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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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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.
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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




Molecular Imaging and Radionuclide Therapy

address of the person to whom reprint requests should be directed. The manuscript
when published will become the property of the journal.

Archiving

The editorial office will retain all manuscripts and related documentation
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Evaluation of the Histopathological Features of Early-stage Invasive
Ductal Breast Carcinoma by '®Fluoride-fluorodeoxyglucose
Positron Emission Tomography/Computed Tomography

"*Flor-florodeoksiglukoz Pozitron Emisyon Tomografi/Bilgisayarli Tomografi ile Erken Evre
Invaziv Duktal Meme Karsinomunun Histopatolojik Ozelliklerinin Degerlendirilmesi

® Mustafa Erol!, ® Hasan Onner!, ® Meryem llkay Eren Karanis?

IUniversity of Health Sciences Turkey, Konya City Hospital, Clinic of Nuclear Medicine, Konya, Turkey
2University of Health Sciences Turkey, Konya City Hospital, Clinic of Pathology, Konya, Turkey

Abstract

Obijectives: This study investigates the relationship between '#fluoride-fluorodeoxyglucose (*¥F-FDG) positron emission tomography/computed
tomography (PET/CT) parameters and histopathological features in patients with early-stage invasive ductal breast carcinoma (IDBC).

Methods: Patients with early-stage IDBC who underwent "®F-FDG PET/CT scan for staging were included in this retrospective study. The status
of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor-2, Ki-67 proliferative index, and grades of
tumors were recorded. The conventional metabolic parameters [maximum standard uptake value (SUV. ) and average standard uptake value]
and volume-based parameters [metabolic tumor volume (MTV) and total lesion glycolysis] of the primary tumor were obtained from the "®F-FDG
PET/CT images. The associations and correlations between the '8F-FDG PET/CT parameters and histopathological features were assessed.
Results: One hundred forty-three patients were included. '®F-FDG PET/CT parameters, other than MTV, were significantly associated with the ER
and PR status and Ki-67 index, while T-staging was significantly associated with all '®F-FDG PET/CT parameters. In the axillary lymph node (ALN)
involvement, no significant difference was found in the '®F-FDG PET/CT parameters. In terms of the pathological stage, a significant difference
was found in all "8F-FDG PET/CT parameters. '®F-FDG PET/CT parameters, other than MTV, were significantly higher in non-luminal breast tumors
than luminal tumors and in high-grade tumors than low-grade ones. Triple-negative tumors had the highest '®F-FDG PET/CT parameter, but the
difference was insignificant for MTV. The SUV__ had the strongest correlation with Ki-67 proliferative index.

Conclusion: Tumors with aggressive histopathological features had higher '®F-FDG PET/CT parameter values. This study suggests that '®F-FDG
PET/CT may provide prognostic information in patients with early-stage IDBC.

Keywords: Breast cancer, metabolic tumor volume, total lesion glycolysis, "*fluoride-fluorodeoxyglucose, positron emission tomography/
computed tomography

0z

Amagc: Bu calismada, erken evre invaziv duktal meme karsinomunun histopatolojik ozellikleri ile '*flortr-florodeoksiglukoz ("8F-FDG) pozitron
emisyon tomografi/bilgisayarli tomografi (PET/BT) parametreleri arasindaki iliski incelenmistir.

Yontem: Bu retrospektif calismaya evreleme icin '®F-FDG PET/BT taramasi yapilan erken evre invaziv duktal meme karsinomlu hastalar dahil edildi.

Primer tUmoriin Ostrojen reseptor (ER), progesteron reseptor (PR) durumlari ile insan epidermal biiyiime faktorl reseptéri-2 ekspresyon durumu,
Ki-67 proliferasyon indeksi ve histolojik dereceleri kaydedildi. Primer timariin geleneksel metabolik parametreleri [maksimum standart alim degeri
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(SUV_,), ortalama standart alim degeri] ve hacim bazli parametreler [metabolik timér hacmi (MTV) ve toplam lezyon glikoliz] "*F-FDG PET/BT
gorlntilerinden elde edildi. '8F-FDG PET/BT parametreleri ile histopatolojik 6zellikler arasindaki iliski ve korelasyon degerlendirildi.

Bulgular: Calismaya toplam 143 hasta dahil edildi. MTV disindaki "®F-FDG PET/BT parametreleri, ER-PR durumu ve Ki-67 indeksi grubu ile anlamli
sekilde farklydi. Ote yandan, T-evreleme ile tiim "8F-FDG PET/BT parametreleri arasinda ileri diizeyde farklilik bulundu. Aksiller lenf nodu tutulumu
durumunda '"8F-FDG PET/BT parametreleri arasinda anlamli bir fark bulunmadi. Patolojik evre agisindan tim '®F-FDG PET/BT parametrelerinde
anlamli farklilik vardi. MTV disindaki "8F-FDG PET/BT parametreleri non-luminal timdrlerinde luminal timorlere gore ve yiiksek grade tiimérlerde
duistik grade timérlere gére anlamii olarak daha ytiksekti. Uclii negatif tiimérler en yiiksek '8F-FDG PET/BT parametrelerine sahipti, ancak MTV icin
fark anlamli degildi. Ki-67 proliferasyon indeksi ile en gliclii korelasyon SUV__ degerinde gorildu.

Sonug: Agresif histopatolojik 6zellikleri olan timdrlerin '8F-FDG PET/BT parametreleri daha ytksekti. Bu sonuglar, '8F-FDG PET/BT'nin erken evre
invaziv duktal meme karsinomunda prognostik bilgi saglayabilecegini diisindtirmektedir.

Anahtar kelimeler: Meme kanseri, metabolik timaér hacmi, toplam lezyon glikolizi, *®flortr-florodeoksiglukoz, pozitron emisyon tomografisi/

Mol Imaging Radionucl Ther 2021;30:129-136

bilgisayarli tomografi

Introduction

Breast cancer (BC) is the most widely diagnosed form of
cancer and the second cause of cancer-related death in
women (1). The most common pathological subtype is
invasive ductal breast carcinoma (IDBC), which is associated
with different prognostic behaviors concerning molecular
subtypes (2). The size and grade of tumors, hormonal
receptor status, human epidermal growth factor receptor-2
(HER-2) expression, Ki-67 proliferative index, axillary lymph
node (ALN) involvement, and distant metastasis are
important for the prognosis and treatment of IDBC (3,4).

"8Fluoride-fluorodeoxyglucose ('®F-FDG) positron emission
tomography/computed tomography (PET/CT) has been
widely used for the staging, restaging, assessment of
treatment response, and prediction of prognosis in BC (5).
Several studies have previously evaluated the relationship
between the maximum standard uptake value (SUV_ )
and clinicopathological factors in BC (6,7,8,9,10,11),
while the metabolic tumor volume (MTV) or total lesion
glycolysis (TLG), called volume-based PET parameters,
shows the total tumor burden and tumor metabolism.
The prognostic value of these parameters was significantly
associated with BC subtypes and prognosis in many studies
(12,13,14,15,16,17).

This study aimed to evaluate the relationship between
the '®F-FDG PET/CT parameters [SUV__, average
standard uptake value (SUVan), MTV, and TLG] and
histopathological features (pathologic T size, pathological
stage, ALN involvement, hormone receptor expressions,
HER-2 receptor expression, Ki-67 proliferative index, and
molecular subtypes) in IDBC.

Materials and Methods

The Local Ethics Committee of KTO Karatay University
Faculty of Medicine approved this study under the

decision number: 2020/10. Written informed consent
was obtained from all patients. The data of patients with
histopathologically documented and surgically excised
IDBC, who underwent a preoperative '®F-FDG PET/CT
between July 2013 and December 2019, were analyzed.
Patients with the following features were excluded from
the study: Multifocal or multicentric tumors; bilateral
breast tumors; chest wall, surrounding muscle, or skin
tissue involvement; distant metastasis; missing clinical data;
those with a history of any therapeutic intervention before
surgery (e.g., chemotherapy, radiotherapy, and hormone
therapy). Moreover, in this study, the largest diameter of
the evaluated lesions required to be larger than 10 mm to
decrease the partial volume effect.

Imaging and Analysis of '®F-FDG PET/CT

Before the "®F-FDG injection, the patients were fasted for at
least six hours to ensure that the blood glucose levels were
below 150 mg/dL. The scan was performed 60 min after the
intravenous injection. The region of interest (ROI) around
the primary tumor was drawn by manual adjustment to
exclude structures showing physiological '®F-FDG uptake
around the tumor. The tumor was completely covered in
three planes. SUV__ was obtained by manually drawing
the ROI from the slice with the highest uptake of 8F-FDG
in the primary tumor. MTV was obtained using a 42%
threshold of SUV__. TLG was calculated by multiplying
SUV, by MTV.

Histopathological Analysis and Molecular Subtypes

Patients included in this study underwent surgery or ALN
dissection. The pathological data of the tumors, such as size,
grade, pathological stage, and other prognostic parameters,
were obtained from the records. The tumor has been
graded according to the Bloom-Richardson grading system
updated by Elston and Ellis (18). The pathological prognostic
staging was performed according to the eighth edition of
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the American Joint Committee on Cancer’s Staging Manual
(19). The status of the estrogen receptor (ER), progesterone
receptor (PR), and HER-2 expression and the Ki-67
proliferative index were evaluated immunohistochemically.
The fluorescence in situ hybridization method was used to
confirm the presence of HER-2 expression, when the scores
were 2+ (20). The molecular subtypes of the ER, PR, and
HER-2 expression status were determined. The proliferative
index was considered high when the Ki-67 was =14%
and low when it was <14%. The subjects were classified
according to the molecular subtypes as recommended in
the 12" International Breast Conference (2). The molecular
subtypes were divided into two groups: Luminal (luminal
A, luminal B HER-2-negative, and luminal B HER-2-positive
subtypes) and non-luminal [HER-2-positive and triple-
negative (TN) subtypes].

Statistical Analysis

The statistical analyses were performed using IBM SPSS
Statistics for Windows (ver. 21, IBM Corp., Armonk, NY).
The normality of the distribution of the continuous data
was evaluated. The continuous data were expressed as
medians or mean + standard deviations, where appropriate.
The categorical data were shown as frequencies and
percentages. For comparing continuous data, non-
parametric tests were used. The relationship between
the continuous data was evaluated using a Spearman
correlation test. A p value less than 0.05 was considered
statistically significant.

Results

One hundred forty-three female patients with IDBC and
a mean age of 52.43+11.79 years (range: 29-81 years)
were included. Table 1 shows the characteristics of the
patients. Table 2 shows the relationship between the
histopathological features and "®F-FDG PET/CT parameters.

Fifty-nine (41.3%) tumors were stage T1c, and 84 (58.7%)
tumors were stage T2. The median values of all "®F-FDG
PET/CT parameters were higher in the T2 group than the
T1c group (p<0.001 for all comparisons).

All "8F-FDG PET/CT parameters were almost similar across
ALN states. The SUV__, SUVan, and TLG were higher in
high-grade tumors (p<0.001 for all comparisons). Moreover,
high-grade tumors had higher MTV, but the difference was
insignificant.

The SUV__, TLG, and SUVavg were higher in hormone-
receptor-negative tumors compared with the positive
ones. The MTV was also higher in hormone-receptor-
negative tumors compared with the positive ones, but the
differences were insignificant. HER-2-positive tumors had

higher SUV,, and SUV__ than the negative ones (p=0.046
and p=0.04, respectively). The TLG and MTV were higher
in HER-2-positive tumors compared with the negative ones,
but the differences were insignificant.

Figure 1 shows the transaxial slice of PET/CT images of
a patient with IDBC (histologic grade 3; ER-positive, PR-
positive, and HER-2-positive).

Luminal A was found in 33 patients (23.1%); luminal
B HER-2-negative, 61 patients (42.7%); luminal B HER-

Table 1. Patients’ characteristics

Characteristics n
Number of patients 143
Age, mean 52.43+11.79

Pathological tumor stage
Tlc 59 (41.3%)
T2 84 (58.7%)

Grade of tumor
[ 17 (11.9%)
[ 77 (53.8%)
1 49 (34.3%)

Axillary lymph node status

Positive 78 (54.5%)
Negative 65 (45.5%)
ER status

Positive 122 (85.3%)
Negative 21 (14.7%)
PR status

Positive 114 (79.7%)
Negative 29 (20.3%)
HER-2 status

Positive 38 (26.6%)
Negative 105 (73.4%)
Ki-67 index

=14 101 (70.6%)
<14 42 (29.4%)
Molecular subtypes

Luminal A 33(23.1%)
Luminal B HER-2-negative 61 (42.7%)
Luminal B HER-2-positive 28 (19.6%)
HER-2-positive 10 (7.0%)
™ 11 (7.7%)
Pathological N (pN)

NO 65 (45.5%)
Nmi 3(2.1%)

N1 54 (37.7%)
N2 13 (9.1%)
N3 8 (5.6%)

Pathological stage
[ 34 (23.7%)
[ 88 (61.6%)
1 21 (14.7%)

ER: Estrogen receptor, PR: Progesterone receptor, HER-2: Human epidermal growth
factor receptor-2; Nmi: Nodal micrometastasis, TN: Triple-negative
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2-positive, 28 patients (19.6%); HER-2-positive, 10
patients (7.0%); TN, 11 patients (7.7%). The SUV__,
SUV,_ ., and TLG were different among the five molecular

subtypes (p<0.001, p<0.001, and p=0.010, respectively).

Table 2. Associations between the histopathological features
and "®F-FDG PET/CT parameters
SUvV . | Suv MTV TLG
median | median | median | median
Pathological tumor stage
Tlc 6.02 3.87 1.59 5.77
T2 10.58 6.52 3.48 22.15
p value <0.001 | <0.001 | <0.001 <0.001
Axillary lymph node
suaths 799|500 |272 | 12.04
Negative 8.17 494 2.06 10.81
0.913 0.955 0.627 0.504
p value
Pathological stage
| 6.45 4.13 1.44 6.05
Il 9.13 5.92 2.95 18.46
11l 9.13 5.62 3.11 17.18
p value 0.013 0.028 <0.001 <0.001
Grade of tumor
| 5.98 3.72 1.95 6.25
Il 6.78 4.34 2.41 10.34
11l 13.02 8.07 2.87 20.06
p value <0.001 | <0.001 | 0.294 <0.001
ER status
Positive 6.88 4.47 2.24 10.15
Negative 17.07 10.55 3.75 28.84
p value <0.001 | <0.001 | 0.269 0.001
PR status
Positive 6.88 4.47 2.28 10.67
Negative 13.02 8.07 2.87 18.31
p value 0.001 0.001 0.819 0.049
HER-2 status
Positive 11.55 7.05 2.49 12.04
Negative 7.11 4.57 2.41 10.53
p value 0.04 0.046 0.773 0.340
Ki-67 index
=14 10.4 6.36 2.75 15.27
<14 6.05 3.66 2.06 6.83
p value <0.001 | <0.001 |0.410 0.002
Molecular subtypes
Luminal A 6.36 3.83 2.25 6.89
Luminal B HER-2-negative 7.05 4.54 2.32 11.95
Luminal B HER-2-positive 11.04 6.32 2.09 11.57
HER-2-positive 13.19 8.16 3.05 18.78
N 21.29 13.24 5.22 50.21
p value <0.001 | <0.001 | 0.855 0.010
Molecular group
Luminal 6.89 4.47 3.75 10.16
Non-luminal 17.07 10.55 3.75 28.85
p value <0.001 | <0.001 | 0.269 0.001
SUV . Maximum standard uptake value, SUV, - Average standard uptake value,
MTV: Metabolic tumor volume, TLG: Total lesion glycolysis, ER: Estrogen receptor, PR:
Progesterone receptor, HER-2: Human epidermal growth factor receptor-2, TN: Triple-
negative

Although MTV varied among the molecular subtypes,
the difference was insignificant. All "®F-FDG PET/CT
parameters were the highest in TN groups in terms of the
molecular subtypes. In the post-hoc analysis, the luminal
A group had a significantly lower SUV__ (p=0.026 and
p<0.001, respectively) and SUV,,, (p=0.016 and p<0.001,
respectively) than the HER-2-positive and TN groups.
The luminal B HER-2-negative group had a significantly
lower SUV__ (p=0.006) and SUV,,, (p=0.007) than the
TN group. TLG was significantly lower in the luminal A
group compared with the TN group (p=0.015).

Among the 'F-FDG PET/CT parameters, TLG had the
strongest correlation with the tumor’s diameter (r=0.679;
p<0.001). Moreover, SUV_ had a modest correlation with
Ki-67 (r=0.472; p<0.001). The group with Ki-67 =14% had
a significantly higher SUVan, SUV__, and TLG compared
with that with Ki-67 <14% (p<0.001, p<0.001, and
p=0.002, respectively). The MTV was higher in the group
with Ki-67 214% compared with that with Ki-67 <14%,
but the difference was statistically insignificant.

There was a difference in the volumetric parameters
(MTV and TLG) in the pathological stage (p<0.001 for
both comparisons). Other PET parameters also varied
significantly (SUV__ and SUVan; p=0.013 and p=0.028,
respectively). In the post-hoc analysis, stage-l and stage-ll
tumors showed differences in terms of SUV__ (p=0.01),
SUVavg (p=0.026), MTV (p<0.001), and TLG (p<0.001), and
stage-I and stage-lll tumors showed differences in terms of

MTV (p=0.008) and TLG (p=0.001).

Avg 9.63 SUV bw,10 HU
Mas QUV bw,62 HU

m3
6 77 SUV bw

ak:--
Peak Diameter:1.24 cm

2PTCT 3D, .

\ 2

Figure 1. A 55-year-old patient with invasive ductal breast carcinoma
(histologic grade 3; ER-positive, 90%; PR-positive, 40%; HER-2-positive).
Intense "F-FDG uptake was seen in the primary tumor (SUV,__: 16.13,
SUVan: 9.63, MTV: 2.78, and TLG: 26.73)

ER: Estrogen receptor, PR: Progesterone receptor, HER-2: Human epidermal
growth factor receptor-2, "®F-FDG: "®Fluoride-fluorodeoxyglucose, MTV: Metabolic
tumor volume, TLG: Total lesion glycolysis, SUV - Maximum standardized uptake
value, SU\/M: Average standard uptake value
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Table 3 shows the comparison of the area-under-the-
curve (AUC) values of ®F-FDG PET/CT parameters for the
histopathological. The AUC values were similar in all tested
features except for MTV. Of note, the AUC of SUVavg was
the largest for ER and PR status, Ki-67 index, and molecular
group. Considering the HER-2 status, TLG had the largest
AUC.

Discussion

IDBC is a heterogeneous group of tumors (21). Several
studies have reported a correlation between the parameters
of "®F-FDG PET/CT and the histopathological features of BC
(12,22,23,24). However, most of them evaluated different

Table 3. Comparison of the AUC values of the 'F-FDG PET/
CT parameters for predicting prognostic factors

95%

AUC confidence | p value

interval
ER negativity
SUV 0.795 0.72-0.86 <0.001
SUVavg 0.799 0.72-0.86 <0.001
MTV 0.576 0.49-0.66 0.386
TLG 0.724 0.64-0.80 <0.001
PR negativity
SUV__ 0.701 0.62-0.77 <0.001
SUVavg 0.703 0.62-0.78 <0.001
MTV 0.514 0.43-0.60 0.849
TLG 0.619 0.53-0.70 0.054
HER-2 positivity
SUVmax 0.612 0.58-0.69 0.041
SUVavg 0.610 0.52-0.69 0.046
MTV 0.484 0.40-0.60 0.779
TLG 0.619 0.47-0.64 0.347
High Ki-67 index
SUV 0.702 0.62-0.78 <0.001
SUVEWg 0.710 0.63-0.79 <0.001
MTV 0.544 0.46-0.63 0.391
TLG 0.669 0.58-0.74 <0.001
Non-luminal group
SUV 0.780 0.72-0.86 <0.001
SUVan 0.799 0.72-0.86 <0.001
MTV 0.576 0.49-0.68 0.386
TLG 0.724 0.64-0.80 <0.001
AUC: Area-under-the-curve, ER: Estrogen receptor, PR: Progesterone receptor,
SUV, . Maximum standard uptake value, SUV, : Average standard uptake value,
MTV: Metabolic tumor volume, TLG: Total lesion glycolysis

histological subtypes of BC and reported highly variable
results. This study showed that tumors with aggressive
histopathological features are associated with high "®F-FDG
PET/CT parameters in IDBC.

An independent prognostic factor for BC is the tumor’s
size. Moreover, poor histopathological differentiation and
larger tumor size are related to an increased metastasis
risk in BC (25). While some studies reported the correlation
between the tumor’s size and "8F-FDG PET/CT parameters
(9,23,26,27,28), others did not report such an association
(8,10,29). In this study, the T-stage groups were associated
with all "F-FDG PET/CT parameters. Our patient
population was predominantly composed of individuals
with pathological T2-stage tumors, and there were no T3
tumors in this series.

Studies showed that the negative ER status was associated
with higher ®F-FDG PET/CT parameters (12,24,26). In line
with these studies, we found significantly higher "®F-FDG
PET/CT parameters in ER-negative patients than ER-positive
patients, but the difference was statistically insignificant
for MTV. According to the studies by Kajary et al. (12) and
Groheux et al. (24), a negative PR status was associated
with higher SUV__, MTV, and TLG. Conversely, according
to the study by Kaida et al. (23), there was no association
between PR status and any volumetric parameters (MTV
and TLG). In the present study, there was a significant
association between the ER or PR status and the "®F-FDG
PET/CT parameters, except for MTV. Some studies (12,30)
have reported significant associations between HER-2
status and '8F-FDG PET/CT parameters, but others did
not report such an association (24,29). All '"®F-FDG PET/
CT parameters were higher in HER-2-positive tumors
than the negative ones, but significant associations were
observed only for SUV__ and SUVavg in the present study.
A higher histological grade is associated with aggressive
behavior (24). Several studies have demonstrated a
significant relationship between the histological grade
and "®F-FDG PET/CT parameters (9,10,12,26,31,32,33).
Similarly, in the present study, there was a significant
association between tumor’s grade and all "®F-FDG PET/
CT parameters, except for MTV. Several studies have
demonstrated a positive correlation between the Ki-67
index levels and "8F-FDG PET/CT parameters (9,26,29,32).
Similarly, in our study, a positive correlation was observed
between the Ki-67 levels and SUV,__, SUVavg, and TLG.
When the patients were grouped for their Ki-67 levels,
the higher-level group had a significantly higher SUV__,
SUVan, and TLG. Our results showed that, among the
'8F-FDG PET/CT parameters, SUV__ had the strongest
correlation with Ki-67.
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Studies have reported that molecular subtypes are
associated with a variable prognosis, for example, the
worst for TN and HER-2-positive and the best for luminal
A (12,26,34). Concerning the molecular subtypes,
Kajary et al. (12), Groheux et al. (24), and Onner et
al. (26) reported significant associations with SUV__,
SUVan, and TLG. Similarly, in our study, there was a
significant relationship between the molecular subtypes
and '8F-FDG PET/CT parameters, except for MTV. In
the luminal A subtype, cellular proliferation genes are
expressed at low levels. Conversely, the HER-2 gene
promotes both cancer growth and progression, and the
rates of recurrence and mortality are higher in the HER-
2-positive subtype (35). TN BC is the most aggressive
subtype and is associated with a worse prognosis (36).
In this study, the lowest SUV__, SUVavg, and TLG were
observed in the luminal A group, while the highest was
in the TN group. In this line, Onner et al. (26) and Kajary
et al. (12) observed the lowest SUvV_ ., SUVan, MTV, and
TLG in the luminal A group and the highest SUV__, MTV,
and TLGin the TN group. In this study, SUV __, SUV, , and
TLG were significantly higher in the non-luminal group.
Regarding MTV, the median values of MTV were similar
in both groups. Similarly, previous studies reported that
'8F-FDG parameters were significantly higher in the non-
luminal groups (12,24,26).

We performed receiver operating characteristic analyses
to find which "®F-FDG PET/CT parameters reflected the
pathological features better. The AUC values of SUV __
SUV, and TLG were high in all pathological variables
(ER, PR, and HER-2 status, Ki-67 index, and molecular
subtypes). The largest AUC value was seen for SUV,, in
terms of the ER and PR status, Ki-67 index, and molecular
groups and for TLG in terms of the HER-2 status. This
was incompatible with some recent studies (12,23).
We think that these differences are due to different
SUV,__ threshold values used in MTV calculation. Kaida
et al. (23) used a threshold of 50% of peak SUV within
the lesions for calculating MTV and reported that TLG
reflected the tumor metabolism with histopathological
features better than SUV__ or MTV. However, in another
study using 2.5 as the SUV __ threshold value in MTV
calculation, a high AUC value could not be achieved
with MTV. There is a lack of consensus on methods for
calculating the volumetric parameters in the literature
(12,23,24,26,37,38). In solid tumors such as BC, some
authors recommend using 42% of tumor SUV__ as a
threshold to represent the glycolytic activity (37,38). So,
we used 42% as the threshold for the present study.

1

Study Limitations

The limitations of this study include being retrospective and
having low patients in the groups. Moreover, we cannot
predict the findings of this study in patients with advanced
IDBC.

Conclusion

The findings of this study showed that tumors with
aggressive histopathological features are associated with
high 8F-FDG PET/CT parameters, and therefore, "8F-FDG
PET/CT imaging can be used as an aid in predicting the
prognosis in early-stage IDBC.
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The Use of '8F-FDG PET/CT in Patients with Recurrent
Differentiated Thyroid Cancer

Rekdrren Diferansiye Tiroid Kanserinde '*F-FDG PET/BT 'nin Katkisi

@ Ozgiil Ekmekgioglu
University of Health Sciences Turkey, Sisli Hamidiye Etfal Training and Research Hospital, Clinic of Nuclear Medicine, Istanbul, Turkey

Abstract

Obijectives: '®Fluorine-fluorodeoxyglucose (*®F-FDG) positron emission tomography/computed tomography (PET/CT) is used to monitor the
recurrence in thyroid cancer patients when there is suspicion of metastases. De-differentiated lesions become "®F-FDG avid with a more aggressive
clinical course. The aim of this study was to investigate the use of '®F-FDG PET/CT in differentiated thyroid cancer.

Methods: Forty-six patients, either with a negative radioiodine scan or clinical progression and suspicions for metastases with differentiated
thyroid cancer that were referred to our department for '®F-FDG PET/CT scan and evaluated retrospectively. PET/CT findings were correlated with
clinical and histopathological findings, serum thyroglobulin (Tg), and anti-Tg levels.

Results: Twenty-six patients (56.2%) were positive for recurrence in '"®F-FDG PET/CT images. Positive ®F-FDG PET/CT findings were significantly
correlated with the disease stage and Tg levels. Maximum standardized uptake value did not correlate with other findings or patients’ profiles.
The cutoff value for Tg was at 52.5 ng/mL having 73.08% sensitivity, 75% specificity, 79.17% positive predictive value, and 68.18% negative
predictive value for '®F-FDG PET/CT imaging.

Conclusion: "®F-FDG PET/CT is useful for detecting recurrence in differentiated thyroid cancer. Increased Tg levels and stage of the disease were
significantly correlated with '®F-FDG positivity. '®F-FDG positivity may also provide information about the de-differentiation process that may
support the treatment plan.

Keywords: Thyroid cancer, "F-FDG PET/CT, SUV.__

Oz
Amag: "®Flor-florodeoksiglukoz (*®F-FDG) pozitron emisyon tomografi/bilgisayarli tomografi (PET/BT) metastaz siiphesi bulunan tiroid kanseri
hastalarinda rekiirrensi arastirmak icin kullanilir. Ozellikle de-diferansiye olan lezyonlar '®F-FDG tutulumu géstermekte olup hastaligin klinik seyri
daha agresif olarak izlenir. Bu calismada "®F-FDG PET/BT'nin diferansiye tiroid kanserindeki katkisini arastirmayi amacladik.

Yéntem: lyot-131 (I-131) tiim viicut tarama sintigrafisi negatif olarak saptanan ve/veya metastaz stiphesi uyandiran klinik olarak progrese
diferansiye tiroid kanseri tanili bélimimizde '8F-FDG PET/BT cekimi yapilan 46 hasta retrospektif olarak incelendi. '®F-FDG PET/BT bulgulari ile
klinik ve histopatolojik 6zellikleri ile serum tiroglobulin (Tg) ve anti-Tg degerleri karsilastirild.

Bulgular: Grupta bulunan 26 hastada (%56,2) '8F-FDG PET/BT gorintllemesinde pozitif olarak degerlendirilen bulgular saptandi. Hastalik evresi
ve Tg duzeyleri ile ®F-FDG PET/BT poxzitifligi arasinda pozitif bir korelasyon bulundu. Lezyonlarin maksimum standart tutulum degeri (SUV__ ) ile
anlamli bir iliski saptanmadi. Tg cut-off degeri 52,5 ng/mL olarak hesaplandi. Bu deger bazinda '®F-FDG PET/BT gériintlleme icin %73,08 duyarlilik,
%75 0zgullik, %79,17 pozitif prediktif deger ve %68,18 negatif prediktif degerler elde edildi.

Sonug: '8F-FDG PET/BT diferansiye tiroid kanserinde rekirrensi saptamada faydali bir yontem olarak degerlendirildi. Hastaligin evresi ve Tg degerleri
ile PET gorintllemede elde edilen pozitif bulgulari arasinda anlamli olarak korelasyon saptandi. Pozitif PET bulgulari ile timor dediferansiasyonu
hakkinda bilgi edinilmesi acisindan tedavi planina katkisi bulunabilecegi sonucuna varildi.

Anahtar kelimeler: Tiroid kanseri, ®F-FDG PET/BT, SUV
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Introduction

Differentiated thyroid cancers are slowly growing tumors
with a good prognosis and relatively low mortality rates
(1,2). The American Thyroid Association (ATA) defines the
thyroglobulin (Tg) level of 0.2 ng/mL as acceptable after
the ablation and/or radioiodine treatment. Routine follow-
up is conducted by measuring serum Tg and anti-Tg levels,
with a neck ultrasound (3). Whole-body scintigraphy with
radioiodine is advisable when Tg serum levels are at the
rise or on the occasion or suspicion of metastases. Residual
disease or recurrence has been mostly detected in the
thyroid bed or cervical lymph nodes (4). However, in the
case of suspicion of residual disease or recurrence that
could not be detected with the ultrasound, conventional
imaging techniques are applied. Positron emission
tomography/computed tomography (PET/CT) is helpful in
restaging patients with increased Tg levels and a negative
iodine whole-body scan (5,6). ATA guidelines suggest
a serum Tg cut-off at 10 ng/mL to benefit from PET/CT
imaging in metastatic cancers.

Whole-body iodine-131 (I-131) scan has high sensitivity
and specificity for the detection of differentiated thyroid
cancer. It is routinely used in searching for metastases or
recurrence, as recommended in the ATA guidelines (7).
However, spatial resolution might not be efficient in the
case of small lesions (<1 cm). Additionally, thyroid cells may
de-differentiate which leads to aggressive malignancy and
loss of the iodine uptake during the follow-up. ®Fluoride-
fluorodeoxyglucose ('®F-FDG) PET/CT is useful for the
detection of metastases, especially when cancer cells de-
differentiate. While the iodine transport decrease in thyroid
cancer cells, glucose metabolism increases and becomes
more FDG avid; this is called the “flip-flop phenomenon”
and serves as a sign of de-differentiation (8,9,10). Imaging
techniques other than whole-body radioiodine scan are
necessary in these cases. While '®F-FDG avidity represents
the aggressiveness of tumor cells, CT depicts metastatic
lesions with negative "®F-FDG uptake. This may benefit the
tumors, where some of the metastases have a lower level
of differentiation.

Maximum standardized uptake values (SUV_ ) may
provide a direction of the therapy, since the higher the
values, the worse the prognosis (10). Recent studies
have also emphasized the importance of '®F-FDG PET/
CT in patients with suspicions of recurrence and prior
radioiodine treatment (11,12). Furthermore, '8F-FDG
PET/CT scan has an impact on disease management and
prognosis (6). Nevertheless, PET/CT in routine imaging of
thyroid cancer patients is not part of the recent guidelines’
recommendations.

This study aimed to evaluate the use of "F-FDG PET/CT
scans in differentiated thyroid cancer, in patients with
suspicions of recurrence or metastases in our hospital.
Moreover, we assessed the relation of SUV__ levels with
clinical and pathological findings of the patients.

Materials and Methods

Patients with intermediate or high-risk differentiated
thyroid cancer, who were referred to our department for
radioiodine treatment between 2017 and 2020, have been
analyzed retrospectively. Patients were either operated in
our hospital or were following-up from the other clinics. A
group of patients were referred to our department without
previous routine follow-up. All patients had undergone
thyroidectomy, with or without the central and lateral
lymph node dissection, and radioiodine treatment. The
l-131 treatment dosage was between 3700 (100 mCi)
and 7400 MBq (200 mCi) by following the ATA guidelines’
recommendations and risk assessment of the patient.

Six months after the treatment, when the thyroid
stimulating hormone serum levels measurement had
reached >30 ng/mL, Tg and anti-Tg levels were measured.
Patients with suspicion or already discovered metastases
with increasing levels of either Tg or anti-Tg after the
radioiodine treatment were included in the study. Serum
stimulated Tg and anti-Tg levels were measured. The risk
stratification and suspicion for a recurrence or metastases
are defined by the ATA guidelines. All the patients signed
informed consent forms. University of Health Sciences
Turkey, Sisli Hamidiye Etfal Training and Research Hospital
Clinical Research Ethics Committee approved (number:
3112, date: 02.02.2021).

Imaging Techniques

Ultrasound for residual disease or abnormal lymph node
on the neck region was performed. Whole-body scan was
performed 48-72 hours after administering the 185 MBq
(5 mci) 1131 for the patients with increasing levels of
either Tg or anti-Tg. A Mediso dual-head camera was used
for whole-body scintigraphy and single photon emission
computed tomography/CT images when detailed images
are required. Finally, "®F-FDG PET/CT scan was performed
on the patients with either a negative I-131 scan or clinical
signs of disease progression after the iodine treatment.
Patients with already known metastases and increased
levels of either Tg or anti-Tg were also included and
screened with "8F-FDG PET/CT scan.

FDG PET/CT protocol had the following parameters:
45-60 mins after receiving approximately 111-370 Mbq
(3-10 mci) of ™®F-FDG with patient having an empty
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bladder, underwent a head to mid-thigh whole-body CT
scan (130 kV, 50-80 mAs, thickness slice of 3 mm) and
followed by a PET scan (GE Healthcare, Wisconsin, USA).
Neither oral nor intravenous contrast was used in any
of the patients. A region of interest was drawn around
the metastases to measure the SUV,__ . Lesions with an
abnormal anatomical shape and higher SUV__ levels
than the background were accepted as PET-positive for
recurrence or metastases. Biopsy confirmation was not
achieved in all the patients.

Statistical Analysis

All data were analyzed on SPSS software for Windows
(v17.0; IBM, Armonk, NY, USA). Individual and aggregate
data were summarized using descriptive statistics including
the mean, standard deviations, medians (min-max),
frequency distributions, and percentages. The normality of
the data distribution was verified by the histogram graphs
and the Kolmogorov-Smirnov test. For the variables that
were not normally distributed, the Mann-Whitney U and
Kruskal-Wallis tests were applied to compare between
groups. The correlation was analyzed with Spearman’s Rho
tests. Receiver operating characteristic (ROC) analysis was
used to determine the cut-off levels of Tg and anti-Tg. P
values of <0.05 were considered statistically significant.

Results

Forty-six patients with a mean age of 47.65+15.82 were
included in our study (Table 1). Seventeen of the patients
were male. The patients were categorized according to the
type of cancer. Papillary thyroid cancer (PTC) corresponded
to 76.09% (n=35), follicular thyroid cancer (FTC) to 6.52%
(n=3), and mixed type of differentiated thyroid cancer to
17.39% (n=8). Two of the PTC patients had tall cell variant
and one had an oncocytic variant. Two of the mixed type
patients had tall cell variant tumors. According to the
classification of the American Joint Committee of Cancer
and the TNM guidelines, 27 patients were stage-l, nine
patients were stage-ll, and four patients were stage-IV (13).
Twenty-six patients (56.2%) had at least one lesion with
a SUVmax >2.5, were grouped as recurrent or metastatic
disease, and consequently accepted as PET-positive group.
In the PET-positive group, 12 patients had local recurrence
findings, and 14 patients had lesions positive for metastatic
lymph nodes in the cervical region. Furthermore, five
patients had lesions in the mediastinum, five had lung
lesions, and three had bone lesions compatible with the
metastases (Figure 1).

The mean Tg levels were 240.36+372.75 ng/mL (range
between 0.04 and 11.000 ng/mL), and the mean anti-
Tg levels were 37.87+237.37 ng/mL (range between 0.9

and 1.611 ng/mL). Tg and anti-Tg levels of all patients
were categorized into two groups as PET-positive and
negative. Tg levels were detected significantly higher in
PET-positive patients (101.3 ng/mL) than in PET-negative
patients (19.4 ng/mL; p=0.001, Table 2). The cut-off value
of Tg levels for PET-positive patients was at 52.5 ng/mL, as
calculated by the ROC analysis (Figure 2). With this cut-off
value for Tg, 73.08% sensitivity, 75% specificity, 79.17%
positive predictive value, and 68.18% negative predictive
value were achieved in the PET-positive patients. Eight of
the total number of patients had increased anti-Tg levels,
of which two had "8F-FDG-positive lesions. However, there
was either no significant relation or no meaningful cut-off
value for the anti-Tg levels, probably due to the smaller
sample size.

The comparison between PET-positive disease and the
TNM stage of the patients showed significant differences
between stage-l and stage-Il or stage-IV patients. Stages-|
and-lV disease had significantly higher "®F-FDG positivity in
PET/CT images (p=0.049, Table 3).

Table 1. Patient characteristics

Clinicopathologic features n
Age (mean = SD) 47.65+£15.82
Sex

Male 17
Female 29
Tumor type

Papillary thyroid cancer

- Classic type 35
- Mixed type 8
Folicular carcinoma 3
PET/CT findings

8F-FDG-positive 26
®F-FDG negative 20
Previous treatment dose of 1131

3.7 GBq (100 mCi) 13
5.6 GBq (150 mCi) 23
7.4 GBq (200 mCi) 10

Serum thyroglobulin level (ng/mL) (mean + SD) | 240.36+372.75

Serum anti-thyroglobulin level (ng/mL) 3787423737

(mean + SD)

Serum thyroid stimulating hormone (mIU/mL) 71341411
(mean + SD)

Size of primary tumor (cm) (mean + SD) 2.83+1.87
Localization of recurrence/metastases

Local 12

Neck 14
Mediastinum 5

Lung 5

Bone 3

SD: Standard deviation, PET/CT. Positron emission tomography/computed
tomography, '8F-FDG: "8Fluoride-fluorodeoxyglucose, I-131: lodine-131
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Table 2. Mean and median values of '8F-FDG PET/CT
positive and negative patients

BEEDG PET

Positive Negative P

Mean £ SD Mean = SD
Age 51.35+16.35 | 42.85+14.08 | 0.063
S Ug e 339.55+417.29 | 111.41+262.65 | 0.001
(ng/mL)
SEumlantiIglievel 65.91+315.49 | 1.43+2.20 0.375
(ng/mL)
Size of primary wmor | 5 g7 4 g3 2.63+1.83 0.519

(cm)

SD: Standard deviation,

PET/CT: Positron emission tomography/computed
tomography, '8F-FDG: "®Fluoride-fluorodeoxyglucose, Tg: Thyroglobulin

Gender, age, and tumor type did not exhibit a significant
effect on PET/CT positivity. SUV__ data also correlated
with the clinical and pathological findings of the patients.
The mean SUV__ value for the recurrent or metastatic
lesions in PET/CT scan was 7.65+5.99 (2.5-25.3). The
highest SUV__ was 25.3 in one patient with FTC. However,

it did not have any correlation with the prognostic factors
or patients’ characteristics.

Discussion

8E-FDG PET/CT scan is useful in staging and following-up
most of the cancer types, yet the evidence of the benefits
in thyroid cancer is limited. Even the cost-effectiveness
relationship of PET/CT imaging in differentiated thyroid

Figure 1. A 56-year-old man with classic type papillary thyroid cancer, previously received 200 mCi I-131 treatment. He was referred for clinical
progression. Lesions with high "8F-FDG uptake were found in the mediastinum and lung parenchyma (Tg: 1.853 ng/mL, anti-Tg: 0.9 ng/mL)
I-131: lodine-131, "®F-FDG: "®Fluoride-fluorodeoxyglucose, Tg: Thyroglobulin

Table 3. Detailed data of '®F-FDG PET/CT positive and negative patients’ group

8F-FDG PET
Positive Negative p
n % n %
Male 10 (58.82) 7 (41.18)
Sex 0.809
Female 16 (55.17) 13 (44.83)
Classic type 21 (60.02) 14 (39.98)
Tumor type Folicular C 3 (100) 0 0) 0.125
Mixed type 2 (25.00) 6 (75.00)
1 12 (44.44) 15 (55.56)
Stage 2 8 (88.89) 1 (11.11) 0.049
4 3 (75.00) 1 (25.00)

8F-FDG: "®Fluoride-fluorodeoxyglucose,

PET/CT: Positron emission tomography/computed tomography
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Figure 2. ROC curve of Tg serum levels
ROC: Receiver operating characteristic, Tg: Thyroglobulin

cancer is still being discussed. "®F-FDG uptake represents
de-differentiation, and the “flip-flop” phenomenon serves
as a sign of worse prognosis (10).

The results from our study indicate that the TNM stage
of the disease may lead to specific follow-up for patients
who could benefit from the PET/CT. ®F-FDG positivity
is significantly higher in patients with stage-ll and -V,
consistent with the aggressive potentiality of the disease.
The other prognostic factors like age, gender, type, or size
of the tumor did not have a significant relation to PET
positivity.

The group of '®F-FDG-positive lesions in PET/CT scan had
a significantly higher median of Tg levels than the "8F-FDG
negative group (101.3 ng/mL vs. 19.4 ng/mL; p=0.001).
The cut-off Tg value in the present study was higher than
that indicated by the guidelines and that of other studies
(7,14,15,16). We believe it resulted from the low number
of patients participating in our study, and/or the high
mean of Tg levels (240.36+372.75; median: 59.65). Some
of the patients that presented to our department were
not routinely followed up, so they had already developed
metastatic pathologies before they underwent the PET/CT
scan.

SUV__ values significantly did not correlate with
the other clinical findings or characteristics of the
patients. Nevertheless, SUV __ values provide important
information about the de-differentiation degree. Other
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groups have reported a correlation between high
SUV__ and worse prognosis in PTC patients (17). As a
result of de-differentiation of tumor cells, the glucose
transporter-1 increases and affects the increase in
"8F-FDG uptake (18). Robbins et al. (19) demonstrated
that SUV__ affected positively both the prognosis and
the survival of the patients. '8F-FDG-positive lesions
indicate higher aggressiveness correlated with the value
of the SUV__ (20). Furthermore, another study has
demonstrated that a SUV__ >10 is related to shorter
locoregional disease-free survival (21). The two patients
with aggressive variant (tall cell) PTC in our study had
'8F-FDG-positive metastatic lesions. They had Tg levels
of 1.522 ng/mL, 35 ng/mL, and SUV__ values of 12.9,
5.8, respectively. Both patients had local recurrence
while one of them, with the highest Tg and SUV__
levels, additionally presented with lung metastases.
These findings are compatible with the literature, but
further correlations are necessary with more patients
in aggressive differentiated thyroid cancers. More
observational studies for detecting or staging thyroid
cancers with '®F-FDG PET/CT in the initial phases of
the disease also provide valuable information for the
treatment decision (22). Furthermore, the challenge
of treatment for the patients with simultaneous iodine
positivity and '8F-FDG positivity should be taken into
consideration (23). We also had a patient with both
iodine-positive and negative metastases. Intense '®F-FDG
uptake was detected in de-differentiated metastatic
lesions, as seen in PET/CT images (Figure 3). Therapy
management is a challenge in such cases and the
treatment decision, including tyrosine kinase as an
option, should be made in accordance with oncology.

Study Limitations

This study had some limitations. "®F-FDG negative patients
could not be discussed in detail, due to the lack of follow-
up data. Some of the initial clinical data were not available
because of the referrals from different hospitals for the
radioiodine treatment. Hence, the correlations with other
conventional imaging techniques were not applicable.

Conclusion

"8F-FDG PET/CT may be useful in detecting recurrence for
differentiated thyroid cancer patients. Tg levels and the
initial stage of the disease are significantly correlated with
FDG positivity. It may also provide information about the
de-differentiation process which supports the treatment
plan.
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Figure 3. A 64-year-old woman with mixed type of differentiated thyroid
cancer (classic and follicular type) had increased Tg levels (167 ng/mL)
after radioiodine treatment. The upper row demonstrates SPECT/CT
image of positive 131 for metastatic lung lesion in the posterior part
of the upper right lobe, whereas no uptake in the lymph node of the
anterior mediastinum. The lower row shows intense "®F-FDG uptake in the
same mediastinal lymph node in PET/CT images, later histopathologically
proven as metastases

Tg: Thyroglobulin, SPECT: Single photon emission computed tomography, CT:
Computed tomography, I-131: lodine-131, PET: Positron emission tomography,
'8F-FDG: '®Fluoride-fluorodeoxyglucose
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Is SUV Corrected for Lean Body Mass Superior to SUV of Body
Weight in ®Ga-PSMA PET/CT?

*Ga PSMA PET/BT'de Yagsiz Viicut Kitlesine Gére Duzeltilmis SUV Viicut Agirligina
Gére Hesaplanan SUV'den Daha mi Ustiin?

©® Aysegiil Aksu!, ® Gamze Capa Kaya?
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Abstract

Objectives: This study aimed to investigate the relationship between the standard uptake value (SUV) of body weight and SUV corrected for lean
body mass (SUL) parameters obtained from the prostate gland in gallium-68 (Ga)-prostate-specific membrane antigen (PSMA) positron emission
tomography-computed tomography (PET/CT) with Gleason grade (GG) groups, D'Amico risk groups, and presence of metastases.

Methods: Patients with prostate adenocarcinoma who underwent %Ga-PSMA PET/CT for staging at our center between February 2017 and
October 2018 were evaluated retrospectively. Maximum SUV (SUV.__), SUVpeak, SUL_. SULpeak, SUV__and SUL__ values of the prostate tumor
were obtained. The difference in these values between GG groups (=3, <3) and D'Amico risk (low-moderate/high) groups was evaluated with the
Mann-Whitney U test. The area under the curve values of SUV and SUL parameters were compared. In addition, SUV__and SUL__values were
obtained from the right liver lobe, and their correlation with body weight was evaluated.

Results: A total of 79 patients were included in the study. Significant differences were found in the prostate SUV__, SUL__, SUVpeak, SULpeak,
SUV . and SUL__values between the GG (=3 and <3) groups and between D'Amico risk (low-moderate and high) groups. However, no
significant difference was found in the discriminative power of any SUV or SUL parameter when compared with each other. A significant
difference in any SUV and SUL parameters was found in patients with and without metastasis. Neither liver SUV__value nor SUL__ value
correlated with the body weight.

Conclusion: The superiority of SUL values obtained from %Ga-PSMA PET to SUV was not determined in our study. SUV parameters can also be
used for quantitative analysis in %*Ga-PSMA PET.

Keywords: SUV, SUL, lean body mass, prostate specific membrane antigen

Oz

Amac: Amacimiz, galyum-68 (*Ga)-prostat spesifik membran antijeni (PSMA) pozitron emisyon tomografisi-bilgisayarll tomografide (PET/BT)
prostat bezinden elde edilen standart uptake degeri (SUV) ve yagsiz viicut kitlesine gore diizeltiimis SUV (SUL) parametrelerinin Gleason grade
(GG) gruplari, D’Amico risk gruplari, metastaz varligi degerlendirmedeki iliskilerinin arastirlmasidir.

Yontem: Merkezimizde Subat 2017-Ekim 2018 tarihleri arasinda prostat adenokarsinomu tanisi ile evreleme amacl ®Ga-PSMA PET/BT
gérintilemesi yapilan hastalar retrospektif olarak degerlendirildi. Prostat bezinde gérilen timérden SUV,__ SUV o SUL o SUL ., SUV_ ve
SUL __degerleri elde edildi. GG gruplari (=3, <3), D'Amico risk gruplari (distk-orta/yiksek) arasinda bu degerler arasindaki fark Mann-Whitney

mean
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Is SUL Superior in ®Ga-PSMA PET/CT?

U testi ile degerlendirildi. SUV ve SUL parametrelerinin egri altindaki alan degerleri karsilastirildi. Ayrica karaciger sag lobundan SUV

degerleri alinarak viicut agirligi ile korelasyonlari degerlendirildi.

ve SUL

mean ‘mean

Bulgular: GG gruplar (=3 ve <3) arasinda ve D'Amico risk gruplan (distk-orta ve ylksek) arasinda prostat SUV__ ., SUL

SUV___ve SUL

mean ‘mean

ks’ ‘maks” SUVpeak’ SULpeak’

degerlerinde istatistiksel olarak anlamli farkliliklar izlendi. Bununla birlikte, herhangi bir SUV veya SUL parametresinin bu gruplari

ayirt etme guictinde digerine kiyasla énemli bir fark elde edilemedi. Metastaz olan ve olmayan hasta gruplarinda hicbir SUV ve SUL parametresinde

istatistiksel olarak anlamli bir fark saptanamadi. Ne karaciger SUV,

mean

degeri ne de SUL__degeri viicut agirhgi ile iliskili degildi.

Sonug: ®¥Ga-PSMA PET'den elde edilen SUL deg@erlerinin SUV'ye Ustiinltgu calismamizda belirlenememistir. ®Ga-PSMA PET de SUV parametrelerinin

kantitatif analiz icin de kullanilabilecegdi dustinilmektedir.

Anahtar kelimeler: SUV, SUL, yagsiz vicut kitlesi, prostat spesifik membran antijeni

Introduction

Positron emission tomography/computed tomography
(PET/CT) is becoming a standard component of the
diagnosis and staging in the field of oncology. Especially,
"#flourine-fluorodeoxyglucose ("8F-FDG) PET/CT is used to
quantify radiopharmaceutical uptake and quantitatively
determine treatment response in the evaluation of the
metabolic response in various tumors (1,2,3). PET images
are analyzed in clinical practice either qualitatively using
visual comparison of metabolism in lesions with normal
tissue or semi-quantitatively using standard uptake values
(SUV). SUV is obtained as the tissue concentration (MBg/
mL) divided by the injected activity (MBqg/g) per body
weight (BW). Factors affecting SUV have been discussed
in many studies (4,5,6). Since fat contributes to BW but
accumulates very little ®F-FDG in a starvation state, SUV
is relatively increased in patients who are obese than in
thinner ones. A study found that lean body mass (LBM)
SUV (SUL) correction is a more suitable quantitative
method than BW or body surface area for patients who
are obese (7).

Prostate-specific membrane antigen (PSMA) is a highly
expressed human transmembrane protein that is low
or moderate in normal or hyperplastic prostate tissues
and high in primary adenocarcinomas and distinguishes
malignant lesions from benign lesions with high accuracy
and positively correlates with the degree of expression,
tumor aggression, metastatic disease, and recurrence
(8,9,10,11). In the literature, studies have shown that the
SUV values obtained from a prostate tumor are higher as
the Gleason score (GS) and prostate-specific antigen (PSA)
value increase. Gafita et al. (12) investigated whether SUL
is @ more appropriate quantitative method than SUV, which
is normalized by BW in gallium-68 (®®Ga)-PSMA 11 PET/CT.
They found that correction with lean BW disrupts positive
correlations between absolute SUV and BW and that SUL
may be preferred over SUV for quantitative analysis in %Ga-
PSMA 11 PET (12).

This study aimed to investigate the relationship between
the SUV and SUL parameters obtained from the prostate

tumor according to Gleason grade (GG) groups, D'Amico
risk groups, and presence of metastasis in ®Ga-PSMA PET/
CT and to determine whether SUL is superior to SUV.

Materials and Methods

Patients

Patients with prostate adenocarcinoma who underwent
%Ga-PSMA PET/CT for staging at our center between
February 2017 and October 2018 were evaluated
retrospectively. GG groups of patients were obtained
from prostatectomy material in patients undergoing
prostatectomy and fine-needle biopsy results in other
patients. D’Amico criteria was considered for risk
stratification [low risk group (PSA <10 ng/mL and GS <7
and T1-T2a), intermediate-risk group (PSA 10-20 ng/mL or
GS 7 or T2b-T2c), and high-risk group (PSA >20 ng/mL or
GS 8-10 or T3-T4)] (13). Patients were divided into two
groups according to their GG (=3 vs <3).

PET Image Analysis

Patients signed the informed consent form, and radiation
safety and imaging protocol were described. An average
of 3.2 millicurie (mCi) ¥Ga-PSMA Imaging and Therapy
was injected intravenously. Low-dose CT was used for
attenuation correction an hour after injection. PET
images were obtained for 1.5 min in each bed position
in the supine position from the vertex to the toe tip in
Philips Gemini TF PET/CT (Eindhoven, Netherlands).
Row action maximum likelihood algorithm was used for
reconstruction.

Patients who had PSMA expression on ®Ga-PSMA
PET/CT images, which could be differentiated from
background activity and thought to be related to prostate
adenocarcinoma metastasis (PSMA-RADs 4 and 5) were
considered to have metastatic disease (14).

Weights and heights of the patients were measured before
imaging. LBM was calculated with the formula developed
by Janmahasatian (15,16).

LBM = (9.27x103xBW)/(6.68x103+216xBMI)
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In the prostate gland, a region of interest was drawn on
the area where PSMA expression was observed above
background activity. Maximum SUV (SUV,_ ), SUV__,
and SUVpeak values were obtained from this area. SUL__,
SUL and SULpeak values were calculated from SUV,__,
SUV___, and SUVpeak values using the LBM value obtained
from the Janmahasatian formula.

SUL = SUV x LBM/BW

In addition, a 3-cm volume of interest (VOI) was drawn to
the right liver lobe to determine liver background activity.
Liver SUV__and liver SUL__ values were obtained from
this VOI (17).

Statistical Analysis

The free version of the Statistical Package for the Social
Sciences v. 26.0 was used for statistical analysis. The
correlations among liver SUV__ liver SUL _ and BW
were evaluated by Spearman correlation analysis. A p<0.05
value was considered significant.

SUV SUV

The difference in Suv__.SuL mean SULL el
and SUL .k values from the prostate tumor between low-
moderate and high-risk groups was analyzed with the
Mann-Whitney U test. In addition, the difference in the
SUV and SUL values between GG groups, between PSA
groups (=10 and <10 ng/mL), and between D'Amico risk
groups (low-moderate and high) was evaluated with the
Mann-Whitney U test.

The potential of SUV and SUL parameters in distinguishing
GG groups and risk groups was evaluated by the receiver
operating characteristics analysis. The area under the curve
(AUC) values were compared, and significant difference
between them was evaluated.

Ethics Approval

Dokuz Eylil University Ethics Committee approval was
obtained (decision no: 2020/18-37, date: 10.08.2020).
All procedures performed in studies involving human
participants were in accordance with the ethical
standards of the institutional research committee
and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. All
patients gave their informed consent before their
inclusion in the study.

Results

The study included 79 patients with a mean age of 65+7
(range, 44-78) years and mean BW of 81.5£14.5 (range,
53-125) kg. The median PSA value was 16 (range, 0.02-
527.00) ng/mL. A total of 13 patients had a history of
radical prostatectomy.

In this study, 7 (9%) patients had GG 1, 21 (27%) had
GG 2, 12 (15%) had GG 3, 15 (19%) had GG 4, and
24 (30%) had GG 5. In #Ga-PSMA PET/CT, 41 (52%)
patients did not have metastasis, while 38 patients had
PSMA expression suggesting metastasis. Moreover,
33 (41.8%) patients had lymph node metastasis. Five
of these patients had PSMA expression in cervical/
mediastinal lymph nodes, 16 in abdominal lymph
nodes, and 33 in pelvic lymph nodes. In addition, 19
(24.1%) patients had PSMA expression suggesting
bone metastasis, whereas 2 (2.5%) patients had PSMA
expression suggesting pulmonary metastasis. In the
study group, no patient had liver metastasis. According
to the D'Amico risk groups, two patients had low risk,
18 (22.8%) patients had moderate risk, and 59 (74.7%)
patients had high-risk.

The mean + standard deviation and median (range) values
from the prostate tumor were calculated as follows: SUvV__,
11.549.3 and 8.0 (3.0-49.8); SUL__ value, 8.4+6.1 and
6.1 (2.2-34.4), SUVpeak value, 8.6x£7.2 and 5.8 (2.4-37.6);
SULpeak value, 6.3+4.5 and 4.5 (1.7-25.9); SUV__  value,
5.0#2.6 and 4.2 (1.9-13.8); and SUL,___ value, 3.7£3.3 and

a

3.2 (1.3-9.4).
A significant difference was found in the prostate SUV__,
SUL,. SUV . SUL_. SUV__. and SUL _ values

between patients with GG =3 and <3 (Table 1). However,
when comparing AUC values of SUV and SUL parameters
in distinguishing GG groups, no SUV/SUL parameters were
superior to the other (Table 2).

No significant difference was observed in any SUV and SUL
parameters between patients with GS 3+4 and 4+3.

Prostate SUV__, SUL__, SUVpeak, SULpeak, SUV__ . and
SUL . values were significantly higher in the high-risk
group than in the other D'Amico risk groups (Table 1).
However, no SUV/SUL parameter was superior to others in
distinguishing risk groups (Table 2).

While all SUV and SUL parameters were higher in patients
with a PSA value =10 ng/mL than in those with <10 ng/
mL (Table 1), no significant difference was found in the
discrimination power of any SUV and SUL parameters
(Table 2).

No significant difference was found in any SUV and SUL
parameters in patient groups with and without metastasis.

The mean liver SUV__ value was calculated as 4.0+1.1
(1.8-7.6), and the liver SUL __ value was 3.0+1.4 (1.4-5.5).
The liver SUV__ and SUL___ values did not correlate with

BW (p=0.387 and 0.132, respectively).
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Discussion

In this study, a significant correlation was found with the
BW of neither SUV,__ nor SUL__ obtained from the liver.
Gafita et al. (12) reported that SUL can be preferred over
SUV in #Ga-PSMA 11 PET/CT. In this study, while the liver
Suv,__ value showed a significant correlation with BW,
no significant correlation was found in the SUL___value.
Despite the few studies on this subject, similar to our study,
Li et al. (2) evaluated the "8F-DCFPyL uptake but could not
detect a significant correlation between liver SUV__ and
SUL _ values and BW; as a result, they suggested using

mean

the SUV.

Several studies have also shown that PSMA SUV data are
successful in differentiating GG groups and risk groups
(18,19,20,21). Likewise, we were able to obtain significant
differences in SUV parameters between these groups.
However, our study is the first to evaluate the relationship

between the success of SUL and SUV parameters obtained
from %Ga-PSMA PET in differentiating GG groups and
risk groups. In our study, SUL parameters obtained from
®Ga-PSMA PET were not superior to SUV parameters in
distinguishing GG groups and in distinguishing risk groups.
Moreover, the studies that quantified uptake with body-
weight-corrected SUV and LBM-corrected SUV have
shown that the repeatability coefficient of SUL _ and
SUV__ within the same patient in a testretest setting is
comparable (22,23,24). These results show that SUL and
SUV parameters are not superior to each other in %Ga-
PSMA PET in clinical practice.

Prostate SUV and SUL parameters were significantly higher
in patients with GG =3 than in GG <2, and this is similar
to the findings in the literature. Onal et al. (25) reported
that SUV__ values obtained from primary tumors in 191
patients were significantly higher in patients with GS >7.

Table 1. Evaluation of SUV and SUL parameters in Gleason grade, D’Amico risk, and PSA groups

GG D’Amico risk groups PSA
GG <3 GG =3 Low-moderate | High <10 ng/mL =10 ng/mL
Mean + standard 7.6+4.5 13.7+10.5 6.6+3.9 13.2+10.0 8.1+5.6 13.8+10.5
Median (range) 54 (3.1-17.5) | 10.5(3.049.8) | 5.2 (3.0-15.4) | 10.2(3.449.8) | 3.6 (3.026.7) | 11.0(3.549.8)
*Won p value 0.003 0.001 0.001
AUC (95% Cl) 0.706 (0.588-0.823) 0.755 (0.637-0.872) 0.705 (0.587-0.823)
Mean + standard 5.6£3.4 9.9+7.4 49429 9.6+7.3 5.9+4.1 10£7.4
UL Median (range) 40(2.4127) |7.5(2.2-34.4) |3.8(2.2-11.1) |7.3(2.434.4) | 4.4(2.2-19.9) |8.4(2.534.4)
mex p value 0.002 0.001 0.001
AUC (95% Cl) 0.709 (0.592-0.826) 0.760 (0.644-0.875) 0.707 (0.589-0.825)
Mean + standard 3.8+£1.6 5.6+2.9 3.4+1.1 5.5+2.8 3.8£1.6 5.742.9
Uy Median (range) 32(2.17.6) |4.9(1.913.8) |3.2(1.95.5) 49(2.1-13.8) |3.3(2.08.0) |4.9(1.9-13.8)
mean p value 0.002 0.001 0.001
AUC (95% Cl) 0.707 (0.591-0.823) 0.750 (0.636-0.863) 0.703 (0.588-0.819)
Mean + standard 2.8+1.2 4.1+2.0 2.5+0.9 4.1£3.5 2.8£2.4 4.2+3.7
L Median (range) 2.4(1.358) |3.5(1.49.4) 2.4 (1.94.4) 3.5(1.39.4) |24(156.0) |3.0(1.39.4)
meen p value 0.002 0.001 0.001
AUC (95% Cl) 0.714 (0.597-0.830) 0.756 (0.643-0.870) 0.703 (0.587-0.819)
Mean + standard 5.6£3.5 10.2+8.1 3.5+2.8 9.9+7.7 5.9+4.2 10.3+8.2
Uy Median (range) 3.9(2.5133) |7.7(2437.6) |35(24113) |7.7(2637.6) |43(2.519.0) |8.2(2.4-37.6)
= p value 0.003 <0.001 0.001
AUC (95% Cl) 0.701 (0.582-0.820) 0.767 (0.649-0.884) 0.706 (0.588-0.824)
Mean + standard 4.1+2.6 7.4£5.5 3.54+2.2 7.2£5.5 4.4%3.0 7.5£5.8
L Median (range) 2.8(1.925) |55(1.7-25.9) |2.7(1.79.0) 5.5(1.925.9) |3.1(1.814.2) |6.0(1.7-25.9)
el p value 0.003 <0.001 0.001
AUC (95% Cl) 0.705 (0.586-0.825) 0.769 (0.651-0.887) 0.700 (0.582-0.819)

SUV: Standard uptake value, SUL: Lean body mass SUV, PSA: Prostate-specific antigen, GG: Gleason grade, AUC: Area under the curve, Cl: Confidence interval, max: Maximum
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Table 2. P values obtained in the comparison of the AUC of
SUV and SUL parameters

ee gDrng;;:o - ?jﬁ) and <10
(=3 and <3) | (low-moderate |\~
and high) ng/mL)

SUV_-SUL_ | 0.732 0.668 0.838
SUV_SUV_, [ 0721 0.324 0.935
SWV_SUL ., 0983 0.420 0.744
SUV,_ -SUV__ | 0.945 0.808 0.933
Suv__-SuL | 0.750 0.953 0.943
SuLSuv, |0578 0.666 0.945
SUL,,SUL,,, | 0.761 0.560 0.595
SUL_-SUV__ | 0916 0.617 0.850
SuL_-SUL . | 0.830 0.883 0.848
SUVpeak—SULpeak 0.664 0.829 0.484
SUV,,SUV. . | 0746 0.383 0.891
SUVpeak—SULmean 0.574 0.696 0.905
SUL,SUV_ . | 0924 0.333 0.869
SUL,SUL,,, | 0660 0.573 0.868
SuvV__-SUL | 0.577 0.654 1.000

SUV: Standard uptake value, SUL: Lean body mass SUV, PSA: Prostate-specific
antigen, GG: Gleason grade, AUC: Area under the curve, max: Maximum

In their study, Uprimny et al. (18) did not find a significant
difference in SUV,__ values between GG 2 and 3 tumors.
Similarly, Ergll et al. (19) did not found a significant
difference in SUV__ values between grade 2 and 3 tumors.
In addition, in our study, neither SUV__ values nor other
SUV and SUL values were detected differently in tumors
with GG 2 and 3.

In a previous study, Ergll et al. (19) analyzed 78 patients
and found a significant difference in SUV__ values of
prostate tumors with and without metastasis. However, Liu
et al. (20) did not observe a significant difference in SUV,__
in patients with and without metastasis. In the present
study, similar to the study of Liu et al. (20), no significant
difference was found in any SUV and SUL parameters
between these groups.

Study Limitations

First, the retrospective design limits the generalizability of
the results. Second, histopathological correlation is not
technically and ethically possible from all foci considered
metastasis. Finally, prostatectomy could not be applied to
all patients, and the GS of some patients could only be
obtained from the biopsy sample.

Conclusion

In this study, the superiority of SUL values obtained from
%8Ga-PSMA PET to SUV was not determined. We think that
both SUV and SUL parameters can be used for quantitative
analysis in ®Ga-PSMA PET.
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Abstract

Objectives: Human epidermal growth factor receptor-2 (HER-2) is a protooncogene encoded by ERBB2 on chromosome 17. "®Fluoride-
fluorodeoxyglucose positron emission tomography/computed tomography ("®F-FDG PET/CT) examination is frequently used to detect distant
metastasis in gastric cancer imaging. This study aimed to investigate the relationship between the data obtained in the '®F-FDG PET/CT examination
and HER-2 expression status in patients with gastric cancer.

Methods: A total of 115 patients diagnosed with gastric cancer between 2016 and 2020, with HER-2 immunohistochemical followed by "®F-FDG
PET/CT examination for staging purposes were included.

Results: HER-2 immunohistochemical examination revealed 71 patients (61.7%) with negative and 44 (38.3%) with positive results. The median
maximum standardized uptake value (SUV ), mean standardized uptake value (SUV___ ), metabolic tumor volume (MTV), and total lesion
glycolysis (TLG) values of patients positive with HER-2 were 9.95, 5, 30.44, and 139.16, respectively, whereas patients negative with HER-2
were 9.3,5.4,36.62, and 190.424, respectively (p>0.05). The median cancer antigen 19-9 (CA 19-9) levels of patients positive with HER-2 was
33.52, whereas 11.79 in those who were negative (p=0.016). The mean age was 69.3+9.35 years in patients with distant metastases, whereas
65.2+£10.9 in those without distant metastases (p=0.042). Median SUV__ and SUV__values in patients with distant metastases were 11.1
and 6.3, respectively, and 8.2 and 4.5 in those without distant metastases (p=0.002 and p=0.001, respectively). The median CA 19-9 and
carcinoembryonic antigen (CEA) levels in patients with distant metastases were 31.34 and 9.20, respectively, whereas those without distant
metastases were 11.55 and 2.26, respectively (p=0.011 and p=0.001, respectively).

Conclusion: In our study, no statistically significant difference was found in terms of HER-2 status, SUV__SUV_ - MTV, TLG, distant metastasis,
presence of lymph node metastasis, age, gender, tumor diameter, grade, and localization, and CEA levels in patients with gastric cancer. A
statistically significant difference was found between HER-2 status and CA 199 levels. A statistically significant relationship was found between
distant metastases in the "*FFDG PET/CT examination and SUV__, SUV__ ., age, CEA levels, and histopathologic diagnosis; however, the
relationship between distant metastasis in the '®F-FDG PET/CT scan and MTV, TLG, tumor diameter, localization, and grade was not statistically
significant.

Keywords: Gastric cancer, PET/CT, HER-2, '8F-FDG

0z

Amag;: insan epidermal biyiime faktérii reseptérii-2 (HER-2) kromozom 17 (izerinde ERBB2 tarafindan kodlanan bir protoonkogendir. Mide kanseri
goruntulemesinde "#fluoride-florodeoksiglikoz pozitron emisyon tomografi/bilgisayarli tomografi ("8F-FDG PET/BT) tetkiki uzak metastaz taramasi
icin siklikla kullaniimaktadir. Bizim bu calismadaki amacimiz patolojik olarak mide kanseri tanisi konmus hastalarda "8F-FDG PET/BT tetkikinde elde
edilen veriler ile HER-2 ekspresyonu arasindaki iliskinin arastiriimasidir.
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Yontem: Calismamiza 2016 ve 2020 yillari arasinda mide kanseri tanisi konulmus, evreleme amaciyla '®F-FDG PET/BT tetkiki yapilmis ve patolojik
olarak HER-2 incelemesi yapiimis 115 mide kanseri hastasi dahil edilmistir.

Bulgular: Calismamizdaki hastalarin HER-2 immunohistokimyasal incelemesine gore 71'i (%61,7) negatif, 44’0 (%38,3) pozitif olarak
degerlendirilmistir. HER-2 pozitif olan hastalarin medyan maksimum standartlagtinlmis alim degeri (SUV,__ ), ortalama standartlastiriimis alim degeri
(SUV, o) metabolik tmér hacmi (MTV), toplam lezyon glikoliz (TLG) degeri sirasiyla 9,95, 5, 30,44, 139,16 iken, HER-2 negatif olan hastalarin
ise siraslyla 9,3, 5,4, 36,62 ve 190,424 idi (p>0,05). HER-2 pozitif olan hastalarin medyan CA 19-9 degeri 33,52 iken, negatif olan hastalarin 11,79
idi (p=0,016). '®F-FDG PET/BT tetkikinde uzak metastaz bulunan hastalarda ortalama yas 69,3+9,35 iken, uzak metastaz olmayanlarda ortalama
yas 65,2+10,9 idi (p=0,042). '®F-FDG PET/BT tetkikinde uzak metastaz bulunan hastalarda medyan SUV . ve SUV_ . degerleri sirasiyla 11,1 ve
6,3 iken, uzak metastaz olmayanlarda sirasiyla 8,2 ve 4,5 idi (p=0,002, p=0,001 sirasiyla). Uzak metastaz bulunan hastalarda medyan CA 199 ve

CEA duzeyleri sirasiyla 31,34 ve 9,20 iken, uzak metastaz olmayanlarda sirasiyla 11,55 ve 2,26 idi (p=0,011 ve p=0,001 sirasiyla).
Sonug: Calismamizda mide kanseri hastalarinda HER-2 durumu ile SUV SUV MTV, TLG, uzak metastaz varligi, lenf nodu metastaz

maks’ ortalama”

varlig, yas, cinsiyet, timaor capi, timor derecesi, timor lokalizasyonu ve CEA diizeyleri agisindan istatistiksel olarak anlamli bir farklilik yoktu ancak
HER-2 durumu ile CA 199 degerleri arasinda istatistiksel olarak anlamli bir fark bulundu. '®F-FDG PET/BT tetkikinde uzak metastaz bulunmasi ile
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SUv__, SUV

maks’ ortalama

, yas, CEA duizeyleri ve histopatolojik tani arasinda istatistiksel olarak anlamli bir iliski saptanirken, MTV, TLG, timor gapi, timor

lokalizasyonu ve timaor derecesi arasindaki iliski istatistiksel olarak anlamli degildi.

Anahtar kelimeler: Mide kanseri, PET/BT, HER-2, '8F-FDG

Introduction

Gastric cancer is one of the most common cancers
worldwide (1). Gastric cancer was the most important
part of cancer-related deaths until the 1980s but was
replaced by lung cancer after these years (2,3). However,
most patients with gastric cancer in western society are
currently diagnosed as advanced, and despite advances
in understanding the biology of gastric cancer, median
survival is still under 12 months. Therefore, personalized
treatment development is important (4).

Human epidermal growth factor receptor-2 (HER-2) is a
protooncogene encoded by ERBB2 on chromosome 17. The
main role of HER-2 protein in these tissues is to support cell
proliferation and prevent apoptosis. Therefore, it facilitates
excessive uncontrolled cell growth and tumorigenesis
processes (5). The importance of this protein is understood
in patients with breast cancer, and the developed
antagonists gave positive results in the treatment, thus,
other types of cancer have been investigated. Patients
with gastric cancer constitute a significant part of the
research carried out in this regard (5,6). The National
Comprehensive Cancer Network (NCCN) guidelines
recommended tumor HER-2 overexpression assessment
using immunohistochemistry and in situ hybridization
method in patients with inoperable locally advanced,
recurrent, or metastatic gastric adenocarcinoma for whom
HER-2 receptor antagonist therapy are considered (6).

8Fluoride-fluorodeoxyglucose positron emission
tomography/computed tomography ("®F-FDG PET/CT)
examination is frequently used for the detection of
distant metastasis in gastric cancer imaging. The role of
'8F-FDG PET/CT in the initial diagnosis of gastric cancer is
not established. However, ®F-FDG PET/CT examination is
recommended in all patients who are clinically indicated
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according to the NCCN guidelines, without metastases
detected by other radiological imaging methods (7).

The determination of HER-2 status became standard
in patients with gastric cancer; however, its evaluation
requires an invasive procedure. Therefore, the development
of noninvasive technigues to predict the HER-2 status is
important. Limited publications investigated the relationship
between HER-2 status and tumor markers in patients with
gastric cancer. Thus, evaluation of PET/CT as a technique
for this purpose is important. However, study findings are
conflicting on this subject.

This study aimed to investigate the relationship between
the data obtained in the "®F-FDG PET/CT examination, HER-
2 expression status and histopathological features, the
usage of "F-FDG PET/CT, and level of tumor markers in
predicting the HER-2 status in patients with gastric cancer.

Materials and Methods

A total of 115 patients diagnosed with gastric cancer
between 2016 March and 2020 January, with HER-2
immunohistochemical examination followed by '"F-FDG
PET/CT examination for staging purposes were included in
this study. Operable patients diagnosed with endoscopic
biopsy were included in the study using '®F-FDG PET/CT
examination for staging before surgery, whereas inoperable
patients diagnosed with endoscopic biopsy were included
in the study with 'F-FDG PET/CT examination before
chemotherapy or radiotherapy. A total of 63 patients had
a history of operation after diagnosis, wherein 52 were
not operated on. Out of 63 patients who were operated
on, 11 had distant metastasis on FDG PET/CT examination
and 52 had none. This study was conducted following the
principles of the Declaration of Helsinki. This study was
approved by Cumhuriyet University Non-interventional
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Clinical Research Ethics Committee with decision number:
2019-09/05. Verbal and written consent forms were
obtained from all study participants.

Imaging Protocol with '®F-FDG PET/CT: Patients were
asked for at least 4-6 hours of fasting, and blood glucose
measurements of all patients were done before the imaging.
Radiopharmaceutical injection was given to patients with
fasting blood glucose <200 mg/dL. An average of 10 mCi
of "®F-FDG was administered to the patients during the
'8F-FDG PET/CT examination.

All patients were kept in the restroom for 45-60 min after
the injection. The imaging of patients was performed with
a General Electric Discovery PET/CT 600 device (GE Medical
Systems, LLC, 3000 N. GRANDVIEW BLVD., WAUKESHA,
WI., USA.). CT imaging was performed at 120 kV,
172 mAs with a spiral 16 slice scanner for attenuation
correction and anatomical correlation. PET imaging was
performed in 3 dimensions to cover the body part from
the vertex to the middle of the thigh, including the cranium
with 3 dimensions, and PET imaging was performed for
approximately 2 min in each bed position. Axial, coronal,
and sagittal fusion images were created using the iterative
reconstruction method. Maximum standardized uptake
value (SUV__ ), mean standardized uptake value (SUV___ ),
metabolic tumor volume (MTV), and total lesion glycolysis
(TLG) values were calculated from the PET images. An
adaptive threshold setting of 42% of the maximum lesional
metabolic activity was used for PET images and the region
of interest (ROI) was placed within the primary tumor in
the stomach while avoiding the peripheral area. SUV__
measurement of metastatic lymph nodes and distant
metastatic lesions was not evaluated.

The SUV was calculated with the following formula:
[Activity in ROI (mCi/mL) x Bodyweight (gram)] + Injected
Dose (mCi)

TLG reflects the metabolic activity of the entire tumor and
was calculated by multiplying the MTV by the SUV ___ value.
An adaptive threshold setting of 42% of the maximum
lesional metabolic activity was used for PET images and
the ROI was placed within the tumor while avoiding the
peripheral area (8).

Immunohistochemical Staining: Hematoxylin-eosin
stained sections prepared from formalin-fixed paraffin
blocks were examined, and from the paraffin blocks of
these preparations, 3 micron thick sections were taken into
the positively charged slide. Immunohistochemical staining
of tissues with completed deparaffinization was performed
in ROCHE VENTANA BENCHMARK XT (Ventana Medical
Systems, Tucson, Arizona, USA) automated staining device
using a cerbB-2 antibody (PATHWAY anti-HER-2/neu

clone 4B5, Rabbit Monoclonal Primary Antibody, Ventana
Medical Systems, Tucson, Arizona, USA, 2017) in a ready-
to-use form. HER-2 positivity was determined using a light
microscope.

Immunohistochemical Assessment: Only the
membranous staining was considered significant in the
immunohistochemical c-erbB-2 staining evaluation, whereas
the cytoplasmic granular and nuclear staining were not
evaluated. The modified form of the HercepTest scoring
system was used for gastric cancers (9,10). All cases were
divided into four groups as score 0, score 1+, score 2+,
and score 3+. Patients with immunohistochemical staining
scores of 0 and 1+ were considered negative, whereas
scores 2+ and 3+ were accepted as positive (11).

Statistical Analysis

The data obtained were evaluated with Statistical Package
for the Social Sciences 23.0 program (SPSS Inc., Chicago).
The Kolmogorov-Smirnov test was used to check the
normality of the data. An independent sample t-test
for two independent groups and the F-test [analysis of
variance (ANOVA)] test for more than two groups were
used for data with parametric conditions. ANOVA was used
to compare more than two groups, whereas the Tukey
tests were used in those with homogeneity assumption
and Tamhane's T2 tests in those without homogeneity
assumption to determine which group is different from
the others. The Mann-Whitney U test was used for two
independent groups and the Kruskal-Wallis test for more
than two independent groups if any or all assumptions
are not provided. Chisquare test was used to evaluate
the data obtained by counting. The margin of error was
taken as 0.05. The tests performed for sample volume
calculation revealed a standard deviation related to the A
event as 6, with the margin of error as 1.2, whereas the
sample volume calculation before the study determined
the sample size as 96.

Results

A total of 115 patients [85 men (73.9%), 30 women
(26.1%)] were included in this study, with the patient tumor
characteristics presented in Table 1. The histopathological
subtypes of patients by Lauren classification revealed 9
(7.8%) with diffuse type, 101 (87.8%) with intestinal type,
and 5 (4.3%) with mixed type. The group with intestinal-
type gastric carcinoma revealed 4 (3.5%) patients with
intramucosal carcinoma. The group with diffuse-type
gastric carcinoma revealed four (3.5%) patients with signet
ring cell carcinoma and five (4.3%) with poorly cohesive
carcinoma. Patients with adenocarcinoma revealed 29
with poorly differentiated adenocarcinoma, 30 with
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Table 1. Age, gender, histopathological diagnosis, tumor
location, presence of distant metastasis, and lymph
node metastasis in '8F-FDG PET/CT, HER-2 expression
distribution of patients

‘ Number (n) ‘ Percentage (%)

Gender

Male 85 73.9%
Female 30 26.1%
Total 115 100%
?rg:an * standard deviation) e
Histopathologic diagnosis

Diffuse type 9 7.8%
Signet ring cell carcinoma 4 3.5%
Poorly cohesive carcinoma 5 4.3%
Intestinal type 101 87.8%
Invasive adenocarcinoma 97 84.3%
Intramucosal carcinoma 4 3.5%
Mixed carcinoma 5 4.3%
Total 115 100%
Tumor localization

Cardia 34 29.6%
Non-cardia 81 70.4%
Corpus 29 25.2%
Antrum 45 39.1%
Lesser curvature 4 3.5%
Fundus 1 0.9%
Greater curvature 1 0.9%
Diffuse 1 0.9%
Total 115 100%
Distant metastasis in '®F-FDG PET/CT

Absent 73 63.5%
Present 42 36.5%
Total 115 100%
Lymph node metastasis '®F-FDG PET/CT

Absent 55 47.8%
Present 60 52.2%
Total 115 100%
HER-2 expression status

Negative 71 61.7%
Positive 44 38.3%
Total 115 100%

Table 1. Continued
Number (n) | Percentage (%)
HER-2 expression score
0 58 50.4%
1+ 13 11.3%
2+ 29 25.2%
3+ 15 13%
Total 115 100%
HER-2: Human epidermal growth factor receptor-2, '8F-FDG PET/CT: '®Fluoride-
fluorodeoxyglucose positron emission tomography/computed tomography

moderately differentiated adenocarcinoma, and 2 with
well-differentiated adenocarcinoma.

HER-2 immunohistochemical examinations were performed
in all patients, wherein 58 (50.4%) were negative, 13
(11.3%) were 1+, 29 (25.2%) were 2+, and 15 (13%)
were 3+. According to the HER-2 immunohistochemical
examination of patients, 71 (61.7%) were negative and 44
(38.3%) were positive.

No statistically significant relation was found between
HER-2 and age, gender, SUV__, SUV__ MTV, TLG, tumor
diameter, presence of distant metastasis and lymph node
metastasis in 'F-FDG PET/CT, tumor histopathologic
subtype, tumor grade, and tumor localization (p=1.0, 0.507,
0.959, 0.751, 0.661, 0.627, 0.802, 0.086, 0.418, 0.371,
0.713, and 0.677, respectively). Median tumor SUV__ of
patients was 10.73+6.35 [minimum (min): 3.2, maximum
(max): 49.6]; tumor SUV__ value was 6.07+3.92 (min:
1.7, max: 30.7); TLG value was 295.981+464 (min: 4.428,
max: 3438.400); and MTV value was 44.4+41.01 (min:
1.64, max: 228). The median SUV__ of patients positive
with HER-2 was 9.95 (min: 3.2, max: 49.6), whereas the
median SUV__ of patients with negative HER-2 was 9.3
(min: 3.3, max: 31.7) (p=0.959). The median SUV___
value of patients with positive HER-2 was 5 (min: 1.7,
max: 30.7), whereas 5.4 for patients with negative HER-2
(min: 1.7, max: 19.5) (p=0.751). The median MTV value
of patients with positive HER-2 was 30.44 (min: 1.64,
max: 205), whereas 36.62 for patients with negative
HER-2 (min: 1.86, max: 228) (p=0.661). The median TLG
value of patients positive with HER-2 was 139.16 (min:
4.428, max: 3438.400), where 190.424 for patients with
negative HER-2 (min: 8.624, max: 2553.600) (p=0.627).
The separate statistical group evaluation of patients with
positive and negative HER-2 in terms of distant metastasis
revealed 45.5% of patients with positive HER-2 had
distant metastasis on PET/CT examination, whereas 31%
of patients with negative HER-2 had distant metastasis
(p=0.117). The mean tumor diameter of patients with
positive HER-2 was 4.93+2.11 cm, whereas 5.25+2.68
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cm in patients with negative HER-2 (p=0.802) (Table 2).
'8F-FDG PET/CT examination of patients with positive HER-
2 revealed 20 (45.5%) patients with distant metastasis
and 24 (54.5%) without distant metastasis. '"8F-FDG
PET/CT examination of patients with negative HER-2
revealed 22 (31%) patients with distant metastasis and
49 (69%) without distant metastasis (p>0.05, p=0.086).

Table 2. Relationship between HER-2 and age, gender,
metabolic PET parameters, tumor diameter, presence of
distant metastasis and lymph node metastasis in 'F-FDG
PET/CT, tumor grade, tumor localization, CA 19-9 levels,
and CEA levels

HER-2 (+) n (%) | HER-2 (-) n (%) | p
Age 66.7+£10.2 66.7£10.8 1.0
Gender
Female 11 (25%) 19 (26.8%) 0.507
Male 33 (75%) 52 (73.2%)
SUV__ (median) 9.95 9.3 0.959
SUV,__ (median) |5 5.4 0.751
MTV (median) 30.44 36.62 0.661
TLG (median) 139.16 190.424 0.627
Tumor diameter 4.93£2.11 cm 5.25+2.68 cm | 0.802
Distant metastasis in '®*F-FDG PET/CT
Present 20 (45.5%) 22 (31%)
Absent 24 (54.5%) 49 (69%) 0.086
Lymph node metastasis '®F-FDG PET/CT
Present 24 (54.5%) 36 (50.7%) B
Absent 29 (45.5%) 35 (49.3%)
Tumor grade
Grade 1 2 (9.5%) 3 (6.8%)
Grade 2 13 (61.9%) 24 (54.5%) 0.713
Grade 3 6 (28.6%) 17 (38.6%)
Tumor localization
Cardia 14 (31.8%) 20 (28.2%)
Non-cardia 30 (68.2%) 51 (71.8%)
Corpus 11 (25%) 18 (25.4%)
Antrum 16 (36.4%) 29 (40.8%)
Lesser curvature 1(2.3%) 3 (4.2%) 0677
Fundus 1(2.3%) 0
Greater curvature 0 1(1.4%)
Diffuse 1(2.3%) 0
CA 199 33.52 11.79 0.016*
CEA 3.23 2.31 0.158
HER-2: Human epidermal growth factor receptor-2, "®F-FDG PET/CT. "®Fluoride-
fluorodeoxyglucose positron emission tomography/computed tomography, SUV, _:
Maximum standardized uptake value, SUV___ - Mean standardized uptake value

'"8F-FDG PET/CT examination of patients with positive
HER-2 revealed 24 (54.5%) patients with lymph node
metastasis and 20 patients (45.5%) without lymph node
metastasis. "®F-FDG PET/CT examination of patients with
positive HER-2 revealed 36 (50.7%) patients with lymph
node metastasis in and 35 (49.3%) without lymph node
metastasis (p=0.418).

No statistically significant relationship was found between
HER-2 status and tumor grade. Two (9.5%) patients with
positive HER-2 had grade 1, 13 (61.9%) had grade 2,
and 6 (28.6%) had grade 3. Three (6.8%) of the patients
with negative HER-2 had grade 1, 24 (54.5%) had grade
2, and 17 (38.6%) had grade 3 (p=0.713). No statistically
significant relationship was found between the HER-2
status and tumor localization (p=0.677).

The median CA 199 value of patients with positive HER-
2 was 33.52 U/mL (min: 2.52, max: 36310), whereas
11.79 U/mL in patients with negative HER-2 (min: 0.95,
max: 1000), which was statistically significant (p=0.016).
However, no significant relationship was found between
the CEA and HER-2, and the median CEA value of patient
with positive HER-2 was 3.23 ng/mL (min: 0.75, max:
415.3), whereas 2.31 ng/mL in patients with negative HER-
2 (min: 0.53, max: 1000) (p=0.158) (Table 2).

'8F-FDG PET/CT evaluation of the relationship between the
distant metastasis and tumor histopathological subtype
revealed no distant metastases in nine patients with diffuse-
type tumor, whereas four had lymph node metastasis. A
total of 60 patients with intestinal-type tumors did not
have metastases, whereas 41 had distant metastases.
Four patients with mixed tumors did not have distant
metastases, whereas one patient had distant metastases,
which was statistically significant (p=0.039).

The relationship between presence of distant metastasis
in "F-FDG PET/CT and CA 19-9 levels revealed a median
CA 199 level of 31.34 U/mL (min: 4.30, max: 36.310)
in patients with distant metastasis, whereas 11.55 U/
mL (min: 0.95, max: 1.000) in patients without distant
metastasis (p=0.011). The relationship between the
presence of distant metastasis in '®F-FDG PET/CT and CEA
levels revealed a median CEA level of 9.20 ng/mL (min:
0.74, max: 1.000) in patients with distant metastases,
whereas 2.26 ng/mL (min: 0.53, max: 280) in patients
without distant metastases (p=0.001) (Table 3).

Discussion

Study results revealed the mean SUV__ value of patients
with positive HER-2 of 9.95, whereas 9.3 in patients with
negative HER-2, which was not statistically significant.
CA 199 levels and the incidence of distant metastasis
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were higher in patients with positive HER-2. Contrarily, a
statistically significant relationship was found between
the distant metastasis in "8F-FDG PET/CT examination and
SUV__, SUV__ . age, histopathologic subtype, and CEA
levels.

Table 3. The relationship between the presence of distant
metastasis in '®F-FDG PET/CT and age, gender, metabolic
PET parameters, tumor diameter, grade, and localization,
CA 19-9, and CEA levels

Pa{tient_s Patients
oot d'St?n.t without distant
metastasis in e p
e melen
PET/CT
Age 69.349.35 65.2+10.9 0.042*
Gender
Female 12 (28.6%) 18 (24.7%)
Male 30 (71.4%) 55 (75.3%) 0.402
SUV__ 1.1 8.2 0.002*
suv___ 6.3 45 0.001*
MTV 32.75 35.82 0.822
TLG 187.62 133.635 0.180
Tumor diameter 5.5 4.75 0.552
Tumor grade
Grade 1 5 (100%)
Grade 2 9 (24.3%) 28 (75.7%) 0.297
Grade 3 3 (13%) 20 (87%)
Tumor localization
Cardia 14 (41.2%) 20 (58.8%)
Non-cardia 28 (34.6%) 53(64.4%)
Corpus 10 (34.4%) 19 (65.6%)
Antrum 16 (35.6%) 29 (64.4%)
Lesser curvature 2 (50%) 2 (50%) 0.502
Fundus 0 1 (100%)
Greater curvature 0 1 (100%)
Diffuse 0 1 (100%)
Histopathologic diagnosis
Diffuse type 0 9 (100%)
Intestinal type 41 (40.6%) 60 (59.4%) 0.039*
Mixed carcinoma 1(20%) 4 (80%)
CA 199 31.34 11.55 0.011*
CEA 9.20 2.26 0.001*

*p<0.05, HER-2: Human epidermal growth factor receptor-2, 'F-FDG PET/CT:
'®F-fluorodeoxyglucose positron emission tomography/computed tomography, MTV:
Metabolic tumor volume, TLG: Total lesion glycolysis, SUV__: Maximum standardized
uptake value, SUV__ - Mean standardized uptake value

al

A limited number of publications evaluated the HER-2
status in patients with gastric cancer, together with the
parameters obtained in the '®F-FDG PET/CT examination.
One of these limited studies was by Park et al. (12)
compared the parameters obtained in PET/CT in 124
patients with gastric cancer who had "8F-FDG PET/CT before
the first stage of chemotherapy and the HER-2 status of the
patient. In their study, mean SUV__ values were 12.1 in
patients with gastric cancer having positive HER-2, whereas
7.4 in patients with gastric cancer having negative HER-
2, which was statistically significant. Patients with positive
HER-2 with higher metabolic tumor burden among those
treated with Trastuzumab had worse overall survival but
without difference in progression-free survival. In the same
study, SUV__ ., MTV, and TLG values were also higher
in a patient with positive HER-2, whereas no statistically
significant differences were found in our study. However,
only metastatic and recurrent patients with gastric cancer
were included in this study, whereas all patients with or
without metastases who underwent PET/CT scans for
primary staging were included in our study. The difference
between the studies between HER-2 examination and
PET/CT parameters is due to the difference in the patient
population. In a study by Kim and Young Park (13)
comparing HER-2 expression status and SUV__ values of
109 patients who were operated on for gastric cancer
and had preoperative '*F-FDG PET/CT, SUV__ values were
significantly higher in patients with positive HER-2.
According to the study conducted by Celli et al. (14), similar
to our study, no statistically significant difference was found
between the SUV __ value obtained in PET/CT and HER-2
status of patients, and the cumulative death incidence was
60% in patients whose SUV__ value was above 6.6 during
the study period, whereas the cumulative death incidence
was 18% in patients below 6.6. Similar to our study, no
significant relationship was found between the tumor size,
presence of lymph node metastasis in patients, and HER-
2 status. In the same study, the average age of patients
with positive HER-2 was 70 years, whereas the mean
age of patients with negative HER-2 was 67 years, which
was not statistically significant. In our study, the mean
age of patients with positive HER-2 was 66.7+10.2 years,
whereas the mean age of patients with negative HER-2
was 66.7+10.8 years. Similarly, no statistically significant
difference was found between the mean ages.

The study of Chen et al. (15) compared the data obtained
in the "®F-FDG PET/CT examination with the HER-2 status
in 64 patients with gastric cancer who were not operated
on. This study revealed a statistically significant correlation
between the HER-2 expression and SUV__ when the signet
ring cell carcinomas were included. The mean SUV_.

X
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values of patients with positive HER-2 were 6.893+5.495,
whereas 3.673+2.352 in patients with negative HER-2.
A significant relationship was found between the HER-2
status and SUV__ values when signet ring cell carcinomas
were excluded, and the mean SUV__ values of patients with
positive HER-2 were 8.619+5.878, whereas 3.789+2.613
in patients with negative HER-2. They were able to detect
HER-2 status with 64.4% accuracy when the SUV__ cut-off
value was 6.2. Therefore, PET/CT examination is used to
predict HER-2 status when signet ring cell carcinomas were
excluded. However, our study revealed that the relationship
between the HER-2 and PET/CT parameters remained even
when signet ring cell carcinomas were excluded.

The study conducted by Bai et al. (16) revealed a mean
SUV__ value in patients with gastric adenocarcinoma of
9.22 in HER-2 positive tumors and 5.02 in HER-2 negative
tumors, which was statistically significant. In this study, only
operable patients were evaluated, and inoperable patients
were not evaluated. However, in our study, both operable
and inoperable patients were evaluated. The difference
between the studies between HER-2 examination and
PET/CT parameters is due to the difference in the patient
population. In the same study, SUV__ values were linearly
correlated with CA 19-9 values. Therefore, the CA 199
value was a parameter used to predict the SUV__ value.
Likewise, the SUV__ value is used to predict the HER-2
status. The study conducted by Zhou et al. (17) including
256 gastric cancer patients revealed no statistically
significant correlation between the CA 19-9 levels and HER-
2. However, they concluded that HER-2 and CA 19-9 levels
are independent prognostic factors in patients with gastric
cancer. In our study, the median CA 19-9 value of patients
with positive HER-2 was 33.52, whereas 11.79 in patients
with negative HER-2, which was statistically significant
(p=0.011).

Study Limitations

One of the main limitations of our study was that HER-
2 immunohistochemical analysis was performed on all
patients, gene amplification analysis was performed with
the in situ hybridization technique in addition to 17 of the
patients with 2+HER-2 immunohistochemical analysis result;
however, this analysis was not done to the 12 patients. Al
patients had a pathological diagnosis and macroscopic type
of tumor and tumor diameter parameters were included
in the operated patients, but these parameters were not
included in the non-operated patients.

Conclusion

A significant relationship was not found between the PET/
CT parameters and HER-2 status in patients with gastric

cancer; however, a statistically significant relationship was
found between the HER-2 expression level and CA 199
values. Contrarily, a statistically significant relationship
was found between the distant metastasis in '®F-FDG PET/
CT examination and SUV,_ . SUV__ . age, histopathologic
subtype, and CEA levels, thus evaluating these data
primarily in the treatment plan and follow-up of patients
is important. In addition, the rate of distant metastasis
increases with age in patients with gastric cancer, and
increased CA 19-9 and CEA levels raise suspicion of
distant metastasis in patients. However, the use of
immunohistochemical and in situ hybridization techniques
together with the addition of survival data in a wider
patient population of this study will contribute more to
the literature.
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Abstract

Obijectives: This study aimed to investigate the prognostic prediction of germline BRCA1 and BRCA2 mutations by comparing the maximum
standardized uptake value (SUV_ ) obtained from "fluoride-fluorodeoxyglucose positron emission tomography/computed tomography (*®F-FDG
PET/CT), which is considered a prognostic factor in breast cancer (BC).

Methods: Retrospective interdisciplinary laboratory results of 92 patients with BC who had germline BRCA1 or BRCA2 mutation profiles and
underwent "8F-FDG PET/CT were compared. Genotyping was made by next-generation sequencing, and PET/CT scans were re-evaluated.
The histopathological data, genetic results, and clinical demographics of all patients were recorded. Patients were divided into two groups in
accordance with the presence of germline BRCA1 and/or BRCA2 mutations. Between-group statistical comparison was performed.

Results: In PET/CT performed for primary staging, patients with BRCA-positive BC had significantly higher SUV _ (p=0.039), larger tumor size
(p=0.025), and presence of axillary nodal metastases (p=0.023) than patients with BRCA-negative BC. Although the Ki-67 index was higher in
the BRCA-positive group than BRCA-negative group, this difference was not significant (p=0.157). Moreover, in the BRCA-positive and negative
groups, SUV,__, Ki-67 index, and tumor size, grade, and stage were significantly correlated with each other.

Conclusion: The results of this study showed a strong association between BRCA mutations and SUV,__, which indicates the poor prognosis of BC.
Keywords: BRCA1-2 mutation, SUV, _, "®F-FDG PET/CT, breast cancer

Oz

Amag: Bu calismanin amaci, meme kanserlerinde (MK) germline BRCA1-BRCA2 mutasyonlarinin tahmini prognostik degerini, '®F-florodeoksiglikoz
pozitron emisyon tomografi/bilgisayarli tomografi (*F-FDG PET/BT) tetkikinden elde edilen ve prognostik bir faktor oldugu kabul edilen maksimum
standardize tutulum degeri (SUV, ) ile karsilastirarak aragtirmaktrr.

Yontem: Germline BRCA1 veya BRCA2 mutasyon profilleri olan ve '8F-FDG PET/BT taramasi yapilan MK'li 92 hastanin retrospektif olarak
laboratuvar sonuglari karsilastirildi. Genotipleme yeni nesil siralama teknigi ile yapildi ve PET/BT taramalari yeniden degerlendirilerek tiim hastalarin
histopatolojik, genetik sonuglari ve klinik demografik 6zellikleri not edildi. Hastalar germline BRCA1 ve/veya BRCA2 mutasyonlarinin varligina gore
iki gruba ayrildi ve gruplar arasinda istatistiksel karsilastirma yapildi.
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Bulgular: BRCA pozitif MK hastalarinin, primer evreleme icin yapilan '®F-FDG PET/BT gorintiilemesinde, SUV __ degerleri (p=0,039), timdr
boyutu (p=0,025) ve aksiller nodal metastaz varligi (p=0,023) BRCA negatif MK hastalarindan énemli lclide daha ylksek bulundu. Ki-67 degeri,
BRCA pozitif grupta BRCA negatif gruba gore daha yiksek olmasina ragmen, bu fark istatistiksel olarak anlamli degildi (p=0,157). Ayrica BRCA
pozitif ve negatif gruplarinda; SUV__ , Ki-67, timdr boyutu, grade ve evre degerlerinin birbirleriyle anlamli korelasyon gésterdigi bulundu.

Sonug: Mevcut calisma sonuglarina gore, BRCA mutasyonlari ile SUV - dederleri arasinda MK icin kéti prognozu gésteren giiclii bir iligki vardir.

Anahtar kelimeler: BRCA1-2 mutasyonu, SUV,__

Introduction

Breast cancer (BC) is one of the most common types
of cancer in women and has a variable spectrum of
phenotypic and clinical behaviors, which are caused by
genetics, lifestyle, and environmental factors (1,2). One
of the main genetic risk factors is the presence of BRCA1-
2 mutations. BRCA1-2 germline mutations contribute to
5-10% of BC in most populations. BRCA1 and BRCA2
provide instructions for making a protein that acts as
a tumor suppressor (3,4). Tumor suppressor proteins
prevent cancer formation by preventing the uncontrolled
growth and division of cells or by promoting apoptosis.
Hence, mutations in BRCA genes can lead to irregular cell
growth and tumor development.

These mutations are inherited in an autosomal dominant
manner and show a high degree of penetrance. A meta-
analysis indicated that BRCA1 and BRCA2 carriers have 57-
65% and 45-49% probability of developing BC throughout
their life, respectively (5). BRCA1-associated BC types often
have high histological grade and are triple-negative. BRCA2-
associated breast tumors are usually high-grade, estrogen
receptor positive, and human epidermal growth factor
receptor-2 (HER-2)-negative (3,6). However, the effect of
BRCA mutation carrier on prognosis is still controversial.
While some studies have claimed that patients with BC who
are BRCA carriers have reduced overall survival compared
with patients with sporadic BC, some studies have also
stated that it does not affect surveillance or even results in
better surveillance (7,8,9,10).

In BC, '®fluoride-fluorodeoxyglucose positron emission
tomography/computed tomography ("®F-FDG PET/CT)
is frequently performed for staging to obtain long-term
prognostic information, evaluation of recurrent disease, and
estimation of therapeutic response. Through radiolabeled
glucose with ®F-FDG PET/CT, the presence of the primary
tumor, nodal involvement, and distant metastasis can
be displayed simultaneously; as a result, tumor-node-
metastasis (TNM) classification can be most accurately
performed (11,12,13). The maximum standardized uptake
value (SUV__) obtained from 'F-FDG PET/CT, which
is a metabolic indicator, is an accepted parameter in
determining BC prognosis. Many studies have shown that

, "®F-FDG PET/BT, meme kanseri

high SUV__ is an indicator of poor prognosis (13,14,15).
Therefore, this study aimed to investigate the relationship
between SUV__and BRCA positivity to predict the effect

of BRCA mutation on prognosis.

Materials and Methods

Study Groups

A total of 92 female patients were selected retrospectively
among patients with BC who had germline BRCA1 or
BRCA2 analysis and who underwent PET/CT between 2017
and 2020. All patients received routine PET/CT imaging
protocol. Imaging was completed with a Biograph Duo LSO
'8F-FDG PET/CT scanner (Siemens, Germany). Patients who
were pathologically diagnosed with BC and underwent
PET for primary staging were included in this study.
Multidisciplinary laboratory results from histopathology,
genetics, and PET/CT and some clinical demographics of
all patients were noted. All patients had a family history
of BC. None of the patients had undergone surgery, and
BRCA gene analyses were made before surgery. Patients
were divided into two groups in accordance with the
presence of germline BRCA1 and/or BRCA2 mutations.
Group 1 (BRCA-positive group) was composed of patients
who had BRCA1 and/or BRCA2 mutation (n=18), while
group 2 (BRCA-negative group) comprised patients who
had no germline BRCA1 and BRCA2 mutations (n=74). In
the BRCA-positive group (mean age, 50.11+11.98 years),
11 women were 50 years old or younger. In the BRCA-
negative group (mean age, 51.36+£10.86 years), 37 women
were 50 years old or younger. The clinical characteristics,
histopathological features, and PET/CT parameters of the
cohorts are shown in Table 1. Only patients who underwent
PET/CT for primary staging were included in this study.
Patients whose pathology results could not be obtained
and who did not undergo PET/CT for primary staging were
excluded from the study.

All patients provided written informed consent. The
archives of the university and state hospital were used with
the permission of the institution. The study was approved
by the Canakkale Onsekiz Mart University Ethics Committee
(protocol no: 2020-04, date: 26.02.2020).
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Table 1. Laboratory and clinical characteristics of patients with breast cancer

Patient cohort

(n=92)
Clinical characteristics BRCA1-2-positive group | BRCA1-2-negative group | p value

(n=18) (n=74)
Mean age (years)
Mean + SD 50.11+11.98 51.36+10.86
Median 49 51
Min-max 31-74 32-78 B2
<50, n (%) 1(61.1) 37 (50.0) 0.397
>50, n (%) 7 (38.9) 37 (50.0) :
Smoke (+) 8 (44.4) 20 (27.0) 0.248
Alcohol (+) 1(5.6) 8(10.8) 0.817
Ki-67
Mean + SD 32.89+£19.16 26.17£16.72
Median 32.50 20.00 0.157
Min-max (5.00-70.00) (2.00-70.00) :
Histopathologic feature n (%) n (%) p value
Tumor histotype
Invasive ductal carcinoma (IDC) 14 (77.8) 62 (83.8)
IDC (papillary type) O (0.0) 2(2.7)
IDC (mucinous type) 1(5.6) 2(2.7)
IDC (medullary type) 1(5.6) 0(0.0) 0411
IDC (tubular type) 0(0.0) 1(1.4) ’
Invasive lobular carcinoma 2(11.1) 5(6.8)
Progesterone receptor status
Positive 8 (44.4) 45 (60.8) 0.320
Negative 10 (55.6) 9(39.2) ’
Estrogen receptor status
Positive 9 (50.0) (75.7) i
Negative 9 (50.0) 18 (24.3) ’
Hormone receptor status
Positive 9 (50.0) (82.4) 0.010%*
Negative 9 (50.0) 13 (17.6) :
Molecular subtypes
HR+/HER-2- (luminal A) 4(22.2) 41 (55.4) 0.024**
HR-/HER-2- (triple-negative) 4(22.2) 11 (14.8) 0.578
HR+/HER-2 (luminal B) 5(27.7) 20 (27.2) 0.949
HR-/HER-2+ (HER-2 enriched) 5(27.7) 2(27) 0.002
Grades
1 4(22.2) 31(41.9)
2 13(72.2) 35 (47.3) .
3 1(5.6) 8(10.8) A
Stage 4(32.4)
I 1(5.6) 7(23.0)
A 5(27.8) :

11 (14.9)
B 5(27.8)
7(9.4)

A 3(16.7) 4(5 4)
B 1(5.6) 6(8.1) 0.080**
lc 0 (0) 5 (6.8)
IV 3(16.7)
PET/CT parameters p value
Primary tumor size (max) (mm)
Mean + SD 30.11£10.90 24.69£11.31 0.025*
Min-max 15-51 8-60 .

160



Mol Imaging Radionucl Ther 2021;30:158-168

Ozdemir et al. Association of BRCA1 and BRCA2 Mutations

Table 1. Continued
Patient cohort
(n=92)
Clinical characteristics BRCA1-2-positive group | BRCA1-2-negative group | p value
(n=18) (n=74)
Primary lesion SUV__
Mean + SD 10.93+8.29 6.76+3.90 0.039%*
Min-max 2.60-30.72 2.0-17.3 .
Axillary nodal metastasis, n (%)
Positive 15(83.3) 40 (54.1) 0.023*
Negative 3(16.7) 34 (45.9) :
Distant metastasis, n (%)
Positive 3(16.7) 6(8.1) 0.371%%*
Negative 15 (83.3) 68 (91.9) ’
*Pearson chi-square, **Mann-Whitney U test, ***Fisher's Exact test, SD: Standard deviation, min: Minimum, max: Maximum, HER-2: Human epidermal growth factor
receptor-2, SUV__: Maximum standardized uptake value

'8F-FDG PET/CT and Data Analysis

Before PET/CT was performed, patients were instructed
to fast for at least 6 h, and serum glucose levels should
be <160 mg/dL. All images were acquired approximately
1 h later by a PET/CT scanner after intravenous injection
of 3.7 MBqg/kg of "F-FDG. Initial guideline scout images
were obtained, and non-contrasted CT images were taken
for the body regions from the vertex to 1/3 proximal
thigh, followed by PET. PET/CT images were taken with
mean 7-8 bed positions and 2 mm slices. PET/CT images
were re-evaluated independently by two nuclear medicine
physicians. The SUV__ of the primary tumor lesion was
automatically calculated according to the region of
interest. The TNM classification was made according to
PET/CT data.

Tumor size, presence of axillary node metastasis, and
distant metastasis parameters, which are obtained from
PET/CT images used for TNM classification, were statistically
compared. The obtained SUV__ values of the two groups
were also compared.

Genotyping of Target BRCA Genes

Targeted next-generation sequencing (NGS) of candidate
BC-associated genes was performed on blood samples
from patients with BC. Total genomic DNA was extracted
from whole-blood samples and submitted at recruitment
for BRCA1 and BRCA2 genotyping. The mutational profiles
of 43 patients with primary breast tumors were correlated
with clinicopathological data and compared with individuals
without BC (non-BC controls). DHS-102Z Human BRC1 and
BRCA2 multiplex amplicon-based library preparation panel
and Qiagen lllumina NGS run system (Qiagen, QlAseq,
Germany) were used for target gene profiling of breast-
cancer-susceptibility genes including BRCA1 and BRCAZ2.
For sequencing, an lllumina HiSeq2500 NDS Platform
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(HNlumina, Little Chesterford, UK; appendix pp. 20-21) was
used. In this study, predicted variants of missense, silent,
frameshift, non-sense, and other splice site exchanges were
defined and confirmed by Sanger sequencing. DNAs were
isolated by sample preparation nucleic acid kit (Qiagen,
MinisegMNO00813), and amplifications of target breast-
cancer-susceptibility genes were performed by QlAseq
targeted DNA panel lllumina NGS run and evaluated by
QlAseq targeted DNA panel analysis pipeline. All data were
interpreted by ingenuity variant analysis. Some variants of
uncertain significance (VUS) and/or specific variants were
evaluated by ExAC, GnomAD, ClinVAR, Varsome, GERP
LRT, MetalLR, MetaSVM, MutationAssesor, MutationTaster,
DANN, dbNSFPFATHMM, and Provean.

Statistical Analysis

All data analysis was performed using statistical package
software SPSS (Statistical Package for Social Sciences)
version 20.0. Descriptive data were presented as
frequency, percentage, mean, standard deviation, median,
minimum, and maximum values. According to the number
of patients in the groups, the compatibility of variables to
normal distribution was examined using the Shapiro-Wilk
test. Non-parametric tests were preferred as the analysis
method by examining the sample size and compliance
tests with normal distribution. Mann-Whitney U test was
used to compare age and continuous variables between
groups. Pearson chi-square and Fisher's exact test were
used to compare categorical variables between groups. A
value of p<0.05 was considered significant.

Relationships between PET/CT and histopathological
parameters were analyzed with Spearman correlation
analysis. Correlation was interpreted as follows: 0.00-0.24,
weak; 0.25-0.49, medium; 0.50-0.74, strong; 0.75-1.00,
very strong relationship.



Ozdemir et al. Association of BRCA1 and BRCA2 Mutations

Mol Imaging Radionucl Ther 2021;30:158-168

Results

The study population consisted of 92 female patients
with BC who underwent '"F-FDG PET/CT for primary
staging and who also had germline BRCA1 or BRCA2
analysis. The mean age of the patients was 51.13+11.01
(minimum-maximum: 32-78) years. The mean ages of
patients in the germline BRCA1 or BRCA2-positive (n=18)
and BRCA-negative (n=74) groups were 50.11+11.98 and
51.36+10.86 years, respectively (Table 1). Although the
number of patients aged <50 years was higher in the BRCA-
positive group (61.1%) than in the BRCA-negative group
(50%), the difference was not significant. All patients who
were evaluated in this study had a family history of BC. No
significant difference was found between both groups in
terms of smoking and alcohol use. Other details about the
demographic and clinical characteristics of the cohorts are
summarized in Table 1.

Table 1 also shows the histopathological types, hormone
receptor status, and molecular subtypes for the BC cohort
in this study. The mean Ki-67 index was lower in the
BRCA-positive group than in the BRCA-negative group,
but the difference was not significant (p=0.157). While
no significant difference was found between the two
groups in terms of histopathological type, grade, and stage
of the tumor, differences were found in the molecular
subtypes. The rate of hormone receptor (estrogen and/
or progesterone) positivity was significantly higher in the
BRCA-negative group (82.4%) than in the BRCA-positive

group (50%), (p=0.010). The most common subtype was
Luminal A (HR+/HER-2-) in 55.4% of the BRCA-negative
group, and the difference between the two groups of
patients was significant (p=0.024). The least common
subtype was HER-2 enriched (HR-/HER-2+) in 2.7% of
the BRCA-negative group, and this difference was also
significant (p=0.002) (Table 1).

Considering the PET/CT parameters between the groups,
the size and SUV__ of the primary breast tumor lesion
were significantly higher in the BRCA-positive group
(p=0.025, p=0.039) according to the TNM criteria. After
the diagnosis of cancer, results of PET/CT performed for
staging purposes revealed that axillary node involvement
was significantly higher in the BRCA-positive group than in
the BRCA-negative group (Table 1). However, the presence
of distant metastases at the time of primary staging was
not significantly different in both groups.

Correlation analyses among SUvV__, Ki-67 index, tumor
size, tumor grade, tumor stage, and age were performed
in all groups. All parameters, except for age, showed a
significant correlation with each other at a medium-strong
level. These correlation rates were nearly comparable in
both groups, so the difference was not significant (Table
2, 3).

In this study, we found a strong correlation between
SUV__ and Ki-67 values (Table 1, Figure 1). In addition,
SUV__ correlated moderately with tumor size and highly
correlated with tumor grade and stage (Table 1).

Table 2. Significant relationship between SUV__ values of histopathological variables such as Ki-67 value, primary tumor
size, tumor stage, and age at diagnosis of patients with mutated breast tumors (group 1)

Spearman'’s correlation analysis Tumor

group 1(n=18) SuvV__ Ki-67 Size Grade Stage Age
suv__

rho

p value

Ki-67

rho 0.678

p value <0.001*

Tumor size

rho 0.462 0.308

p value <0.001* 0.003*

Tumor grade

rho 0.533 0.551 0.357

p value <0.001* <0.001* <0.001*

Tumor stage

rho 0.594 0.364 0.692 0.514

p value <0.001* <0.001* <0.001* <0.001*

Age

rho -0.069 0.150 0.127 0.034 0.086

p value 0.513 0.154 0.226 0.747 0.415

*Correlation is significant at the 0.05 level (two-tailed). Rho: Correlation coefficient, p: Spearman correlation analysis, SUV, - Maximum standardized uptake value
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Various structural point mutations were detected in
BRCAT and BRCA2 genes in the current cohort. In
addition, 4 (4.3%) patients showed BRCAT mutation, 11
(11.9%) showed BRCA2 mutation, and 3 (3.2%) showed
mutations in both BRCA1 and BRCA2. No point mutation
was detected in the remaining patients (80.5%) with BC
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(Table 4). Moreover, 2 frameshift and 3 missense point
mutations were detected in BRCA1, and 4 frameshift and
12 missense point mutations were detected in BRCA2 (Table
4). All missense and frameshift mutations were located in
various exonic frames for both genes. The detected point
mutations showed different levels of clinical significance

600

2004

i

T T
No Mutation GroupsT4 ML on G cupetl

Figure 1. Median SUV__ (A) and Ki-67 (B) values between mutated and non-mutated groups

SUV_ - Maximum standardized uptake value

Table 3. Significant relationship between the SUV__ values of histopathological variables such as Ki-67 value, primary
tumor size, tumor stage, and age at diagnosis in patients without mutated breast tumors (group 2)
U i i Tumor
Spearman f correlation analysis SuV Ki-67
group 2 (n=74) max Size Grade Stage Age
suv__
rho
p value
Ki-67
rho 0.731
p value <0.001*
Tumor size
rho 0.379 0.397
p value <0.001* 0.003*
Tumor grade
rho 0.512 0.564 0.294
p value <0.001* <0.001* <0.011*
Tumor stage
rho 0.579 0.408 0.676 0.495
p value <0.001* <0.001* <0.001* <0.001*
Age
rho -0.092 -0.147 0.051 -0.027 0.008
p value 0.438 0.213 0.664 0.820 0.947
*Correlation is significant at the 0.05 level (two-tailed). Rho: Correlation coefficient, p: Spearman correlation analysis, SUV, - Maximum standardized uptake value
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when compared with the latest literature findings. One
missense point mutation in exon 27 of BRCA2 was likely
benign, and five missense point mutation in various exons
in BRCA2 were of VUS. Two pathogenic and 16 pathogenic
point mutations were detected in the present breast tumor
cohort (Table 4).

An example of case of BRCA1-positive BC is shown in
Figure 2, 3. Figure 2 shows the NGS mutated profiles for
BRCA1 for this case. Figure 3 shows the '®F-FDG PET/CT of
axial slices of the same case. In this BRCA1-positive case,
the high SUV__ and the presence of a conglomerate of
metastatic axillary LAP are observed as indicators of poor
prognosis.

Discussion

This study was conducted to investigate the prognostic
value of BRCA1-2 germline mutations in patients with BC
by comparing "®F-FDG PET/CT findings. Various clinical and
meta-analytic studies indicate that patients with cancer
having a high primary SUV__ may have a worse prognosis
(16,17,18). Moreover, SUV__ has been reported to be a
prognostic factor of BC (16,19,20). For example, Kitajima
et al. (21) performed a prospective study to compare PET/
CT and magnetic resonance imaging findings and reported
that the preoperative SUV__ of primary BC lesion is a
prognostic factor, but not apparent diffusion coefficient. In
addition, Ravina et al. (12) claimed that the pretreatment

tumor SUV__ could be used as an independent imaging
biomarker of poor prognosis. In a review study, Caresia
Aroztegui et al. (22) revealed that baseline tumor glycolytic
activity is associated with biology and prognosis.

Many parameters affecting prognosis such as patient
age, tumor size, expression of HER-2, and estrogen and
progesterone hormone receptors have also been defined in
BC (23,24,25,26). However, data about the effect of BRCA
mutation on BC prognosis are limited and varied. Many
studies have indicated that the presence of BRCA mutations
reduces or does not affect overall survival of patients with
BC when compared with those having sporadic BC and
even leads to good surveillance (8,10,27,28,29,30). A
meta-analysis assessing the association of BRCA mutations
with survival in patients with BC claimed that BRCA1
and BRCA2 mutations were associated with poor overall
survival in patients with BC, but had no significant impact
on BC-specific survival or event-free survival (31). Similarly,
Taneja et al. (32) reported that BRCA1/2 carriers with BC
often show high nuclear grades and, thus, are associated
with poor prognosis.

However, De Talhouet et al. (3) reported that the effect of
mutation on prognosis depends on BC subtypes; in the non-
triple-negative BC group, the BRCA1/2 mutations did not
have any impact on survival, whereas in the triple-negative
BC group, BRCA1/2 germline mutations are associated
with prolonged survival.
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Figure 2. NGS mutated profiles of BRCAT gene for a 54-year-old patient with breast cancer. Arrow indicates the germline A>C transversion in codon

61 for exon 4
NGS: Next-generation sequencing
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Table 4. Mutated genes, exon, codon, base substitution, mutation type, and clinical significance of germline BRCA1-2
mutation profiles detected in patients with breast cancer

BRCA gene Mutation Clinical significance
Case no .
1 2 Location Type LB VUsS PP P
Exon 10
+ €.3835G>A (p.Ala1279Thr) Missense +
1 Exon 27
F €.9934A>G (p.lle3312Val) Missense +
Exon 10
2 + €.943T>A (p.Cys315Ser) Missense +
Exon 27
3 + c.9976A>T (p.Lys3326Ter) Missense +
Exon 4
a + c.181T>G (p.Cys61Gly) Missense +
Exon 10
+ c.1792A>G (p.Thr598Ala) Missense 4
Exon 10
5 +* €.2800C>T (p.Q934*) Frameshift *
Exon 11
6 + c.44914_4915insA (p.val1639fs) Missense +
Exon 26
7 + €.9586A>G (p.Lys3196Glu) Missense +
Exon 11
8 + C.6613G>A (p.Val2205Met) Missense +
Exon 27
9 + €.9934A>G (p.I13312V) Missense +
Exon 22
10 + €.8940delA (p.Glu298ILysfs*7) Frameshift +
Exon 4
11 + c.182T>G (p.Cys61Gly) Missense 4
Exon 11
12 + €.3333delA (p.E1112fs*5) Frameshift +
Exon 19
13 + c.8452G>A (p.Val281lle) Missense +
Exon 22
14 + €.8940delA (p.Glu2981Lysfs*8) Frameshift +
Exon 7
15 + ¢.599C>T (p.Thr200lle) Missense +
Exon 10
+ €.3333delA (p.Glu1112AsnfsTer5) Frameshift +
16 Exon 27
¥ c.9976A>T (p.Lys3326Ter) Missense 4
Exon 20
17 i €.5329dupC (p.GIn1777fsTer*74) Frameshift i
Exon 11
18 + €.5427C>A (p.Cys1809ter) Missense +

LB: Likely benign, VUS: Variants of uncertain significance, PP: Probably pathogenic, P: Pathogenic
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Figure 3. "®F-FDG PET/CT images of axial slices. The blue arrow indicates increased '®F-FDG (SUV__ of 8.6) uptake of 25-mm primary breast lesion in

the left breast of the patient with germline BRCAT gene point mutation shown in Figure 2. The white arrow also indicates increased "*F-FDG (SUV__
of 9.7) uptake in conglomerate LAP in left axillary level Il in the same case

X

'8F-FDG PET/CT: "®Fluoride-fluorodeoxyglucose positron emission tomography/computed tomography, SUV,__: Maximum standardized uptake value

In this study, BRCA mutations were detected in 19.5% of
92 patients with BC. The mutation rate is higher than that in
the normal population because BRCA gene analyses were
performed in patients with a family history of BC. BRCA1/2
germline mutations are more common in patients with a
family history of BC. The incidence of BRCA1-2 mutation in
unselected patients with BC is 5-10% in most populations.
In the literature, the age at BC diagnosis is lower in patients
with germline BRCA mutation than in those with sporadic
cancer (33,34). However, our cohort consisted of BRCA-
positive and wild-type BC cases with positive BC family
histories, and no significant difference was found between
the groups in terms of age at diagnosis and the number of
patients aged <50 years.

The Ki-67 index, which is a cell proliferation marker in
predicting BC prognosis, has also been investigated,
and conflicting results have been reported. In addition,
correlation levels between Ki-67 index and SUV __ varied
from low to high (35,36,37). The results of the present
study showed a strong correlation between SUV__ and Ki-
67 values. SUV__ also correlated moderately with tumor
size and highly correlated with tumor grade and stage.
The finding of comparable correlation rates between the
groups and the lack of difference was consistent with
other results.

Remarkably, in the present study, the rate of hormone
receptor (estrogen and/or progesterone) positivity was
significantly higher in the BRCA-negative group (p=0.010).
In the literature, BRCA1 carriers were more likely to be
estrogen or progesterone receptor-negative, whereas those
with BRCA2-mutated BC were more likely to be estrogen-
negative or progesterone-positive (33). However, owing to
the small number of our patients, we could not analyze
the difference between BRCA1 and BRCA2 in terms of
the presence of hormone receptors. Likewise, the most
common subtype was Luminal A (HR+/HER-2-) in 55.4%
and the least common subtype was HER-2 enriched (HR-/
HER-2+) in 2.7% of the BRCA-negative group. Hormone
receptor-positive BC has a better prognosis. Therefore,
based on this information alone, it would not be wrong to
claim that BRCA-negative BC will show a better prognosis.
Moreover, the SUV__, which is already used routinely to
predict prognosis, was higher in the BRCA-positive group,
which supports the prediction of poor prognosis. In
addition, the rate of having a larger tumor size and axillary
lymph node involvement was higher in the BRCA-positive
group than in the BRCA-negative group, and this finding
support our claim for a worse prognosis.

In a Chinese cohort, BRCA mutation carriers were more
likely to have lymph node involvement upon BC diagnosis.
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Even after adjusting the clinical prognostic factors, the
results were significantly worse, suggesting that BRCA
mutation is an independent factor of poor prognosis (38).
Mori et al. (39) also have published similar results that
patients with BRCA tumors having a family history of BC
were associated with a poor prognosis. Our results were
similar to the results of these two studies.

Study Limitations

The major limitation of this study was the small population
size. Thus, the results of this study needs to be confirmed
by larger-scale studies to clarify the prognostic value
of BRCA mutations. In addition, these results should be
supported by studies evaluating the relationship of BRCA
mutation status with clinical outcomes such as disease-free
survival and overall survival.

Conclusion

The prognostic role of germline BRCA1 or BRCA2
point mutations in patients with BC is unclear. In this
retrospective study, we analyzed and compared the
interdisciplinary laboratory findings derived from 92
patients with BC of which 18 were BRCA mutation
carriers. Various structural point mutations were also
found, e.g., 6 missense and 15 frameshift mutations
were detected in 19.5% of BRCA mutation carriers, and
a strong association was found between SUV__ values.
The results of this study show a strong correlation
between BRCA mutations and SUV__, which indicate
the poor prognosis of BC. Risk stratification based
on this finding can play a very important role in the
management of patients with BRCA-positive BC. Based
on the current results, it is possible to estimate the
strong association of BC-susceptible BRCA gene variants
with SUV__ criteria that indicates the poor prognosis
of BC. However, the interpretation of the results of this
study are limited by the retrospective study design,
high risk of selection bias, lack of data about disease
treatment related to BRCA mutation carriers and
non-carriers, and the relatively small sample size. The
results of this study suggest that germline BRCA1 and
BRCA2 mutation status has a significant prognostic
value and those remarks are strongly supported by
SUV,__ . Clearly, further prospective and/or retrospective
studies with larger sample size are needed to clarify the
interdisciplinary laboratory corrections in patients with
BC.
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The Comparison of Quantitative Evaluation Results of the MPS
SPECT/CT and Coronary Angiography: Determining the Most
Valuable Quantitative Evaluation Score

MPS SPECT/BT Kantitatif Degerlendirme Sonuglarinin Koroner Anjiyografi Sonuglari ile
Karsilagtinlmasi: En Degerli Kantitatif Degerlendirme Skorunun Belilenmesi
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Abstract

Obijectives: This study aimed to determine the most important perfusion score in patient selection for coronary angiography (CA) by quantitatively
evaluating myocardial perfusion scintigraphy (MPS).

Methods: Patients who underwent MPS single-photon emission computerized tomography/computed tomograph imaging in our clinic between
December 2017 and January 2019, without coronary artery disease (CAD) history, followed by CA were included in the study. CA was considered
positive when there is a stenosis of 70% or more in at least one coronary vessel. The summed stress score, rest score, and differential score;
total perfusion deficit (TPD); and the defect’s extent obtained from non-attenuation-corrected (NC) and attenuation-corrected (AC) images of 80
patients were evaluated using the Mann-Whitney U test. A p value of <0.05 was considered significant. Receiver operating characteristic (ROC)
analysis was performed.

Results: The scores obtained from NC and AC images showed a significant difference between the two groups for all scores except for the
extent and TPD scores at rest from AC images. The applied ROC curves’ highest diagnostic value was determined as the TPD score at stress (TPDS)
obtained from NC images (area under the curve: 0.880, 95% confidence interval, 0.807-0.952, p<0.001). The cut-off value obtained for the TPDS
from the ROC curve was found to be 5.5.

Conclusion: The scores obtained from NC images have more power to detect CAD than those obtained from AC images. Patients with no prior
CAD history with TPDS score higher than 5 in MPS should be referred for CA with priority.

Keywords: Myocardial perfusion imaging, SPECT/CT, coronary angiography

Oz

Amagc: Bu calismada miyokard perflizyon sintigrafisinin (MPS) kantitatif degerlendirilmesiyle koroner anjiyografi (KAG) yapilacak hastalarinin
seciminde en énemli perflizyon skorunun belirlenmesi amaglandi.

Yontem: Aralik 2017-Ocak 2019 tarihleri arasinda klinigimizde MPS tek foton emisyon tomografisi/bilgisayarl tomografi (SPECT/BT) gorintileme
uygulanan ve daha 6nce koroner arter hastaligi (KAH) tanisi bulunmayan ve MPS sonrasi KAG yapilan hastalar calismaya dahil edildi. KAG
sonucunda en az bir koroner damarda %70 veya daha fazla darlik izlenen hastalar koroner arter darligi (KAD) agisindan pozitif kabul edildi. Seksen
hastanin atentasyon dizeltiimemis (NC) ve SPECT/BT ile atentasyon dizeltilmis (AC) gorintllerden elde edilen toplam stres skoru, toplam rest
skoru, toplam perflizyon bozuklugu ve extent puanlar Mann-Whitney U testi ile degerlendirildi. P<0,05 degeri anlamli kabul edildi. Alici islem
karakteristikleri (ROC) analizi yapildi.
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Bulgular: NC ve AC gorintilerinden elde edilen skorlar, ExtentRac ve TPDRac disindaki tiim skorlar icin iki grup arasinda anlamli fark gértldi. ROC
egrilerindeki en yiksek tani degeri NC gérintulerinden elde edilen TPDS degeri olarak belirlendi (egrinin altinda kalan alan: 0,880, %95 giiven
araligi, 0,807-0,952, p<0,001). TPDS icin ROC egrisinden elde edilen kesim degeri 5,5 olarak bulundu.

Sonug: NC gorinttilerden elde edilen skorlarin AC gériintilerden elde edilen skorlara gore daha fazla KAD saptama gicli vardir. Daha 6nceden
bilinen KAH olmayan ve MPS'de TPDS skoru 5'in Uizerinde olan hastalar KAG'ye dncelikli olarak yénlendirilmelidir.

Anahtar kelimeler: Miyokard perfiizyon gorintileme, SPECT/BT, koroner anjiyografi

Introduction

Coronary artery disease (CAD) is a result of atherosclerosis
of coronary arteries, which restricts the heart’s blood
flow (1,2). Myocardial ischemia can occur, and patients
may experience ischemic symptoms like typical angina,
depending on the degree of the coronary artery stenosis.
Myocardial perfusion scintigraphy (MPS) is one of the
frequently used non-invasive diagnostic tests of CAD. An
unbalanced cardiac oxygen support mechanism in CAD
results in ischemia, which causes a reversible perfusion
defect occurring in scintigraphy images (3). Coronary
angiography (CA) is the gold standard method for CAD
diagnosis. Since it is an invasive and expensive method and
carries the mortality risks, selecting patients suitable for CA
is important (4,5).

Scanning MPS with computerized tomography (CT)
combined with gated single-photon emission computerized
tomography (SPECT/CT) is an emerging technique (6,7). CT
being part of the SPECT/CT allows attenuation correction
from the emission by extracardiac tissues and reduces false
positive rates (8,9,10). Both attenuation-corrected (AC)
and non-attenuation-corrected (NC) images are obtained
from SPECT/CT. MPS is currently interpreted as ischemia
positive or negative according to the presence of a reversible
perfusion defect. Alternatively, several scores obtained from
scintigraphy images depict ischemia severity or extent, such as
summed stress score (SSS), rest score (SRS), and differential
score (SDS); total perfusion deficit (TPD); and extent of the
defect (11,12,13). While scores are calculated using automatic
programs, each image requires comparison with its own
normal data; therefore, scores from AC and NC images
may differ. The question is that which score is valuable
or do the scores have advantages over each other? We
investigated patients who underwent MPS and subsequently
CA. We evaluated the mentioned perfusion scores obtained
from AC and NC images to identify these scores’ relation with
CA results and to determine the cut-off value for the most
relevant score.

Materials and Methods

Study Design
This study was designed as a retrospective study.

Study Population

Patients who underwent MPS between November 2017
and February 2020 at our institution were retrospectively
evaluated. Those without prior CAD history and underwent
CA recently (in >6 months) after MPS were included in
this study, which was approved ethically at our institution
(Dokuz Eyldl University Non-interventional Research Ethics
Committee protocol number: 5448-GOA, decision number:
01.06.2020, 2020/11-06).

Study Protocol

Patients underwent a 1-day rest/stress or 2-day stress/
rest MPS protocol. MPSs were performed using a SPECT/
CT scanner (GE Healthcare). Patients discontinued beta-
blockers and calcium channel blockers 48 h before the
study, and nitrate derivative drugs were stopped for 24 h.
Following a 6-h fasting period, MPS was performed. In the
1-day protocol rest, images were obtained 1 h after the
injection of 8 millicuries (mCi) technetium-99m methoxy-
isobutyl-isonitrile (Tc-99m-MIBI). Three hours after the
rest procedure, exercise stress tests were performed on a
treadmill following the BRUCE protocol. Those who could
not tolerate exercise stress test, pharmacological stress
test was applied with adenosine. The dobutamine stress
test was preferred if the patient had dyspnea and could
not tolerate the treadmill. Patients who reached 85% of
the target heartbeat [(220 - age in years) x 85%] were
included in the study. Stress images were obtained 30
min after 22 mCi of Tc-99m-MIBI was injected. On the
first day of the 2-day protocol, patients were imaged after
stress protocol with 22-mCi activity; then on another day,
rest procedures were done with 22 mCi of Tc-99m-MIBI.
Because both protocols have equal diagnostic value, their
MPS images were included in the study (8). Patients with
prior CAD history and inadequate stress test were excluded.
Consequently, 80 patients were included in the study.

Rest and stress images were processed and quantitatively
assessed using the Xeleris and Quantitative Perfusion
SPECT (QPS) program based on a 20-segment scoring
model. QPS gives scores automatically using a five-point
scoring system according to the radiopharmaceutical
uptake degree (0, normal; 1, mildly decreased; 2,
moderately decreased; 3, severely decreased; and 4,
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absence of segmental uptake) in both images. SSS, SRS,
SDS, TPD, and extent values from rest (TPDR, ExtentR) and
stress (TPDS, ExtentS) images are the scores automatically
derived from the images. SSS and SRS provide information
about hipoperfusion areas and the degree of perfusion
deficient of stress and rest images, respectively. SDS is
the difference between SSS and SRS. TPD represents the
extent and severity of the perfusion defect. The scores
obtained from NC (SSS, SRS, SDS, TPDR, TPDS, ExtentR,
ExtentS) and AC images (SSSac, SRSac, SDSac, TPDRac,
TPDSac, ExtentRac, ExtentSac) were recorded. In addition
to the quantitative analysis of MPS, patients” CA reports
were retrospectively evaluated. A significant CAD was
determined as =270% stenosis of at least one coronary
artery (left anterior descending artery, left circumflex
artery, and right coronary artery) or 250% narrowing in
the left main coronary artery (14).

Statistical Analysis

Statistical Package for the Social Sciences software version
24.0 for Windows was used to analyze the data. CA results;
SSS, SRS, SDS, TPDS, and TPDR; and ExtentS and ExtentR
scores from AC and NC images were evaluated using the
Mann-Whitney U test. A p value of <0.05 was considered
as significant. Receiver operating characteristic (ROC)
analyses were performed for the scores. An area under the
curve (AUC) of >0.5 was accepted as worthwhile. A cut-off
value was obtained from the score with the highest AUC.

Results

Fifty-one patients were female and 29 were male, with
mean age of 60.4+12.4 years (32-89 years). Among the 80
patients, 32 were CAD-positive, with mean scores detected
as SSS, 13.53 (3-43); SRS, 6.00 (0-36); SDS, 6.90 (0-29);
ExtentR, 10.18 (0-49); TPDR, 8.90 (1-44); ExtentS, 17.96 (3-
48); TPDS, 14.87 (4-41); SSSac, 13.62 (2-40); SRSac, 5.15
(0-29); SDSac, 8.15 (2-19); ExtentRac, 7.28 (0-37); TPDRac,
6.34 (0-33); ExtentSac, 18.12 (0-49); and TPDSac, 14.15
(0-38). The mean range of all scores derived from both
images was significantly higher in the CAD-positive group
than the CAD-negative group (p<0.05) except TPDRac
and ExtentRac. The results are demonstrated in Table 1.
ROC analyses demonstrated that, for AC and NC images,
both TPDS have the highest AUC value among the scores
(0.817 and 0.880, TPDSac and TPDS, respectively). Also,
AUC values of the scores from NC images were detected
at higher values than those from AC images. Among all
scores, TPDS derived from NC images was determined
as having the highest AUC value (AUC: 0.880) (Table 2).
According to the Youden index with 84.4% sensitivity and
75% specificity, the ROC curve analysis of TPDS derived
from NC images provided a 5.5 cut-off value in predicting
CAD (Figures 1, 2, 3).

Discussion

Our study results demonstrated the usefulness of the MPS
guantitative scores in detecting significant CAD. The scores

Table 1. Univariate analysis results of the scores using the Mann-Whitney U test

All patients’ mean (n=80) CA (-) mean (n=48) CA (+) mean (n=32) p value AUC
SSS 8.17 (0-43) 4.60 (0-19) 13.53 (343) 0.000 0.855
SRS 3.40 (0-36) 1.66 (0-11) 6.00 (0-36) 0.000 0.735
SDS 4.47 (0-29) 2.85 (0-10) 6.90 (0-29) 0.000 0.764
ExtentR 6.77 (0-49) 4.50 (0-27) 10.18 (0-49) 0.027 0.646
TPDR 6.07 (0-44) 4.18 (0-21) 8.90 (1-44) 0.004 0.691
ExtentS 10.16 (0-48) 4.95 (0-26) 17.96 (3-48) 0.000 0.873
TPDS 8.75 (0-41) 4.66 (0-21) 14.87 (4-41) 0.000 0.880
SSSac 8.81 (0-40) 5.60 (0-27) 13.62 (2-40) 0.000 0.788
SRSac 2.91 (0-29) 1.41(0-11) 5.15 (0-29) 0.001 0.715
SDS ac 5.72 (0-19) 4.10 (0-16) 8.15 (2-19) 0.000 0.741
ExtentRac 5.78 (0-37) 4.79 (0-34) 7.28 (0-37) 0.346 0.562
TPDRac 5.20 (0-33) 4.43 (0-26) 6.34 (0-33) 0.258 0.575
ExtentSac 10.76 (0-49) 5.85 (0-36) 18.12 (0-49) 0.000 0.816
TPDSac 8.67 (0-38) 5.02 (0-24) 14.15 (0-38) 0.000 0.817
AC: Attenuation-corrected, AUC: Area under curve, CA (-): Coronary angiography negative, CA (+): Coronary angiography positive, Cl: Confidence interval, ExtentR: Extent rest,
ExtentS: Extent stress, n: Number of patients, SDS: Summed differential score, SRS: Summed rest score, SSS: Summed stress score, TPDR: Total perfusion deficit rest, TPDS:
Total perfusion deficit stress
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Table 2. ROC analysis results of the scores

Score AUC P Sensitivity Specificity Cut-off
SSS 0.855 (0.775-0.935, 95% Cl) 0.000 90.6% 70.8% 4.5
SRS 0.735 (0.623-0.846, 95% Cl) 0.000 84.4% 58.3% 0.5
SDS 0.764 (0.656-0.871, 95% Cl) 0.000 59.4% 83.3% 4.5
ExtentR 0.646 (0.519-0.772, 95% Cl) 0.028 50% 77.1% 6.5
TPDR 0.691 (0.574-0.809, 95% Cl) 0.004 50% 81.3% 6.5
ExtentS 0.873 (0.798-0.948, 95% Cl) 0.000 90.6% 70.8% 55
TPDS 0.880 (0.807-0.952, 95% Cl) 0.000 84.4% 75% 55
SSSac 0.788 (0.691-0.886, 95% Cl) 0.000 71.9% 72.9% 7.5
SRSac 0.715 (0.598-0.832, 95% Cl) 0.001 75% 60.4% 0.5
SDS ac 0.741 (0.635-0.847, 95% Cl) 0.000 100% 41.7% 1.5
ExtentRac 0.562 (0.429-0.694, 95% Cl) 0.351 40.6% 77.1% 6.5
TPDRac 0.575 (0.445-0.704, 95% Cl) 0.261 21.9% 95.8% 11.5
ExtentSac 0.816 (0.723-0.910, 95% Cl) 0.000 81.3% 72.9% 55
TPDSac 0.817 (0.723-0.912, 95% Cl) 0.000 75% 79.2% 7.5

AC: Attenuation-corrected, AUC: Area under curve, Cl: Confidence interval, ExtentR: Extent rest, ExtentS: Extent stress, SDS: Summed differential score, SRS: Summed rest
score, SSS: Summed stress score, TPDR: Total perfusion deficit rest, TPDS: Total perfusion deficit stress

Figure 1. NC (a) and AC (b) MPS images of a 65-year-old male patient. The patient’s TPDS and TPDSac scores are 6% and 5%. The patient is CAD
positive according to NC images but negative in AC images. Angiography results demonstrated >70% narrowing in the LAD and RCA

LAD: Left anterior descending artery, RCA: Right coronary artery, NC: Non-attenuation-corrected, AC: Attenuation-corrected, MPS: Myocardial perfusion scintigraphy,
CAD: Coronary artery disease
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obtained from both images were evaluated with the CA
results. It was detected that the scores from NC images
have higher AUC values than those from the AC images.
Furthermore, while TPDS scores demonstrated the highest
significance in both images, TPDS from NC images has
the highest discriminative values to detect significant CAD
among the scores.

MPS is a diagnostic imaging method in which quantitative
data can be obtained using programs allowing image
comparison with normal data in memory using an
automatic scoring system. SSS, SRS, and SDS and TPD
scores are derived automatically from the segmentation
of perfusion maps. Various studies have been conducted
to obtain an MPS diagnostic value by comparing the
main scores obtained from the polar map with methods,
such as CA, fractional flow reserve, or CT angiography
(15,16,17,18).

One of the major deficiencies in planar images is
imaging artifacts, occurring due to patient motion,
photon attenuation (breast attenuation in women and
diaphragmatic attenuation in men), or extracardiac
activity in the region of interest. They could mimic true

abnormalities, and artifacts could be challenging while
interpreting the reports (19). The widespread SPECT/CT
use to prevent attenuation artifacts increased the use of
AC images in MPS interpretation (20,21). The evaluation
of AC images is similar to NC images, but the interpreting
physician should be familiar with the AC images (22).
Quantitative evaluation of the images plays an important
role in the interpretation. It is recommended to report
the defect’s extent and severity. The scores obtained
from both images could be different from each other.
Therefore, knowing the difference between the scores
is important to predict CAD using quantitative analyses.
There are studies with different results in this regard
(23,24,25,26). In a study, which evaluated the scores from
both images (17), ROC analysis results were similar to
our study. For SSS, SDS, and TPDS from NC images, AUC
values were minimally higher than the scores obtained
from AC images. Similarly, TPDS from NC images (AUC:
0.87) has the highest AUC to detect significant CAD. Xu
et al. (21) reported similar AUC (0.87) values in their
study for TPD from both images. On the other hand, a
study compared automatic and visual evaluation of MPS.

Figure 2. NC (a) and AC (b) MPS images of a 54-year-old male patient. TPDS and TPDSac scores were 3% and 10%. The patient is CAD negative
according to NC images but positive in AC images. Angiography results were found to be normal
NC: Non-attenuation-corrected, AC: Attenuation-corrected, MPS: Myocardial perfusion scintigraphy, TPDS: Total perfusion deficit stress, CAD: Coronary artery disease
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Figure 3. ROC curves of the scores: SSS, SDS, and SRS (a); TPDS, TPDR, ExtentS, and ExtentR (b); and all scores in one curve (c). Both scores obtained
from AC and NC images were demonstrated

ROC: Receiver operating characteristic, SDS: Summed differential score, SRS: Summed rest score, SSS: Summed stress score, TPDS: Total perfusion deficit stress, TPDR:
Total perfusion deficit rest, NC: Non-attenuation-corrected, AC: Attenuation-corrected
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Arsanjani et al. (26) demonstrated a higher AUC value
for TPD score from AC images in detecting significant
CAD from our results (AUC: 0.92 with 84% sensitivity
and 88% specificity) and detected AUC of 0.91 for TPD
score from NC images with 83% sensitivity and a higher
specificity than our results (81% vs. 75%). Unlike our
study, they suggest scores from AC images were found to
have more diagnostic power than those from NC images.
Also, none of these studies mentioned of determining a
cut-off value for TPD.

A study evaluated coronary vessels separately, with cut-off
values determined as 8.5, 4.5, and 3.5 for TPD stress, rest,
and difference, respectively (15). Another study determined
cut-off values as =5.5 (SSS), =2.5 (SDS), and =9.5 (TPDS)
to predict significant CAD (16). The AUC sensitivity and
specificity values calculated for the TPD scores of our study
were found to be higher than those in these studies. This
difference is thought to be due to the results, which can
be changed according to the processes or artifacts like
motion.

There are studies related to SSS and SDS (21,27,28). Some
studies suggest that SDS above 1 is an evaluable finding
favoring ischemia, and some suggest a cut-off value
=2 for SDS to determine CAD (21,27). Also, it has been
reported that SSS above 4 increases the risk of cardiac
events (28). However, the reproducibility of differential
scores is accepted to be lower. SSS >4 was demonstrated
to significant CAD with 86% sensitivity and 82% specificity,
similar to our results (90.6% sensitivity, 70.8% specificity,
SSS cut-off value of 4.5) (29).

The use of TPD value provides a quantitative evaluation
and contributes to the visual evaluation, increasing
reproducibility and reducing interobserver variability (30).
TPD with =5% threshold was accepted for patients to
undergo coronary intervention in the COURAGE study
(31). However, there are studies suggesting a slightly
higher TPD threshold (>7%) in MPS to detect significant
ischemia. Our study demonstrates that the majority of true
positive patients in MPS (84.4%) had a TPD score from NC
images =5.5. These findings suggested that, if TPDS score
in patients referred for MPS is >5, CA results are high,
probably positive in terms of severe CAD in at least one
coronary artery.

Using CT, a patient’s low-dose extra radiation exposure
could be seen as a minimal disadvantage of AC images
(32). Nevertheless, studies have reported that AC image
addition to the NC data improves significant CAD
diagnosis. In visual evaluation, both images together
provide better results than NC images only (AUC: 0.90 vs.
0.87) in determining CAD (26). Particularly, AC images are

known to be successful in the correction of artifacts from
attenuation (33). Superior advantages can be obtained in
the visual evaluation by providing attenuation evaluation
with SPECT/CT imaging. However, this is not the case in
quantitative evaluation. Conversely, in our study, the scores
from images without any AC have more power to detect
CAD, which may be due to the compared databases or
manual processes needed from attenuation images. These
processes could reduce reproducibility.

Study Limitations

The retrospective design and limited number of patients
are the study’s main limitation.

Conclusion

Considering TPDS before CA may help select patients who
need CA primarily. Patients with no prior CAD history with
TPDS score >5 in MPS should be primarily advised for CA.
Although the MPS evaluation from AC images has become
widespread recently, according to this study’s quantitative
evaluation results, the scores obtained from non-corrected
images have more power to detect CAD than the scores
obtained from AC images.
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Abstract

Obijectives: Properties of head and neck squamous cell carcinoma (HNSCC) such as cellularity, vascularity, and glucose metabolism interact with
each other. This study aimed to investigate the associations between diffusion-weighted imaging (DWI), dynamic contrast-enhanced magnetic
resonance imaging (DCE-MRI), and positron emission tomography/computed tomography (PET/CT) in patients with HNSCC.

Methods: Fourteen patients who were diagnosed with HNSCC were investigated using DCE-MRI, DCE, and '®fluoride-fluorodeoxyglucose PET/CT
and evaluated retrospectively. Ktrans, Kep, Ve, and initial area under the curve (IAUC) parameters from DCE-MRI, ADC__, ADC__ . and ADC__
parameters from DWI, and maximum standardized uptake value (SUV ), SUV__, metabolic tumor volume (MTV), and total lesion glycolysis
(TLG) parameters from PET were obtained. Spearman’s correlation coefficient was used to analyze associations between these parameters. In
addition, these parameters were grouped according to tumor grade and T and N stages, and the difference between the groups was evaluated
using the Mann-Whitney U test.

Results: Correlations at varying degrees were observed in the parameters investigated. ADC__moderately correlated with Ve (p=0.035; r=0.566).
Ktrans inversely correlated with SUV__ (p=0.017; r=0.626). iAUC inversely correlated with SUV__, SUV__, TLG, and MTV (p<0.05, r=-0.700).
MTV (40% threshold) was significantly higher in T4 tumors than in T1-3 tumors (p=0.020). No significant difference was found in the grouping
made according to tumor grade and N stage in terms of these parameters.

Conclusion: Tumor cellularity, vascular permeability, and glucose metabolism had significant correlations at different degrees. Furthermore, MTV
may be useful in predicting T4 tumors.

Keywords: Cancer of the head and neck, squamous cell carcinoma, diffusion, permeability, positron emission tomography

0z
Amag: Bas boyun yassi hicreli karsinomunun (BBYHK) hicresellik, vaskularite ve glukoz metabolizmasi gibi 6zellikleri birbirleri ile etkilesim

icerisindedir. Bu calismanin amaci BBYHK hastalarinda diflizyon agirlikli gériintiileme (DAG), dinamik kontrastli manyetik rezonans gorintileme
(DK-MRG) ve pozitron emisyon tomografisi/bilgisayarli tomografi (PET/BT) arasindaki iliskinin arastirimasidir.
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Yontem: BBYHK tanisi almis ve DAG, DK-MRG ve "*flor-florodeoksiglukoz (*F-FDG) ile gérlintiileme yapilmis 14 hasta retrospektif olarak
degerlendirildi. DK-MRG'den Ktrans, Kep, Ve iIAUC; DAG'den ADC__ , ADC__and ADC  ve '®FFDG PET/BT'den SUV__ SUV_ . metabolik
tUmaor hacmi (MTV) and toplam lezyon glikolizi (TLG) parametreleri elde edildi. Bu parametreler arasindaki iliski Spearman korelasyon katsayisi
kullanilarak degerlendirildi. Ayrica bu parametreler timor derecesi, T ve N evresine gore gruplandirilarak gruplar arasindaki iliski Mann-Whitney U
testi kullanilarak analiz edildi.

Bulgular: incelenen parametreler arasinda degisen diizeylerde korelasyonlar gézlendi. ADC__ve Ve arasinda orta dlizeyde pozitif korelasyon
saptandi (p=0,035; r=0,566). Ktrans ile SUV__ in negatif korelasyon gosterdigi (p=0,017; r=0,626), iIAUC ile SUV__, SUV__ TLG ve MTV
arasinda negatif yonde gliclii korelasyon oldugu gozlendi (p<0,05, r=0,700). MTV (%40 x SUV__ esik deger) T4 timdrlerde T1-3 timérlere kiyasla
istatistiksel olarak anlamli dlizeyde yiiksekti (p=0,020). TUmor derecesi ve N evresine gore yapilan gruplamada parametreler arasinda anlamli fark
saptanmadi.

Sonug: Tumorin hiicreselligi, vaskiler permeabilite ve glukoz metabolizmasi farkli derecelerde anlamli korelasyonlar gosterdi. Ayrica, MTV degeri

Mol Imaging Radionucl Ther 2021;30:177-186

T4 timorleri tahmin etmede faydali olabilir.

Anahtar kelimeler: Bas boyun kanseri, yassi hiicreli kanser, diflizyon, pozitron emisyon tomografisi, permeabilite

Introduction

Head and neck cancers constitute 4-5% of all malignancies.
Among these, head and neck squamous cell carcinoma
(HNSCC) constitutes the thumping majority with 90% (1).

Although magnetic resonance imaging (MRI) and
computed tomography (CT) are indispensable for diagnosis
and follow-up, functional imaging techniques such as
dynamic contrast-enhanced (DCE) MRI, diffusion-weighted
imaging (DWI), and positron emission tomography (PET)/
CT are adjunctive modalities that give information about
the underlying biology (2,3).

"8Fluoride-fluorodeoxyglucose ('8F-FDG) PET/CT is a modality
with high sensitivity in the diagnosis of primary tumors and
has been used for staging tumors, evaluating treatment
responses, and identifying HNSCC recurrence (4,5). Besides
8F-FDG PET/CT parameters like standardized uptake values
(SUVs), total lesion glycolysis (TLG), and metabolic tumor
volume (MTV) are important biomarkers of tumor behavior
(5,6). For example, MTV and TLG are prognostic predictors
of non-small cell lung cancers (NSCLC) and head and neck
cancers (7,8). They are also valuable for predicting tumor
responses to neoadjuvant chemotherapy in breast cancer,
NSCLC, and osteosarcomas (9,10,11).

DCE-MRI and DWI are helpful methods for the characterization
of the pathophysiological features of tumors (12,13). DWI
provides quantitative information about tumor cellularity,
and this is expressed by the apparent diffusion coefficient
(ADC). DCE-MRI allows the determination of values such as
tumor-vascular permeability and extracellular-extravascular
volume fraction with quantitative parameters obtained by
pharmacokinetic modeling by imaging the signal change
with the administration of contrast agent (14).

Accordingly, DWI, DCE-MRI, and "®F-FDG PET/CT can provide
supplementary information about biological properties
such as cellularity, metabolic activity, and angiogenesis in
HNSCC (1,14).

Many multiparametric investigations were conducted
including these modalities to clarify the complicated biology
of HNSCC (2,3). But results were discordant. Although
some authors have reported correlations between ADC and
PET parameters (15,16), some did not show a correlation
among them (17,18). The same discrepancy is found for
the correlation between DCE-MRI and PET parameters and
tumor grade in different studies (2,3,6).

Properties of tumor tissues such as cellularity, vascularity,
and glucose metabolism interact with each other. It
is essential to define this relationship because it can
be valuable for clinical practice in predicting the tumor
treatment response and locoregional recurrence and
evaluating the treatment response in different tumor
groups (19,20).

This study aimed to analyze associations between "8F-FDG
PET/CT, DWI, and DCE-MRI in patients with HNSCC.

Material and Methods

Dokuz Eylul University Institutional Ethics Board approved
this study (file number: 5538-GOA). Because of its
retrospective design, the necessity for written informed
consent was waived.

Patients

The hospital database was used to identify patients with
HNSCC between January 2018 and September 2019.
The inclusion criteria were as follows: 1) Patients with
HNSCC and histopathological diagnosis and 2) patients
who underwent routine imaging work-up including DCE-
MRI, DWI sequences, and '®F-FDG PET/CT. The exclusion
criteria were the following: 1) inadequate MRI images
due to severe artifacts (n=1), 2) tumor treatment before
MRI and "8F-FDG PET/CT, 3) patients whose "8F-FDG PET/
CT images are ineligible for evaluation due to attenuation,
and 4) MRI or "®F-FDG PET/CT images that were obtained
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at another hospital (n=4). After these criteria, 14 patients
were included in this study.

Eight patients had a biopsy, and six had both a biopsy
and an excision. MRI examinations were conducted
before tissue samples were collected (average 4 days,
range: 1-7 days). The mean time interval between biopsy
and "8F-FDG PET/CT examinations was 10 days (range:
7-15 days). A pathologist with 28 years of experience
in head and neck cancer examined the specimens
obtained at these procedures. The cases were divided
into two groups based on the T stage, where patients
in T1, T2, and T3 stages were included in group 1 (n=8)
and those in T4 stages in group 2 (n=6). We divided
the patients into two groups as those with (n=8) and
without (n=6) lymph node metastases. For statistical
purposes, all oropharyngeal carcinomas associated with
HPV and well and moderately differentiated squamous
cell carcinomas were grouped as low grade (n=10),
whereas non-keratinizing undifferentiated laryngeal
carcinomas and poorly differentiated squamous cell
carcinomas were grouped as high grade (n=4).

MRI Examinations

MRI was performed for all patients using a 1.5 T MR
scanner (Achieva, Philips Medical Systems, Netherlands)
with an 8-channel head and neck array coil. The standard
MRI protocols included axial T2-weighted (T2W) turbo
spin-echo (TSE), axial and sagittal T1-weighted (TT1W)
spin-echo, coronal short-tau Inversion-recovery TSE,
and axial, sagittal, and coronal fat-suppressed contrast-
enhanced T1W TSE (spectral presaturation with inversion
recovery).

DWI was performed using an axial echo planar imaging
DWI sequence (b0 and b800 s/mm?2). DWI parameters
were as follows: TR/TE, 10165/111; matrix, 204x230;
slice thickness, 5 mm; cross-section spacing, 0 mm. ADC
maps were automatically generated by the implemented
software.

DCE imaging was performed using the T1W DCE sequences
(TTW single-shot turbo field echo). T1 map was calculated
with two flip angles of 5° and 15° (TR: 10 ms and TE:
2.4 ms, axial plane, section thickness: 3 mm) before the
DCE-MRI sequence. TIW DCE sequence was acquired
with the following parameters: TR, 5 ms; TE, 2.4 ms;
FOV, 220x220 mm; matrix, 140x114; flip angle, 258; slice
thickness, 5 mm; 26 slices, NEX, 1.5; 50 dynamic cycles;
total acquisition time, 5 min 36 s. Gadoterate meglumine
was injected at a dose of 0.2 mmol/kg and at the rate of
2 mL/s, intravenously with an automatic injector, and then,
20 mL saline was injected.

Analysis of the DCE-MRI and DWI Images

One radiologist under the supervision of a senior
radiologist with 6 and 11 years of experience in head and
neck oncology, respectively, analyzed the DWI and DCE-
MRI images. All images were transferred to a software
module (IntelliSpace Portal-v8.2.20820, Philips Medical
Systems), and all measurements were conducted using the
workstation.

The ADC value was measured on ADC maps by drawing
the region of interest (ROI) on the tumor at the level of its
largest diameter that was explained previously (1). TTW
and T2W MR images were used while drawing the ROI
to avoid the necrotic and hemorrhagic components of
the tumor. ADC__, ADC__ . and ADC . parameters were
measured using this method (Figure 1).

ROIs were manually drawn in the tumor on DCE images in
the same way that explained for the ADC analysis. Tofts
model was used to calculate pharmacokinetic parameters
in every case according to the population-averaged arterial
input function (21). The parameters were as follows:

Ktrans, volume transfer constant;

Ve, volume of the extravascular extracellular leakage space
(EES);

Kep, redistribution rate constant (Kep = Ktrans x Ve);
JAUC, initial area under the curve.

8F-FDG PET/CT Examinations

Whole-body '"F-FDG PET/CT was performed using a
combined PET/CT scanner (Philips Gemini TOF, 16 Slices).
After 6-h fasting, 0.11 mCi/kg '®F-FDG was injected
intravenously if blood sugar was <200 mg/dL. All patients
rested for an hour in a quiet and no lightroom, and then,
PET/CT scanning was performed from the vertex to the
upper thigh (1.5 min/bed).

SUV__,SUV__ . MTV, and TLG were calculated using freely
available software LIFEx (version 6.3, lifexsoft.org) (22).
The highest SUV in the given volume of interest (VOI) is
called SUV__ . The average SUV of the VOl is called SUV,___ .
MTV is a measurement of metabolically active tumor
volume according to "®F-FDG avidity. TLG is calculated by
multiplying MTV by SUV__ .

an

Analysis of the '®F-FDG PET/CT Images

One nuclear medicine physician analyzed '®F-FDG PET/CT
images under the supervision of a senior nuclear medicine
physician with 5 and 12 years of experience in "8F-FDG PET/
CT imaging for head and neck cancer, respectively. A VOI
was placed around the primary tumor area in correlation
with MR, including all hypermetabolic tumor areas,
excluding physiological uptake areas such as palatine
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tonsils and mylohyoid muscle. For MTV, the following two
methods were used: fixed absolute threshold by SUV 2.5
and fixed relative threshold by 40% of SUV__. TLG was
also determined using these two methods (23,24) (Figure

1).
Statistical Analysis

Descriptive statistics were presented as mean, standard
deviation, median, and range. Shapiro-Wilks test was
conducted to determine the distribution of normality of
all data. Spearman’s correlation coefficient was used to
analyze the associations between investigated parameters.
The Mann-Whitney U test was performed to analyze the
association between DCE-MRI, DWI, and "8F-FDG PET/CT
with the group of grade and T stage. Receiver operating
characteristics (ROC) analysis was conducted to determine
the ability of MTV data to distinguish advanced-stage
tumors.

All statistical analyses were performed using the SPSS
version 24 software (SPSS Inc, Chicago, IL, USA). The p<0.05
was considered statistically significant in all analyses.

Results

Patients

All patients were male with a median age of 58 years, range
38-78 years. Lesion localization was oral cavity in 5 (35.7%)
patients, larynxin 5 (35.7%), oropharynx in 2 (14.3%), and
nasopharynx in 2 (14.3%). The T stages of tumor were T1

in 3 (21.4%), T2 in 3 (21.4%), T3 in 2 (14.3%), and T4 in
6 (42.9%) of patients. Of tumors, 10 (71.4%) were low
grade, and 4 (28.6%) were high.

Imaging
A complete summary of the results, including mean values,
standard deviation, median, and ranges, is shown in Table 1.

It was determined that in overall measurements, ADC__
moderately correlated with Ve (p=0.035; r=0.566; Table
2). Ktrans inversely correlated with SUV__ (p=0.017; r=-
0.626; Table 3). There was a strong inverse correlation of
IAUC with SUV__ . SUV__ . TLG, and MTV (both 40% and
SUV 2.5 threshold; p=0.00; r=-0.732; p=0.005; r=-0.700,
p=0.002; r=-0.745, p=0.000; r=-0.824, p=0.000; r=-0.815,
p=0.000; r=-0.815, respectively). In addition, there was
a tendency to inverse correlation between SUV__ and
ADC___, but it was not statistically significant (p=0.053,
r=-0.526).

There was no significant correlation between other
parameters of DCE, DWI, and "8F-FDG PET/CT (Table 3).

In the grouping made according to the T stage, MTV
(40% threshold) and ADC__ were significantly higher
in T4 lesions than in T1-3 patients (p=0.020 and 0.007,
respectively; Table 4). Based on these findings, ROC analysis
was conducted for the MTV (40% threshold) and T stage
(Figure 2).

No significant differences were identified in the analyzed
parameters between low- and high-grade tumors (Table 5).

Figure 1. Imaging findings in a 61-year-old man with squamous cell carcinoma of the tongue (T,N.M,). (a, b, ¢) T1- and T2-weighted images and

277170

"*fluorine-fluorodeoxyglucose imaging (fused image) show leftsided tongue lesion [maximum standard uptake value (SUV,__): 10.2; SUV__ - 5.3]. (d)

mean’

Showing attenuation-corrected positron emission tomography image in LIFEx. (e) ADC map. The ADC values (x10? mm?s") of the lesion are as follows:
ADC 0.2, ADC__ :1.07,and ADC__:1.9.(f, g, h, i) Dynamic contrastenhanced (DCE) imaging findings. Estimated DCE parameters are as follows:
(f) Ktrans: 58.7 (x10° min™), (g) Kep: 303.1 (x10° min™), (h) Ve: 193.7 (x103), (i) IAUC: 159.1

ADC: Apparent diffusion coefficient, iIAUC: Initial area under the curve
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Table 1. DCE-MRI, DWI, and PET parameters in all patients

Mean £ SD Median Range
SV, 12.1£1.2 1.9 3.820.7
Ssuv__ 5.9+0.4 6.3 3.088
MTV (40% threshold) (mL) 11.742.9 9.9 1.1-35.8
TLG (40% threshold) (SUV x mL) 76.2420.3 62.9 3.3247.0
MTV (SUV 2.5 threshold) (mL) 20.945.7 15.4 2.1-72.1
TLG (SUV 2.5 threshold) (SUV x mL) 138.0+40.0 77.2 6.3-482.1
Ktrans (min’™) 0.05+0.04 0.05 0.03-0.09
Kep (min™!) 0.40+0.09 0.35 0.02-1.43
Ve 0.29+0.01 0.16 0.050-1.85
IAUC 116.6+10.2 111.1 64.6-184.1
ADC__ (10° mm¥/s) 2.35:0.16 22 1535
ADC,, (10% mm2/s) 0.30.1 0.2 0.1-1.0
ADC___(10% mm%/s) 1.1720.1 1.1 1.0-1.4

SD: Standard deviation, SUV: Standard uptake value, MTV: Metabolic tumor volume, TLG: Total lesion glycolysis, iAUC: Initial area under the curve, ADC: Apparent diffusion
coefficient, DCE-MRI: Dynamic contrast-enhanced magnetic resonance imaging, DWI: Diffusion-weighted imaging, PET: Positron emission tomography, max: Maximum, min:

Minimum

Table 2. Correlations* of DCE-MRI and DWI parameters in
all patients

In the grouping made according to the N stage, no
significant difference was found between the parameters

evaluated (Table 6).

Discussion

This study demonstrated several significant associations

between PET, DCE-MRI, and DWI parameters with indicating
relationships between glucose metabolism, tumor cellular

ADCmax ADCmin ADcmean

Ctrans r=0.180 r=0.101 r=0.062
p=0.537 p=0.737 p=0.834

‘o r=0.202 r=0.103 r=0.496
P p=0.488 p=0.726 p=0.072
Ve r=0.035 r=0.110 r=0.566
p=0.905 p=0.709 p=0.035

. r=0.154 r=0.389 r=0.445
ALE p=0.599 p=0.169 p=0.111

density, and microvessel permeability of HNSCC.
In HNSCC, glucose metabolism is positively associated with

*Spearman’s correlation. iAUC: Initial area under the curve, ADC: Apparent
diffusion coefficient, DCE-MRI: Dynamic contrast-enhanced magnetic resonance
imaging, DWI: Diffusion-weighted imaging, max: Maximum, min: Minimum

the sum of tumor cells and growth rate. Accordingly, an
inverse correlation between SUV and ADC parameters

is expectable. The results of previous studies on this

Table 3. Correlations* of MRI and PET parameters in all patients
suv suv MTV TLG MTV TLG
max mean (40% threshold) | (40% threshold) (SUV 2.5 threshold) | (SUV 2.5 threshold)
Ktrans r=-0.626 r=-0.304 r=0.196 r=0.323 r=0.380 r=-0.407
p=0.017 p=0. 291 p=0.503 p=0.260 p=0.180 p=0.149
Ke r=0.156 r=0.350 r=0.240 r=0.279 r=0.253 r=0.257
P p=0.594 p=0.220 p=0.409 p=0.334 p=0.383 p=0.375
Ve r=-0.380 r=-0.423 r=-0.398 r=-0.455 r=-0.459 r=-0.455
p=0.180 p=0.132 p=0.159 p=0.102 p=0.098 p=0.102
iAUC =-0.732 r=-0.700 =-0.745 =-0.824 =-0.815 r=-0.815
p=0.003 p=0.005 p=0.002 p=0.000 p=0.000 p=0.000
ADC r=-0.101 r=0.003 r=0.246 r=0.143 r=0.176 r=0.150
DX p=0.731 p=0.791 p=0.396 p=0.626 p=0.547 p=0.610
ADC r=0.160 r=0.296 r=0.018 r=0.110 r=0.062 r=0.071
it p=0.584 p=0.305 p=0.950 p=0.709 p=0.834 p=0.810
ADC r=-0.526 r=-0.455 r=-0.390 r=-0.456 r=-0.454 r=-0.489
el p=0.053 p=0.102 p=0.168 p=0.101 p=0.103 p=0.076
*Spearman's correlation. SUV: Standard uptake value, MTV: Metabolic tumor volume, TLG: Total lesion glycolysis, iIAUC: Initial area under the curve, ADC: Apparent diffusion
coefficient, MRI: Magnetic resonance imaging, PET: Positron emission tomography, max: Maximum, min: Minimum
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relationship in the literature are contradictory. For example,
Zhang et al. (25) analyzed PET/MRI images of 27 patients
with hypopharynx SCC, and Fruehwald-Pallamar et al. (18)
analyzed '8F-FDG PET/CT and MR images of 31 patients
with HNSCC, and they did not observe a correlation
between SUV__ and ADC. But Zhang et al. (25) observed

max

an inverse correlation between MTV and ADC The

mean”

other two studies showed that ADC  tended to inversely
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Figure 2. Receiver operating characteristics curves for advanced-stage
tumor preliminary diagnosis of metabolic tumor volume (40% threshold)
values. When we take the cut-off value as 5.4, the sensitivity is 100%,
specificity is 62.5%, positive predictive value is 67%, negative predictive
value is 100%, accuracy is 78.5%, area under curve is 0.875

ROC: Receiver operating characteristics

correlate with SUV__ (p=0.08) (3,26). Also, Nakajo et al.
(16) observed a negative correlation between SUV__ and
ADC (20). In our study, we observed a tendency to an
inverse correlation between SUV__ and ADC but it was
not statistically significant (p=0.053).

mean’

Many studies in the literature have investigated the
relationship between T and N stages of tumors and PET
parameters. Although Leifels et al. (3) did not observe
significant differences in SUV__ between various T and
N stages, Nakajo et al. (16) reported significantly higher
SUV__ values in T3 and T4 tumors. In a previous study,
T4 tumors had significantly higher SUV__ values than T1-3
tumors in patients with oral squamous cell carcinoma (27).
In our study, we observed higher MTV (40% threshold)
values in T4 tumors than T1-3 tumors. When we take the
cut-off value as 5.4, the sensitivity, specificity, and AUC are
100%, 62.5%, and 0.875%, respectively. Because of the
small number of patients, this cut-off value needs to be
supported by studies with a higher number of patients to
be more valuable. Also, TLG was higher in advanced-stage
tumors but not statistically significant. T stage is determined
according to the size and invasion characteristics of the
tumor. As the tumor size increases, the number of tumor
cells and, thus, the MTV increases. In HNSCC, T4 stage
means that the tumor exceeds the limits of its primary
focus and invades neighboring tissues. According to
our results, MTV correlates with the tumoral invasion of
adjacent tissues.

Many studies in the literature evaluated the relationship
between T and N stages of the tumor and ADC values and
found no significant differences (3,16,18). Zhang et al.
(19) evaluated 541 cases with nasopharyngeal carcinoma,
and the pretreatment ADC value in T3 and T4 tumors was
significantly higher than in T1 and T2. In our study, ADC__

X

Table 4. Comparison of PET, DCE-MRI, and DWI parameters between different T stages
Parameters T1, T2, and T3 tumor T4 tumor p value*
Mean * SD Mean * SD
SUV_ 11.2+4.8 13.3+4.5 0.519
nean 5.6+1.8 6.4+1.0 0.271
MTV (40% threshold) 6.0+4.7 19.4+12.4 0.020
TLG (40% threshold) 38.8+36.6 126.1+£89.0 0.053
MTV (SUV 2.5 threshold) 10.3+8.9 35.0+£25.7 0.053
TLG (SUV 2.5 threshold) 67.9+68.3 231.4+183.1 0.0.53
Ktrans 0.05+0.02 0.05+0.01 0.699
Kep 0.42+0.43 0.38+0.17 0.439
Ve 0.38+0.60 0.17+0.07 0.606
IAUC 126.8+45.6 102.9£21.8 0.245
ADC 2.03+0.38 2.79+0.54 0.007
ADC . 0.386+0.3 0.213+0.2 0.179
ADC__ 1.17+0.1 1.16+0.2 0.746
*Mann-Whitney U test. SUV: Standard uptake value, MTV: Metabolic tumor volume, TLG: Total lesion glycolysis, iIAUC: Initial area under the curve, ADC: Apparent diffusion
coefficient, PET: Positron emission tomography, DWI: Diffusion-weighted imaging, max: Maximum, min: Minimum
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was significantly higher in T4 tumors than in T1-3 tumors.
There was no significant difference in ADCmean and
ADCmin values according to the T stage. Also, there was
no significant difference in DCE, DWI, and PET parameters
according to lymph node groups.

Correlations between DCE parameters and glucose
metabolism and cellularity of the tumor were investigated
in several studies (2,3,26). Leifel et al. (3) reported that
Ktrans is significantly correlated with ADC__ and ADC__
(3). Gawlitza et al. (26) observed a significant correlation
between SUV__ with Ktrans and Kep. Han et al. (2) did not
observe a correlation between PET and DCE parameters.
But in all three studies, a correlation was found between
ADC__ and Ve (p=0.0002, 0.06, and 0.000, respectively).
In our research, in accordance with this result, a significant
correlation was found between ADC mean and Ve

(p=0.035). Ve is the indicator of EES. Accordingly, a high
value of Ve implies that the number of cells in the tumor
is low, which means less restricted water diffusion and,
therefore, an increase in ADC value.

There are ambiguous associations described in the
literature about the relationship between glucose
metabolism and permeability. While one study
demonstrated a correlation between SUV__ and Ktrans
and between SUV__ and Kep (26), others did not
observe a correlation between perfusion and glucose
metabolism parameters (2,3). In a study that involved 21
patients with advanced HCC, an inverse correlation was
observed between Ktrans and SUV__ (28). Our results
also showed an inverse correlation between Ktrans
and SUV__, indicating that HNSCC with higher glucose
metabolism tends to have lower perfusion. This result

Table 5. Comparison of PET, DCE-MRI, and DWI parameters between low- and high-grade tumors

Low grade High grade
Parameters Mear?i D Mgangi D p value*
SUV__ 12.3£4.5 11.6£5.5 0.572
SUV .. 5.8+£1.2 6.2+2.3 0.777
MTV (40% threshold) 13.4+12.5 7.5+3.1 0.480
TLG (40% threshold) 86.5+87.1 50.4+32.2 0.671
MTV (SUV 2.5 threshold) 24.6+24.3 11.5£7.5 0.480
TLG (SUV 2.5 threshold) 161.7£169.7 78.7+66.0 0.671
Ktrans 0.05+0.01 0.06+0.02 0.120
Kep 0.39+0.39 0.44+0.12 0.322
Ve 0.34+0.54 0.16+0.09 0.572
iAUC 119.4+42 .4 109.74£28.9 0.777
ADC 2.37+0.57 2.32+0.71 0.887
ADC,_,. 0.271+0.3 0.415£0.2 0.211
ADC,__. 1.15£0.1 1.21£0.2 0.723

*Mann-Whitney U test. SUV: Standard uptake value, MTV: Metabolic tumor volume, TLG: Total lesion glycolysis, iIAUC: Initial area under the curve, ADC: Apparent diffusion
coefficient, PET: Positron emission tomography, DCE-MRI: Dynamic contrast-enhanced magnetic resonance imaging, DWI: Diffusion-weighted imaging, max: Maximum, min:

Minimum

Table 6. Comparison of PET, DCE-MRI, and DWI parameters between different tumor N stages

Lymph node (- Lymph node (+
Parameters N)I,ea'; +SD ) hXea':\ +SD *) p value*
SUV_, 10.53.6 13.325.2 0.245
SOV 5.5+1.4 6.341.6 0.271
MTV (40% threshold) 10.9£12.9 12.3+10.1 0.439
TLG (40% threshold) 68.6+91.0 81.9+68.7 0.439
MTV (SUV 2.5 threshold) 16.8+18.6 24.0+24.1 0.606
TLG (SUV 2.5 threshold) 105.4£131.8 162.4£166.5 0.519
Ktrans 0.05+0.01 0.05£0.02 0.606
Kep 0.49+0.47 0.34+0.19 0.897
Ve 0.17+0.1 0.38+0.6 0.379
IAUC 123.0+£38.7 111.8+£39.7 0.439
ADC__ 2.230.33 2.44£0.73 0.747
ADC, 0.308+0.35 0.31240.27 0.545
ADC 1.15+0.12 1.18+0.16 0.605

*Mann-Whitney U test. SUV: Standard uptake value, MTV: Metabolic tumor volume, TLG: Total lesion glycolysis, iIAUC: Initial area under the curve, ADC: Apparent diffusion
coefficient, PET: Positron emission tomography, DCE-MRI: Dynamic contrast-enhanced magnetic resonance imaging, DWI: Diffusion-weighted imaging, max: Maximum, min:

Minimum
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is contrary to the understanding that the increase in
the grade would increase perfusion. In the early stage,
tumor growth and vascularization are proportional. In
contrast, the increase in tumor growth is faster than the
increase in vascularity in the later stages, which can cause
insufficient perfusion and necrosis (28,29). However,
Surov et al. (30), observed a correlation between SUV
and microvessel density in HNSCC. So, our results need to
be supported by other studies.

This study also showed that iIAUC was inversely correlated
with SUV__, SUV__ ., MTV, and TLG. Zhang et al. (31)
found an inverse correlation between SUV___and iAUC
in their study, in which they evaluated PET/CT and DCE-
MRI images of 41 non-small cell lung cancer patients.
Bisdas et al. (32) analyzed this relation in 27 patients with
head and neck cancer and identified that iIAUC correlated
with SUV__ and SUV__ . IAUC refers to the amount
of contrast agent that reaches and retains the tumor
tissue at particular time (32). iIAUC is a semi-quantitative
parameter of DCE- MRI. So, evaluating the correlation
of IAUC with other quantitative parameters has some
difficulties. It can be affected by changes in physiological
conditions and differences in sequence duration (26).
Cheng (33) stated that conventional iIAUC could not be
an alternative for quantitative parameters such as Ktrans
and Kep. Still, if it becomes precise and reproducible with
new methods, it can be their alternative. Considering
all these, the interpretation of the inverse correlation
between the iIAUC and PET parameters obtained in this
study will not be clear; thus, further studies are needed
on this subject.

In this study, no significant association was found between
tumor grade and any imaging parameters as in another
study (3). Haerle et al. (6) evaluated PET/CT images of
262 patients with HNSCC and did not show a correlation
between SUV__ and tumor grade. Choi et al. (34) and
Nakajo et al. (16) also found no association between
SUV__ and ADC with grade. Zheng et al. (27) analyzed 104
patients with oral SCC and observed an association between
SUV__ and poor differentiation. Different grading systems
in HNSCC include parameters such as lymphoplasmacytic
infiltration, keratinization degree of the tumor, nuclear and
cellular polymorphism, and invasion pattern (35). However,
parameters such as tumor cellularity, glucose metabolism,
microvessel density, and EES that were evaluated with
imaging methods in this study were not considered (3).
Both the small number of patients in the high-grade group
(n=4) and these reasons may explain the absence of a
relationship between grade and imaging parameters in our
studly.

Study Limitations

The most important limitations of this study are its
retrospective design and the small number of patients.
Additionally, the DWI and DCE parameters were obtained
from freehand ROIs, whereas the PET parameters were
obtained from a certain threshold automatically, and this
may lead to inaccuracies to some degree. Only pretreatment
imaging and histopathology data of the patients were
evaluated. Therefore, their potential role in predicting
treatment response or relapse has not been evaluated. In
this study, all HNSCC tumors were included, and differences
may arise due to different tumor localizations that were
ignored.

Conclusion

We analyzed the relationships among imaging parameters
derived from DCE-MRI, DWI, and '"F-FDG PET/CT to
reveal the complex biological structure of HNSCC with
multiparametric functional imaging methods. We observed
significant associations among these parameters at different
degrees. MTV (40% threshold) was useful for predicting T4
tumors. Further studies are necessary to prove these results
and investigate the possible complementary contribution
of these techniques on explaining HNSCC characteristics.
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The Role of a Bone SPECT/CT Scan in the Follow-up of a Solitary
Bone Lesion in a Patient with Langerhans’ Cell Histiocytosis

Langerhans Hucreli Histiyositoz Tanili Hastada Soliter Kemik Lezyonunun Takibinde
Kemik Sintigrafi ve SPECT/BT nin Rolu

® Selin Kesim, ® Halil Turgut Turoglu, ® Sabahat inanir, ® Salih Ozgiiven, ® Tanju Yusuf Erdil

Marmara University Pendik Training and Research Hospital, Clinic of Nuclear Medicine, Istanbul, Turkey

Abstract

Langerhans' cell histiocytosis (LCH) is a rare disease observed in childhood characterized by the proliferation of Langerhans' cells resulting in
focal or systemic manifestations (including the bones). Here, we present a pediatric case with a localized biopsy-proven LCH, who underwent
progression from solitary to multifocal form detected on bone scintigraphy and single photon emission computerized tomography/computed
tomography (SPECT/CT) performed within four months. Emphasizing on localized bone pain (predictive of osseous LCH) and local tenderness
and swelling usually guides the nuclear physician to perform additional SPECT/CT with presumably an improvement of the diagnostic accuracy as
demonstrated in our case.

Keywords: Langerhans’ cell histiocytosis, technetium-99m-methylene diphosphonate bone scintigraphy, bone SPECT/CT

Oz

Langerhans hucreli histiyositoz (LHH), genellikle cocukluk caginda gérilen, Langerhans hiicrelerinin cogalmasiyla birlikte kemikler de dahil olmak
lzere lokal veya sistemik tutulum ile seyreden nadir bir hastaliktir. Burada, soliter olup dort ay sonra yapilan kemik sintigrafisi ve tek foton
emisyon tomografisi/bilgisayarli tomografide (SPECT/BT) multifokal forma ilerledigi saptanan, biyopsi ile kanitlanmis LHH tanili pediatrik bir olgu
sunulmaktadir. Bu olguda gorulmektedir ki; lokalize kemik agrisi sikayeti olan ve/veya fizik muayenede lokal hassasiyet ve sisme gibi bulgulari olan
hastalarda, ilgili alanin ek SPECT/BT gorlnttlerinin alinmasi ile tanisal dogrulukta iyilesme saglamaktadir.
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Figure 1. (A) An 11-year-old girl presented with leftleg pain and limping without history of trauma; was referred for technetium-99m-methylene
diphosphonate whole-body bone scintigraphy (BS). Baseline BS revealed a marked radiotracer uptake only in the distal part of the left femoral
diaphysis. In addition, an increased Tc-99m MDP uptake was observed in the left tibiotalar and tarsal region.

(B) The tru-cut biopsy demonstrated mononuclear cells with S-100 and CD1a immunoreactivity. This was consistent with Langerhans’ cell histiocytosis
(LCH), and the patient underwent two cycles of chemotherapy. Four months later, the patient started complaining of low back pain and was referred
to do a control BS, which showed a slightly increased radiotracer uptake in the L2 vertebra.

(C) Single photon emission computerized tomography/computed tomography (SPECT/CT) images showed a new L2 lytic lesion.

(D) The initial left femoral lesion also persisted with well-defined lytic lesion, having an expanded appearance with endosteal scalloping and
accompanying cortical destruction.

LCH refers to a group of diseases associated with the accumulation of Langerhans' cells, resulting in focal or systemic manifestations (involving the
bone, lung, skin, central nervous system, liver, spleen, thymus, lymph nodes, and bone marrow). LCH previously known as eosinophilic granuloma
(the localized form of LCH), histiocytosis X, Langerhans’ cell granulomatosis, mostly occurs in childhood. Syndromes such as Hand-Schuller-Christian
disease (classic triad of skull lesions, exophthalmos, and diabetes insipidus) and the Letterer-Siwe disease (disseminated lesions involving multiple
visceral organs) are also included in this spectrum (1). About 50% of patients with LCH have osseous lesions only involving the cranium, legs, vertebral
column, and pelvis. Early lesions tend to have an aggressive appearance, with poorly defined margins, while mature lesions depict sclerotic borders and
expanded appearance. In the vertebral column, early osseous LCH lesions appear lytic, followed by a uniform collapse which result in the “coin on edge”
or vertebra plana in cases of extreme vertebral collapse. The posterior elements of the vertebrae are rarely involved, thereby differentiating LCH from
osseous metastases. When a single bone is involved, the disease is usually self-limited; but multiple bone involvement progresses to a systemic disease
and has a less favorable prognosis (2). BS has been considered as the most sensitive test for the detection of clinically active osseous lesions of LCH.
However, in patients with localized acute bone pain and/or inflammatory signs (local tenderness and swelling), an additional SPECT/CT of the involved
area should be performed to enable early detection of the disease. Moreover, some studies in the literature reveal that "*fluorine-fluorodeoxyglucose
("®F-FDG) positron emission tomography/computed tomography (PET/CT) has a higher sensitivity in detecting metabolically active lesions not detected
on conventional imaging; with the advantages of providing an anatomical evaluation and identifying occult multi-organ involvements (3,4). The initial
presentation of our case was an isolated bony lesion of LCH; which is associated with a good prognosis with spontaneous regression. However, follow-
up BS revealed a second osseous lesion. Therefore, categorizing the case in the initial and follow-up imaging using bone scan and/or '®F-FDG PET/CT
for the prognosis and treatment of LCH is of utmost importance (5,6,7,8). Hybrid imaging combining SPECT with a low-dose CT has proven to improve
diagnostic accuracy and to guide clinicians on decision making as demonstrated in our case.
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'®F-Sodium Fluoride (NaF) Uptake in Calcified Bladder Carcinoma:
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Abstract

'8F-Sodium fluoride (NaF) is primarily a skeletal imaging agent which can be localized in extraosseous calcified foci. Here, we describe a case of
a 48year-old man with bladder carcinoma referred for staging using '®F-NaF positron emission tomography/computed tomography (PET/CT).
'8F-NaF PET/CT detected a calcified soft tissue mass in the urinary bladder. Extraosseous '®F-NaF uptake is often encountered and these non-
osseous findings could possibly provide important diagnostic information. Thus, recognition of extraosseous '®F-NaF activity has implications for
accurate staging and management.

Keywords: '8F-NaF PET/CT, bladder carcinoma, extraosseous uptake, metastasis

Oz

Oncelikle bir iskelet sistemi gériintiileme ajani olan 8F-Sodyum Floriir (NaF) ekstraossedz kalsifiye odaklarda da tutulum gdsterebilir. Burada,
'8F -NaF pozitron emisyon tomografisi/bilgisayarli tomografi (PET/BT) kullanilarak evreleme icin sevk edilen mesane karsinomu tanili 48 yasinda bir
erkek olgu sunulmustur. 'F- NaF PET/BT ile, idrar kesesinde kalsifiye yumusak doku kitlesi tespit edilmistir. Ekstraossedz '®F-NaF tutulumuna siklikla
rastlanir ve bu kemik disi bulgular énemli tanisal bilgiler saglayabilir. Bu nedenle, ekstraossedz '®F-NaF aktivitesinin taninmasinin dogru evreleme ve
tedavi agisindan 6nemli etkileri vardir.
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a)

Figure 1. The profile of a 48-year-old man with bladder carcinoma. '®F-Sodium fluoride (NaF) positron emission tomography/computed tomography
(PET/CT) is performed after injecting 3.9 mCi of '®F-NaF with urinary catheter in place and images are acquired 60 minutes post-injection. a) '8F-NaF
maximum intensity projection (MIP), b) zoom lateral and, c) anterior "®F-NaF MIP images show two foci of intense activity in the urinary bladder (arrow)
and rest of the urinary bladder is filled with mild homogenous tracer uptake (arrow head), findings appear as a double density of increase uptake in
the urinary bladder. d, e, f) Non-contrast CT image in the bone window demonstrates soft tissue mass with marginal calcification and increased tracer
uptake on fused images. The surveyed skeleton shows multiple aggressive lytic lesions with osteoblastic activity at D11 vertebra, sacrum, pelvic bones,
and left proximal femur consistent with osteoblastic bone metastases. Double density foci (hotter spot within hot area) are due to soft tissue contrast
uptake at the primary calcified urinary bladder mass and relative mild tracer uptake in the non-radioactive urine in the bladder.
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Figure 2. Diagnostic CT a) pre-contrast, b) contrast and, ) delayed portovenous phase images showing focal lesions of varying sizes in the urinary
bladder. The largest lesion was at the right uretero-vesicle junction with evidence of extra mural and perivesical fat stranding with marginal interrupted
calcification. Another suspicious lesion is seen in the left anterolateral wall. (d) Fused ®F-NaF PET/CT images in soft tissue window show '8F-NaF uptake
at the calcification.

Bladder transitional cell carcinoma is the second most common urinary tract malignancy (1). Common sites of metastasis are nodal, skeletal, hepatic,
pulmonary, and adrenal glands (2). Among these, the spinal axis where these are usually lytic (3). ®F-NaF is an excellent bone-seeking tracer with
predominant skeletal uptake due to quick first-pass extraction, minor plasma protein binding and rapid renal excretion. After one hour of administration,
around 10% of this tracer is found in plasma (4). "®F-NaF PET/CT is highly sensitive in characterizing both blastic and lytic lesions. Due to its excellent
spatial resolution, this tracer is can also identify increased bone turnover along the thin reactive border around bone lysis (5). Thus, this was a case with
depicting lytic bone metastases and extra osseous '8F-NaF uptake in calcified urinary bladder mass (double density sign).

'8F-NaF can be localized in extraosseous calcifying lesions. Skeletal primary and metastatic foci can absorb "®F-NaF because of either tumoral calcification
or calcifications within necrotic foci (6). In literature, there are examples of extraosseous '8F-NaF uptake for both malignant (brain, cardiac, lymph
nodes, liver metastases) and benign etiologies (cardiac amylodosis, meningioma and lung amyloidosis) (7,8,9). The mechanisms of extraosseous
'8F-NaF uptake are unclear. Several postulates reveal that the process underlying active calcium turnover demonstrates '8F-NaF uptake. Extraosseous
'8F-NaF uptake is often encountered. Thus, the recognition of extra osseous '8F-NaF uptake is essential for precise diagnosis and interpretation.
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Radium-223 Treatment in mCRPC Patient with Polycythemia Vera
Polisitemi Vera Tanil mCRPC Hastasinda Radyum-223 Tedavisi
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Abstract

There have been several studies on the clinical outcomes of Radium-223 treatment in patients with metastatic castration-resistant prostate cancer
(mCRPC) who may have an increased risk of hematologic comorbidities. To the best of our knowledge, this is the first study to explore the potential
bone marrow adverse effects (AEs) of Radium-223 administered with specific drugs used for hematologic conditions, such as polycythemia vera
(PV). We report the case of a patient with mCRPC who was administered a combined treatment of Radium-223 and hydroxyurea for PV, aiming

to support clinicians in predicting eventual AEs.

Keywords: Prostate cancer, mCRPC, Radium-223, polycythemia vera, hematogical toxicity

0z

Hematolojik komorbidite riski artmis metastatik kastrasyona direncli prostat kanseri (mCRPC) olan hastalarda Radyum-223 tedavisinin klinik
sonuclar Uzerine cesitli calismalar yapilmistir. Bilgimiz dahilinde bu calisma, Radyum-223 ile birlikte polisitemia vera (PV) gibi bir hematolojik hastalik
icin ©zel ilaglar alan bir hastada potansiyel kemik iligi yan etkilerinin (YE) arastinildigi ilk calismadir. Burada, klinisyenleri olasi YE'leri &ngormede
desteklemesi amaclanan ve PV ile birlikte mCRPC tanisi icin Radyum-223 ve hidroksitire tedavileri uygulanan bir olgu sunulmustur.

Anahtar Kelimeler: Prostat kanseri, mCRPC, Radyum-223, polisitemia vera, hematolojik toksisite

Prostate cancer (PCa) represents the second most
prevalent cancer in men and the fifth cause of cancer-
related mortality worldwide (1). Bone secondary tumor
localizations are the most frequent expression of
advanced PCa, representing the cause of morbidity and
mortality and determining a poor prognosis. Several
studies have been provided concerning the clinical
outcomes of Radium-223 treatment in patients with
metastatic castration-resistant prostate cancer (mCRPQ)

(2,3). Moreover, patients with mCRPC could suffer from
hematologic comorbidities. Notably, to our knowledge,
there are no studies involving the use of Radium-223
in patients with mCRPC and preexisting hematological
conditions, such as polycythemia vera (PV), a chronic
myeloproliferative disorder. Thus, studies that could
support clinicians to predict eventual adverse effects
(AEs) in these cases are warranted.
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Figure 1. A 71-year-old male diagnosed with PV in 2000 and PCa in 2013 was referred to our hospital. After radical prostatectomy, the Gleason score
was 8 (3+5) with pT3b-R1 staging. In 2014, RT on the prostatic region was performed, and subsequently systemic treatment was introduced. Treatment
with hydroxyurea for PV (500 mg for 5 days, 1000 mg for 2 days, per week) had also been administered. Radium-223 was administered according with
the current EANM guidelines. Before the first administration, a technetium-99m -HDP bone scan was performed, depicting an oligometastatic disease.
An interim bone scan was obtained after the third administration and a further one after the sixth at the end of treatment. Follow-up bone scans at
3, 6, and 12 months after the end of Radium-223 treatment was carried out.

Patients with mCRPC with compromised bone marrow reserve due to previous therapies have an increased risk of hematological AEs when enrolled
in the Radium-223 treatment (4). Although the occurrence of anemia and neutropenia were not significantly different between placebo and the
Radium-223 group in the ALSYMPCA trial (5), the cumulative effects of Radium-223 and other chemotherapies remain unelucidated.

In our case, no AEs of any kind were experienced during treatment. Hemoglobin (Hb) gradually reduced between the first and second cycles, but values
remained >13 mg/dL. Consequently, the hematologist decided to lower the hydroxyurea dosage to 500 mg once a day after the second cycle, and Hb
values quickly normalized before the third administration. At the time of the first medical examination, the patient reported taking non-steroidal anti-
inflammatory drugs (NSAIDs) to control pain as necessary. Notably, after the first administration, the BPI value dropped from 5 to 0, and NSAIDs were
not required. One year after the first dose of Radium-223, the patient reported excellent control of bone pain and absence of the need for NSAIDs.
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Figure 2. Compared to the pretreatment scan, the bone scan obtained after the conclusion of the Radium-223 treatment (a) revealed a marked
regression of the osteotropic radiotracer increased uptake located in the right side of the sacrum, a significant reduction of uptake intensity of the
same finding in the contralateral side, and a slighter decrease of uptake in the 7% and 8" left ribs. No differences were observed in the right ischiopubic
ramus. Successively, a bone scan obtained 6 months after treatment showed total regression of the pathologic uptake located in the right side of the
sacrum and an even more significant uptake intensity decline of the contralateral finding, such as that in the eighth left rib. No differences of radiotracer
uptake were noted in the seventh left rib and in the right ischiopubic ramus. The bone scan obtained 1 year after Radium-223 administration (b)
corroborated the favorable outcomes highlighted by the 6 months bone scan follow-up, confirming the persistence of osteotropic pathologic uptake
in the 7% left rib and in the right ischiopubic ramus with remnant weak increased uptake in the sacrum, suggesting a substantially stable disease. The
benefits of Radium-223 in our patient with mCRPC were remarkable; not only did bone scans reveal a regression of skeletal secondary localizations
uptake but pain control was also fairly obtained without using NSAIDs.

Several studies are investigating the effectiveness of a combination therapy on patients with mCRPC and its potential cumulative effect on hematologic
toxicity. Even though the biological damages of Radium-223 on the bone marrow have been minimized (6,7), defining the hematologic profile of
patients with mCRPC is a key step to limit the chance of hematologic AEs. Although rare, the potential AEs of Radium-223 on bone marrow functionality
must be considered (8). This has been the main concern when administering this radionuclide to patients with mCRPC who often receive or are still
receiving other systemic therapies. Particular attention must be paid when mCRPC coexists with hematologic conditions that require suppression of the
excessive functionality of the bone marrow. However, our study has several limitations, such as that PV may not represent the optimal model to assess
the potential cytotoxic effects of hydroxyurea because PV is not typically characterized by the occurrence of a cytopenic condition.

This study supports and confirms the existing evidence in the literature about the hematologic safety of Radium-223 that is specifically applied in a
patient with impaired bone marrow functionality due to PV. Additionally, Radium-223 appears to be safe and well tolerated even when combined
with a cytotoxic agent, such as hydroxyurea.
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PET/CT for Early Detection of COVID-19 Pneumonia: Diffuse
Fluorodeoxyglucose Uptake in the Lungs without any Additional
Changes in a Patient with Breast Cancer

PET/BT'de COVID-19 Erken Bulgusu: Meme Kanserli Hastada Sekel BT Bulgulary
Zemininde Diffliz Artmis Akciger Tutulumu
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Abstract

Coronavirus disease-2019 (COVID-19), which causes infections in the upper and lower respiratory tract, became a pandemic shortly after it
was first diagnosed in Wuhan city, China. Many people are affected with high mortality rates and severe respiratory distress syndrome. During
this pandemic, all physicians paid attention to the findings of COVID-19. Suggestive findings in "*fluorine-fluorodeoxyglucose (®F-FDG) positron
emission tomography/computed tomography (PET/CT) were characterized as increased '®F-FDG uptake in bilateral peripheral consolidative areas
and ground glass opacities. We aimed to show diffuse FDG uptake in PET images with indefinable lesions in CT as a suspicious finding for early
COVID-19.

Keywords: '8F-FDG, COVID-19, PET/CT, SARS-CoV-2

Oz

Koronaviriis hastaligr2019 (COVID-19) Cin'in Vuhan kentinde ortaya ciktktan hemen sonra tim dlinyaya yayilmis alt ve Ust solunum yolu
enfeksiyonlarina yol agan bir virGstir. COVID-19, diinya genelinde bircok hastada asemptomatik hastaliktan respiratuvar distres sendromuna
kadar genis bir klinik spektrum olusturmaktadir. Bu pandemi déneminde tum klinisyenler COVID-19'un géruntileme bulgularini bilmelidir. "®Flor-
florodeoksiglukoz ("®F-FDG) pozitron emisyon tomografisi/bilgisayarli tomografide bilateral periferik konsolidasyon ve buzlu cam dansiteli alanlarda
artmis "®F-FDG tutulumu COVID-19 hastalarinda karakteristiktir. Biz bu olgu érneginde sekel akciger dokusu zemininde yeni gelisen karakteristik
tomografi bulgusu olmadan akcigerde diffiiz artmis "®F-FDG tutulumu ile tani alan bir hastamizi sunduk.
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Figure 1. A 49-year-old female was biopsied for breast cancer and underwent positron emission tomography/computed tomography (PET/CT) for
the staging and determination of disease extension. The patient was counseled for respiratory symptoms, such as cough, dyspnea, fatigue, and fever.
She had no complaints or any known risky contacts. In maximum intensity projection images, (A) there was increased "®fluorine-fluorodeoxyglucose
('®F-FDG) uptake in the right retro-areolar region, right axillary lymph node, and bilateral lung fields. After correlative assessment of axial tomography
(B), PET (C), and fusion images (D), this diffuse lung uptake was interpreted as suspicious of interstitial pneumonia, which is highly suggestive of
Coronavirus disease-2019 (COVID-19) (1,2). The referring physician was contacted, and the patient underwent diagnostic computed tomography (CT)
and reverse transcription-polymerase chain reaction (RT-PCR). Although the chest CT scan was undiagnostic, RT-PCR confirmed the COVID-19 infection.
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Figure 2. We compared the diagnostic axial and coronal chest CT images (A, B) taken to evaluate suspicion of COVID-19 on April 10, 2020, one day
after PET/CT, with diagnostic axial and coronal chest CT (C, D) from September 2019. In both images, there was subpleural ground glass opacities and
mild interseptal thickness accompanied by increased reticular density in the anterior segment of the upper lobe of the right lung and anterior segment
of the upper lobe of the left lung. This was revealed as asymptomatic sequelae changes due to interstitial parenchymal disease. There were no specific
changes that may be related to COVID-19 pneumonia. When we evaluated PET/CT's axial PET and hybrid images (E, F) on April 9, 2020, bilateral
diffuse lung uptake without the addition of new CT findings was suggestive of COVID-19 on PCR, confirming COVID-19 positive in an asymptomatic
patient. Findings of COVID-19 pneumonia may be summarized as peripheral ground glass opacites and consolidative areas in multiple segments
(3). In this case, increased uptake was mainly due to increased glycolysis from leukocyte chemotaxis and accumulation related to bilateral interstitial
inflammation (4). PET/CT may detect the earliest signs of interstitial pneumonia with high sensitivity (4). The ability to detect asymptomatic patients
and prevent disease spread has recently become the most important aspect of PET/CT in this pandemic era of COVID-19 infection (5).
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A Case with *®Ga-FAPI Positive and '®F-FDG Negative Breast
Cancer

*8Ga-FAPI Pozitif, '*F-FDG Negatif Meme Kanseri Olgusu
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Abstract

A female patient diagnosed of infiltrative breast carcinoma using tru-cut biopsy underwent "®flourine-fluorodeoxyglucose ('¥F-FDG) positron
emission tomography/computed tomography (PET/CT) for staging. The tumor was located in the superior external quadrant of the right breast,
and did not exhibit pathological uptake in "®F-FDG PET/CT. Later, gallium-68 (*Ga) fibroblast activation protein-specific inhibitor (FAPI)-04 PET/
CT imaging was performed and the primary tumor showed intense radiotracer accumulation. This presumes that ®Ga-FAPI PET/CT imaging is
superior to "®F-FDG imaging in detecting the primary tumor in breast cancer, thereby suggesting the replacement of FAPI by '8F-FDG in breast-
cancer staging in the future.

Keywords: %Ga-FAPI, '8F-FDG, PET/CT, breast cancer

Oz

Tru-cut biyopsi sonucu infiltratif meme karsinomu gelen bir kadin hastaya evreleme amaciyla "®fluoride-florodeoksiglikoz ('®F-FDG) pozitron
emisyon tomografi/bilgisayarll tomografi (PET/BT) goriintlleme yapildi. Sag meme Ust dis kadranda yer alan timér, ®F-FDG PET/BT'de patolojik
aktivite tutulumu gostermedi. Daha sonra hastaya galyum-68 (®Ga)-fibroblast aktivasyon protein spesifik inhibitor (FAPI)-04 PET/BT gorintileme
yapildi ve primer tumadr yogun radyofarmasétik tutulumu gésterdi. Bu olgu %Ga-FAPI PET/BT gorintilemenin meme kanserinde primer timorleri
tespit etmede "®F-FDG gorlintilemeden Ustlin olabilecegini gdstermistir ve gelecekte meme kanseri evrelemesinde '8F-FDG'nin yerini FAPI'nin
alabilecegini dustindirmektedir.
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Figure 1. A tru-cut biopsy performed on a 48-year-old woman, whose breast ultrasound revealed a Breast Imaging Reporting and Data System-4B
lesion measuring 20x9 mm in the right breast at the 10 o'clock position. The histologic diagnosis was infiltrative breast carcinoma and tumor cells were
in the form of single-cell infiltration in focal areas (hematoxylin and eosin x20 and x40) without myoepithelium in the collagenous stroma (estrogen
receptor is strongly positive in 95% of the cells, progesterone moderately positive in 5% of the cells, and CerbB2 is negative).

Figure 2. "Flourine-fluorodeoxyglucose ('®F-FDG) positron emission tomography/computed tomography (PET/CT) performed for breast-cancer
staging. However, the primary tumor in the superior external quadrant of the right breast did not exhibit pathological uptake in the maximum intensity
projection (MIP) and axial CT/PET-fusion images.
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Figure 3. Gallium-68 (®*Ga)-fibroblast activation protein-specific inhibitor (FAPI}-04 PET/CT revealing intense radiotracer accumulation in the primary
tumor distinguishing it from the MIP (a) image. The axial view of ®8Ga-FAPI-04 PET/CT (CT, PET, and fusion images, respectively) demonstrated intense
radiotracer uptake in a lesion in the superior external quadrant of the right breast, of about 1.5 cm in size with a maximum standardized uptake value
(SUV_ ) of 5.3 (arrows). *Ga-FAPI is a recently introduced imaging agent targeting fibroblast activation protein that is highly expressed in various
tumors (1,2). Recent case reports reveal that the mean SUV,__ of breast cancers and metastases were found to be high (3,4,5). A recent study showed
that %Ga-FAPI-04 PET/CT is superior to '8F-FDG PET/CT in detecting primary tumors in patients with breast cancer by demonstrating its high sensitivity,
high SUV__, and high tumor-to-background ratio (6). ®Ga-FAPI-04 PET/CT is also superior to "8F-FDG PET/CT in detecting lymph node, hepatic, bone,
and cerebral metastases owing to its lower background activity and higher uptake in subcentimetric lesions (6). Thus, our case depicts that ®Ga-
FAPI-04 PET/CT should be considered in cases with '8F-FDG-negative breast cancer.
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