreviations should be defined in parenthesis where the word is first mentioned
and used consistently thereafter.

® Results should be expressed in metric units. Statistical analysis should be done
accurately and with precision. Please consult a statistician if necessary.

® Authors' names and institutions should not be included in the manuscript text
and should be written only in the title page.

INSTRUCTIO THORS

Title Page

The title page should be a separate form from the main text and should include
the following:

e Full title (in English and in Turkish). Turkish title will be provided by the editorial
office for the authors who are not Turkish speakers.

® Authors' names and institutions.

® Short title of not more than 40 characters for page headings.

e At least three and maximum eight keywords. (in English and in Turkish). Do
not use abbreviations in the keywords. Turkish keywords will be provided by the
editorial office for the authors who are not Turkish speakers. If you are not a
native Turkish speaker, please reenter your English keywords to the area provided
for the Turkish keywords. English keywords should be provided from http://www.
nim.nih.gov/mesh (Medical Subject Headings) while Turkish keywords should be
provided from http://www.bilimterimleri.com.

e Word count (excluding abstract, figure legends and references).

e Corresponding author's e-mail and address, telephone and fax numbers.

® Name and address of person to whom reprint requests should be addressed.
Original Articles

Authors are required to state in their manuscripts that ethical approval from an
appropriate committee and informed consents of the patients were obtained.
Original Articles should be submitted with a structured abstract of no more than
250 words. All information reported in the abstract must appear in the manuscript.
The abstract should not include references. Please use complete sentences for all
sections of the abstract. Structured abstract should include background, objective,
methods, results and conclusions. Turkish abstract will be provided by the editorial
office for the authors who are not Turkish speakers. If you are not a native Turkish
speaker, please reenter your English abstract to the area provided for the Turkish
abstract.

- Introduction

- Materials and Methods

- Results

- Discussion

- Study Limitations

- Conclusion

May be given for contributors who are not listed as authors, or for grant support
of the research.

References should be cited in numerical order (in parentheses) in the text and
listed in the same numerical order at the end of the manuscript on a separate page
or pages. The author is responsible for the accuracy of references. Examples of
the reference style are given below. Further examples will be found in the articles
describing the Uniform Requirements for Manuscripts Submitted to Biomedical
Journals (Ann Intern Med.1988; 208:258-265, Br Med J. 1988; 296:401-405).
The titles of journals should be abbreviated according to the style used in the
Index Medicus. Journal Articles and Abstracts: Surnames and initials of author's
name, title of the article, journal name, date, volume number, and pages. All
authors should be listed regardless of number. The citation of unpublished papers,
observations or personal communications is not permitted. Citing an abstract is
not recommended. Books: Surnames and initials of author's names, chapter title,
editor's name, book title, edition, city, publisher, date and pages.
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Sample References

Journal Article: Sayit E, Soylev M, Capa G, Durak I, Ada E, Yilmaz M. The role of
technetium-99m-HMPAO-labeled WBC scintigraphy in the diagnosis of orbital
cellulitis. Ann Nucl Med 2001;15:41-44.

Erselcan T, Hasbek Z, Tandogan I, Gumus C, Akkurt I. Modification of Diet in Renal
Disease equation in the risk stratification of contrast induced acute kidney injury
in hospital inpatients. Nefrologia 2009 doi: 10.3265/Nefrologia.2009.29.5.5449.
en.full.

Article in a journal published ahead of print: Ludbrook J. Musculovenous pumps
in the human lower limb. Am Heart J 2009;00:1-6. (accessed 20 February 2009).
Lang TF, Duryea J. Peripheral Bone Mineral Assessment of the Axial Skeleton:
Technical Aspects. In: Orwoll ES, Bliziotes M (eds). Osteoporosis: Pathophsiology
and Clinical Management. New Jersey, Humana Pres Inc, 2003;83-104.

Books: Greenspan A. Orthopaedic Radiology a Pratical Approach. 3th ed.
Philadelphia, Lippincott Williams Wilkins 2000, 295-330.

Website: Smith JR. ‘Choosing Your Reference Style', Online Referencing 2(3),
http://orj.sagepub.com (2003, accessed October 2008).

- Tables

Tables must be constructed as simply as possible. Each table must have a concise
heading and should be submitted on a separate page. Tables must not simply
duplicate the text or figures. Number all tables in the order of their citation in the
text. Include a title for each table (a brief phrase, preferably no longer than 10 to
15 words). Include all tables in a single file following the manuscript.

- Figure Legends

Figure legends should be submitted on a separate page and should be clear and
informative.

- Figures

Number all figures (graphs, charts, photographs, and illustrations) in the order of
their citation in the text. At submission, the following file formats are acceptable:
Al, EMF, EPS, JPG, PDF, PPT, PSD, TIF. Figures may be embedded at the end of the
manuscript text file or loaded as separate files for submission. All images MUST be
at or above intended display size, with the following image resolutions: Line Art
800 dpi, Combination (Line Art + Halftone) 600 dpi, Halftone 300 dpi. Image files
also must be cropped as close to the actual image as possible.

Short Communications:

Short communications should be submitted with a structured abstract of no more
than 200 words. These manuscripts should be no longer than 2000 words, and
include no more than two figures and tables and 20 references. Other rules which
the authors are required to prepare and submit their manuscripts are the same as
described above for the original articles.

Invited Review Articles:

- Title page (see above)

- Abstract: Maximum 250 words; without structural divisions; in English and in
Turkish . Turkish abstract will be provided by the editorial office for the authors
who are not Turkish speakers. If you are not a native Turkish speaker, please reenter
your English abstract to the area provided for the Turkish abstract.

- Text

- Conclusion

- Acknowledgements (if any)

- References

Editorial:

- Title page (see above)

- Abstract: Maximum 250 words; without structural divisions; in English and in
Turkish. Turkish abstract will be provided by the editorial office for the authors
who are not Turkish speakers. If you are not a native Turkish speaker, please re
enter your English abstract to the area provided for the Turkish abstract.

- Text

- References

Case Report and Literature Review

- Title page (see above)

- Abstract: Approximately 100-150 words; without structural divisions; in English
and in Turkish. Turkish abstract will be provided by the editorial office for the
authors who are not Turkish speakers. If you are not a native Turkish speaker,
please re-enter your English abstract to the area provided for the Turkish abstract.
- Introduction

- Case report

- Literature Review and Discussion

- References

Interesting Image:

No manuscript text is required. Interesting Image submissions must include the
following:

Title Page: (see Original article section)

Abstract: Approximately 100-150 words; without structural divisions; in English
and in Turkish. Turkish abstract will be provided by the editorial office for the
authors who are not Turkish speakers. If you are not a native Turkish speaker,
please re-enter your English abstract to the area provided for the Turkish abstract.
Image(s): The number of images is left to the discretion of the author. (See Original
article section)

Figure Legend: Reference citations should appear in the legends, not in
the abstract. Since there is no manuscript text, the legends for illustrations
should be prepared in considerable detail but should be no more than 500
words total. The case should be presented and discussed in the Figure legend
section.

References: Maximum eight references (see original article section).

Letters to the Editor:

- Title page (see above)

- Short comment to a published work, no longer than 500 words, no figures or
tables.

- References no more than five.

Consensus Statements or Guidelines: These manuscripts should typically be no
longer than 4000 words and include no more than six figures and tables and 120
references.

Proofs and Reprints
Proofs and a reprint orders are sent to the corresponding author. The author
should designate by footnote on the title page of the manuscript the name and
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address of the person to whom reprint requests should be directed. The manuscript
when published will become the property of the journal.

Archiving
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Pharmacokinetic Modeling of '®F-FDOPA PET in the Human Brain
for Early Parkinson’s Disease
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Abstract

Obijectives: Early detection is essential for the treatment approaches of Parkinson’s disease (PD). Clinical criteria alone may be insufficient to
distinguish early PD from other conditions. This study aimed to investigate the transfer rate constants of 6-'8F-fluoro-L-dopa ("8F-FDOPA) in positron
emission tomography (PET) brain images as a sensitive parameter to detect early PD.

Methods: Retrospective "®F-FDOPA PET data of five patients with early PD were collected. PET data were acquired for 90 min after intravenous
injection of 306-379 MBq "®F-FDOPA, and reconstructed into a series of 18 five-minute frames. Reoriented PET images were coregistered and
normalized with the PET brain template on the statistical parametric mapping. The "F-FDOPA activity concentrations were measured in the
striatum, caudate, and putamen on both sides: Contralateral (as PD) and ipsilateral (as control) to the main motor symptoms. The pharmacokinetic
model was generated using the SAAM Il simulation software. The transfer rate constants across the blood-brain barrier (forward, K, and reverse,
k,) and decarboxylation rate constants (k,) were estimated in these regions.

Results: The activity uptakes in the contralateral striatum (0.0323%+0.0091%) and putamen (0.0169%+0.0054%) were significantly lower
than the control (0.0353%+0.0086%, 0.0199%+0.0054%, respectively). The K, and k; were significantly lower in the contralateral striatum and
putamen (p<0.05). There were no significant differences in any transfer rate constants in the caudate.

Conclusion: The transfer rate constants (K, and k;) of "®F-FDOPA on the contralateral striatum and putamen were significantly lower than the
control. These biokinetic data could be potential indicators for quantitative detection of early PD diagnosis.

Keywords: '®F-FDOPA, early Parkinson’s disease detection, pharmacokinetic model, statistical parametric mapping, quantitative analysis
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Oz

Amag: Parkinson hastaliginin (PH) tedavi yaklagiminda erken tani énemlidir. Klinik kriterler tek basina erken PH'yi diger nedenlerden ayirt etmek
icin yetersiz olabilir. Bu calismada, 6-'#F-floro-L-dopa ('8F-FDOPA) pozitron emisyon tomografisi (PET) beyin gérintilemede transfer hizi sabitlerinin
erken PH saptanmasinda duyarli bir parametre olup olmadiginin arastirimasi amaclanmistir.

Yontem: Erken PH'li bes hastanin geriye donuk ®F-FDOPA PET verileri toplandi. PET verileri, 306-379 MBq "#F-FDOPA'nin intravendz enjeksiyonundan
sonra 90 dakika stireyle alindi ve 18 adet beser dakikalik bir dizi halinde rekonstriikte edildi. Reoryante edilen PET goriintuleri istatistiksel parametrik
haritalama Uzerindeki beyin PET sablonu ile birlestirildi ve normalize edildi. "®F-FDOPA aktivite konsantrasyonlari her iki tarafta striatum, kaudat
ve putamende 6lclldi: Ana motor semptomlara karsi kontralateral (PH olarak) ve ipsilateral (kontrol olarak). Farmakokinetik model SAAM I
simiilasyon yazilimi kullanilarak gelistirildi. Bu bélgelerde kan-beyin bariyeri boyunca transfer hizi sabitleri (ileri, K, ve geri, k) ve dekarboksilasyon
hizi sabitleri (k,) tahmini élctimleri yapildi.

Bulgular: Kontralateral striatumda (%0,0323+%0,0091) ve putamende (%0,0169+%0,0054) aktivite alimlari kontrolden anlamli derecede
dustktu (sirasiyla; 0,0353%%0,0086%, 0,0199%+0,0054%). K, ve k, kontralateral striatum ve putamenlerde anlamli derecede distiktl (p<0,05).
Kaudattaki herhangi bir transfer hizi sabitinde anlamli bir fark yoktu.

Sonug: Kontralateral striatum ve putamendeki '®*F-FDOPA'nin transfer hizi sabitleri (K, ve k;) kontrolden anlamli derecede disktu. Bu biyokinetik

Mol Imaging Radionucl Ther 2021;30:69-78

veriler, erken evre PH tanisinin kantitatif tespiti icin potansiyel géstergeler olabilir.
Anahtar kelimeler: '8F-FDOPA, erken Parkinson hastalidi tespiti, farmakokinetik model, istatistiksel parametrik haritalama, kantitatif analiz

Introduction

Parkinson’s disease (PD) is the second most common
neurodegenerative disorder. Degeneration of dopamine
neurons in the mesencephalic substantia nigra causes the
progressive impairment of dopaminergic innervations of the
caudate or putamen. When over 50% of the nigrostriatal
dopamine neurons have degenerated, PD symptoms
are usually distinctly expressed, such as resting tremor,
bradykinesia, and rigidity (1,2,3,4). In the early PD stage,
clinical criteria alone may be insufficient to distinguish
PD from other conditions such as parkinsonism-related
disorders or other drug-related conditions. Furthermore, it
is more difficult to diagnose PD at this early stage since its
clinical signs may be mild and unnoticed (5,6). Therefore,
in vivo markers of dopaminergic degeneration are essential
for early diagnosis and disease progression monitoring. A
radioactive tracer, 6-'8F-fluoro-L-dopa ("8F-FDOPA), has been
extensively used in positron emission tomography (PET)
brain image studies to assess the presynaptic nigrostriatal
dopaminergic function. The uptake of '"F-FDOPA PET
demonstrates the activity of the dopa-decarboxylase
enzyme in the striatal nerve terminals of dopamine neurons
and is correlated with the dopamine storage capacity
(7,8,9).

A nuclear medicine physician interprets the '®F-FDOPA
PET imaging based on the visualization of the relative
radioactivity distribution in the striatum. A decreased
'8F-FDOPA uptake in the striatum contralateral to the side
of the main or first motor symptoms (due to crossing of the
pyramidal pathway) has been reported in early PD patients
(10,11,12,13,14,15). The depletion is more severe in the
putamen than in the caudate nucleus. The most prominent
depletion is in the dorsal parts of the putamen because of

70

the topographic organization of the nigrostriatal projection
(4,11,16). Most previous studies differentiate PD from
non-PD based on the qualitative assessment or semi-
quantitative analysis, such as the standardized uptake value
or reference tissue-uptake ratio as an imaging biomarker.
However, these studies have not identified any sensitive
parameters derived from kinetic modeling in the striatal
subregion. The quantitative analysis of biokinetic data in
'8F-FDOPA PET brain imaging may provide additional clinical
usefulness to the routine qualitative assessment, especially
when the qualitative analysis could not differentiate PD
from non-PD conditions.

There are several pharmacokinetic (PK) approaches in PET
imaging techniques, of which compartmental modeling
has been used to simulate the physiologically significant
parameters. In compartmental models, the organ of
interest is composed of many interacting subsystems
(compartments) with a set of transfer rate constants
describing the exchanges of mass or material between the
compartments (17,18,19,20,21,22). Wahl and Nahmias
(22) published a simplified two-tissue compartment, three-
rate constant '®F-FDOPA kinetic model by eliminating
the fourth transfer rate constant and the number of
compartments. The significant difference between
normal subjects and PD patients was found in the dopa-
decarboxylase rate constant (k). However, only two
patients were investigated, and the stages of the PD were
not clearly defined.

This study aimed to investigate the transfer rate constants
of F-FDOPA in the brain PET images of patients with
early-stage PD, based on the compartmental modeling of
Wahl and Nahmias, and to identify optimal quantitative
parameters that could differentiate between normal and
pathological FDOPA metabolism. Furthermore, we aimed
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to re-evaluate if a two-tissue compartment, three-rate
constant PK model could adequately describe the FDOPA
kinetics and its metabolite in the striatal, caudate, and
putamen of patients with early PD.

Materials and Methods

Patients and "®F-FDOPA Image Acquisition

This study was approved by the Institutional Review
Board (IRB) of the Faculty of Medicine, Chulalongkorn
University (IRB no. 361/61). In consultation with the IRB,
the use of already collected and anonymized imaging data
for this study was deemed exempt from formal informed
consent. Retrospective data were collected from five
patients who underwent an '"®F-FDOPA PET brain scan
at the Division of Nuclear Medicine, King Chulalongkorn
Memorial Hospital (KCMH). All patients were diagnosed
with stage Il PD according to the Hoehn and Yahr (HY)
staging (23) and the UK PD Society Brain Bank Clinical
Diagnosis Criteria (24). Patients’ demographic and clinical
data are shown in Table 1. All patients fasted for 4-6
h before the FDOPA injection. Patients who had drug-
induced parkinsonian syndrome or vascular causes of
parkinsonian syndrome were excluded from this study.
All patients were treated with levodopa in combination
with FDOPA decarboxylase inhibitor (carbidopa). The
patient preparation protocol for the 'F-FDOPA PET
neurological imaging at the KCMH was followed the
joint practice guideline developed collaboratively by the
European Association of Nuclear Medicine (EANM) and
the Society of Nuclear Medicine and Molecular Imaging
(SNMMI) (25,26). The protocol required that carbidopa
and other anti-parkinsonian drugs must be discontinued
2 days before the examination to ensure that there is no
interpretation bias because of the carbidopa effect from
the FDOPA accumulation in the striatal region. A nuclear
medicine physician interpreted the PET images. Typical
early PD was identified when the visual assessment
revealed a relatively unilateral decrease in '8F-FDOPA
uptake in the dorsal part of the putamen.

Three-dimensional list-mode brain PET data were acquired
for 90 min using the Siemens Biograph 16 HI-REZ PET/
CT system (CTl/Siemens Medical Solutions, Knoxville,
TN, USA) immediately after patients were intravenously
injected with 306-379 MBq '8F-FDOPA. A series of PET
images were reconstructed using an ordered subset
expectation maximization algorithm with four iterations
and 14 subsets, matrix size of 168x168, and voxel size of
4.0627x4.0627x3 mm?3 to obtain a 90-min dynamic image
with the framing scheme of 18x5 min frames. Decay,
attenuation, model-based scatter corrections, and 5-mm
Gaussian filter of convolution kernel were applied for all
PET image reconstruction.

Striatal Segmentation using the Statistical Parametric
Mapping (SPM)

To achieve the consistency of region of interest (ROI)
contouring in the striatum, caudate, and putamen, all
subsequent image manipulations and data analyses were
performed using the SPM software. Before the contouring
process, Digital Imaging and Communications in Medicine
image files were converted into an interfile format using
the MRICRON software to create SPM-compatible images.
The images were then imported into the SPM software
version 12 (27), which was operated on the MATLAB
software version R2018a (Mathworks, Natick, MA, USA).
The images were reoriented as close as possible to the
magnetic resonance (MR) reference images by adjusting
the individual movement parameters (pitch, roll, and yaw),
and the crosshair origin (0, 0, 0) was checked to be closed
to the anterior commissure.

The series of reoriented images were coregistered
and stereotactically normalized with the International
Consortium for Brain Mapping (ICBM) using 16 iterations
of nonlinear warping, a frequency cut-off at 25, and 8&-mm
full-width at half maximum Gaussian filter as a smoothing
filter. The initial image parameters were 168x168x109,
which resulted in a 16-bit final image format with a size
of 181x217x181 and a voxel size of 1x1x1 mm3. The
normalized images were then segmented automatically

Table 1. The patient’ demographic and clinical data

patient Age Weight Sex Ad!ninistered Severity Lower upta_lke A_ffected Intial symptom
(years) (kg) activity (MBq) (HY scale) striatum (side)? side

1F 75 80 Female 358 Il Left Right Tremor

2F 64 57 Female 306 Il Left Right Tremor

3F 62 54 Female 323 Il Left Right Rigidity/tremor

4M 44 76 Male 379 Il Left Right Tremor

5F 71 50 Female 349 Il Left Right Bradykinesia/rigidity

2Lower uptake level of "8F-FDOPA, HY: Hoehn and Yahr, '8F-FDOPA: "®F-fluoro-L-dopa

"
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into the striatum, caudate, and putamen by making a
binary mask image from the Automated Anatomical
Labeling-VOlIs atlas, which was derived from the Montreal
Neurological Institute (MNI) T1-MR imaging (MRI) data set.
The image segmentation was performed in each single
frame of the patient data set. A PET template of the ICBM
used in the coregistration and stereotactical normalization
was derived from the perfusion O-labeled water. The
overall orientation was matched with MNI space templates,
and a nuclear medicine physician visually validated the
delineation results in these striatal subregions to confirm
that the segmentation utilizing the SPM was performed
appropriately. The overall process of the semi-automated
segmentation in the striatum, caudate, and putamen using
SPM is illustrated in Figure 1.

Determination of the Scaling Factor for Activity
Concentration

Changes in pixel values during the SPM processing may
occur on the original and normalized images after applying
the coregistration and normalization. The scaling factor
was determined to correct the changes. A whole-brain
image histogram was computed at each time point
using the Imagel) program. The histogram provided the
mean and count values, which referred to the activity
concentration (Bg/mL) and the total number of voxels,
respectively. The whole-image activity (Bq) in each time
frame was determined by multiplying these values and the

voxel volume (0.0248 and 0.001 mL in the original and
normalized images, respectively). The whole-brain image
activity from the original images was then divided by the
respective normalized images to determine the mean value
from all time frames, and the mean scaling factors were
computed.

To determine the radioactivity in the striatum, caudate,
and putamen, the rectangular ROIs were manually drawn
over these three regions on each side to compute the
histogram in each time frame as illustrated in Figure 2. The
whole-region activity (Bq) was calculated by multiplying the
activity concentration with the total voxel number, voxel
volume (0.001 mL), and mean scaling factor. The whole-
region activity (Bq) in every time frame of the striatum,
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caudate, and putamen was obtained from each side.
The results of the ipsilateral versus contralateral to the
predominant motor symptoms were calculated separately.
The analysis between the PD and control was performed
within the same patient. The contralateral side that had
lower uptake was identified as the PD, and the ipsilateral
side (normal uptake) as the control.

8F-FDOPA Compartmental Model for PD Patients

A two-tissue compartment, three-rate constant model
was chosen for a PK "F-FDOPA model in this study. The
percentage of the injected radioactivity was calculated every
5 min after injection in each region. Data were imported
into the SAAM Il compartmental modeling software (The
Epsilon Group, Charlottesville, VA, USA) (28). The FDOPA
PK compartmental model was created and followed the
Wahl and Nahmias'(22) model as shown in Figure 3. The
model was fitted to the PD patient data. The model fitting
was initially performed using the rate constants reported
by Wahl and Nahmias (22). Then, the SAAM Il software
computationally created a system of ordinary differential
equations, according to the specified compartmental
model structure, and simulated the solutions based on the
provided parameters and model inputs. The image-based
input function to the model (bolus injection into the blood)
for the compartment analysis in this study can be defined
as follows:

Input function = ((q,*q,)*BVF*(a*q,+(1-a)*q,))*exp(1og(2)*t/110), (1)

where g, is the "®F-FDOPA activity in the i compartment;
g,, 9,, d;, and g, are the "®F-FDOPA activities that internally
solved differential equations by SAAM Il in plasma,
erythrocytes, FDOPA brain tissue, and its metabolite
compartments, respectively. BVF refers to an estimate
of blood volume fraction in the brain tissue, and a is the
coefficient value assumed to be 0.6; t is the '8F physical half-
life of 109.7 min. The general assumption in SAAM Il was
that the flux of material between compartments depended
only on the amount of material presented in the starting
compartment (29). This corresponded to the assumption
of first-order kinetics. The transfer rate constants of FDOPA

FDA and its

metabolites

Figure 3. Two-tissue-compartment and three-rate constant for describing
the FDOPA kinetics in early PD patients following Wahl and Nahmias (22)

FDOPA: Fluoro-L-dopa, PD: Parkinson'’s disease, FDA: Fluorodopamine
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exchanging between the compartments, which were
created internally and solved by SAAM I, were described
by the following set of differential equations:

dCT'\ssue (t)
d(t) = 1Cplasma (t)_kzCTissue(t)_k3CTissue(t)’ (2)
dc_, (1)
— A -k C. (1), (3
d(t) 3 Tlssue( ) ( )
whereC,__ andC_ , representradioactivity concentrations

of the tissue FDOPA and 6-'8F] fluorodopamine (FDA)
and its metabolites compartment, respectively. K, and
k, are the forward and reverse transport rate constants
of plasma FDOPA across the blood-brain barrier to the
tissue FDOPA compartment, whereas k, represents the
FDOPA decarboxylation rate constant from the tissue
FDOPA compartment to the combined compartment of
FDA and its metabolites. The SAAM Il then generated a
time-integrated activity curve of the model and fitted it
to the patient data based upon a nonlinear least square
regression algorithm. The transfer rate constants (K, k,
and k,) in each patient were determined accordingly.

To assess the performance of model fitting, the Akaike
information criterion (AIC) and the Bayes information
criterion (BIC) were used to assess which of the rate
constants would best fit the patient’s data. The AIC
is a technique based on in-sample fit to estimate the
likelihood of a model to predict the values. The BIC is
another criterion for model selection that measures the
trade-off between the model fit and complexity of the
model. Lower AIC and BIC values indicated a better
fit. The AIC and BIC values can be determined using
equations as follows (30,31):

AIC = 2k-2(In)(L), (4)
BIC = k(In)(N)-2(In)(L), (5)

where L is the value of the likelihood, N is the number of
recorded measurements, and k is the number of estimated
parameters. As a result, the parameter with minimum
AIC and BIC values was chosen as the best fitting model
among several competing models.

Statistical Analysis

The transfer rate constants (K., k,, and k;) in each region
were determined. The comparisons between the ipsilateral
and contralateral sides of the striatum, caudate, and
putamen were performed using a non-parametric statistic,
the Wilcoxon signed-rank test. Data analysis was performed
using the Statistical Package for Social Sciences program
version 23 (IBM Corp, Armonk, NY, USA). The differences
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between groups were considered significant when p values
were less than 0.05.

Results

Figure 4 depicts the mean time-activity curves after the
8F-FDOPA injection obtained from both the ipsilateral and
contralateral sides of the striatum (Figure 4A), caudate
(Figure 4B), and putamen (Figure 4C). The activity uptake in
each region was expressed as a percentage of the injected
radioactivity and represented by a range (mean * standard
deviation) as follows: (a) The striatum 0.0225%-0.0453%
(0.0323+0.0091) and 0.0263%-0.0457% (0.0353+0.0086)
for the contralateral and ipsilateral sides, respectively,
(b) the caudate 0.0112-0.0204% (0.0155+0.0038)
and 0.0118%-0.0191% (0.0154+0.0034), and (c) the
putamen  0.0113%-0.0249% (0.0169+0.0054) and
0.0139%-0.0273% (0.0199+0.0054). The highest average
percentage of injected activity was at 15 min after injection
in every region.

According to the PK model fitting, the measured FDOPA
curves fitted well to a two-tissue compartment, three-rate
constant model (mean AIC of -5.72 and BIC of -5.62). The
time-activity curves of both sides initially increased after the
injection, reached the maximum uptake activity at 15 min
after injection, and then decreased slightly thereafter. The
activity uptakes on the contralateral side of the striatum
and putamen were significantly lower than the ipsilateral
side. However, the caudate time-activity curves were nearly
superimposed on each other (Figure 4).

The details of the transfer rate constants on the
contralateral and ipsilateral sides are presented in Table
2. Figures 5A and 5B depict the box plot of the transfer
rate constants for both sides of the striatum and putamen.
There were statistically significant differences in K, and
k, between the contralateral and ipsilateral sides of the
striatum and putamen (p<0.05). However, there were no
significant differences in the k values between both sides
of the caudate region (not shown).

Figure 6 illustrates the "F-FDOPA PET transaxial images
from a patient suspected of idiopathic parkinsonism with
right-hand resting tremor (patient no: 1). Based on visual
interpretation, there was a subtle change of relatively mild
decreased "8F-FDOPA uptake at the dorsal part of the left
putamen and symmetrical uptakes at the bilateral caudate
nuclei. After quantitative analysis using the PK model was
applied for further confirmation, the K, (0.0109 vs. 0.0124)
and k, (0.0098 vs. 0.0146) of the contralateral putamen
were significantly lower than that of the ipsilateral side. This
guantitative analysis provided the results that supported
the visual assessment.
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Discussion

This study investigated the transfer rate constants of
8E-FDOPA in the PET brain images of five early PD patients.
The PK model in this study was a two-compartmental,
three-transfer rate constants model, which was based on
compartmental modeling in accordance with Wahl and
Nahmias (22). The results demonstrated the differences
between the contralateral and ipsilateral sides of the
striatum, including the caudate and putamen, which was
in agreement with Wahl and Nahmias (22). The mean
transfer rate constants K, and k, on the contralateral
(PD) striatum and putamen were significantly lower than
those on the ipsilateral (normal) side (p<0.05). In addition,
the difference was more pronounced in the putamen.
In contrast, no significant differences were found in the
caudate. These findings agreed with the results of previous
PD imaging studies, which suggested that the dopamine
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contralateral and ipsilateral side, respectively

SD: Standard deviation



Mol Imaging Radionucl Ther 2021;30:69-78

Buratachwatanasiri et al. PK Model in the Early PD

depletion began in the dorsal parts of the putamen and
proceeded to the caudate nucleus and other parts of the
dopaminergic system during disease progression (4,11,16).
The decreased '"F-FDOPA uptake in this work was more
significant in the contralateral striatum, which was in
accordance with an observation that the motor symptoms
were more severe on the contralateral side to the striatum
that had decreased dopaminergic activity (3). However, our
results may only represent patients with stage two of PD
who had right-side predominant symptoms (Table 1) or loss
of activity uptake in the left striatum.

Table 3 illustrates the transfer rate constants of this work
compared with previous reports by Huang et al. (21)
and Wahl and Nahmias (22). Wahl and Nahmias (22)
found a significant difference in the dopa-decarboxylase
rate constant between normal subjects and PD patients,
although only two PD patients were investigated. The
FDOPA transfer rate constants for K, and k, of the ipsilateral
(normal) side in our study were approximately two-fold

lower than those of Wahl and Nahmias’ study but were
comparable with Huang's study. The patient characteristics
could be the cause of the differences in these transfer rate
constants. The k; of the contralateral (PD) striatum in our
study was 2.6-fold higher than in Wahl and Nahmias’ study.
This might be explained by the difference in the severity of
PD between the studies. This study was conducted in early
PD patients with distinct inclusion criteria following an HY
score limited to 2. Therefore, the loss of dopaminergic
neurons in our patients may be less than the patients in
the Wahl and Nahmias’ study. Although the clinical rating
scale of the patients had not been described in the Wahl
and Nahmias’ study, their results implicitly indicated that
the patients might suffer from late stages of PD (HY stage
3or4).

The finding in this work indicated that in addition to
k, K, was likely to be another sensitive parameter to
differentiate PD and normal patients. The difference in
the results compared with previous studies was possibly

Table 2. The estimated FDOPA model parameters in the contralateral and ipsilateral sides

Contralateral side (PD) Ipsilateral side (normal)

K, (mL/min/g) | k, (/min) |k, (/min) K, (mL/min/g) |k, (/min) |k, (/min)
Striatum
Patient 1 0.0221 0.0155 0.0064 0.0242 0.0159 0.0111
Patient 2 0.0254 0.0203 0.0165 0.0268 0.0125 0.0210
Patient 3 0.0357 0.0163 0.0079 0.0363 0.0168 0.0088
Patient 4 0.0170 0.0287 0.0105 0.0192 0.0283 0.0159
Patient 5 0.0154 0.0171 0.0146 0.0160 0.0154 0.0195
Mean (SD) 0.0231 0.0196 0.0112 0.0245 0.0178 0.0152

(0.0081) (0.0054) (0.0043) (0.0078) (0.0061) (0.0053)
Caudate
Patient 1 0.0095 0.0214 0.0129 0.0096 0.0228 0.0163
Patient 2 0.0104 0.0258 0.0315 0.0109 0.0251 0.0352
Patient 3 0.0137 0.0317 0.0246 0.0113 0.0201 0.0121
Patient 4 0.0071 0.0265 0.0144 0.0077 0.0264 0.0171
Patient 5 0.0061 0.0130 0.0183 0.0061 0.0193 0.0270
Mean (SD) 0.0094 0.0237 0.0203 0.0091 0.0228 0.0215

(0.0030) (0.0070) (0.0077) (0.0022) (0.0031) (0.0094)
Putamen
Patient 1 0.0109 0.0209 0.0098 0.0124 0.0211 0.0146
Patient 2 0.0128 0.0301 0.0148 0.0136 0.0203 0.0208
Patient 3 0.0173 0.0214 0.0081 0.0202 0.0286 0.0161
Patient 4 0.0087 0.0344 0.0094 0.0102 0.0366 0.0174
Patient 5 0.0084 0.0272 0.0142 0.0090 0.0204 0.0191
Mean (SD) 0.0116 0.0268 0.0113 0.0131 0.0254 0.0176

(0.0037) (0.0057) (0.0030) (0.0044) (0.0072) (0.0025)
FDOPA: Fluoro-L-dopa, SD: Standard deviation, PD: Parkinson'’s disease
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because of the data collection method. The simulation
of the PK model fitted to the patient’s data in this work
was an image-based analysis acquired from radioactivity
uptake in the striatal region, whereas previous reports
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Figure 5. Box plots of the transfer rate constants in the contralateral
(red) and ipsilateral (blue). (A) striatum and (B) putamen

collected the data based on a combination of arterialized
venous blood sampling and image analysis. Although the
biochemical assay method may be preferable, the image-
based analysis could be better and more convenient in
'8F-FDOPA PET quantification. It is less invasive, has reduced
occupational dose and complexity, and can provide
retrospective data. It was noticeable that PD patients had
stopped taking the FDOPA decarboxylase inhibitor 2 days
before the imaging examination. The elimination half-life of
carbidopa in plasma is approximately 107 min. Two days of
drug discontinuation should be long enough to ensure that
there was no visual interpretation bias due to the carbidopa
effect on the physiological uptake in the striatum.

This study did not include healthy volunteers as the
control group. The striatum contralateral side to the
main symptoms that had a lower "®F-FDOPA uptake was
considered to be PD and the other side of the same patient

Figure 6. Example of static '®F-FDOPA PET images in a case of the early
PD with HY rate stage Il. The arrows indicate the relatively mild decreased
FDOPA uptake demonstrated by the red light shading at the dorsal part
of left posterior putamen

'8F-FDOPA: "®F-fluoro-L-dopa, PET: Positron emission tomography, PD: Parkinson’s
disease, HY: Hoehn and Yahr

Table 3. Comparison of transfer rate constants between earlier reports and this study

Study Huang et al. (21) Wahl and Nahmias (22) This study
Overall demographic

Subjects Normal: 10 Normal: 4, PD: 2 PD: 5

HY stage N/A Late Early

Average (SD) transfer rate constants in the ipsilateral striatum (normal)

K, (mL/min/g) 0.0283 (0.0051)

0.0403 (0.0177)

0.0245 (0.0078)

K, (/min) 0.0228 (0.0048)

0.0342 (0.0185)

0.0178 (0.0061)

k, (/min) 0.0124 (0.0041)

0.0124 (0.0058)

0.0152 (0.0053)

Average (SD) transfer rate constants in the contralateral striatum (PD)

K, (mL/min/g)
k, (/min) N/A
k, (/min)

0.0494 (0.0072)

0.0231 (0.0081)

0.0281 (0.0072)

0.0196 (0.0054)

0.0043 (0.0010)

0.0112 (0.0043)

HY: Hoehn and Yahr, PD: Parkinson'’s disease, SD: Standard deviation, N/A: Not applicable
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was non-PD. We elaborately recruited the typical type of
early PD patients following the inclusion and exclusion
criteria suggested by nuclear medicine experts and the
joint EANM/SNMMI procedure guidelines (25). All patients
were followed up and clinically diagnosed with early PD.
Hence, the uniform uptake of FDOPA at the caudate and
putamen on the ipsilateral side was assumed as a normal
reference in the same patient. The comparison within
the same patient would possibly eliminate the variables
from cross-patient studies. However, the sensitivity of this
asymmetry method depended on the degree of difference
between each side. Moreover, the cases with symmetric
involvement would be missed even if the abnormality is
substantial. Further study on biokinetic data comparing
healthy subjects or patients with non-neurodegenerative
parkinsonism is required to confirm the results of this
work.

The striatal delineation approach using SPM in this
study was also performed to improve the reproducibility
of striatal subregion segmentation. In the process of
reorienting images, the patient’s own MRI should be used
to roughly align structural images with standard space for
coregistration before automated subcortical structures
segmentation using SPM. However, some patients in this
study did not have their own MRI brain scans. To address
this drawback, we used the standard MRI provided by
the SPM to reorient the PET images before tissue class
segmentation. Although this approach might not be
perfect, the uncertainty was acceptable for keeping the
consistency in the reorienting process. This approach
provided the segmented subregions in every patient with
the same volume (Figure 1) and might not yield a perfect
coregistration and segmentation accordingly.

Study Limitations

This limitation may lead to variations in the '8F-FDOPA
quantification in brain tissues for generating the time-
activity curve to simulate the kinetic model.

Conclusion

The two-tissue compartmental model with three-transfer
rate constants was able to describe "®F-FDOPA kinetics in
the striatum, caudate, and putamen, which was consistent
with earlier studies. The K, and k, transfer rate constants of
8F-FDOPA in the striatum and putamen on the contralateral
side to the patient’s symptom were significantly lower than
the control. The K, and k; could be potential indicators for
guantitative detection to improve early PD diagnosis. These
findings provided more insight of the FDOPA PKs for PD
patients and could be useful in clinical practice.
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%Ga-PSMA PET/CT Versus '8F-FDG PET/CT for Imaging of
Hepatocellular Carcinoma

Hepatoseltler Karsinomun Gériintilenmesinde '8F-FDG PET/BT'ye Kargi ¢Ga-PSMA
PET/BT
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Abstract

Obijectives: This study aimed to compare the metabolic parameters obtained from 'fluorine-fluorodeoxyglucose ('®F-FDG) positron emission
tomography/computed tomography (PET/CT) and gallium-68 (®Ga)-prostate-specific membrane antigen (PSMA) PET/CT and investigate the
relationship between serum alpha-fetoprotein and PET scan parameters in patients with hepatocellular carcinoma.

Methods: Fourteen patients were recruited after dynamic magnetic resonance imaging (MRI) of the upper abdomen, and '8F-FDG and %Ga-PSMA
PET/CT imaging studies were conducted. Regions of interest (ROIs) were drawn from lesion-free liver tissue, abdominal aorta (A), and right medial
gluteal muscle (G) for the background activity. Maximum standard uptake value (SUV_ ) of these regions were compared with the SUV__ of
primary tumor (T).

Results: On visual assessment, five patients (36%) experienced low "8F-FDG uptake in the primary lesion, three patients (21%) experienced
moderate uptake, and six patients (43%) experienced high uptake. However, only one patient (7%) showed low %Ga-PSMA uptake, two patients
(14%) showed moderate uptake, and 11 patients (79%) showed high uptake. Four patients with a low "®F-FDG uptake showed high %Ga-PSMA
uptake, while one patient exhibited low uptake with both '8F-FDG and %Ga-PSMA. The number of lesions on ®Ga-PSMA PET/CT and MRI was
significantly higher than "®F-FDG PET/CT (p=0.042 and 0.026, respectively). T/A and T/G values were significantly higher in ®Ga-PSMA than
F-FDG (p=0.002 and 0.002, respectively).

Conclusion: *®Ga-PSMA PET/CT is superior to "F-FDG PET/CT in the staging of hepatocellular carcinoma. High ®#Ga-PSMA uptake could be
promising for PSMA-targeted radionuclide treatments.
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Oz

Amag: Bu calismanin amaci, #flor-florodeoksiglukoz ('®F-FDG) pozitron emisyon tomografisi/bilgisayarli tomografi (PET/BT) ve galyum-68 (*Ga)-
prostat spesifik membran antijen (PSMA) PET/BT'den elde edilen metabolik parametreleri karsilastirmak ve hepatosellliler karsinomlu hastalarda
serum alfa-fetoprotein ve PET parametreleri arasindaki iliskiyi arastirmakti.

Yontem: Calismaya st karin bolgesinden dinamik manyetik rezonans gériintlileme (MRG) goriinttlemesi olan 14 hasta alindi ve "®F-FDG ve %Ga-
PSMA PET/BT gorUntllemeleri yapildi. Arka plan aktivitesi icin lezyonsuz karaciger dokusundan, abdominal aortadan (A) ve sag medial gluteal
kastan (G) ilgi alanlari (ROI) cizildi ve bu bélgelerin maksimum standardize uptake degerini (SUV,__ ) primer timérin (T) SUV__ “rile karsilagtirild.
Bulgular: Gorsel degerlendirmede, '8F-FDG PET/BT'de 5 hastada (%36) primer lezyonda distk "®F-FDG tutulumu, 3 hastada (%21) orta diizeyde
ve 6 hastada (%43) yiiksek diizeyde tutulum vardi. Ote yandan, ®Ga-PSMA PET/BT'de sadece 1 hastada (%7) disiik PSMA tutulumu varken,
2 hastada (%14) orta diizeyde ve 11 hastada (%79) yiksek diizeyde tutulum vardi. Distk FDG tutulumu gosteren dort hasta ylksek PSMA
tutulumu gosterirken, 1 hasta hem dustik '®F-FDG, hem de diistik PSMA tutulumu gostermistir. ®Ga-PSMA PET/BT ve MRG'deki lezyon sayisi
'8F-FDG PET/BT'den anlamli derecede yUksekti (sirasiyla p=0,042 ve 0,026). Ga-PSMA’da T/A ve T/G degerleri ®F-FDG'den anlamli olarak yksekti
(sirasiyla p=0,002 ve 0,002).

Sonug: ®Ga-PSMA PET/BT, hepatoselliler karsinomun evrelendirilmesinde "®F-FDG PET/BT'den Ustiin bulunmustur. Yiksek ®#Ga-PSMA tutulumu,
PSMA hedefli radyontiklid tedavileri icin umut verici olabilir.

Anahtar kelimeler: Hepatoselliler kanser, ®Ga-PSMA, "®F-FDG, PET/BT, AFP

Mol Imaging Radionucl Ther 2021;30:79-85

Introduction

Liver cancer is the 6" most frequent malignancy and
the 4" most common cause of cancer-related deaths
worldwide. Hepatocellular carcinoma (HCC), which
develops due to major risk factors such as hepatitis B
virus, hepatitis C virus, aflatoxin-containing foods, and
non-alcoholic steatohepatitis, accounts for 75%-85% of
primary liver cancers (1). Conventional dynamic contrast-
enhanced imaging methods, including computed
tomography (CT) and magnetic resonance imaging
(MRI), are routinely used in the diagnosis of HCC, with
62%-82% sensitivity and over 90% specificity. Nodules
larger than 1 cm show high contrast enhancement
in the arterial phase of CT and MRI and wash out in
venous and late phases (2). Alpha-fetoprotein (AFP), a
serum biomarker, is one of the most commonly used
markers in HCC screening and diagnosis. However, its
sensitivity and specificity are unsatisfactory, especially in
early-stage HCCs (3). The histopathological examination
of the tumor tissue is the gold standard in the definitive
diagnosis of HCC, but it may cause tissue damage and
seeding along the biopsy tract (4).
8F|ourine-fluorodeoxyglucose (F-FDG) positron emission
tomography(PET)/CT is associated with the aggressiveness
of HCC; moderately and well-differentiated HCCs exhibit a
low "8F-FDG uptake, while poorly differentiated HCCs show
high uptake (5,6). '"®F-FDG PET/CT shows a high sensitivity
in detecting lymph nodes and extrahepatic metastases,
which are poor prognostic factors for HCC, but show a low
sensitivity in detecting primary HCC lesions (7,8).
Prostate-specific membrane antigen (PSMA) is a type 2
transmembrane protein and is overexpressed in prostate
cancer (PCa). ®Ga-PSMA PET/CT is widely used in staging,
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evaluating the treatment response, and assessing relapse
in PCa (9). However, in many solid tumors, including HCCs,
high PSMA uptake indicates neoangiogenesis (10,11).

In this prospective study, we compared the metabolic
parameters obtained from "F-FDG PET/CT and %Ga-
PSMA-11 PET/CT and investigated the association between
PET parameters and serum AFP in patients with HCC.

Material and Methods

Patient Characteristics

Fourteen patients [13 males; 1 female; mean age:
63.816.0 years (58-76)] were included in this study.
Twelve patients had a Child-Pugh (CP) score “A” cirrhosis,
and two patients had a CP-B cirrhosis. Twelve patients
had a newly diagnosed HCC, one patient had a history
of transarterial chemoembolization (TACE), and one had
radiofrequency ablation + TACE for HCC. While six patients
had a histopathological confirmation, eight patients were
diagnosed with HCC based on radiological findings and
serum AFP levels. Patients were recruited after dynamic
MRI of the upper abdomen, and '"F-FDG and %Ga-
PSMA-11 PET/CT imaging studies were conducted in the
same week. AFP and routine laboratory tests and "8F-FDG
PET/CT were performed for all patients on the same day.
Patients who previously received chemotherapy or had a
history of hepatic tumor surgery were excluded from the
study. This study was conducted in concordance with the
local good clinical practice guidelines and current laws. The
Local Ethics Committee of istanbul Training and Research
Hospital approved this study under the decision number:
2018/1297. Written informed consent was obtained from
all patients.
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PET/CT Scan and Evaluation

Whole-body PET/CT imaging was performed 60 min after
intravenous injection of F-FDG (3.5-5.5 MBqg/kg) and
%Ga-PSMA-11 (2-2.5 MBq/kg) in a PET/CT scanner [mCT
20 ultra HD LSO PET/CT (Siemens molecular imaging,
Hoffmann Estates, lllinois, USA)] on different days. CT
imaging was performed in the craniocaudal direction
with a 5 mm slice thickness and rotation time of 0.5 sec
[80-140 kV, 20-266 mAs, 0.8 pitch, and 512x512 matrix
(personalized settings determined by the automatic
exposure control system; automatically defined by the
software used by the manufacturer, depending on the
patient)]. Then, PET imaging was performed in the same
range through the craniocaudal direction for 2 min for
each PET bed; ultra HD images were acquired using the
time of flight + true X algorithm at iteration two and
subset 16 values for reconstruction.

"8F-FDG and %Ga-PSMA-11 PET/CT images were both
evaluated by two nuclear medicine physicians with at
least 10 years of experience in PET/CT, and decisions
were made with consensus. Both PET/CT studies were
scored visually. 1: Low uptake (equal or less than liver),
2: Moderate uptake (slightly higher than liver), 3: High
uptake (markedly higher than liver). SUV__ of primary
lesions were acquired by drawing a volume of interest
to include the lesion in all three planes in ®F-FDG and
%Ga-PSMA-11 PET/CT. Moreover, regions of interest
of 1 cm diameter were drawn from lesion-free liver
tissue (L), abdominal aorta (A), and right medial gluteal
muscle (M) for background maximum standard uptake
value (SUV__ ). Using these three background SUV__,
tumor to normal liver parenchyma (T/L), tumor to
abdominal aorta (T/A), and tumor to gluteal muscle
(T/G) parameters were calculated separately.

Statistical Analysis

SPSS version 21.0 software (IBM Corporation, Armonk,
New York, USA) was used for statistical analyses of the
variables. The normality of one-variable data was tested
with the Shapiro-Francia test, while variance homogeneity
was evaluated using Levene's test. Mann-Whitney U test
was used to compare independent and non-normally
distributed variables, while the Wilcoxon signed-rank test
was used to compare dependent and normally distributed
variables. Pearson and Spearman’s rho tests were used to
analyze the correlation of variables. The variables had a
95% confidence interval, and a p value less than 0.05 was
considered significant.
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Results

Six patients exhibited a bilobar involvement, while eight
patients had a lobar involvement. On MRI, nine patients
showed a mosaic enhancement pattern, and five patients
showed a homogeneous enhancement pattern. The
median size of primary tumors on MRI is 80.5 mm (20
mm-140 mm). The smallest lesion detected on #Ga-PSMA
PET had a diameter of 8 mm, and the lesion had been
described on MRI.

On the visual evaluation, five patients (36%) showed a low
'8F-FDG uptake in the primary lesion, three patients (21%)
showed a moderate ®F-FDG uptake, and six patients (43%)
showed a high "®F-FDG uptake. In contrast, one patient
(7%) showed low ®Ga-PSMA uptake, two patients (14%)
showed moderate ®Ga-PSMA uptake, and 11 patients
(79%) showed high ®Ga-PSMA uptake. Four patients
with low "®F-FDG uptake showed high %Ga-PSMA uptake
(Figure 1), while one patient exhibited low uptake with
both '™F-FDG and ®Ga-PSMA (Figure 2). Two patients
with moderate "F-FDG uptake showed higher %8Ga-PSMA
uptake (Figure 3). In contrast, one patient with moderate
%8Ga-PSMA uptake showed higher ®F-FDG uptake (Table 1).

The total number of liver lesions on %Ga-PSMA PET/CT,
MRI, and "8F-FDG PET/CT are 61, 57, and 30, respectively.
The number of liver lesions on Ga-PSMA PET/CT and MRI
were significantly higher than 8F-FDG PET/CT (p=0.042 and
0.026, respectively). There was no statistically significant
difference between the number of liver lesions on MRI and
65Ga-PSMA PET/CT (p=0.593) (Table 2).

®Ga-PSMA PET/CT revealed a pathologically increased
radiotracer uptake in the abdominal lymph nodes of
four patients. Of these four patients, one patient had no
8F-FDG uptake. Two patients had "®F-FDG and %Ga-PSMA-

Figure 1. A 69-year-old male diagnosed with hepatocellular carcinoma
(AFP: 4.5 ng/mL) by magnetic resonance imaging. The left lobe mass
showed (A) an intense ®Ga-PSMA (T/L: 4.49), while it showed no
significant "®F-FDG (B) uptake (T/L: 1.01)

AFP: Alpha-fetoprotein, ®Ga: Gallium-68, "®F-FDG: '®Fluorine-fluorodeoxyglucose,
T: Tumor uptake, L: Normal liver parenchyma uptake, PSMA: Prostate-specific
membrane antigen
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positive mediastinal lymph nodes, while the remaining
patient, who was later histopathologically diagnosed with
anthracosis, had only "®F-FDG uptake. One patient had
focally increased radiotracer accumulation in the prostate
gland on both "®F-FDG and ®Ga-PSMA PET/CT, consistent
with a synchronous tumor in the prostate.

The median SUV,__ of primary lesions in "FFDG and
#8Ga-PSMA PET/CT were 6.45 (range: 3.7-21.3) and 16.7

(range: 9.3-48.9), respectively. When median T/L, T/A, and

Figure 2. A 62-year-old male with alcohol-induced cirrhosis. Magnetic
resonance imaging revealed a mass compatible with hepatocellular
carcinoma, showing a typical contrast enhancement pattern (not shown).
AFP: 1.648 ng/mL. ®Ga-PSMA: (A) SUV__:9.3; T/L 0.93. "*F-FDG: (B)
SUV_:4.5;T/L0.85

: Maximum

AFP: Alphafetoprotein, "F-FDG: "®Fluorine-fluorodeoxyglucose, SUV -
standard uptake value, PSMA: Prostate-specific membrane antigen, T: Tumor
uptake, L: Normal liver parenchyma uptake

T/G ratios were compared, T/L ratio had no statistically
significant difference between '®F-FDG and %Ga-PSMA
(p=0.331), whereas T/A and T/G were significantly
higher in %Ga-PSMA than '"F-FDG (p=0.002 and 0.002,
respectively).

Of our six patients with histopathology results, one was
reported as having poorly differentiated HCC, two, as well-

Figure 3. A 67-year-old cirrhotic male with hepatocellular carcinoma
in the left lobe of the liver. %¥Ga-PSMA: (A) SUV__: 28.1; T/L: 3.95;

T/G: 31.2. FFDG: (B) SUV,_ _: 10.1; T/L: 2.76; T/G: 7. In arterial
phase CT images (C), it is seen that PSMA uptake is higher in the
hyperenhancement areas and '®F-FDG uptake is higher in the non-
enhancing areas of the tumor

T: Tumor uptake, L: Normal liver parenchyma uptake, G: Gluteus medius muscle
uptake, ®Ga: Gallium-68, '®F-FDG: '®Fluorine-fluorodeoxyglucose, PSMA: Prostate-
specific membrane antigen, SUV_ : Maximum standard uptake value, CT:
Computed tomography

Table 1. "*F-FDG and ®Ga-PSMA PET/CT findings of patients

Patient AFP 8F-FDG PSMA 8F-FDG PSMA 8F-FDG | PSMA | ®F-FDG | PSMA | "®F-FDG PSMA
no (Mg/L) LN LN uptake uptake T/L T/L T/A T/A T/G T/G

1 351 1 6 Moderate High 1.36 3.84 1.33 8.75 3.42 21.65
2 1643 2 2 Moderate High 1.39 2.16 1.78 4.62 3.88 12.64
3 4.7 1 1 High High 5.54 1.88 4.5 6.06 10.38 5.73
4 7.8 1 1 Low High 0.86 2.11 0.93 7.27 1.63 20.75
5 4.5 1 1 Low High 1.01 4.49 1.19 10.4 2.69 22.23
6 1648 1 1 Low Low 0.85 0.93 1.4 4.94 4.44 11.33
7 17.3 1 1 Moderate Moderate 1.48 1.44 1.84 4.86 5 9.47

8 60473 1 2 High Moderate 4.62 1.37 6.01 3.31 15.22 16.71
9 205 4 >20 High High 4.36 1.87 4.36 4.45 9.21 17.09
10 1042 12 >20 High High 3.86 10.1 4.47 16.82 11.22 47.89
11 15195 1 2 High High 2.91 2.81 3.73 5.07 7.68 20.63
12 10 1 1 Low High 1.1 2.74 1.39 8.31 4.84 21.55
13 91 2 2 High High 2.76 3.95 2.4 8.74 6.99 31.16
14 24.7 1 1 Low High 1.11 3.98 24 7.33 3.28 41.22
AFP: Alpha-fetoprotein, A: Aorta, LN: Lesion number, L: Liver, T: Tumor, G: Medial gluteal muscle, '®F-FDG: '®Fluorine-fluorodeoxyglucose, ®Ga: Gallium-68, PSMA: Prostate-
specific membrane antigen, PET/CT: Positron emission tomography/computed tomography
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Table 2. Comparison of '*F-FDG and **Ga-PSMA PET/CT uptake ratios (SUV__)

Mean Median SD Minimum Maximum p
'®F-FDG SUV,__ 8.99 6.45 5.30 3.72 21.3 T
PSMA SUV__ 20.88 16.69 11.76 9.29 48.9
T/L '8F-FDG 2.36 1.42 1.63 0.850 5.54 0331
T/L PSMA 3.12 2.45 2.30 0.930 10.1
T/G "®F-FDG 6.42 4.92 3.89 1.63 5.73 0.002"
T/G PSMA 21.43 20.69 11.76 15.2 47.9
T/A 8F-FDG 2.62 1.81 1.65 0.932 6.01 0.002%
T/A PSMA 7.21 6.67 3.45 3.31 16.8
“Wilcoxon signed-rank, T: Tumor; L: Liver, A: Aorta, G: Medial gluteal muscle, ®Fluorine-fluorodeoxyglucose, ®*Ga: Gallium-68, PSMA: Prostate-specific membrane antigen, PET/
CT: Positron emission tomography/computed tomography, SUV, _ : Maximum standard uptake value

differentiated HCC, and three, as HCC without specifying
differentiation levels. '®F-FDG (T/B: 1.48) and PSMA (T/B:
1.44) uptake in the patient with poorly differentiated
HCC were similar, and a moderate radiopharmaceutical
uptake was observed in both studies. The primary tumors
in the two patients with well-differentiated HCC showed
a low level of radiopharmaceutical uptake (T/B: 1.11 and
1.12) in "®F-FDG PET/CT and intense radiopharmaceutical
uptake (T/B: 2.74 and 3.96) in PSMA PET/CT. Two of
the three patients whose differentiation level was not
specified showed intense '"F-FDG (T/B: 3.86 to 2.76)
and PSMA (T/B:10.1 to 3.98) uptake, while one patient
showed low "®F-FDG (T/B: 0.86) and intense PSMA (T/B:
2.1) uptake.

When the relationship between the laboratory results and
PET parameters was examined, serum AFP levels showed
a statistically significant positive correlation with "8F-FDG
T/A ratio only (r=0.641 p=0.007). However, there was no
correlation between %Ga-PSMA parameters and serum
AFP (p>0.05).

Discussion

In this prospective study, we investigated the contribution
of ¥Ga-PSMA PET/CT to the evaluation of HCCs. The most
important findings in this study were primary tumors
showing higher ®Ga-PSMA uptake on visual assessment
and the ability of ®Ga-PSMA to detect more primary and
metastatic lesions compared with ®F-FDG. Conventional
imaging methods, such as MRI, are routinely used as the
first choice in the diagnosis of HCC due to the typical
enhancement pattern with hyperenhancementin the arterial
phase and wash out in the portal and late venous phases
(12). Although MRI is generally sufficient for diagnosis, it
cannot provide information about the biological behavior
of HCC. PET radiopharmaceuticals, especially '8F-FDG,
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are helpful in this context. "8F-FDG PET/CT appears as an
important non-invasive diagnostic tool, especially in terms
of detecting metastatic lesions in HCC. It is known that
'8F-FDG PET/CT findings constitute a stronger prognostic
factor than the nodule’s size and number, as described
in Milan criteria. Because ®F-FDG avidity may predict the
risk of relapse in patients who are planned to undergo
liver transplantation, resection, or ablation, it may have a
direct effect on the transplantation and ablation outcome
(13,14). However, '®F-FDG PET/CT has a low sensitivity in
HCC due to overexpression of multidrug resistance protein
and increased glucose-6-phosphatase activity in HCC cells,
and its use in routine clinical practice is limited (15,16).
Therefore, different radiopharmaceuticals have been
investigated for the evaluation of primary and extrahepatic
metastases of HCCs. Agents with high sensitivity, including
'8F-fluorocholine and '"C-acetate, have a relatively poorer
availability and, therefore, a limited use (17,18).

Non-prostate solid tumors may exhibit a wide endothelial
PSMA expression, associated with neoangiogenesis and
vascular growth factor regulation (19,20,21). Recent
studies have shown that HCC shows a higher %Ga-PSMA
uptake compared with "8F-FDG (11,22). In our study, %Ga-
PSMA PET/CT revealed more lesions than '®F-FDG PET/CT,
and the lesions showed a higher PSMA uptake compared
with "®F-FDG.

A recent study has reported that peritumoral/vascular
expression of PSMA is greatly associated with grade
3 HCC (5/6, 83.3%) but can also be observed in grade
2 HCC (10/15, 66.7%). This was associated with the
clinicopathological characteristics of HCC. Fibrolamellar
HCC, normal hepatic tissue, and non-neoplastic cirrhotic
tissue are reported to not overexpress PSMA. HCCs,
arising in the setting of cirrhosis (9/10, 90.0%), show
a significantly increased peritumoral/vascular PSMA
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expression compared with non-cirrhotic HCCs (6/12, 50%)
(p<0.05) (23).

In a study that evaluates seven patients and 37 lesions,
Kesler et al. (11) demonstrated ®®Ga-PSMA uptake to
be much higher than the background hepatic activity
in 36/37 lesions. Twenty-eight lesions with no '8F-FDG
uptake showed high ®Ga-PSMA uptake, while eight
lesions showed both '"8F-FDG and %Ga-PSMA uptake.
In their study involving 19 patients, Kuyumcu et al.
(22) reported that 8Ga-PSMA uptake was higher than
'"8F-FDG uptake in nine patients. Four patients had a
higher '®F-FDG uptake compared with %Ga-PSMA, while
two patients showed no uptake (22). In our study, 13
patients had an increased %8Ga-PSMA uptake, while nine
patients had an increased "®F-FDG uptake. Four patients
with no '"8F-FDG uptake had a high %Ga-PSMA uptake,
however, one patient showed neither ®F-FDG nor ®Ga-
PSMA uptake. One patient with moderate ®4Ga-PSMA
uptake exhibited a higher "®F-FDG uptake. Because of
these results, the staging and treatment strategy can be
changed through using %Ga-PSMA PET/CT instead of
'"8F-FDG PET/CT for metabolic imaging in patients with
HCC.

Kesler et al. (11) reported extrahepatic involvement
in two of seven patients, while Kuyumcu et al. (22)
reported extrahepatic involvement in one patient. In
our study, four patients had extrahepatic involvement
on ®Ga-PSMA PET/CT, whereas "F-FDG PET/CT failed
to reveal the involvement in one of these patients. One
patient with %Ga-PSMA-negative mediastinal lymph
nodes, which was later evidenced to be anthracosis by
histopathological examination, showed false positivity in
'8F-FDG PET/CT. This supports the deduction that %Ga-
PSMA PET/CT may provide more accurate staging than
'"8F-FDG PET/CT.

Kuyumcu et al. (22) found no statistically significant
difference between the mean SUV__ of primary tumor
in "®F-FDG and %Ga-PSMA PET/CT and T/L ratios. The
researchers only evaluated T/L ratio but did not analyze
T/A and T/G ratios (22). Because it has recently been
reported that T/A ratios have a prognostic significance in
rectal cancer (24), we analyzed T/A and T/G ratios in our
study as well. We observed no statistical significance in
terms of T/L ratios between "®F-FDG and %Ga-PSMA PET/
CT, while we found significantly higher T/A and T/G ratios
and SUV__ in %8Ga-PSMA PET/CT.

Since patients with histopathology results are few in our
study, it will be difficult to make a clear evaluation of
the relationship between HCC differentiation and PSMA
involvement. However, PSMA uptake was significantly

84

higher than 'F-FDG uptake in our patients with well-
differentiated HCC. In our patient with less differentiated
HCC, "®F-FDG, and PSMA uptakes were found to be similar
compared with the background activity. Low '8F-FDG uptake
is an expected finding in patients with well-differentiated
and moderately differentiated HCC, and our findings on
the relationship between HCC differentiation and "®F-FDG
involvement are consistent with the literature (25). Since
there are no studies in the literature, no correlation could
be made between PSMA PET/CT and HCC differentiation.

In this preliminary study, no relationship was found
between %Ga-PSMA tumor uptake and serum AFP level,
suggesting that tumor angiogenesis and AFP production
are independent parameters in HCC.

Study Limitations

First limitation of the current study is the relatively small
number of patients, although our population is similar to
other prospective studies in the literature. Second, not all
patients had a histopathologically confirmed diagnosis,
and some patients were diagnosed according to typical
radiological findings.

Conclusion

%8Ga-PSMA PET/CT is superior to '®F-FDG PET/CT in the
diagnosis and staging of HCC. These preliminary findings
show that %®Ga-PSMA PET/CT has a supportive role for
MRI in T staging, especially in demonstrating multicentric
tumors, and it can be superior to MRI in demonstrating
extrahepatic involvement. High PSMA uptake is promising
for PSMA-targeted radionuclide treatments in metastatic
HCC, which responds poorly to standard chemotherapy
regimens. %Ga-PSMA PET/CT may also be helpful in
evaluating treatment response, warranting further
prospective studies in this area.
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Abstract

Obijectives: The metabolic activities of tumors can be calculated volumetrically during positron emission tomography/computed tomography
(PET/CT) imaging using metabolic tumor volume (MTV) and total lesion glycolysis (TLG). This study aimed to evaluate the roles of MTV and TLG
in predicting the malignancy risk of incidental thyroid nodules detected by PET/CT imaging.

Methods: Active metabolic areas of each section were manually drawn by region of interest to calculate the MTV of nodules, and all obtained
values were then summed. TLG, the product of mean standardized uptake value and MTV, was calculated by multiplying two values. All participants
underwent thyroid ultrasonography imaging. All nodules were divided into risk classes according to the European Thyroid Image Reporting and
Data System (EU-TIRADS) that was developed by the European Thyroid Association. The American Thyroid Association Guidelines were used to
determine which thyroid nodules would undergo thyroid fine-needle biopsy (FNAB). Results were classified according to the Bethesda scoring
system.

Results: TLG levels were significantly higher in malignant or malignant-suspicious nodules than in benign nodules (p=0.013). Although MTV levels
were high in malignant or malignant-suspicious nodules than in benign and non-diagnostic nodules, it was statistically insignificant at limit values
(p=0.079). Areas under curve (AUC) were 0.726 (p=0.005) and AUC: 0.668 (p=0.039) for TLG and MTV, respectively. The 2.3 g cut-off value
of TLG has a sensitivity of 85.7% and specificity of 59.0%. The 1.7 mL cut-off value of MTV has a sensitivity of 78.6% and specificity of 60.4%.
Conclusion: We believe that TLG evaluation will be useful in predicting high-risk malignancy or malignancy suspicion based on EU-TIRADS risk
classification of incidental thyroid nodules detected in PET/CT images. We believe that unnecessary thyroid FNABs can be avoided for thyroid
incidental nodules if such relation and cut-off values are determined and that it will be useful in hastening the operation of the necessary patients.
Keywords: Metabolic tumor volume, total lesion glycolysis, incidental thyroid nodules, "®F-FDG PET/CT scans
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Oz

Amagc: Timorlerin metabolik aktivitesi pozitron emisyon tomografi/bilgisayarli tomografinin (PET/BT) goriintiileme sirasinda hacimsel olarak
hesaplanabilir. Bunlar metabolik timoér hacmi (MTV) ve toplam lezyon glikolizidir (TLG). Bu calismanin amaci, PET/BT goriintileme ile saptanan
tesadufi tiroid nodullerinde malignite riskini tahmin etmede hacimsel olarak metabolik aktivite gosteren MTV ve TLG'nin rollerini degerlendirmektir.
Yontem: Noddlin MTV'sini hesaplamak icin, her bolimin aktif metabolik aktif lezyonlara ilgi alanlari ile manuel olarak cizildi; daha sonra elde
edilen tim degerler toplandi. Ortalama standardize uptake degeri ve MTV'nin Urlini olan TLG, iki deger carpilarak hesaplandi. Tim katilimcilarin
tiroid ultrasonografileri yapildi. Tdm nodiiller, Avrupa Tiroid Birligi (ETA) tarafindan gelistirilen “EU-TIRAD"a gore risk siniflarina ayrildi. ATA
Kilavuzu'na gére hangi tiroid nodiillerinin tiroid iiAB gecirecegine karar verildi. Sonuclar Bethesda puanlama sistemine gére verildi

Bulgular: TLG diizeyleri, benign nodiillere gére malign veya malign-stipheli nodllerde anlamli olarak yiiksekti (p=0,013). MTV diizeyleri malign
veya malign-sipheli noddllerde benign ve tanisal olmayan noddillere gore yiiksek olmasina ragmen sinir degerlerde istatistiksel olarak anlamli degildi
(p=0,079). Egri altindaki alan (AUC) TLG icin 0,726 (p=0,005) olarak hesaplandi. TLG icin 2,3 g kesme degeri icin duyarliik %85,7 ve 6zgulltik
%59,0 olarak bulundu. MTV icin AUC 0,668 olarak hesaplandi (p=0,039). MTV icin 1,7 mL cut-off icin duyarlilik %78,6, 6zgullik ise %60,4 idi.
Sonug: PET/BT ile saptanan tesadiifi tiroid noduillerinde, yiiksek riskli malignite veya malignite stiphesine sahip olma agisindan TLG degerlendirmesinin,
EU-TIRADS'ye gore yiksek ve cok ytksek riskinin tahmin edilmesinde faydali olacagina inaniyoruz. Boyle bir iliski ve kesim degerlerinin kesin
olarak tespit edilmesi durumunda, tiroid tesadiifi nodiiller icin gereksiz tiroid 11AB'lerinden kaginilabilecedini ve gerekli hastalarin ameliyatinin

Erdogan et al. MTV/TLG in Incidental Thyroid Nodules

geciktirilmemesi agisindan faydali olacagini distintyoruz.

Anahtar kelimeler: Metabolik timor hacmi, toplam lezyon glikoliz, tesad(ifi tiroid nodilleri, 'F-FDG PET/BT taramalari

Introduction

Thyroid cancers account for 3.0% of all new cancer
cases and 0.4% of all cancer deaths, and its prevalence is
increasing worldwide (1). Positron emission tomography/
computed tomography (PET/CT) imaging is recently being
used for various diseases, especially in malignancies.
Thyroid nodules, called thyroid incidentalomas, are
detected by chance in approximately 1-4% of cases
during these tomographies (2). '®Flor-fluorodeoxyglucose
("8F-FDG) PET/CT is an examination that determines the
metabolic activity of tumors. The highest metabolic activity
point of tumors is referred as the maximum standardized
uptake value (SUV__) (3). There is no sufficient evidence
in previous studies to support that SUV __ is beneficial in
determining the malignancy risk in thyroid incidentalomas
(4,5,6). The metabolic activity of tumors can be calculated
volumetrically during PET/CT imaging using metabolic
tumor volume (MTV) and total lesion glycolysis (TLG).
MTV is a semi-quantitative parameter that has prognostic
clinical value in many malignancies, whereas TLG is also
a semi-quantitative parameter that corresponds to the
cell mass of the target lesion associated with '8F-FDG
involvement (7). It is unknown whether MTV and TLG
have roles in determining the malignancy risk in thyroid
incidentalomas.

All thyroid incidentalomas detected with other imaging
methods must be evaluated using thyroid ultrasonography
imaging (USI) (8). This determines the localization, size,
echo structure, nodule shape, and image characteristics
(echogenicity, calcifications, edge layout, halo presence,
blood flow, and extrathyroidal spread presence) of
the nodule and the presence of lymphadenopathy (9).
Malignancy risk is classified based on the USI findings, and
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it is decided whether or not to conduct thyroid fine-needle
biopsy (FNAB) according to the European Thyroid Image
Reporting and Data System (EU-TIRADS) developed by the
European Thyroid Association (ETA) (10).

The contribution of PET/CT images to thyroid USI in
determining the malignancy risk will enable more accurate
decisions to be made in determining patients who will
undergo thyroid FNAB or surgical intervention in cases
with thyroid incidentaloma. This study aimed to evaluate
the roles of MTV and TLG, which determine metabolic
activity volumetrically, in predicting the malignancy risk of
incidental thyroid nodules detected by PET/CT imaging.

Materials and Methods

The study was approved by Slleyman Demirel University
Ethics Board (date: 13.02.2020, approval number: 37).
After screening the archives, written and verbal information
about the study was given to the participants. Consent was
obtained from the patients before they were included in the
study. Data of 6.480 patients who underwent "8F-FDG PET/
CT screening for non-thyroid malignancy or other reasons
at our clinic between 2017 and 2020 were evaluated
retrospectively. The hypometabolic and hypermetabolic
thyroid nodules detected during this screening were
described as thyroid incidentaloma. Thyroid incidentalomas
were detected in 190 (2.93%) patients who underwent
PET/CT scans. A total of 101 of these patients (63 women
and 38 men) and 153 nodules were included in the study.
The inclusion criteria were as follows: (a) No previous
thyroid disease (no history of benign or malignant thyroid
nodules), (b) no history of thyroidectomy, (c) no diffuse
involvement in the thyroid during PET/CT, (d) thyroid FNAB
and thyroid USIs performed in our hospital, and (e) consent
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to participate in the study. The design of the study is shown
in Figure 1. The primary cancers and cancer rates of the
patients included in the study are given in Table 1.

Thyroid USI Evaluation: An experienced endocrinologist
(H.K.) performed the thyroid USIs for all participants using
the Philips EPIQ 5 Device (Germany). The largest sizes of
all thyroid nodules, their structures (cystic, solid, dominant
cystic, or dominant solid), echogenicity (hypoechoic,
isoechoic, or hyperechoic), halo (thin, thick, or irregular),
border layout (regular or irregular), vascularity evaluation
with Doppler (intranodular blood build-up, perinodular
blood build-up, or no blood build-up), and calcifications
(micro-macro or nucleus qualifications) were evaluated.
All nodules were divided into risk classes according to EU-
TIRADS that was developed by the ETA.

Implementation of Thyroid FNAB: The American
Thyroid Association Guidelines were used to determine

Figure 1. The design of the study

AUS/FLUS: Cytological atypia/follicular lesion of undetermined significance, PET/
CT: Positron emission tomography/computed tomography
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which thyroid nodules would undergo thyroid FNAB (2).
The procedure was performed by a single endocrinologist
(H.K.) using a 10 cc injector and 22 G needle tip as stated
in the USI guide. At least two slides that were air dried
were sent to the pathology laboratory on the same day in
a closed container with liquid-based cytology solution and
the remaining material.

Table 1. Characteristics of patients included in the study

Variables

Age (years) 63.72+12.22
Gender (male/female) 63/38

TSH (mIU/L) 1.04+1.7
Thyroid nodule diameter (mm) 19£12
Hypermetabolic/hypometabolic (n) 73/80
Bethesda scoring

NDS 48 (31.4%)
Benign 84 (54.9%)
AUS/FLUS 6 (3.9%)
Suspicious for malign/malign 15 (9.8%)
Primary cancer

Breast cancer 19 (18.8%)
Laryngeal cancer 2 (2.0%)
Endometrial cancer 7 (6.9%)
Lung cancer 2 (2.0%)
Bladder cancer 1(1.0%)
Lymphoma 8(7.9%)
Rectal cancer 3 (3.0%)
Ovarian cancer 3 (3.0%)
Nasopharyngeal cancer 3(3.0%)
Colon cancer 8(7.9%)
Renal cell cancer 2 (2.0%)
Squamous cell carcinoma (skin) 1(1.0%)
Malignant melanoma 2 (2.0%)
Gastric cancer 3 (3.0%)
Mediastinal mass 3 (3.0%)
Adrenal mass 1(1.0%)
Breast mass 2 (2.0%)
Pancreatic mass 2 (2.0%)
Vertebral mass 1(1.0%)
Small intestine mass 1(1.0%)
Solitary pulmonary nodule 13 (12.9%)
Lung mass 14 (13.9%)
Fever of unknown cause 1(1.0%)

TSH: Thyroid-stimulating hormone, NDS: Non-diagnostic, AUS/FLUS: Cytological

atypia/follicular lesion of undetermined significance
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Histopathological Evaluation: An experienced pathologist
(M.C.) evaluated all the test samples. Samples sent on air-
dried glasses were stained with Giemsa stain, whereas
those sent in liquid were stained with hematoxylin-eosin,
Giemsa, and Papanicolaou stains. At least four slides were
prepared, and cytopathological evaluation was performed.
Results were classified as non-diagnostic, benign, cytological
atypia/follicular lesion of undetermined significance (AUS/
FLUS), follicle neoplasia suspicion, malignancy-suspicious,
and malignant according to the Bethesda scoring system
(11). Nodules that were suspected to be malignant were
considered malignant. The malignant and benign nodules
were statistically evaluated.

PET/CT Protocol and Image Analysis: All PET/CT
examinations were conducted using the Philips GEMINI TF
PET/CT scanner (Philips Medical Systems, Cleveland, Ohio,
USA) with time-of-flight imaging and a 64-slice CT scanner.
Patients were prohibited from consuming caffeine, alcohol,
and nicotine 24 h before the procedure. The blood sugar
concentrations of all patients after 6 h of fasting were
measured using a glucometer device (120 and 200 mg/
dL for non-diabetic and diabetic patients, respectively).
Then, intravenous 3.7 MBg/kg (0.1 mCi/kg) '8F-FDG
injection was given. All patients were orally hydrated with
1.5 L contrast during the 60-min waiting period. CT scan
was performed first, followed by a PET scan (Figure 2).
Three experienced nuclear medicine specialists (S.S.S.,
M.Y., and M.E.) evaluated the PET and CT images (non-
corrected and attenuation-corrected) in rotating maximum

Figure 2. PET/CT findings of a breast cancer-diagnosed patient. Primary
tumor in the right breast and hypermetabolic thyroid nodule in the right
lobe of the thyroid gland were seen in the (A) total body PET maximum
intensity projection image, (B) axial CT image, and (C) axial PET/CT fusion
image

PET/CT: Positron emission tomography/computed tomography
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intensity projection and cross-sectional view (transverse-
sagittal-coronal). The highest '®F-FDG involvement
value in the thyroid nodules was determined using the
semi-quantitative SUV__ value, is the highest activity
involvement area in the nodules. The SUV__ value was
calculated using the following formula: SUV__: maximum
activity in the range of interest (MBg/mL)/[injected dose
(MBq)/body weight (g)] To calculate the MTV of nodules,
active metabolic areas of each section were manually
drawn by region of interest, and all obtained values were
then summed. Meanwhile, TLG is the product of SUV
and MTV values.

mean

Statistical Analysis

The Shapiro-Wilk test was used to evaluate the fitness
of continuous variables to the normal distribution.
The Kruskal-Wallis test was used to compare groups
for variables that were not normally distributed. The
Bonferroni-corrected Mann-Whitney U test was used to
determine differences in variables between the groups.
The comparison of categorical data was performed
using the chisquare test. The diagnostic power of
the possibility of malignant or premalignant results in
incidental thyroid nodules using PET/CT imaging was
evaluated with the receiver operating characteristic
(ROC) curve analysis. The highest cutoff value for
the sensitivity and specificity of these parameters in
determining the malignancy risk was also calculated.
Statistical Package for Social Sciences for Windows
version 22.0 was used for statistical analyses, and
p<0.05 was considered statistically significant.

Results

Of the 153 thyroid incidentalomas (9.8%) included in
the study, 15 had malignant or malignant-suspicious
histopathology. Of the thyroid nodules examined,
73 (47.7%) were hypermetabolic and 80 (52.3%)
hypometabolic. Results of the thyroid FNABs for
hypermetabolic nodules found that 12 (16.4%) were
malignant or malignant-suspicious, 37 (50.7%) benign,
22 (30.1%) non-diagnostic, and 2 (2.7%) AUS/FLUS. Of
the hypometabolic nodules, 3 (3.8%) were malignant or
malignant-suspicious, 47 (58.8%) benign, 26 (32.5%) non-
diagnostic, and 4 (5.0%) AUS/FLUS. The median level of
thyroid-stimulating hormone was 1.04+1.7, and all of the
cases included in the study were euthyroid.

The largest dimensions of the nodules were between 8
and 80 mm, and the median size was 19+12 mm in the
thyroid USI evaluations.
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No significant differences were detected in nodule size
in PET/CT incidental thyroid nodules between the groups
as a result of thyroid FNAB according to the Bethesda
classification (p=0.063).

According to USI risk scoring, 6 (3.9%) of the nodules
were EU-TIRADS 3, 44 (28.8%) EU-TIRADS 4, and 103
(67.3%) EU-TIRADS 5. No significant differences were
detected in EU-TIRADS scores among the groups as a
result of thyroid FNAB according to the Bethesda scoring
system (p=0.488).

The PET/CT and USI findings of the PET/CT incidental
thyroid nodules according to the Bethesda score are given in
Table 2. SUV,__ levels were significantly higher in malignant
or malignant-suspicious nodules than in benign and non-
diagnostic nodules (p<0.001 and p=0.002, respectively).
SUV__  levels were significantly higher in malignant or
malignant-suspicious nodules than in benign and non-
diagnostic nodules (p<0.001 and p=0.001, respectively).
TLG levels were significantly higher in malignant or
malignant-suspicious nodules than in benign nodules
(p=0.013). Although MTV levels were high in malignant
or malignant-suspicious nodules than in benign and non-

diagnostic nodules, it was statistically insignificant at limit

1- Specificity 1- Specificity

values (p=0.079).

TLG MTV
The diagnostic power of the variables in predicting the 1 o
risk of being malignant or malignant-suspicious in the ‘/
incidental thyroid nodules detected in PET/CT scan were L N - |
evaluated using ROC analysis. As shown in the ROC, the 5 oo I £ oo I
area under curve (AUC) was 0.827 (p<0.001) for SUV__. 3 o
The 2.4 cut-off value of SUV__ has a sensitivity of 85.7%
and specificity of 71.2. AUC was 0.812 (p<0.001) for o2 o2
SUV__ . The 1.8 cut-off value of SUV__ has a sensitivity of 5 5 .
78.6% and specificity of 69.1%. AUC was 0.726 (p=0.005) " Bspeonay” " P speotiay

for TLG. For the 2.3 g cut-off value of TLG, the sensitivity
and specificity were 85.7% and 59.0%, respectively. AUC
for MTV was 0.668 (p=0.039). For the 1.7 mL cut-off value
of MTV, the sensitivity was 78.6% and specificity 60.4%
(Figure 3).

Discussion

In this study, SUV__ and TLG were found useful in
determining the risk of malignant and malignant-suspicious
nodules with TFNB indication based on EU-TIRADS risk
classification in thyroid nodules detected in PET/CT images.
To the best of our knowledge, this study is the first to show
a TLG increase in thyroid incidentalomas detected with
PET/CT in malignant and malignant-suspicious lesions in
thyroid FNAB than in benign ones.

Thyroid incidentaloma is detected in approximately 1.6-
2.46% of patients during PET/CT imaging (12,13). Similar
to the literature, in this study, thyroid incidentaloma was
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Figure 3. ROC analysis of PET parameters in predicting the risk of
malignancy of thyroid incidentalomas

ROC: Receiver operating characteristic, PET: Positron emission tomography, SUV:
Standardized uptake value, TLG: Total lesion glycolysis, MTV: Metabolic tumor
volume

Table 2. PET/CT and USG findings according to Bathesda scoring of thyroid FNAB results

Benign Suspicious for malign/malign AUS/FLUS NDS p
SUV .. 1.01+1.32 2.80£1.79*° 0.97%1.52 1.06£1.28 0.002
SUV_ 1.60+2.18 5.33+2.93%° 1.59+2.53 1.64+2.07 0.001
MTV (mL) 3.80+7.52 5.76+9.78 1.05£1.66 3.89+7.55 0.166
TLG (9) 10.46+24.34 21.14+£37.51° 3.12+5.13 8.33+16.41 0.042
EU-TIRADS 5+1 5+0.0 5+1 5+1 0.488
Nodule diameter (mm) 22+15 1814 15.55 1719 0.063
aSignificantly different from benign (p<0.013), ®Significantly different from NDS (p<0.013), PET/CT: Positron emission tomography/computed tomography, FNAB: Fine-needle
biopsy, SUV: Standardized uptake value, MTV: Metabolic tumor volume, TLG: Total lesion glycolysis, EU-TIRADS: European Thyroid Imaging and Reporting Data System, AUS/
FLUS: Cytological atypia/follicular lesion of undetermined significance, NDS: Non-diagnostic
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detected in 2.93% of cases. The malignancy rates of
these thyroid incidentalomas detected with PET/CT vary
between 10% and 64% (12). In this study, on the other
hand, malignancy was detected in 9.8% of incidental
thyroid nodules. Of the 153 nodules included in the study,
47.7% were hypermetabolic, and 16.4% of the thyroid
FNAB results of hypermetabolic nodules were malignant.
In the meta-analyses of Soelberg et al. (12) and Bertagna
et al. (13), the malignancy rates of hypermetabolic nodules
were 34.8% and 34.6%, respectively. It is possible that
the low malignancy rate in all thyroid incidentalomas and
hypermetabolic thyroid incidentalomas was due to the
high proportion of patients with biopsy compared with
the literature. In addition, the high rate (31.3%) of non-
diagnostic cytology in the study may contribute to the low
malignity rate. In our study, thyroid FNAB was performed in
101 (53.15%) of 190 patients with thyroid incidentaloma.
In the meta-analyses of Soelberg et al. (12) and Bertagna
et al. (13), this rate was 46% and 35%, respectively. The
similar rates in both meta-analyses can be explained with
the inclusion of the same articles in the study.

No consensus has yet been reached on using SUV,__ to
predict malignancy. In the thyroid incidentalomas detected
using PET/CT scan, only half of the studies in the literature
found that the relation of SUV__ with malignancy is at a
statistically significant level. A significant cut-off SUV__
value for malignancy was given in very few studies (12,13).
In this study, higher '8F-FDG intake was detected in patients
who had suspected malignancy or malignancy as a result
of thyroid FNAB from among thyroid incidentalomas. The
mean SUV,__ values in benign and malignant/malignant-
suspicious lesions were 1.60+2.18 and 5.33+2.93
(p=0.001), respectively. The coincidence rate in terms
of SUV__ was low between the benign, malignant, and
malignant-suspicious groups. The cutoff value of SUV__
was 2.4 for predicting malignant or malignant-suspicious
lesions. In a meta-analysis that included 22 studies,
Soelberg et al. (12) found a significant relation between
SUV__ and malignancy in eight studies. They found that
the SUV__ values of benign and malignant lesions were
4.8+3.1 and 6.9+4.7, respectively (p<0.001) (11). The
median SUV __ was higher in the benign and malignant
groups than in our study.

Makis and Ciarallo (14) found a statistically significant
difference in SUV__ between benign (mean SUV__ 4.8)
and malignant thyroid incidentalomas (mean SUV__ 6.3);
however, since there was a wide overlap of SUV__ values
between the two, a significant SUV,__ cut-off value was not
determined. Kumar et al. (15) detected increased '"8F-FDG
involvement in 55 of 1.016 patients for non-thyroid reasons
(prevalence 2.26%). No significant difference was detected
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in their study between the mean SUV__ of benign and
malignant thyroid incidentalomas (p=0.386). Although the
incidence of thyroid incidentaloma is similar to that in our
study, no significant differences were detected in SUV,__
values between benign and malignant and malignant-
suspicious lesions in our study. The reason for this might
be that glucose transporter 1 expression, which plays an
important role in the cell intake of "8F-FDG, varies according
to the differentiation in thyroid cancers (16). Barrio et al.
(17) detected malignancies in 21 (21.4%) of 98 thyroid
incidentalomas, which had focal ®F-FDG involvement in
6.216 PET/CT scans. Similar to our study, they detected
a statistically significant difference between benign and
malignant thyroid incidentalomas in terms of SUV__. To

max’

predict malignancy, the cut-off value of SUV__ was >2.

The number of studies conducted on volume-based
metabolic parameters is quite limited in thyroid
incidentalomas detected with "F-FDG PET/CT. Kim et
al. (18) evaluated the predictive value of volume-based
metabolic parameters (MTV and TLG) for pathological
lateral lymph node metastasis (LNM) and its aggressiveness
in differentiated thyroid cancers detected by chance with
'"8F-FDG PET/CT and found that high MTV and TLG values
were associated with LNM (18). In the present study,
the TLG values were significantly higher in malignant or
malignant-suspicious nodules than in benign and non-
diagnostic nodules. Although the MTV values of malignant
or malignant-suspicious nodules were high than in benign
and non-diagnostic nodules, it was statistically insignificant
at limit values. In this study, 96.1% of the thyroid
incidentalomas that underwent thyroid FNAB were in the
high or very high-risk group than using the EU-TIRADS risk
scoring. Furthermore, 67.3% of the nodules were in the
very high-risk group. The significance of TLG results in this
study may be related to this.

Kim and Chang (19) compared intratumoral heterogeneity
with thyroid FNAB results in thyroid nodules that were
evaluated with PET/CT, and unlike this study, they reported
a statistically significant difference between SUV__, TLG,
and MTV values between the malignant and malignant-
suspicious groups according to the Bethesda classification.
However, they detected no significant differences between
the malignant and benign groups (19). In our study, 96.1%
of the thyroid incidentalomas that underwent thyroid FNAB
might be associated with being in a high or very high-risk
group based on EU-TIRADS risk scoring.

Study Limitations

This study had several limitations. First, the study
had a retrospective design. Second, pathologies after
thyroidectomy were excluded because a limited number of
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patients underwent thyroidectomy. In addition, the number
of incidental thyroid nodules detected to be malignant
after thyroid FNAB was relatively small.

Conclusion

As a result, we believe that evaluating SUV,__ and TLG
will be useful in predicting the high and very high risk of
EU-TIRADS for having high-risk malignancy or malignancy
suspicion from the incidental thyroid nodules detected by
PET/CT. However, this must be supported with prospective
studies, and more patients should be included. We believe
that unnecessary thyroid FNABs for thyroid incidental
nodules can be avoided if such relation and cutoff values
are determined and that it will be useful in hastening the
operation of the necessary patients.
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Abstract

Obijectives: Post-hypoxia hypoxia-inducible factor (HIF}-1ow activation plays a vital role in colorectal cancer (CRC) angiogenesis. Although
glucose metabolism is induced in some cancer types via HIF-1a, the prognostic significance of HIF-1a in CRC and its correlation with "®fluorine-
fluorodeoxyglucose ("®F-FDG) uptake in positron emission tomography (PET) remain controversial. This study aims to investigate the association
between "®F-FDG/PET parameters and HIF-1a expression in CRC.

Methods: Thirty-six histopathologically confirmed patients with CRC who had "8F-FDG/PET scans before surgery were enrolled in the study. The
correlations between the maximum standardized uptake value (SUV,__), SUV metabolic tumor volume (MTV), total lesion glycolysis, HIF-1ct
overexpression, and histopathological features were evaluated.

Results: The tumor location, tumor diameter, perineural invasion, lymphovascular invasion, T and N stage were not significantly correlated
with HIF-1a overexpression. In contrast, the tumor differentiation was negatively correlated with HIF-1a expression (r=-0.332, p=0.048). None
of the '8F-FDG/PET parameters was significantly correlated with HIF-1a. overexpression. A significant relationship was found between tumor
differentiation, tumor necrosis percentage, and MTV (p=0.030, p=0.020).

Conclusion: The expected association between HIF-1a. overexpression and '8F-FDG/PET parameters was not found in this study. However,
there was a relationship between MTV, tumor differentiation, and tumor necrosis percentage. Hence, further studies are required to predict the
pathological and prognostic courses of CRC using a diagnostic '®F-FDG/PET evaluation.

Keywords: Hypoxia-inducible factor-1c, colorectal cancer, ®F-FDG/PET/CT, MTV, TLG
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Oz

Amagc: Dokuda hipoksi sonrasi hipoksi ile indiiklenebilir faktor (HIF)-1a aktivasyonu, kolorektal kanser (KRK) anjiyogenezinde énemli bir rol oynar.
Glikoz metabolizmasinin bazi kanser tirlerinde HIF-1a yoluyla indlklendigi bilinmesine ragmen; KRK'de HIF-1a’'nin prognostik énemi ve pozitron
emisyon tomografisinde (PET) "*flor-florodeoksiglukoz ("®F-FDG) tutulumu ile korelasyonu énceki calismalarda tartismali konulardir. KRK olgularinda
'8F-FDG/PET parametreleri ile HIF-1o ekspresyonu arasindaki iliskiyi arastirmaktir.

Yontem: Cerrahi 6ncesi 'F-FDG/PET taramalar mevcut olan histopatolojik olarak tani almis 36 KRK hastasi calismaya alindi. Maksimum standardize
uptake degeri (SUV__ ), SUV__ . metabolik timdr hacmi (MTV), total lezyon glikolizis ve HIF-Taw agirn ekspresyonu ile histopatolojik 6zellikler
arasindaki korelasyonlar degerlendirildi.

Bulgular: Timor lokasyonu, timor capi, perindral invazyon, lenfovaskiler invazyon, T ve N evresi, HIF-1a asir ekspresyonu ile istatistiksel
olarak anlamli korelasyon gostermezken, timor derecesi HIF-1o ekspresyonu ile negatif korelasyon gosterdi (r=-0,332, p=0,048). '®F-FDG/PET
parametrelerinin hicbiri, HIF-1cw asin ekspresyonu il e istatistiksel olarak anlamli korele bulunmadi. Timdr derecesi ve timor nekroz orani ile MTV
arasinda anlamli bir iliski bulundu (p=0,030, 0,020).

Sonug: HIF-1a asin ekspresyonu ile "8F-FDG/PET parametreleri arasinda beklenen iliski bu calismada ortaya konamamistir, ancak MTV ile timaor
farklilasmasi ve timor nekroz orani arasinda bir iliski mevcuttur. Bu nedenle, tanisal '®F-FDG/PET degerlendirmesi ile KRK’nin patolojik ve prognostik
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seyrini tahmin etmek icin daha fazla calismaya ihtiyag vardir.

Anahtar kelimeler: Hipoksi ile indiklenebilir faktér-1c, kolorektal kanser, ®F-FDG/PET/BT, MTV, TLG

Introduction

Colorectal cancer (CRQ) is the third most common cancer
in men and the second most common cancer in women
worldwide (1). In all types of carcinoma, including CRC,
the formation of new blood vessels is essential for tumor
growth and distant metastasis (2,3). Many angiogenic
growth factors have been described in the literature. The
hypoxia-inducible factor (HIF)-1a gene family is one of
these growth factors. In addition, HIFs are considered
the main factors that initiate gene expression required
for angiogenesis. HIF, a heterodimer, is a helix-loop-helix
Per-ARNT-Sim transcription factor. It has three homologs
identified as HIF-1a, HIF-2a, and HIF-3a. HIF-1o and HIF-
2a play an essential role in tumor vascularization (4). In
parallel with this, HIF-1a and HIF-2 HIF-2a are expressed
in many types of cancer and can be used as prognostic
factors in some cancers (5,6,7,8,9). HIF-1a expression
is not affected by the hypoxic state of the cells and is
already constitutively expressed. The accumulation of
the subunit of HIF-1a in the cell in a short time occurs
by preventing the naturally existing proteasomal
degradation due to hypoxia. In hypoxia, the subunit that
accumulates in the cell is HIF-1Ta (10,11,12). It is claimed
that the expression of HIF-1a and HIF-2a in neoplastic
cells has a predictive value on the survival of patients
with CRC (13).

Positron emission tomography (PET), which is based on the
high glucose uptake of neoplastic tissues, traces '#fluorine-
fluorodeoxyglucose ("®F-FDG) and enables the detection of
tumoral activities in the whole body and thereby facilitates
staging of the disease. By making a semiquantitative
glucose measurement with '8F-FDG/PET, the standardized
uptake value (SUV) of the tumoral tissue is calculated (14).
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PET/computed tomography (CT) has been widely used
in clinical practice to characterize and stage tumors non-
invasively. The SUV, a semiquantitative index in PET/
CT, has been popularly accepted by nuclear physicians
in daily use to demonstrate the uptake of glucose in
tumors/normal tissues. However, it remains questionable
because of several reasons. First, the semiquantitative
SUV__ is a sensitive indicator of metabolic activity and
tumor proliferation; however, it is the SUV on the highest
image pixel, reflecting a single-pixel value of the maximum
intensity of '®F-FDG activity in the tumor, ignoring the extent
of metabolic abnormality and changes in the distribution
of a tracer within the whole tumor mass (15,16). Second,
SUV is calculated based on the whole-body weight metric
(17). Third, studies have reported that many factors might
influence SUV, and SUV,__ is unreliable and recommendable
because of its poor reproducibility (3%+11%). Researchers
recommended volume-based variables such as metabolic
tumor volume (MTV) and total lesion glycolysis (TLG) to
reflect the metabolic activities within the whole tumor
mass to overcome these controversies. Instead of whole-
body weight, the administered dose should be based on
volume-based parameters corrected by lean body mass
(18).

By examining the correlation between HIF-1o expression
and '"®F-FDG/PET parameters (SUV__, SUV__ . MTV, and
TLG) in patients with CRC, the possibility of predicting the
pathological and prognostic course of CRC by diagnostic
'"8F-FDG/PET is investigated in the present study. In
addition, the link between microscopic tumor diameter,
lymphovascular invasion (LVI), perineural invasion (PNI),
tumor necrosis percentage, tumor differentiation, and
'8F-FDG uptake was also evaluated.
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Materials and Methods

Patients

The electronic database of patients diagnosed with
colorectal adenocarcinoma by endoscopic biopsy between
January 2018 and July 2019 in the department of surgical
oncology of our institute was retrospectively reviewed. The
ones scanned by "8F-FDG/PET/CT for staging before surgery
and undergoing curative surgical intent were included in
the study. The patients who did not have a PET scan before
primary surgery or had a PET scan but did not undergo
primary surgery at our center were excluded. In addition,
the patients who received neoadjuvant therapy for rectal
cancer were not considered suitable for the pathological
re-analysis and were excluded. The data of 36 patients
who met the criteria were enrolled in the current study.
8F-FDG/PET scans were performed on all patients between
January 2018 and August 2019, at least 15 days after the
endoscopic biopsy. If no distant metastases were defined
on '8F-FDG/PET images, patients were considered suitable
for curative surgery.

The study was approved by the Scientific Research Ethics
Committee of the Medical Faculty of University Stleyman
Demirel (protocol code, 13.02.2020/51). All procedures
applied were performed in accordance with the ethical
standards of the institutional research committee in
alliance with the 1964 Helsinki declaration and its later
amendments. Informed consent was waived owing to the
retrospective nature of the study.

Pathological Evaluation and Immunohistochemistry

The surgical materials were prepared for hematoxylin
and eosin staining by paraffin blocking after slicing the
primary tumor and resecting the lymph nodes. The slides
were evaluated by an experienced pathologist from the
department of pathology of our institute. Microscopic
tumor diameter, LVI, PNI, tumor necrosis percentage,
and differentiation were documented in the pathological
evaluation. A tumor-node-metastasis (TNM) stage was
defined for each patient according to the American Joint
Committee on Cancer TNM staging classification (8"
edition). The pathologist identified the most convenient
paraffin-embedded block in the surgical specimen to
perform the immunohistochemistry. Monoclonal rabbit anti-
human HIF-1a antibodies (clone, EP1215Y; dilution, 1:100;
Abcam, Cambridge, MA, USA) were used to evaluate the
HIF-1oe expression. A biotinylated goat anti-polyvalent
secondary antibody (TP-125-BN; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) experiment was performed in
parallel as a negative control, and human ovarian carcinoma
was used as a positive control. The avidin-biotin-peroxidase
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complex accomplished the immunostaining process. The
grade of staining was defined via a light microscope.
Cytoplasmic and nuclear immunoreactivity in tumor cells
was considered positive when evaluating immunostaining
(Figure 1). The cut-off value to differentiate positive and
negative immunoreactivity was determined as at least 10%
(19).

8F-FDG/PET Imaging Procedure

Whole-body "®F-FDG/PET scans of patients diagnosed with
CRC were performed with a Philips Gemini TF PET/CT
scanner (Philips Medical Systems B. V., Eindhoven, Holland)
in the nuclear medicine department of our institute. The
procedure was initiated by checking that the patient’s
serum glucose level was under 150 mg/dL after six hours
of fasting. Patients were administered '8F-FDG intravenously
(Monrol Eczacibasi, Istanbul, Turkey) calculated as 3.7 MBq
(0.1 mCi/kg) per kilogram, and 60 minutes after injection,
PET/CT scans were performed. Post-CT, a three-dimensional
emission scan was recorded for two minutes per location.

Figure 1. (A) Diffuse cytoplasmic and mild nuclear staining of HIF-1a in
tumor cells (x100). (B) Diffuse-moderate cytoplasmic and mild nuclear
staining of HIF-1a. in tumor cells (x200)

HIF-1a:: Hypoxia-inducible factor-1a
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Images obtained from the PET and CT were examined in
cross-sectional planes and rotational maximum intensity
projection. The '®F-FDG uptake in the primary tumor was
measured semi-quantified by the SUV__ and the SUV__ .
The volume-based parameter MTV (mL) was determined
using PET VCAR, the semiquantitative software embedded
in the Philips workstation (the estimated threshold for
discrimination of tumors was decided to be equal to or
more than 42% of SUV__. TLG was calculated based on
the formula: TLG=MTVxSUV Figure 2).

mean (
Statistical Analysis

All values presented in the tables are expressed as
medians (minimum-maximum) due to the non-parametric
distribution of the variables. The clinicopathological
features of the HIF-1a positive and negative groups were

A

&

Figure 2. (A) '®F-FDG/PET and (B) hybrid PET/computed axial tomography
images demonstrating a rectosigmoid colorectal adenocarcinoma with
conspicuously increased '®F-FDG uptake (maximum standardized uptake
value: 20.36, metabolic tumor volume: 98.05, total lesion glycolysis:
684:37) in a 74-year-old man. Histopathological features of the tumor
were as follows: pT3 (5.7 cm), NO, well-differentiated, and HIF-1a
overexpressed

BF-FDG: "®Fluorine-fluorodeoxyglucose, PET: Positron emission tomography, HIF-
1o Hypoxia-inducible factor-1a
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compared using the chisquare test. The medians of PET/
CT parameters and tumor diameters of the HIF-1o groups
were compared with the Mann-Whitney U test. Correlations
between pathological findings, HIF-1a overexpression,
and PET/CT parameters were analyzed by the Spearman
correlation test. All analyses were two-sided, and p<0.05
was considered statistically significant. Statistical analyses
were conducted via SPSS, version 21.0 (SPSS Inc. Chicago,
IL, USA).

Results

Patient Characteristics

Thirteen (36.1%) female and 23 (63.9%) male patients
were enrolled in the study. The median age was 64 (37-
88) years. The primary tumor locations were the colon in
seven (19.4%) patients, the sigmoid colon in four (11.1%)
patients, the rectosigmoid in five (13.9%) patients, and
the rectum in 20 (55.6%) patients. Seventeen (47.22%)
patients were HIF-1o. negative, and 19 (52.78%) were
positive. The difference between HIF-1a positive and
negative groups regarding gender, age, tumor location,
TN stage, PNI, LVI, tumor differentiation, tumor necrosis
percentage, or tumor diameter (p=0.083-0.879) were
not statistically significant. Moreover, SUv__, SUvV___,
MTV (mL), and TLG were also not significantly different
in the HIF-1a groups (p=0.090-0.318). Table 1 shows all
the clinicopathological features and PET/CT parameters
of HIF-1Ta groups and patients.

HIF-1a, Pathological, and PET/CT Parameters

The correlations between HIF-1a expression, pathological
features, and FDG-PET parameters were evaluated by
Spearman’s rank test. As a result, only tumor differentiation
was weakly negatively correlated with HIF-1a expression
(r=-0.332, p=0.048) (Table 2). There were no statistically
significant correlations between HIF-1Ta expression and
'"8F-FDG/PET parameters. Tumor diameter was positively
correlated with MTV (mL) and TLG as predicted from the
calculation formulas of MTV (mL) and TLG (p<0.001).
The only significant correlations were between tumor
differentiation, tumor necrosis percentage, and MTV (mL)
(p=0.030 and p=0.020, respectively) in the correlation
tests of pathological features with "®F-FDG/PET parameters
(Table 3).

Discussion

Hypoxia is known as a factor that adversely affects
the treatment response in solid cancers. Hypoxia is
associated with poor survival in many types of cancer,
such as breast, bladder, gynecological, and pancreatic
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cancers (5,6,7,8,20,21). HIFS occurs as a transcriptional
response to hypoxic stress. Post-hypoxia HIF-1a activation
plays a vital role in CRC angiogenesis. HIF binds to the
vascular endothelial growth factor (VEGF) promoter
region, allowing VEGF transcription to form new blood
vessels. Therefore, HIF-1a is used as a poor prognostic
marker (22). The overexpression of both HIF-1Ta and
HIF-2a is associated with a poor prognosis in colorectal
cancer. In addition, a correlation was found between HIF-
1o overexpression and clinicopathological features, such
as stage, depth of invasion, lymph node involvement,
and metastasis (23). In the present study, HIF-1a positive

and negative group patients were compared for T and
N stages, LVI, PNI, tumor differentiation, tumor necrosis
percentage, and tumor size., However, no significant
difference was found between them (p=0.879-0.083).

Clavo et al. (24) researched '®F-FDG uptake status changes
under different oxygen levels in various tumor cells in
vitro. It was considered that hypoxia regulates the "8F-FDG
uptake according to the increased "®F-FDG levels after mild
hypoxic treatment (24,25). Toba et al. (26) investigated
the relation of HIF-1a, GLUT-1, VEGF, and "®F-FDG uptake
in thymic epithelial tumors. Tumor size was the most
significant parameter that correlated with SUV__ (r=0.60,

Table 1. The clinicopathological features and '®F-FDG/PET parameters of HIF-1a negative and positive groups and all

patients

Total (n=36) HIF-1a negative (n=17) HIF-1a positive (n=19) | p
Gender
Female 13 (36.1%) 8 (47.1%) 5 (26.3%) e
Male 23 (63.9%) 9 (52.9%) 14 (73.7%) :
Age
<65 22 (61.1%) 10 (58.8%) 12 (63.2%) L
=65 14 (36.8%) 7 (41.2%) 7 (36.8%) :
Tumor location
Colon 7 (19.4%) 4 (23.5%) 3(15.8%)
Sigmoid 4(11.1%) 3(17.6%) 1 (5.3%)
Rectosigmoid 5(13.9%) 1(5.9%) 4(21.1%) 0.385
Rectum 20 (55.6%) 9 (52.9%) 11 (57.9%)
T stage
T1 3(8.3%) 1(5.9%) 2 (10.5%)
T2 4 (11.1%) 2 (11.8%) 2 (10.5%) 57
T3 29 (80.6%) 14 (82.4%) 15 (78.9%) :
N stage
NO 19 (52.8%) 10 (58.8%) 9 (47.4%)
N1 11 (30.6%) 4 (23.5%) 7 (36.8%) 0683
N2 6 (16.7%) 3(17.6%) 3 (15.8%) :
PNI
Yes 17 (47.2%) 9 (52.9%) 8 (42.1%) o
No 19 (52.8%) 8 (47.1%) 11 (57.9%) :
LVI
Yes 16 (44.4%) 7 (41.2%) 9 (47.4%) e
No 20 (55.6%) 10 (58.8%) 10 (52.6%) :
Tumor differentiation
Well-differentiated 18 (50%) 6 (35.3%) 12 (63.2%)
Moderately differentiated 15 (41.7%) 8 (47.1%) 7 (36.8%) 0083
Poorly differentiated 3 (8.3%) 3(17.6%) 0 ’
Tumor necrosis percentage™ 10% (0%-45%) 15% (0%-45%) 8% (0%-35%) 0.232
Tumor diameter (cm)* 5.5 (1-12.5) 6 (3-12.5) 5.5 (1-7) 0.193
SuvV__* 17.31(7.9-36.79) 19.29 (8.07-35.09) 17.21(7.936.79) 0.159
Suv,_* 7.56 (4.23-13.86) 7.63 (4.23-13.86) 7.51 (4.31-12.65) 0318
MTV (mL)* 83.5 (6.27-435.84) 119.29 (10.49-341.25) 46.59 (6.27-435.84) 0.117
TLG* 596.32 (27.03-3756.94) 1030.18 (68.01-2639.73) 363.41(27.03-3756.94) | 0.090

*The median values and minimum-maximum ranges are denoted for the numerical data. '8F-FDG: "®Fluorine-fluorodeoxyglucose, PET: Positron emission tomography, HIF-1a: Hypoxia-
inducible factor-1a, PNI: Perineural invasion, LVI: Lymphovascular invasion, SUV - Maximum standardized uptake value, MTV: Metabolic tumor volume, TLG: Total lesion glycolysis
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p<0.001), and the expression of HIF-1a. showed a moderate
association, but the expression of GLUT-1 showed no
correlation with SUV__. Moreover, Rajendran et al. (27)
studied the association between hypoxia proportional
to '®F-fluoromisonidazole (FMISO) uptake and glycolysis
evaluated by '®F-FDG uptake on PET images in soft-tissue
sarcomas, glioblastoma multiforme, breast cancers, and
patients with head and neck cancer. When the four tumor
types were analyzed separately, a correlation between
®FE-FDG and FMISO was significant in only head and neck
tumors (27).

CRC presenting with large necrotic and hypoxic lesions tend
to be resistant to chemoradiotherapy. Although CRC with
HIF-1a overexpression has been indicated to have a worse

Table 2. Correlation results of HIF-1a overexpression and
clinicopathological features of patients

Correlation
coefficient DT
Tumor location 0.171 0.319
T stage -0.050 0.770
N stage 0.083 0.631
PNI -0.108 0.529
LVI 0.062 0.719
Tumor differentiation -0.332 0.048
Tumor necrosis percentage -0.204 0.233
Tumor diameter -0.220 0.197

The statistically significant results are in bold. HIF-1a: Hypoxia-inducible factor-1a,
PNI: Perineural invasion, LVI: Lymphovascular invasion

prognosis (23,28,29,30), there are conflicting opinions in
the literature regarding the prognostic importance of HIF-
1o for CRC. In the present study, the prognostic value of
HIF-1a was not investigated because the study population
was heterogeneous for tumor localization (seven colon,
four sigmoid colon, five rectosigmoid, and 20 rectum),
which have different treatment modalities and different
prognoses.

The primary aim of the present study was to evaluate
the link between HIF-1a. overexpression and the PET/CT
parameters in CRC. No statistically significant correlation
was found between HIF-1q, SUV ., SUV__ . MTV, or
TLG. Glucose uptake, a hallmark of cancers, increases
with malignancy through the up-regulation of membrane
glucose transporters and improves hexokinase activity. It
is usually evaluated on '8F-FDG/PET by calculating SUV in
the tumor. In addition, SUV__ is the most commonly used
parameter in clinical trials.

Nevertheless, the tumor metabolic burden regarding MTV
and TLG can comprehensively reflect glucose uptake
within the whole tumor rather than a single-pixel value of
'8F-FDG activity (SUV, ). They were adopted as the optimal
parameters for the therapeutic evaluation by PET Response
Criteria in Solid Tumors (31). Also, MTV and TLG are
more accurate biomarkers for T and M stage predictions
than SUV__ (32). The significant correlation found in the
present study between MTV, TLG, and tumor diameter was
due to the calculation methods of MTV and TLG. Besides,
the statistically significant correlations between MTV, TLG,
tumor differentiation, and tumor necrosis percentage are

Table 3. Correlation results of HIF-1a, pathological findings, and TN stage with '®F-FDG/PET parameters
Suv __ suv . MTV TLG
HIF-To Correlation coefficient -0.238 -0.169 -0.265 -0.287
p value 0.162 0.325 0.118 0.090
Tumor diameter Correlation coefficient 0.136 0.145 0.672 0.616
p value 0.429 0.398 <0.001 <0.001
Tumor differentiation Correlation coefficient -0.126 -0.163 0.362 0.281
p value 0.465 0.342 0.030 0.097
TUMOr Necrosis percentage Correlation coefficient -0.152 -0.223 0.386 0.300
P 9 p value 0.376 0.191 0.020 0.076
PN Correlation coefficient 0.185 -0.040 0.032 -0.008
p value 0.281 0.816 0.852 0.963
VI Correlation coefficient -0.156 -0.108 0.110 0.065
p value 0.363 0.532 0.522 0.708
T stage Correlation coefficient -0.077 -0.105 0.328 0.237
9 p value 0.654 0.541 0.051 0.164
N stage Correlation coefficient -0.176 -0.115 0.052 0.003
9 p value 0.305 0.506 0.763 0.988
The statistically significant results are in bold. HIF-1a: Hypoxia-inducible factor-1a, TN: Tumor-node, 8F-FDG: '®Fluorine-fluorodeoxyglucose, PET: Positron emission tomography,
PNI: Perineural invasion, LVI: Lymphovascular invasion, MTV: Metabolic tumor volume, TLG: Total lesion glycolysis, SUV, - Maximum standardized uptake value
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remarkable. Poor tumor differentiation is related to a worse
prognosis in CRC (33).

Study Limitations

This study has some limitations because of its retrospective
design and small sample size. The sample size was limited
because '8F-FDG/PET is not routinely indicated in the
staging of CRC. Therefore, a heterogeneous group of
tumor locations was enrolled in the study to compose the
sample size.

Conclusion

The prognostic significance of HIF-1a. in CRC and its
correlation with PET/CT parameters were controversial
issues in previous studies. We found no significant
relationship between HIF-1a and clinicopathological
features or PET/CT parameters. However, there was a
relationship between MTV, TLG, and tumor differentiation,
and tumor necrosis percentage. Hence, further studies are
required to predict the pathological and prognostic courses
of CRC using a diagnostic '8F-FDG/PET evaluation.
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Contribution of '8F-FDG PET/CT in the Differential Diagnosis of
Pulmonary Hamartomas and Pulmonary Carcinoids
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Abstract

Obijectives: This study aimed to evaluate "#fluorine-fluorodeoxyglucose ('8F-FDG) positron emission tomography/computed tomography (PET/CT)
findings in the differential diagnosis of pulmonary carcinoids and pulmonary hamartomas.

Methods: "®F-FDG PET/CT findings of 34 patients with pulmonary carcinoids (12 atypical, 22 typical) and 32 patients with pulmonary hamartomas
were retrospectively evaluated. Both mean diameter and mean maximum standardized uptake value (SUV__ ) of hamartomas and carcinoids were
compared by Mann-Whitney U and Kruskall-Wallis H tests.

Results: The mean longest diameter of atypical carcinoids (3.5+1.7 cm) was higher than that of hamartomas (2.1+1 cm) (p=0.038). No significant
difference was found between the mean diameter of typical carcinoids and mean diameter of hamartomas (p=0.128). The mean SUV__ of atypical
carcinoids (5.97+3.7) and typical carcinoids (4.22+1.7) were higher than those of hamartomas (1.65+0.9) (p=0.002 and p=0.003, respectively).
There were collapse/consolidation in 55.8%, bronchiectasis or mucoid impaction in 47%, and air trapping in 14.7% in the peripheral parenchyma
of the 34 carcinoids. Collapse/consolidation was detected in a patient with endobronchial hamartoma, and other finding was not found in the
parenchyma around hamartomas.

Conclusion: The '®F-FDG uptake of pulmonary carcinoids can vary from minimal to intense. '8F-FDG uptake can be seen in pulmonary hamartomas.
However, the mean SUV,__ of atypical carcinoids and typical carcinoids were higher compared to hamartomas. Pulmonary carcinoid must be
suspected in cases with accompanying bronchial obstruction findings in the periphery of the mass.

Keywords: Pulmonary hamartoma, pulmonary carcinoid tumor, atypical pulmonary carcinoid tumor, '®F-FDG PET/CT
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Oz

Amag: Bu calismanin amaci pulmoner karsinoid tiimarlerin ve pulmoner hamartomlarin ayirici tanisinda "®flor-florodeoksiglukoz (®F-FDG) pozitron
emisyon tomografi/bilgisayarli tomografinin (PET/BT) bulgularini degerlendirmektir.

Yontem: Pulmoner karsinoidli 34 hastanin (12 atipik, 22 tipik) ve pulmoner hamartomlu 32 hastanin "®F-FDG PET/BT bulgulari geriye dénik olarak
degerlendirildi. Hamartomlarin ve karsinoidlerin hem ortalama capl hem de ortalama maksimum standardize uptake degeri (SUV__ ) degeri
Mann-Whitney U ve Kruskall\Wallis H testleri ile karsilastirildi.

Bulgular: Atipik karsinoid timarlerin ortalama en uzun capi (3,5+1,7 cm), hamartomlardan (2,1+1 cm) daha fazlaydi (p=0,038). Tipik karsinoid
tUmoriin ortalama capi (2,7+1,7 cm ) ile hamartomlarin ortalama caplari arasinda anlamli bir fark yoktu (p=0,128). Atipik karsinoidlerin (5,97+3,7)
ve tipik karsinoidlerin (4,22+1,7) ortalama SUV.__ ~degerleri hamartomlara (1,65+0,9) gére daha yliksekti (sirasiyla; p=0,002 ve p=0,003). Otuz
dort karsinoidin periferik parankiminde %55.8'inde kollaps konsolidasyon, %47'sinde bronsektazi veya mukoid impaksiyon ve %14.7'sinde hava
hapsi vardi. Endobronsiyal hamartomlu bir hastada kollaps konsolidasyon tespit edildi. Bunun disinda hamartomlarin etrafindaki parankimde ek
bulguya rastlanmadi.

Sonug: Pulmoner karsinoidlerde "®F-FDG tutulumu minimalden yoguna kadar degisebilir. Ayrica pulmoner hamartomlarda '®F-FDG tutulumu
gorulebilir. Ancak, calismamiza gére atipik karsinoidlerin ve tipik karsinoidlerin ortalama SUV,__ ‘I hamartomlara gore daha yuksekti. Ayrica kitle

maks)
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cevresinde bronsiyal obstriiksiyon bulgularinin eslik etmesi durumunda pulmoner karsinoidden stiphelenilmelidir.
Anahtar kelimeler: Pulmoner hamartom, pulmoner karsinoid timor, atipik pulmoner karsinoid timor, '8F-FDG PET/BT

Introduction

Hamartoma is a benign neoplasm consisting of an
abnormal mixture of cells and tissues of the organ from
which it originates and may contain cartilage, muscle, fat,
connective tissue, and respiratory epithelium. Pulmonary
hamartoma is the most common benign tumor of the lung
in adults. They constitute 77% of benign lung lesions (1,2).

Pulmonary carcinoids are well-differentiated neuroendocrine
carcinomas, originating from neuroendocrine  cells
called Kulchitzky, located in the bronchial or bronchiolar
epithelium, comprising 1%-2% of all primary lung cancers
(3,4). Pulmonary carcinoids and pulmonary hamartomas are
often observed as well-circumscribed, lobulated, rounder
oval lesions on computed tomography (CT) (1,5). "®Fluorine-
fluorodeoxyglucose ('8F-FDG) positron emission tomography
(PET)/CT is a widely used method for the evaluation of
suspected malignant lung nodules. It prevents unnecessary
invasive procedures and enables detection of malignancy
at an early stage (6). However, pulmonary carcinoids may
not show significant "®F-FDG uptake (7). In addition, false-
positive "8F-FDG uptake can be observed in infective and
inflammatory processes (8). This retrospective study aimed
to investigate the contribution of "F-FDG PET/CT findings
in the differential diagnosis of pulmonary carcinoids and
pulmonary hamartomas; thus, both CT and "®F-FDG PET
findings of these lesions were evaluated.

Materials and Methods

Medical records of patients who underwent '®F-FDG
PET/CT to evaluate pulmonary nodules, which were
detected on CT between 2009 and 2019 at our hospital,
were retrospectively reviewed. Patients with pulmonary

carcinoid or pulmonary hamartoma, which was
pathologically confirmed by biopsy or surgical resection,
were included in the study. The exclusion criteria of
the patients were as follows: (1) Nodule with diameter
<10 mm and (2) presence of significant respiratory
motion artifacts that affected the assessment of lesion
on PET/CT. Thus, a total of 34 patients with pulmonary
carcinoids (12 atypical, 22 typical) and a total of 32
patients with pulmonary hamartomas were included
in this study. Age, sex, lesion location within the lung
parenchyma, type of operation, and PET/CT findings
were recorded.

PET/CT (Biograph LSO HI-REZ PET/CT; Siemens, Medical
Solutions, Knoxville, TN) was performed within 45-60 min
after intravenous injection of 0.15 mCi/kg '"®F-FDG. Blood
glucose was confirmed to be <200 mg/dL before the
injection of '8F-FDG. Patients fasted for at least 6 h prior
to the "8F-FDG injection. After taking CT images from the
vertex of the skull to the proximal femur, PET was performed
in 6-8 bed positions (3 min per bed). CT data were used
for attenuation correction. After the reconstruction of
raw data with ordered subset expectation maximization
algorithms, images were evaluated in axial, coronal, and
sagittal formats. The maximum standardized uptake
value (SUV__), longest diameter values, and presence of
intralesional calcification and fat were noted. In addition,
accompanying findings in the peripheral parenchyma of
the lesion, such as air trapping, bronchiectasis, mucoid
impaction of the bronchi, and collapse/consolidation,
were assessed. Density found similar to subcutaneous fatty
tissue in the lesion was considered fat density. The SUV__
of the lesions were calculated automatically by drawing the
relevant area around the lesions.
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This study was approved by the Local Ethics Committee of
University of Health Sciences Turkey, Ataturk Chest Diseases
and Thoracic Surgery Training and Research Hospital (date:
16.07.2020, protocol number: 682).

Statistical Analysis

Data collected in this study were analyzed by the SPSS 21
statistical package software. As data were not normally
distributed, the Mann-Whitney U test was used in two-
group comparisons, and the Bonferroni-corrected Kruskall-
Wallis H test was used in three-group comparisons. The
Mann-Whitney U test was used for post-hoc comparisons.
Significant difference was set at p value <0.05.

Results

A total of the 66 (42 male, 24 female) patients were
included in the study. Of these patients, 34 had carcinoids
and 32 had hamartomas. There were 12 atypical and
22 typical carcinoids. Clinicopathological features of the
patients are given in Table 1.

The mean diameters of lesions and SUV,__ value are shown
in Table 2. The mean longest diameter of atypical carcinoids
(3.5£1.7 cm) was higher than that of hamartomas
(2.1£1 cm) (p=0.038). No significant difference was
found between the mean diameter of typical carcinoids
(2.7£1.7 cm) and the mean diameter of atypical carcinoids
(p=0.325). In addition, no significant difference was noted
between the mean diameter of typical carcinoids and the
mean diameter of hamartomas (p=0.128).

The mean SUV__ was 4.22+1.7 (range, 1.2+7.1) in typical
carcinoids, 5.97+3.7 (range, 2-13.25) in atypical carcinoids,
and 1.65+0.9 (range, 0-3.3) in hamartomas. The SUV __
of hamartomas was substantially low in comparison with

Table 1. Clinicopathological features
Histopathologic diagnosis Carcinoids Hamartomas
n 34 32
Sex (male/female) 11/23 13/19
Age, y (mean + SD) 49+15.2 54.4+10.4
Location (central/peripheral) (n) 22/12 3/29
Location (right/lung) (n) 21/13 19/13
Type of biopsy or surgery
Lobectomy or bilobectomy 24 1
Pneumonectomy 1
Wedge resection or excision | 8 18
TTNA or truncate biopsy 13
Bronchoscopic biopsy 1
TTNA: Transthoracic needle aspiration SD: Standard deviation

typical and atypical carcinoids (p=0.003 and p=0.002,
respectively). No significant difference between SUV__ of
typical and atypical carcinoids was determined (p=0.325).

The CT features of '8F-FDG PET/CT images of lesions
are shown in Table 3. Collapse/consolidation (n=19),
bronchiectasis and/or mucoid impaction (n=16), and air
trapping (n=5) were seen in the peripheral pulmonary
parenchyma of 34 carcinoids (Figure 1). Pleural effusion
on the side of the lesion was detected in two patients.
Peripheral pulmonary collapse/consolidation was found
in one patient with endobronchial hamartoma, and
no other finding was found in the parenchyma around
hamartomas.

Intralesional calcification was found in 52.9% of 34
carcinoids. Calcification was detected in 46.8% of 32
hamartomas (Figure 2). Intralesional fat density was
observed in 4 of 32 (12.5%) patients with hamartoma
(Figure 3).

Discussion

A meta-analysis revealed that "F-FDG PET/CT has high
sensitivity (81.9%) but lower specificity (62.4%) in
distinguishing benign from malign pulmonary nodules.
The presence of '™F-FDG uptake in inflammatory or
infective diseases, other than malignant diseases, reduces
the specificity of PET/CT (8). Low '®F-FDG uptake can be
observed in pulmonary hamartomas (Figure 2) (9,10).
Ergonul et al. (9) reported "8F-FDG PET/CT findings of 106
patients with benign lung lesions. Of 106 patients, 19
had hamartomas. The SUV__ of 19 hamartomas ranged
from 0 to 4.5 (9). lJiang et al. (10) reported the "F-FDG
PET/CT findings of 14 pulmonary hamartomas with a
mean diameter of 1.7+0.8 cm (range, 0.7-3.1 ¢m), and
the mean SUV__ of lesions was 1.5+0.6 (range, 0.7-2.6)

r

N

Figure 1. Atypical carcinoid. Axial CT (A) and PET (B) images of the PET/
CT scan showing high "8F-FDG uptake on a lobulated mass with eccentric
calcifications (thin arrows). Adjacent atelectasis (black thick arrow) and
air trapping (white thick arrow) are detected. The maximum standardized
uptake value of carcinoid was 4.16

CT: Computed tomography, PET: Positron emission tomography, '®F-FDG:
'8Ffluorodeoxyglucose
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Table 2. SUV__ and diameter differences between atypical carcinoids, typical carcinoids, and hamartomas

Diagnosis AC TC Hamartoma | p value* | p value* | p value” | p value*
n 12 22 32 - - - -

Mean diameter + SD 3.5£1.7 2.7£1.7 2.1£1

range, (cm) (127) | (078 |(0755) 0035 10325 0128 0038
Mean SUV__ + SD 5.97+£3.7 4.22+1.7 | 1.65+x0.9

range 5132) | (122.1) | (033) 0.0001 | 0325 0.003 0.002

deviation

Hp value for comparison among three groups (Kruskal-Wallis test), *p value for comparison between AC and TC, “p value for comparison between hamartoma and typical
carcinoids, “p value for comparison between hamartoma and AC. SUV,__: Maximum standardized uptake value, AC: Atypical carcinoid, TC: Typical carcinoid, SD: Standard

Table 3. CT findings of '®F-FDG PET/CT images of patients
with pulmonary carcinoids and hamartomas
Histopathologic diagnosis Carcinoids | Hamartomas
n 34 32
Intralesional calcification (n) 18 15
Intralesional fat (n) 0 4
Bronchiectasis or mucoid impaction

16 0
(n)
Collapse/consolidation (n) 19 1
Air trapping (n) 5 0
Pleural effusion (n) 2 0
PET/CT:  Positron emission tomography/computed tomography, '8F-FDG:
"8F-fluorodeoxyglucose

-
4

-

Figure 2. Pulmonary hamartoma. Axial CT (A) and PET (B) images of
the PET/CT scan show low '8F-FDG uptake on a nodule with popcorn
calcifications (arrows). The maximum standardized uptake value was
2.34

CT: Computed tomography, PET: Positron emission tomography, '"F-FDG:
'8F-fluorodeoxyglucose

Figure 3. Pulmonary hamartoma. Axial CT (A) and PET (B) images of the
PET/CT scan show low ™®F-FDG uptake on the slightly lobulated, well-
defined, fat-containing nodule (arrows). The maximum standardized
uptake value of carcinoid was 2.33

CT: Computed tomography, PET: Positron emission tomography, 'F-FDG:
'8F-fluorodeoxyglucose

(10). Similarly, in the present study, the mean SUV__ was
1.65£0.9 (range, 0-3.38).

Although the sensitivity of "®F-FDG PET/CT is high, false-
negative "®F-FDG results can occur in the determination of
malignity. In malignant tumors with low glucose metabolic
activity such as carcinoid, solid adenocarcinoma, minimally
invasive carcinoma, and atypical adenomatous hyperplasia,
a lack of "F-FDG uptake can be seen on PET images (8).
'"8F-FDG PET/CT is the first choice in the evaluation of
indeterminate pulmonary nodules. However, at present,
Gallium-68  (°®Ga)- 1,4,7,10-tetraazacyclododecane-
1,4,7,10-tetraacetic acid (DOTA)-conjugated peptides that
show affinity for somatostatin receptors are used in the
imaging of carcinoids through PET/CT (11). While the
sensitivity of ®®Ga-DOTA-conjugated peptides in detecting
pulmonary carcinoids ranged from 79% to 100%, the
sensitivity of '"F-FDG PET/CT in identifying pulmonary
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carcinoids ranged from 52% to 100% (12). In our
retrospective study in 2014, we evaluated "8F-FDG PET/
CT findings of 22 patients with pulmonary carcinoids (14
typical, 8 atypical). In that study, the sensitivity of "®F-FDG
PET/CT was 81.8% in detecting pulmonary carcinoids
(13).

In the present study, the mean SUV,__ was 4.22 for typical
carcinoids and 5.97 for atypical carcinoids (Figure 1). No
significant difference was found in the SUV__ between
typical and atypical carcinoids (p=0.325). The mean SUV__
was significantly lower in hamartoma than in typical and
atypical carcinoids (p=0.003 and p=0.002, respectively).
Uhlén et al. (14) compared the '8F-FDG PET/CT findings
of 36 patients with pulmonary carcinoid and 51 patients
with pulmonary hamartoma. They found that the SUV,_
was lower in hamartomas (mean, 1.4) than in carcinoids
(mean, 3.9) (p=<0.00001).

While approximately 80% of pulmonary carcinoids are
located in central airways, 90% of pulmonary hamartomas
are located peripherally (5,15). The central carcinoids may
occur with associated pneumonia, atelectasis, air trapping,
mucoid impaction, and bronchiectasis (5). In the present
study, 64.7% of carcinoids were centrally located. Distal
collapse/consolidation was detected in 55.8% of 34
carcinoids, mucoid impaction or bronchiectasis in 47%, and
air trapping in 14.7%. Calcification was found in the 57.7%
of 34 carcinoids. Moreover, 90.6% of the hamartomas
were located peripherally. Accompanying collapse/
consolidation was found in a patient with endobronchial
located hamartoma, and no other finding was seen for
hamartomas in the peripheral parenchyma.

Diffuse, punctate, or eccentric calcification can be
observed in 30% of carcinoids on CT images (16).
Moreover, 25%-30% of benign pulmonary hamartomas
exhibit calcification/ossification. Especially, the presence
of calcification in the form of popcorn or comma suggests
hamartoma (1). We found intralesional calcification in
52.9% of the 34 carcinoids and also in 46.8 % of 32
hamartomas. Pulmonary hamartoma and carcinoid
may have similar morphologic features on CT. Especially,
peripheral carcinoids are generally asymptomatic and
found incidentally. Peripheral carcinoids are slow-growing
tumors. It may be difficult to distinguish peripheral
carcinoids from benign pulmonary nodules. Thin-slice CT
images can show the relationship between small airways
and carcinoid nodules (16).

Study Limitations

This study has some limitations. In a previous study,
intralesional fat was seen in approximately 60% of
hamartomas (1). Approximately -40 to -120 Hounsfield

units (HU) are compatible with intralesional fat density and
are typical for hamartoma on thin-slice CT images (17).
However, in the present study, fat density was found in
13.3% of 32 hamartomas. In addition, PET/CT images were
taken while the patient was breathing freely. Respiratory
motion during scanning causes artifacts in PET/CT images,
particularly in cases of small nodules. Thus, we prefer to
evaluate the presence of intranodular fat visually, instead
of measuring the HU value. The rate of intrapulmonary fat
content may be incorrectly low in our study. The contour,
density, and size of pulmonary nodules, presence of
intralesional calcification, and indirect findings of airway
involvement, especially in peripheral and small nodules,
can be evaluated more effectively by thin-slice CT (18).

Conclusion

The ™F-FDG uptake in pulmonary carcinoids is higher
than hamartomas. However, ®F-FDG uptake can be seen
in hamartomas. In the presence of calcifying central
pulmonary lesions that are well circumscribed or lobulated,
showing marked FDG uptake and bronchial obstruction
findings in the peripheral parenchyma, carcinoids should
be considered in the diagnosis. Differential diagnosis of
peripheral carcinoids, particularly small ones, without
a finding of bronchial obstruction in the adjacent
parenchyma, is only possible by histopathological methods.
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Peptide Receptor Radionuclide Therapy with '”7Lu-DOTATATE in
a Case of Concurrent Neuroendocrine Tumors and Meningioma:
Achieving Two Things in a Single Action

Eszamanli Néroendokrin Timor ve Menenjiyom Olgusunda 'Lu-DOTATATE ile Peptid
Reseptdr Radyoniiklid Tedavisi: Tek Bir Uygulama ile [ki Hastaligin Tedavisi
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Abstract

We present a partial response of peptide receptor radionuclide therapy (PRRT) with "7/Lu-DOTATATE in a case of concurrent neuroendocrine
tumors (NETs) and meningioma. In addition to the valuable role of PRRT in inoperable NETs, it has been demonstrated that this treatment can be
a promising therapy for progressive meningioma, especially in patients with low grade and refractory to standard regime.

Keywords: %Ga-DOTATATE PET/MRI, PRRT, neuroendocrine tumor, "®F-FDG-PET/CT

0z

Bu olgu sunumunda eszamanli néroendokrin timaér (NET) ve menenjiyom tanili bir olgunun '7’Lu-DOTATATE ile peptid reseptor radyontklid
tedavisine (PRRT) kismi yaniti sunulmaktadir. inoperabl NET'lerde PRRT’nin 6nemli roltine ek olarak, bu tedavinin 6zellikle diisiik dereceli ve standart
rejime direngli hastalarda ilerleyici menenjiyom icin umut verici bir tedavi olabilecedi gosterilmistir.
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Figure 1. A 50-year-old female patient diagnosed as a case of metastatic neuroendocrine tumor (NET) with MiB1 index 5% and prior history of failure
to several cycles of chemotherapy presented for probable peptide receptor radionuclide therapy (PRRT). (a) Pretreatment '8flor-fluorodeoxyglucose
("F-FDG) positron emission tomography/computed tomography (PET/CT) showed no ™F-FDG uptake, while all lesions in the liver [maximum
standardized uptake value (SUV__): 26.26, size: 34 mm], around the inferior vena cava (IVC) in the right side (SUV__: 20.03; size: 23 mm), the
sacrum (SUV,__ - 34.74), as well as a focus in the left side of vermis on pretreatment galium-68 (**Ga)-DOTATATE PET/CT had significant expression
of somatostatin receptor (SSTR), thus suggesting a good differentiation (b). The two hot foci in the pelvis observed on "8F-FDG PET/CT were due to
contamination. She showed a significant decrease in abdominal pain and frequency of diarrhea after two cycles of PRRT with ""’Lu-DOTATATE. (c) On
follow-up ®Ga-DOTATATE PET/CT, four months after the fourth cycle of PRRT, there was excellent partial response with residual viable disease in the
liver (SUV__:12.23; size: 20 mm), large-sized IVC metastases (SUV__:4.51; size: 16 mm), and sacrum (SUV__:7.94). The patient also had meningioma
grade I/1ll of WHO classification, which measures about 2.3x1.1x2.0 cm in the left side of vermis, thus suggesting a residual/remnant left posterior
fossa meningioma. She had a prior history of surgery of this lesion (d). The SUV__ of such meningioma on ®*Ga-DOTATATE PET/CT before (b) and
after PPRT (c) was 11.76 and 9.02, respectively, and no significant change in size on magnetic resonance imaging also represents a stable disease. This
may be related to the point that functional imaging usually precedes anatomical imaging and may take longer time to occur on anatomical imaging.
In addition to the approved role of PRRT in inoperable NETSs, it has been demonstrated that this technique can be a promising therapy for progressive
meningioma, especially in patients with low grade and refractory to standard regime (1,2,3). Molecular imaging of SSTR with #Ga-DOTATATE/-TOC in
NET and meningioma can assist the implementation of targeted radionuclide therapy with lesion-based therapy concept in the aggressive/refractory
subtype of such cancers (4,5).
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Oncological Follow-up with 2-['®F]-FDG PET/CT in Li-Fraumeni
Syndrome

Li-Fraumeni Sendromunda 2-['®F]-FDG PET/BT ile Onkolojik Takip
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Abstract

Li-Fraumeni syndrome is a rare disorder caused by abnormalities of the tumor-suppressor protein P53 gene. We present the case of a 26-years-
old female diagnosed with bilateral ductal carcinoma. The genetic panel for breast cancer gene 1 (BRCA1) and BRCA2 mutations was negative
and positive heterozygous germline tumor protein P53 gene mutations, considering Li-Fraumeni syndrome. A 2-{'éF]-fluorodeoxyglucose (FDG)
positron emission tomography/computed tomography (PET/CT) was used for postsurgical staging to show the right lung hypermetabolic nodule.
A lobectomy was accomplished, and histopathology reported pulmonary adenocarcinoma. A year later, oncological follow-up was conducted with
2-{"8F]-FDG PET/CT without evidence of abnormalities.

Keyword: Li-Fraumeni syndrome, positron emission tomography, fluorodeoxyglucose 'éF

Oz

Li-Fraumeni sendromu, timaor baskilayici protein P53 genindeki anormalliklerin neden oldugu nadir bir hastaliktir. Burada, bilateral duktal karsinom
tanisi almis 26 yasinda bir kadin olgu sunulmustur. Meme kanseri geni 1 (BRCA1) ve BRCA2 mutasyonlari icin genetik panelin negatif olusu
ve pozitif heterozigot germline timdr proteini P53 gen mutasyonlarinin varligi, Li-Fraumeni sendromunu distindirmistir. Post-op evreleme
icin yapilan 2-["®F]florodeoksiglukoz (FDG) pozitron emisyon tomografisi/bilgisayarli tomografide (PET/BT), sag akcigerde hipermetabolik nodul
saptanmistir. Lobektomi yapilmis ve histopatolojisi pulmoner adenokarsinom olarak raporlanmistir. Bir yil sonra, herhangi bir anormallik kanrti
olmadigr gériildi ve 2{'8F]-FDG PET/BT ile onkolojik takip yapildi.
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Figure 1. A 26-year-old female diagnosed with bilateral breast carcinoma
(invasive ductal carcinoma), hormonal-receptor-negative, and Her-2-Neu-
positive. The genetic panel for breast cancer gene 1 (BRCA1) and BRCA2
mutations was negative, with positive heterozygous germline mutations
on TP53, considering Li-Fraumeni syndrome. Post-surgical staging
with 2-['®F]-fluorodeoxyglucose (FDG) positron emission tomography/
computed tomography (PET/CT) reported a hypermetabolic pulmonary
module in the superior segment of The right lower lobe.

Li-Fraumeni syndrome is a rare disorder caused by abnormalities of
the tumor suppressor protein P53 gene (TP53) (1), and an autosomal
dominant inheritance that affects approximately 400 families worldwide
(1,2).

The importance of P53 as an anticancer filter lies in the activation of
DNA repair proteins and induction of apoptosis (1,2). When altered, it
represents a greater risk of developing neoplasms (90% in females and
73% in males) (1). The most frequent cases in children are adrenocortical
carcinoma, osteosarcomas, and rhabdomyosarcomas (1), while those in
adults less than 46 years old are sarcomas, brain tumors, breast cancer,
leukemia, and bronchoalveolar carcinoma (2,3).
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Figure 2. A lobectomy was accomplished with a histopathology report of
pulmonary adenocarcinoma with lepidic pattern. A year later, oncological
follow-up was indicated with 2-["®F]-FDG PET/CT without evidence of
abnormalities.

The diagnostic images play a role in the follow-up. It is recommended to
have an ultrasound of the abdomen and pelvis every 3 months in children
and annually in adults (2) or an annual total body magnetic resonance
(1,2) and annual images of the breasts for females aged 20 years old and
above. lonizing radiation is not recommended, given the hypothetical risk
of developing another neoplasm (2).

MAY 2019

Figure 3. Comparison of 2-["®F]-FDG PET/CT used for cancer follow-up
According to the cohort of 30 patients from Nogueira et al. (3) in Brazil,
although the detection of tumor lesions with 2-["®F]-FDG PET/CT in this
syndrome can be as low as 20%, this type of diagnostic test helps confirm
the presence of lesions, as is demonstrated in our case, and should be
considered as a determining factor for the choice of this technique with
respect to other modalities because a report of a metabolically lesion
requires immediate histopathological confirmation.

Similarly, the replacement of other diagnostic imaging methods and
tranquility of the patient and medical staff in charge of a suspected
associated neoplasm contribute to a 2-["8F]-FDG PET/CT-negative result
during the follow-up.
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Incidental Skeletal Findings on Sodium-fluoride Positron Emission
Tomography: A Collection of Benign Tumors

Sodyum-flortir Pozitron Emisyon Tomografisinde Insidental Iskelet Sistemi Bulgulari:
Benign Tdmdrlerden Bir Derleme
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Abstract

Sodium-fluoride (NaF) positron emission tomography (PET) is a sensitive method to detect altered bone mineralization. Its increasing use in routine
clinical practice for metastatic bone disease has also resulted in the detection or characterization of incidental benign bone lesions. A spectrum
of NaF PET scan cases with benign bone tumors are presented in this article, including whole body PET bone scan and selected PET/computed
tomography (CT), CT, or magnetic resonance imaging (MRI) of the region of interest. The reader will be able to improve their knowledge related
to the clinical presentation of these entities, some are rare and recognize based on NaF PET and CT/MRI patterns by reviewing these cases.

Keywords: NaF, sodium-fluoride PET, benign bone lesions

Oz

Sodyum-florlr (NaF) pozitron emisyon tomografisi (PET), kemik mineralizasyonu degisimini tespit etmek icin hassas bir yontemdir. Metastatik
kemik hastaligr icin rutin klinik uygulamada artan kullanimi ayni zamanda insidental iyi huylu kemik lezyonlarinin saptanmasi veya karakterizasyonu
ile de sonuglanmistir. Bu makalede, tim vicut PET kemik taramasi ve ilgili bolgenin secilmis PET/bilgisayarli tomografisi (BT), BT veya manyetik
rezonans gorintileme (MRG) dahil, benign kemik tiimérlerinin NaF PET ile tarandidi olgularin bir spektrumu sunulmustur. Okuyucu, bu olgularin
klinik prezentasyonuyla ilgili bilgilerini gelistirebilecek, bazilari nadir olan bu olgulari gézden gecirerek, NaF PET ve BT/MRG modellerine dayanarak
taniyabilecektir.

Anahtar kelimeler: NaF, sodyum-florr PET, iyi huylu kemik lezyonlari
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Figure 1. Enchondroma: A 29-year-old female patient with breast cancer. Sodium-fluoride (NaF) positron emission tomography/computed tomography
(PET/CT) images demonstrated segmental intensely increased uptake in the mid d|aphy5|s of the left femur, with classic “rings and arcs” calcifications

in the CT.

Figure 2. Hemangioma: A 50-year-old female patient with breast cancer.
NaF PET images demonstrated mild heterogenous uptake in the L2
vertebral body, which upon closer inspection is actually decreased in the
bone lesion. CT images demonstrated thickened vertebral trabeculae
with axial images showing the typical “polka dot” sign of intraosseous
hemangioma (1).

¢"

Figure 3. Fibrous dysplasia: A 77-year-old female patient with breast
cancer. NaF PET images demonstrated segmental uptake in the right 5%
rib. A misregistered activity was noted on hybrid fusion due to patient
motion in the expansile lesion with cortical disruption on CT. Biopsy was
performed, which demonstrated fibrous dysplasia. Fibrous dysplasia is
the most common benign rib lesionn (2).

Figure 4. Chondroblastoma: A 42-year-old male patient with new
onset hearing loss in the left ear. NaF PET images demonstrated an
intensely increased activity in the region of the left temporal bone.
CT images demonstrated an extra-axial mass in the left medial cranial
fossa causing erosion of the temporal bone, mastoid bone, middle ear
ossicles, and temporal side of the left temporomandibular joint. Biopsy
of the lesion showed chondroblastoma. Chondroblastomas are rare
primary bone tumors, occurring predominantly in young patients (<20
years of age), with an overall male predilection (3), which are usually
three-phase positive on conventional bone scan using tc99m- methylene
diphosphonate, and can demonstrate increased fluorodeoxyglucose
uptake, thus differentiating these lesions from malignancy is important.
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Figure 5. Giant cell tumor (GCT): A 32-year-old female patient with
back pain. NaF PET images demonstrated a rim of mild to moderate
heterogeneous increased activity with a photopenic center in an expansile
radiolucent lesion in the left sacrum. Biopsy demonstrated a GCT. GCTs
are usually solitary, involving 4%-9% of the sacrum (4).

$
x

{ \
A
/

Figure 6. Langerhans’ cell histiocytosis (LCH): A 31-year-old male patient
with incidental lytic skull lesion on head imaging. NaF PET images
demonstrated an increased uptake in the right mastoid, diffusing in the
mandible and long bones such as the distal humeri, radius, and ulnar,
as well as the distal two thirds of femurs. CT of the head demonstrated
a large expansile lytic lesion involving the right mastoid. Biopsy of the
left maxillary gums showed Langerhans cell proliferation with positive
BRAF staining. LCH is a disease with abnormal histiocytes proliferation,
and subsequent various organs accumulation. The skeleton is the most
commonly involved organ system in LCH, involving 50% of the skull (5).

Figure 7. Desmoplastic fibroma: A 30-year-old male patient with a
1-year history of left hip/groin pain. NaF PET images demonstrated
heterogeneous tracer uptake within the cortex of an expansile osseous
lesion in the left superior pubic ramus. After the CT-guided biopsy which
showed desmoplastic fibroma, the lesion was resected. Desmoplastic
fibromas are extremely rare bone tumors that are histologically identical
to soft tissue desmoid tumors (6).

Figure 8. Intraosseous lipoma: A 35 year-old male patient presented
with right shoulder sports injury, which led to an incidental 1.4x1.4 cm
lucent osseous lesion in the subcortical lateral right humeral epiphysis
with internal fat density (HU: -90), thin sclerotic margin, and narrow
transition zone as demonstrated on diagnostic CT images (A and B). NaF
PET demonstrated only minimally increased focal uptake at the site of the
lucency in the right humeral head. No further investigation or treatment
was deemed necessary as intraosseous lipomas that do not affect bone
stability are treated conservatively (7).
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Figure 9. Osteoid osteoma: A 28 year-old male patient with indolent right
shoulder pain, which worsens at night and improves with non-steroidal
anti-inflammatories. NaF PET images demonstrate focal intense increased
uptake in the glenoid fossa of the right scapula, associated with sclerosis
of the right glenoid and radiolucent nidus and central mineralization.
Patient underwent radiofrequency ablation of the lesion, which led to
symptom improvement (8).
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PET/CT Findings of a Patient with Striped Muscle Metastasis of
Invasive Breast Carcinoma

Invaziv Meme Karsinomu Tanili Hastanin PET/BT Gériintilemesinde Saptanan Cizgili Kas
Metastazi
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Abstract

A 37-year-old female with a history of invasive breast carcinoma was referred to our department for an "*flor-fluorodeoxyglucose ('éF-FDG) positron
emission tomography/computed tomography whole-body scan. An intense '8F-FDG uptake in striped muscles anterior to the left thigh region
was noted. Excisional biopsy outcome from the left vastus medialis muscle was found to be consistent with striped muscle metastasis from breast
carcinoma.

Keywords: Breast carcinoma, '®F-FDG PET/CT, striped muscle, metastasis

0z

invaziv meme karsinomu tanili 37 yasinda kadin hasta tiim viicut "flor-florodeoksiglukoz (8F-FDG) pozitron emisyon tomografi/bilgisayarli
tomografi goriintilemesi igin birimimize basvurdu. Sol uyluk bolgesi anteriorundaki ¢izgili kaslarda yogun artmis '8F-FDG tutulumlar saptandi. Bu
bolgeden yapilan (sol vastus medialis kasi) eksizyonel biyopsi sonucu meme karsinomu cizgili kas metastazi ile uyumlu olarak raporlandi.
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Figure 1. A 37-year-old female with invasive breast carcinoma was
referred to our positron emission tomography/computed tomography
(PET/CT) department for re-staging. Her medical history revealed a
radical mastectomy for breast carcinoma in the left breast 2 years ago.
The patient received chemotherapy and radiotherapy 1 year ago. The
fluorine-fluorodeoxyglucose ('®F-FDG) PET/CT scanning was performed
60 minutes after IV injection of 395 MBq '®F-FDG, on an integrated
16 slice PET/CT, scanning from the base of the skull to the knee. The
obtained images from '8F-FDG PET/CT maximum intensity projection
(A), axial fusion (B), and axial CT (C) showed tracer accumulation in the
striped muscles anterior to the left thigh region (maximum standard
uptake value, 7.1; mean density, 8 Hounsfield units) (B, C yellow arrows).
Excisional biopsy indicated striped muscle metastasis from breast
carcinoma in the left vastus medialis muscle. Furthermore, radiation
therapy application was started.

Although muscle tissue makes up approximately half of the total body
weight, metastatic extension to the skeletal muscle is an exceptional
event in neoplasms, with an incidence of 0.8%-1.5% in autopsy series
(1,2,3,4). Muscular contractile actions, lactic acid accumulations, and
protease inhibitors affect the blood flow and inhibit the growth of
tumor cells in the muscles. This potentially explains the rarity of this
phenomenon (5). However, it has been reported that the incidence of
metastasis is increased in trauma patients. In trauma, skeletal muscle
function is impaired and focal hyperemia occurs, resulting in decreased
ability of the muscle to eliminate lactic acid and increased possibility of
metastatic cells to settle in the muscle. Therefore, patients should be
assessed for trauma and hematoma and muscle rupture, and infection
should be considered in differential diagnosis (6). Despite these protective
mechanisms, soft tissue (striated muscle) metastasis secondary to lung
cancer, kidney cancer, and colon cancer were reported in the literature
(7). Intramuscular metastases can be seen in advanced and poorly
differentiated tumors and worsen prognosis (8).
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'8F-FDG PET/CT Imaging in an Unusual Case of Cutaneous
Melanoma Arising From Congenital Melanocytic Nevus in a Two-
year-old Girl

ki Yagindaki Bir Kiz Cocugunda Konjenital Melanositik Neviisten Kaynaklanan Nadir Bir
Kutantz Melanom Olgusunda "®F-FDG PET/BT Gérintileme
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Abstract

Childhood malignant melanoma (MM) is extremely uncommon. We report an unusual case of cutaneous melanoma that developed from a
mediums-sized congenital melanocytic nevus (CMN) in a two-year-old girl. The patient had a history of CMN on the right hip, and she presented
with a new ulcerative area with irregular borders and bleeding on CMN. Histopathological examination of the nevus revealed a MM. '®Flor-
fluorodeoxyglucose ('®F-FDG) positron emission tomography/computed tomography was performed for metastatic evaluation. The scan
demonstrated metastatic increased "®F-FDG uptake in the right external iliac and inguinal lymph nodes.

Keywords: "®F-FDG PET/CT, childhood, cutaneous melanoma, congenital melanocytic nevus

Oz

Cocukluk cadi malign melanomu (MM) oldukga nadirdir. iki yasinda bir kiz cocugunda orta bily(iklikte konjenital melanositik neviisten (KMN)
gelisen nadir bir kutanéz melanom olgusunu sunduk. Sag kalcada KMN &ykisi olan hasta, KMN Uzerinde diizensiz sinirli ve kanamali yeni
bir Ulseratif alan ile bagvurdu. Nevisin histopatolojik incelemesi MM gosterdi. Metastatik degerlendirme icin, "®flor-florodeoksiglukoz ('¢F-FDG)
pozitron emisyon tomografi/bilgisayarli tomografi goriintlime yapildi. Gortintlleme sag ekternal iliak ve inguinal lenf nodlarinda metastatik artmis
"8F-FDG tutulumunu gosterdi.
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Figure 1. A 2-year-old girl with a medical history of congenital melanocytic nevus (CMN) on the right hip presented with a new ulcerative area with
irregular borders and bleeding. At three months after the birth, histopathological examination of the nevus revealed CMN. She had no significant
family history of atypical nevus or melanoma. Physical examination demonstrated hyperpigmentation of the right sclera, congenital hairy pigmented
nevus of 11 cm in size on the right hip, multiple cafe au lait spots, and bilateral palpable inguinal lymphadenopathy. A recent histopathological
examination of the nevus revealed a malignant melanoma (MM) with Breslow 1.2 cm and Clark level V (A). Nests of atypical melanocytes that filled
the papillary dermis (hematoxylin and eosin staining, x100) (A). In immunohistochemical studies, tumor cells revealed positive expressions for HMB-45
(HMB45, x100) (B).

.
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Figure 2. For metastatic evaluation, ®flor-fluorodeoxyglucose ("®F-FDG) positron emission tomography (PET) imaging with non-contrast and low-dose
computed tomography (CT) was performed. "®F-FDG PET/CT maximum intensity projection (A), fusion PET/CT (B), CT (C), transaxial fusion (D, F), and
transaxial CT (E, G) images show increased "*F-FDG uptake in the right external iliac [largest 25x14 mm, maximum standardized uptake value (SUV,__)
7.6] and right inguinal (largest 10x9 mm, SUV__ 5.6) lymph nodes, consistent with metastases. Nasopharyngeal and tonsillary ®F-FDG uptake were
considered normal variant (SUV__ 7.1), and mild "®F-FDG uptake in bilateral cervical ymph nodes at the 2B level was considered reactive (SUV __ 2.4).
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Figure 3. The patient underwent excisional biopsy of the inguinal lymph node, and the pathologic diagnosis was consistent with metastatic MM
(hematoxylin and eosin staining, x200) (A). HMB45 positivity in atypical melanocytes that metastasized to the lymph node (HMB45, x200) (B). The
patient underwent a combined wide local excision with negative margins and inguinal and parailiac lymph node dissection. The skin defect in the hip
was reconstructed with a split skin graft. Pathologic examination demonstrated that the MM infiltrated into the entire dermis and metastasize into
the lymph node. Two months later, magnetic resonance imaging showed soft tissue mass of 5x3.5x3 cm in size in the right pelvic region, considered
conglomerate lymph nodes. The patient underwent surgery for this mass, and pathological examination revealed melanoma metastasis to the lymph
node with extranodal soft tissue involvement. The patient was treated with chemotherapy, interferon, and radiotherapy. The patient died 12 months
after the diagnosis of MM.

Childhood MM is extremely uncommon, representing only 0.3%-0.4% of all melanomas in prepubertal children aged <15 years (1). Depending on
the size of the lesion, CMN carries an increased risk for the development of childhood melanoma. Giant CMNs (>20cm) have been reported to have
increased risk of developing melanomas, particularly during the first and second decades of life (2). However, cutaneous melanomas rarely arise from
small (<1 cm) and medium (1.5-20 cm) CMINs. Risk factors for developing melanoma from a CMN include irregular borders, increased diameter, color
change, surface ulceration, and bleeding. Cutaneous MM poses a high risk of dissemination to regional lymph nodes and visceral organs. Childhood
MM is a potentially fatal disease. Accurate staging of patients with melanoma is especially important if clinically occult systemic metastasis is present,
which may preclude them the benefit of a complex lymph node dissection for locoregional control (1). The most appropriate imaging approach for
diagnosing and following pediatric patients with MM has been adopted usually from adult guidelines because of its rarity (3). In staging melanoma,
'8F-FDG PET/CT is often employed to evaluate distant metastatic disease, as melanoma is very '®F-FDG avid (3). In addition to staging, PET/CT plays
an important role in patient management, such as deciding on the extent of surgery, determination of radiation field, and evaluation of treatment
response. The current case also underlines the importance of whole-body oncologic assessment by "®F-FDG PET scan in pediatric MM, which is a rare
but a serious clinical entity.
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Magnetic Resonance Imaging Signal Changes Mimicking Bone
Metastasis in Patients Receiving Bisphosphonate Therapy

Bifosfonat Tedavisi Almis Hastalarda Kemik Metastazini Taklit Eden Manyetik Rezonans
Gorinttleme Sinyal Degisiklikleri
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Abstract

Bisphosphonates are inorganic pyrophosphate agents that reduce bone turnover. These agents reduce bone pain and delay skeletal complications,
such as fractures in patients with metastatic Iytic lesions, malignant-related hypercalcemia, multiple myeloma, Paget's disease of bone, and
osteoporosis. Osteonecrosis, developing in the jaw bones specifically, has been described as a complication associated with the use of
bisphosphonates. In this report, we presented osteonecrosis-ike magnetic resonance imaging findings that can be confused with bone metastasis
in two patients who underwent long-term bisphosphonate treatment and the value of bone scan and '#flor-fluorodeoxyglucose positron emission
tomography/computerized tomography in the differential diagnosis.

Keywords: Bisphosphonate, osteonecrosis, long bone, magnetic resonance imaging, bone scan, '®F-flourodeoxyglucose positron emission
tomography/computerized tomography

Oz

Bisfosfonatlar, kemik dongiistinii azaltan inorganik pirofosfat maddelerdir. Bu ajanlar, metastatik litik lezyonlari, malign iliskili hiperkalsemi, multipl
miyelom, kemik Paget hastaligi ve osteoporozu olan hastalarda kemik agrisini azaltmak ve kirik gibi iskelet komplikasyonlarini geciktirmek icin
kullanilir. Ozellikle cene kemiklerinde gelisen osteonekroz, bisfosfonatlarin kullanimi ile iliskili bir komplikasyon olarak tanimlanmistir. Bu bildiride,
uzun doénem bifosfonat tedavisi almis iki olguda kemik metastazini taklit eden osteonekroza ait olabilecek manyetik rezonans goérintileme
bulgulart ile birlikte kemik sintigrafisi ve #flor-florodeoksiglukoz pozitron emisyon tomografi/bilgisayarli tomografinin taniya katkisi sunulmustur.
Anahtar kelimeler: Bisfosfonat, osteonekroz, uzun kemik, manyetik rezonans gorintileme, kemik sintigrafisi, '®F-florodeoksiglikoz pozitron
emisyon tomografi/bilgisayarli tomografi
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Figure 1. Magnetic resonance imaging (MRI) of a 55-year-old woman with breast cancer who has been on intravenous bisphosphonate for two years.
(a, c) Fat-saturated T2-weighted MRI showing increased signal intensity in the femoral medial condyle at the subcortical area (arrow); (b) T1-weighted
image showing decreased marrow signal intensity in the femoral medial condyle at the subcortical area (arrow); (d) anterior views of the planar bone
scan showing multiple areas of intensely increased activity in the skeleton, representing metastatic involvement. Despite this, there are no metastatic

findings on scanning the knee.
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Figure 2. MRI of a 61-year- old woman with breast cancer who received intravenous bisphosphonate therapy for two years. (a) Fat-saturated T2-
weighted MRI showing increased signal intensity; (b) T1-weighted image showing decreased signal intensity in the femur and tibia at the subcortical
areas (arrows); (c) there is no metastatic "flor-fluorodeoxyglucose ("®F-FDG) uptake on coronal fused positron emission tomography/computerized
tomography (PET/CT) image in the knee region.

Bisphosphonate treatment is increasingly used in patients with osteoporosis and metastatic carcinomas (1). Bisphosphonates inhibit osteoclast function
and normal bone turnover. Bisphosphonate-related ischemic changes in the mandible and maxilla were reported in several studies in the literature
(2). Bisphosphonate-related osteonecrosis of the jaws was first reported by Marx (3) in 2003. In our report, all lesions were located at the subcortical
areas of long bones with low signal intensity on T1-weighted images and high signal intensity on T2-weighted images. Osteonecrosis and metastatic
lesions show similar signal abnormalities on MRI. Because of this fact, nuclear medicine imaging or histopathologic examination is required to exclude
metastatic lesions. Saito et al. (4) recently reported that histopathologically proven osteonecrosis appeared as abnormal multiple focal bone lesions
in the femur and tibia, mimicking metastasis.

The duration of intravenous bisphosphonate treatment was more than one year in all patients, and there was no history of other drug use causing
bone marrow signal change, such as erythropoietin or granulocyte stimulating factor, in these patients. In the follow-up of these patients, the bone
scan and PET/CT supported the diagnosis of MRI by excluding metastatic involvement in these bones. Bone scan findings might vary according to
the stage of osteonecrosis disease. In the acute phase of osteonecrosis, bone scintigraphy may not show technetium-99m methylene diphosphonate
accumulation. After one to three weeks, increased radiotracer uptake is seen during the bone remodeling process (5). The uptake of '8F-FDG is a
marker for the tissue metabolism of glucose and represents the benign and malignant lesions as well as infections and sterile inflammation. In most
cases reported in the literature, osteonecrosis revealed focal "®F-FDG uptake. Talamo et al. (6) reported osteonecrosis in long bones, including the
femoral and humeral heads, without "®F-FDG uptake (7). In our patients, bone lesions defined on MRI did not show "8F-FDG uptake and lytic/sclerotic
density on PET/CT examination.

As a result, abnormal signal intensities detected on MRI can mimic metastatic bone lesions in patients with primary malignancy. In this report,
we described osteonecrosis-like signal abnormalities of the long bones in patients that used long-term intravenous bisphosphonate treatment. The
exclusion of metastatic involvement of these sites described on MRI was made using nuclear medicine examinations. Radiologists should keep in mind
the probable diagnosis of osteonecrosis mimicking metastatic lesions in patients with primary malignancy. Bone scan and "®F-FDG PET/CT are useful
examinations in the evaluation of bone lesions detected on MRI, suspicious for metastatic disease.
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Systemic Sarcoidosis Induced by Chemotherapy, Mimicking
Metastatic Testicular Carcinoma with '®F-FDG PET/CT

"F-FDG PET/BT Gérinttilemede Metastatik Testis Karsinomunu Taklit Eden Kemoterapi
Tedavisinin Indikledigi Sistemik Sarkoidoz
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Abstract

A 34-year-old male patient who had left orchiectomy and received three cycles of chemotherapy for testicular mix germ cell carcinoma was
referred for #fluorine-fluorodeoxyglucose ("®F-FDG) positron emission tomography/computed tomography (PET/CT) for complaints of weight loss
and fever. PET/CT showed multiple and progressive '8F-FDG uptakes in supra and infra diaphragmatic lymphatic regions, and multiple abnormal
"8E-FDG uptakes were noted in the lytic formed skeletal lesions. Clinicians remain in doubt regarding the multiple metastatic lesions without
elevated serum tumor marker levels (alpha-fetoprotein, beta-human chorionic gonadotrophin, CA19-9, and carcinoembryonic antigen).

Biopsy of the lytic lesion in the iliac bone revealed granulomatous inflammation suggestive of sarcoidosis. Systemic prednisone at 20-40 mg/daily
was started. ®F-FDG PET/CT images showed complete metabolic response to prednisone 8 months following the start of treatment.

Keywords: Systemic sarcoidosis, testis carcinoma, '®F-FDG PET/CT

Oz

Orsiektomi yapilan ve testis mikst germ hicreli karsinomu tanisi nedeni ile 3 kir kemoterapi alan 34 yasindaki erkek hastada, kilo kaybi sikayeti
nedeniyle niks hastalik stiphesi ile "#flor-florodeoksiglukoz ("®F-FDG) pozitron emisyon tomografi/bilgisayarli tomografi (PET/BT) goriintulemesi
yapildi. PET/BT'de supra ve infra diyafragmatik lenfatik istasyonlarda ¢ok sayida ve patolojik FDG tutulumu gdzlendi. Ayrica litik gérindmlu
cok sayida iskelet lezyonlarinda da anormal '®F-FDG tutulumu kaydedildi. Klinisyen, serum timor belirteg (alfa feto protein, beta insan koryonik
gonadotropin, CA199 ve karsinoembriyonik antijen) diizeyi yikselmemis metastatik multipl lezyonlar konusunda stphelenerek olguya iliak
kemikteki litik lezyondan biyopsi incelemesi 6nerdi. Histopatolojik sonug sarkoidoz distinduren grantilomatéz inflamasyon gésteren odak olarak
raporlanmasi Uzerine glinliik 20-40 mg/gtin sistemik prednizon baslandi. Sistemik prednizon tedavisine baglandiktan 8 ay sonraki '®F-FDG PET/BT
goruntileri tam metabolik yanit gostermektedir.

Anahtar kelimeler: Sistemik sarkoidoz, testis karsinomu, '8F-FDG PET/BT
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Figure 1. A 34-year-old male patient presented with fever, fatigue, and weight loss 4 months after left orchiectomy and three cycles of bleomycin,
etoposide, and platinum chemotherapy due to testicular mix germ cell carcinoma (60% embryonal carcinoma, 30% teratoma, 10 % yolk sac
tumor), pTINxMx. Although the patient had no laboratory abnormalities (serum alpha-fetoprotein, beta-human chorionic gonadotrophin, CA19-
9, and carcinoembryonic antigen levels were in normal ranges), "®fluorine-fluorodeoxyglucose ("8F-FDG) positron emission tomography/computed
tomography (PET/CT) was performed to evaluate metastatic disease as the patient suffered from excessive weight loss, fatigue, and fever. Written
and verbal informed consents were obtained from the patient. Axial PET images and PET/CT fusion images show hypermetabolic mediastinal lymph
nodes (red arrows), and abnormal focal "®F-FDG uptakes were noted on the bilateral iliac bones (blue arrows). Multiple hypermetabolic supra and
infra diaphragmatic lymph nodes and multiple bone lesions with increased '8F-FDG uptakes were noted on maximum intensity projection images of
PET examination. Biopsy of the lytic lesion in the iliac bone suggested granulomatous inflammation, instead of malignant cells. In H&EX5 staining,
granuloma structures between bone trabeculae were seen. In H&EX10 image, black arrows show non-caseating granulomas. In H&EX20 image, black
arrow shows multinuclear giant cells in the central of the granuloma. In CD68X20 staining, immunohistochemically positivity of histiocytes with CD68
was noted.

Sarcoidosis is a systemic granulomatous disease presenting with non-caseating epithelioid granuloma that primarily affects the lung and lymphatic
systems of the body (1). The relationship between granulomatosis and cancer have been reported (2,3,4). Moreover, several reports have described
the association between sarcoidosis and antineoplastic treatment (5,6,7,8). Another theory proposed that testicular cancers may be accompanied by
a sarcoid-like reaction or can be associated with real sarcoidosis (8).
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PET

Figure 2. '®F-FDG PET/CT images demonstrate complete metabolic response to systemic 20-40 mg/daily prednisone treatment after 8 months.
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