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ABOUT US

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 
(2016, 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, Türkiye Atıf 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.

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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INSTRUCTIONS TO AUTHORS

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 is in 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 

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 regular 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.
• All tables and figures must be placed after the text and must be labeled.
• Each section (abstract, text, references, tables, figures) should start on a separate 
page.
• 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.

Title Page
The title page should be a separate form from the main text and should include 
the following:
• 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.
• 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.
nlm.nih.gov/mesh (Medical Subject Headings) while Turkish keywords should be 
provided from http://www.bilimterimleri.com.
• Word count (excluding abstract, figure legends and references).
• 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, Söylev 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 (200, 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: 
AI, 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)
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Öz
Amaç: Baş-boyun malignitelerinin değerlendirilmesinde 18F-florodeoksiglukoz (FDG) pozitron emisyon tomografisi/bilgisayarlı tomografi (PET/BT) 
oldukça önemli bir yere sahiptir. Ancak bu bölgede yerleşimli anatomik yapıların çokluğu ve fizyolojik tutulum sıklığı nedeniyle lokalizasyon ve 
boyut değerlendirilmesinde güçlük yaşanabilmektedir. Bu çalışmada amaç, dudak malign neoplazmı evrelemesi amacıyla 18F-FDG PET/BT çekilen 
hastalarda, ağız açık (AA) pozisyonlamanın primer tümörün lokalizasyon ve boyut değerlendirilmesine katkısını araştırmaktır.
Yöntem: Temmuz 2017-Ocak 2020 tarihleri arasında kliniğimizde dudak malign neoplazmı evrelemesi endikasyonu ile 18F-FDG PET/BT çekilen 
56 hasta çalışmaya dahil edilmiştir. Hastalara rutin uygulanan ağız kapalı (AK) pozisyonda tüm vücut 18F-FDG PET/BT görüntülemesi yapılmıştır. 
İlk görüntülemenin hemen ardından, özel aparat ile AA’lığı standardize edilerek AA pozisyonda ek baş-boyun görüntüleri alınmıştır. Her iki 
görüntüde lezyon maksimum standartlaştırılmış alım değeri (SUV

maks
), SUV

ortalama
, lezyon boyutu, lezyon lokalizasyonu ve lenf nodu metastazı varlığı 

karşılaştırılmıştır.

Abstract
Objectives: 18F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) plays an important role in evaluating 
head and neck cancers. However, localization and size evaluation in this region can be rough due to the multitude of the anatomic structures and 
physiologic uptakes. The aim of this study was to evaluate malignant lip lesions with the contribution of open mouth (OM) imaging technique at 
PET/CT.
Methods: Fifty-six patients with malignant lip neoplasm underwent 18F-FDG PET/CT imaging. Each patient was imaged twice as whole-body PET/
CT with routine closed mouth (CM) position; and OM head and neck image, standardized with a special device. Lesion maximum standard uptake 
value (SUV

max
), localization, size, and involvement of lymph nodes were evaluated.

Results: Lesion localization was correctly detected in 100% of the OM images. Lesion size in PET/CT was compared with clinical, radiological 
(magnetic resonance imaging and CT) and/or histopathological results and the size measurement was coherent at 47.1% and 95.6% for CM and 
OM images, respectively. It was observed that OM acquisition did not contribute additionally in detecting regional lymph node metastasis. Forty-
one PET/CT scans with CT artifacts due to dental amalgams were evaluated and 46.3% dimensional and 53.7% localization errors were detected 
in the CM position. There was no statistically significant difference between OM and CM SUV

max
 (p>0.05).

Conclusion: We concluded that additional OM head and neck imaging is useful and necessary to accurately determine the localization and size 
of the tumor, thus enhancing the value of PET/CT in staging, treatment response assessment, and restaging of patients with malignant lip cancer 
with or without dental amalgam.
Keywords: Malignant lip neoplasm, open mouth technique, 18F-FDG PET/CT
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Introduction

Lip and oral cavity malignancies are the 16th most common 
neoplasms in the world, with nearly 355,000 new 
diagnoses and over 177,000 deaths in 2018 (1). Lip cancers 
are mostly seen in the 5th and 6th decades and are six 
times higher in males than in female patients. Lip cancers 
constitute 12% of head and neck cancers (HNC) and 25%-
30% of oral cavity cancers. Lower lip cancer accounts for 
88%-98% of lip cancers. The vast majority of lesions are 
located on the vermilion border of the lower lip. More than 
95% are squamous cell carcinomas (SCC) and 70% are 
well differentiated. Basal cell carcinomas constitute 13% 
of upper lip cancers and less than 1% of lower lip cancers 
(2). Lip cancers are important diseases as they can affect 
patients’ quality of life and cause cosmetic problems (3). 
Distant metastases due to lip carcinomas occur very rarely. 
Because it can be easily noticed by virtue of its localization, 
in 93% of patients, the tumor is at an early stage when 
diagnosed (4). Recurrence may develop in 15.1% of 
patients, and this is due to large size tumor and poor 
differentiation (5). The main risk factors associated with lip 
and oral cavity cancers are tobacco use, betel quid chewing, 
alcohol consumption, poor oral hygiene, low fruit and 
vegetable dietary habit, high exposure to ultraviolet light, 
radiotherapy, human papilloma virus infection and genetic 
factors (6,7). The major prognostic factor in lip carcinomas 
is the presence of cervical lymph node metastasis. The 
probability of cervical lymph node spread during diagnosis 
is between 2 and 16% in lower lip cancers (8). The gold 
standard treatment is neck dissection and resection of the 
primary tumor in the presence of lymph node metastasis 
(9). Accurate localization of a malignant neoplasm and early 
detection of cervical lymph node metastases play a critical 
roles in the management and survival of patients with 
this disease. Clinical examination and anatomical imaging 
with ultrasound (USG), computed tomography (CT) or 
magnetic resonance imaging (MRI) have proven to be of 
limited value for the correct staging of the cervical lymph 
nodes (10). The use of 2-deoxy-2-[18F] fluoro-D-glucose 
positron emission tomography/computed tomography 

(18F-FDG PET/CT) is important in the initial assessment of 
early-stage and advanced-stage head and neck carcinomas. 
In the evaluation of primary lesions, nodal disease and 
distant metastases, sensitivity and specificity of 18F-FDG 
PET/CT were found to be superior to those of traditional 
imaging methods (11). Correct evaluation of the size and 
localization of the lesion is important in lip carcinomas 
because it affects treatment planning and follow-up 
parameters. Usually, clinical examination underestimates 
the actual thickness of the tumor and lymph node 
involvement (10). Studies have shown that 18F-FDG PET/CT 
has higher accuracy, sensitivity and positive predictive value 
than CT and MRI in determining the wideness and depth of 
the primary tumor (12). However, because of the closeness 
of anatomical structures of the head and neck region and 
increased physiologic uptake of 18F-FDG in this area, the 
spatial resolution of 18F-FDG PET/CT examination of the 
oral cavity and lip carcinoma may not be sufficient. 18F-FDG 
PET/CT shows high sensitivity but rather low specificity and 
weak spatial and anatomical resolution. Hence, it is often 
difficult to localize lip and oral cavity lesions with high 
accuracy. Therefore, some additional positional techniques 
may be useful for evaluating lip carcinomas.

We evaluated correct localization, wideness and depth of 
malignant lip neoplasms with the contribution of open 
mouth (OM) imaging technique at 18F-FDG PET/CT.

Materials and Methods

Fifty-six patients (17 women, 39 men; mean age 69±11.5 
years) with histopathologically proven malignant lip 
neoplasm underwent 18F-FDG PET/CT (Philips, True Flight 
Select, USA) imaging in our clinic approximately 2017-2021 
were included in the study. Manisa Celal Bayar University 
Faculty of Medicine Local Ethics Committee (decree 
number: 20.478.486/1069) approval was required and 
written informed consent was obtained from all patients. 
Patients fasted for at least 6 h and their blood glucose 
concentrations were measured to confirm the levels were 
below 200 mg/dL. Whole body images of the patients 
were taken after the 60 min resting phase following 

Bulgular: Lezyon lokalizasyonu AA görüntülerin tamamında doğru tespit edildi. Lezyon boyutu değerlendirmesi açısından PET/BT görüntüleri, 
radyolojik, klinik ve histopatolojik veriler ile karşılaştırıldı; AK ve AA görüntülerde sırasıyla %47,1 ve %95,6 uyumlu olarak saptandı. AA 
görüntülemenin lenf nodu varlığını saptamada ek katkısı olmadığı izlendi. Kırk bir PET/BT görüntüsünde dental amalgamlara ait BT artefaktı mevcut 
olup, AK pozisyonda %46,3’ünde boyut ve %53,7’sinde lokalizasyon uyumsuz olarak saptandı. AA ve AK görüntülerde lezyon SUV

maks
’ı açısından 

istatistiksel olarak anlamlı bir fark izlenmedi (p>0,05).
Sonuç: Dudak malign neoplazmı tanısı ile evreleme, yeniden evreleme ve tedaviye yanıt değerlendirme amacıyla çekilen 18F-FDG PET/BT 
görüntülerinde AA olarak yapılacak olan ek görüntülemenin, tümörün lokalizasyonunun ve boyutunun daha doğru belirlenmesinde faydalı ve 
gerekli olduğu sonucuna varılmıştır.
Anahtar kelimeler: Dudak malign neoplazmı, ağız açık pozisyonlama, 18F-FDG PET/BT
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intravenous injection of 370-555 MBq (10-15 mCi) 18F-FDG. 
The patients spent the resting period without moving or 
speaking in a quiet room. Combined (fusion) whole body 
images of the patients in mouth close positions were 
acquired 60 min after intravenous injection of 5.2 MBq/
kg 18F-FDG. CT acquisition (16 slice; 120 kVp; 80 mA) was 
immediately followed by multibed PET acquisition (lutetium 
yttrium orthosilicate crystals; 3-dimensional 3D acquisition; 
180 s per bed position; 5 bed positions). PET images 
were reconstructed using 3D ordered subsets expectation 
maximization as appropriate, in conjunction with the 
parameters described for the clinical protocol. Attenuation 
was corrected by the CT images obtained after 18F-FDG 
injection. Intravenous contrast material was not used for 
the PET/CT scan. Immediately after, additional OM head 
and neck image acquired by a 50 mL syringe to standardize 
the position. A syringe was placed between the teeth to 
ensure correct and standardized immobilization (Figure 1). 
The acquisition was performed with quiet respiration for 5 
min. All data were evaluated by two experienced nuclear 

medicine physicians blinded to each other, on a computer 
display in 3 orthogonal planes (i.e., axial, coronal, and 
sagittal). The observers did not have any information about 
the results of the conventional imaging modalities (USG, 
CT, MRI) and clinical examination findings. Closed mouth 
(CM) and OM scans were analyzed separately. Lip lesions 
were analyzed semiquantitatively according to maximum 
standard uptake value (SUV

max
). The SUV

max
 was calculated 

automatically by software, as the ratio of the maximum 
tissue concentration of 18F-FDG (kBq/mL) in the structure 
delineated by the region of interest to the activity injected 
per gram body weight of the patient (kBq/g). The PET/
CT images suggested lymph node involvement in the case 
of any focal 18F-FDG uptake greater than the background 
activity and correspond to nodular structures on CT. Lesion 
SUV

max
, SUV

mean
, lesion size, lesion localization and presence 

of lymph nodes were evaluated in OM and CM images. 
Findings were compared and correlated with radiological, 
histopathological and clinical findings.

Statistical Analysis 

Data were recorded in the SPSS 21.0 data analysis program; 
lesion SUV

max
, SUV

mean
, lesion size, lesion localization 

and lymph node presence were compared between OM 
and CM images (p˂0.05 was considered as statistically 
significant).

Results

Lesion SUV
max

, SUV
mean

, lesion size and localization and 
presence of lymph nodes were evaluated both on OM and 
CM images. We calculated the lesion size by measuring the 
depth and wideness of the lesion. Since 10 patients had 
restaging and treatment response evaluation 18F-FDG PET/
CT, 68 images were included in the statistical evaluation. All 
the results were compared and correlated with radiological, 
histopathological and clinical findings. No statistical 
significant difference was detected between OM and CM 
SUV

max
 (p>0.05) (Table 1). This revealed that openness or 

closure of the mouth did not affect SUV
max

.

Distant metastasis was found in 13 of the 56 patients 
included in our study. There were 5 lung, 2 bones, 5 
axillas and/or mediastinal lymph nodes and 1 lung and 
liver metastasis. There was no effect of mouth position 
on the detection of distant metastasis, as expected. 
Regional lymph node metastasis was not observed in 
31 images (46%), whereas in 37 (54%) 18F-FDG PET/CT 
images regional lymph node metastasis was detected. The 
presence of lymph nodes was correctly detected in all OM 
patients. While the presence of lymph nodes was correctly 
detected in 83.8% of CM patients, it was found to be 
inconsistent in 16.2%. It was observed that OM imaging 

Figure 1. A 69 year old woman presented with lower lip squamous 
cell carcinoma. Additional open mouth head and neck image acquired 
by a 50 mL syringe placed between the teeth to ensure correct and 
standardized immobilization
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had no additional contribution in detecting lymph nodes. 
18F-FDG PET/CT images were compared with the clinical, 
radiological (MRI and CT) and/or histopathological results 
in terms of lesion localization and dimension evaluation. 
Lesion size was correctly detected in 95.6% of OM images, 
but lesion size was correctly detected in only 47.1% of CM 
images (Table 2). OM positioning is much more correlated 
with the clinical findings on the basis of lesion size. While 
the lesion localization was detected correctly in all OM 
images, the localization assessment was incorrect in 57.4% 
of the CM images (Table 3). OM images are much more 
accurate in detecting both localization and the dimension 
of the lesions (Figure 2).

Forty-one PET/CT scans (60.3%) had CT artifacts due to 
dental amalgams. When these images are evaluated, 
46.3% dimensional error is detected in the CM position, 
while this number decreases to 7.3% in the OM position. 
Similarly, 53.7% localization error was detected in the CM 
position in 41 images, but no error was determined in the 
localization evaluation in the OM position (Figure 3). Ten 
patients had more than one 18F-FDG PET/CT imaging. Two 
patients were imaged 3 times and 8 patients were imaged 
2 times with PET/CT. One of these patients did not accept 
surgery, tumor growth was observed at follow-up and re-
evaluated with PET/CT. The other 9 patients had various 
metastatic lesions and were treated with chemotherapy, 
radiotherapy, or chemoradiotherapy.

Discussion

Lip cancer is usually diagnosed earlier than other carcinomas 
of the oral cavity because it is easier to notice. The surgical 
treatment of lip cancer involves excision of the entire 
tumor while leaving an adequate margin of healthy tissue. 
The prognosis in patients diagnosed with lip carcinoma 
depends on the stage of the disease. The greater the 

Table 1. SUV
max

 and SUV
mean

 of closed mouth and open mouth images
p

n Minimum Maximum Mean Standard deviation

CM SUV
max

68 1.50 36.60 7.8618 7.59617
0.506

OM SUV
max

68 1.20 38.30 7.7632 8.13391

CM SUV
mean

68 0.50 12.70 2.1015 1.95437
0.325

OM SUV
mean

68 0.40 22.40 1.9206 2.75180

Valid n (listwise) 68 - - - - -

(p<0.05 was considered significant), CM: Closed mouth, OM: Open mouth, SUV
max

: Maximum standard uptake value

Table 2. Difference of closed mouth and open mouth 
imaging in terms of lesion size assessment

Frequency Percent Valid 
percent

CM lesion size

Incorrect 36 52.9 52.9

Correct 32 47.1 47.1

Total 68 100.0 100.0

OM lesion size

Incorrect 3 4.4 4.4

Correct 65 95.6 95.6

Total 68 100.0 100.0

CM: Closed mouth, OM: Open mouth Figure 2. Closed (A) and open (B) mouth fused sagittal 18F-FDG PET/CT 
images of a 61 year old man with lower lip squamous cell carcinoma. 
Open mouth positioning helped to identify the lesion size and localization
SUV

max
: Maximum standard uptake value, PET: Positron emission tomography, CT: 

Computed tomography, FDG: Fluorodeoxyglucose

Figure 3. Sixty-four year old man presented with lip squamous cell 
carcinoma had dental amalgam artifact, which results in blind areas 
(arrow) at axial CT images (A). PET images were evaluated instead of CT 
and PET/CT due to amalgam artifact. Identification the localization of the 
very small lesion (arrow) in CM position is contradictory (B). The size and 
the localization of the lesion is unclear. It is easy to clearly identify the 
localization of the lesion (arrow) to the lower lip as his mouth is open at 
sagittal PET images (C)
PET: Positron emission tomography, CT: Computed tomography, CM: Closed 
mouth
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thickness of the tumor, the higher the probability of lymph 
node metastasis (13). Therefore, it is critical to determine 
the size and thickness of the tumor correctly while 
staging (14). 18F-FDG PET/CT plays an important role in 
evaluating HNC. However, localization and size evaluation 
of this region can be difficult due to the multiplicity of 
the anatomic structures and increased physiologic uptake 
of 18F-FDG. PET/CT shows high sensitivity but rather low 
specificity and weak spatial and anatomic resolution. 
Therefore, it is often difficult to localize lip and oral cavity 
lesions with high accuracy. PET/CT plays an important role 
in the management of patients with HNC. The diagnostic 
success of PET/CT in different cancers compared to PET 
or CT alone is now an indisputable fact, and PET/CT has 
become the most important cancer imaging modality (15).

Imaging methods in HNC make an important contribution 
to clinical examination. Various techniques and positioning 
methods have been studied to provide an optimal image 
of scanning methods in HNCs. OM imaging technique in 
oral cavity tumors was first described by Henrot et al. (16) 
in 2003. They indicated that OM technique allows a better 
visualization, especially in oral cavity lesions that cannot be 
localized because of CT artifacts due to dental amalgams. 
Henrot et al. (16) described dynamic maneuvers such as 
Puffed Cheek Technique, the modified Valsalva maneuver, 
phonation and The OM technique during the CT shoot. 
They have showed that the OM technique is especially 
effective in evaluating the CT images of patients with 
oral cavity and oropharynx tumors with dental amalgam, 
because of the attenuation created by the X-ray beam 
as it is crosses dental amalgam (16). Kumar et al. (17) 
also evaluated the similar techniques (puffed-cheek, OM, 
modified valsalva maneuver, phonation) to better identify 
the lesions on PET/CT in HNC patients. They underlined that 
the OM technique is especially useful when a tumor of the 
oral cavity is not clearly visible because of dental amalgam 
artifact (17). Metal artifacts affect the image quality and 
give different results in OM and CM scans. Forty-one PET/
CT scans (60.3%) had CT artifacts due to dental amalgams 

in our study. In these patients, when comparing the OM 
and CM images, we observed that the OM scans are 
much more accurate in detecting both localization and the 
dimension of the primary lesions.

Pentenero et al. (12) evaluated the accuracy of PET/CT 
in oral SCC patients. They concluded that PET/CT scan 
showed good accuracy in determining tumor width and 
depth. They used the additional OM position, which 
revealed an increased space between the oral structures 
and provided a much clearer visualization (12). 

Cistaro et al. (18) evaluated usefulness of the OM 
technique in patients with oral cavity carcinomas. They 
found that for anatomic localization and detection of tumor 
extent, OM images always resulted in better visualization 
than conventional CM images. They also found that in 
four patients, tumors were not detected using the CM 
technique but were correctly evaluated with the OM 
method because of better discrimination of the adjacent 
anatomical structures. They found no difference between 
the two techniques in terms of lymph node involvement, 
which was similarly concluded in our study. They included 
34 patients with oral cavity tumors in their studies, and 
only one of them had lip cancer. Our study is the first and 
only to compare two techniques in patients with lip cancer 
homogeneously (18). 

Lymph node involvement is the most important prognostic 
factor in patients with lip cancer, studies show that 5-year 
survival rates are reduced to approximately 50% in patients 
with nodal disease (19). Regional spread of lower lip 
carcinoma is unlikely, but death is mostly the result of 
uncontrolled disease in the neck. The role of elective neck 
dissection for treating lip cancer is controversial. Most 
surgeons do not recommend elective neck dissection for 
lower lip cancer. Onercl et al. (13) showed that tumor 
thickness correlated well with cervical lymph node 
metastasis in lower lip cancer. They showed that the risk 
of metastatic cervical lymph node increased if the primary 
lesion was above 5 mm (14). Supporting this data, in our 
study, all patients with cervical lymph node metastases had 
a tumor size above 5 mm. Regional lymph node metastasis 
was observed in 37 (54%) 18F-FDG PET/CT images in our 
study and we found that OM imaging has no additional 
contribution to the detection of metastatic cervical lymph 
nodes.

When evaluating images of patients with HNC, optimal 
patient preparation technique can also help decrease 
unexpected 18F-FDG uptake. To prevent non-pathologic 
increase orofarengeal activity, patients are asked not to 
speak or chew during the waiting period and after 18F-FDG 
injection. In our study, we informed all patients that 

Table 3. Difference of closed mouth and open mouth 
imaging in terms of lesion localization assessment

Frequency Percent Valid 
percent

CM lesion 
localization

Incorrect 39 57.4 57.4

Correct 29 42.6 42.6

Total 68 100.0 100.0

OM lesion 
localization

Correct 68 100.0 100.0

Total 68 100.0 100.0

CM: Closed mouth, OM: Open mouth
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they should spend the waiting period under appropriate 
conditions. All patients were kept in the waiting room 
under optimized waiting conditions. Patients stayed in 
waiting rooms with a similar room temperature, and they 
were instructed not to use mobile phones, not to chew 
gum and not to talk.

Although lip cancer is usually an easily recognizable 
malignancy, some small and deeply located lesions may not 
be anatomically distinguishable. Especially in these patients, 
the location and extension of lesions are evaluated more 
easily from the OM positioning technique.

Since the primary treatment of lip cancer is surgery, it is 
critical to determine the extent of the lesion accurately 
(20,21). In our study, we observed that the OM images 
are very guidance for the surgeon who will perform the 
surgery in terms of determining the surgical margins. As 
seen in the results of our study, compared to conventional 
PET/CT imaging, OM PET/CT scanning improves the 
assessment of tumor localization and extent in the patients 
with carcinoma of the lip.

Study Limitations

Our study had several limitations: (1) The radiological 
images of the patients were in the form of MR or CT, 
and there was no single standard imaging method, (2) 
histopathological data were in the form of excision or wide 
resection, and there was no standard surgical procedure 
in this respect, (3) the number of patients was relatively 
small.

Conclusion

We conclude that additional OM head and neck imaging 
is useful and necessary for the accurate determination of 
the localization and size of the tumour, thus enhancing the 
value of PET/CT in staging, re-staging and response to the 
treatment of malignant lip neoplasms. We recommend 
routine OM positioning in patients with lip cancer to 
avoid additional X-ray exposure. Since it may be difficult to 
stand still with OM position during whole-body imaging, 
an additional OM head and neck scan is a good option 
for patients. We suggest that appropriate positioning 
techniques will also have beneficial results in other head 
and neck malignancies such as oral cavity, tongue, buccal 
mucosa, gingival mucosa, and oropharynx.
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Öz
Amaç: BioNTech (Pfizer) ve CoronaVac (Sinovac) aşıları, dünya çapında en çok uygulanan koronavirüs hastalığı-2019 (COVID-19) aşılarından 
ikisi olmuştur. Şiddetli akut solunum yetmezliği sendromu-koronavirüs-2’ye karşı aşılama, onkolojik 18F-florodeoksiglukoz (FDG) pozitron emisyon 
tomografisi/bilgisayarlı tomografi (PET/BT) çalışmalarında tanısal zorluklara neden olmaktadır. Çalışmamızın amacı, dünya çapında en sık uygulanan 
iki aşının 18F-FDG PET/BT bulgularını değerlendirmektir.

Abstract
Objectives: BioNTech (Pfizer) and CoronaVac (Sinovac) vaccines are two of the most administered coronavirus disease-2019 (COVID-19) 
vaccines worldwide. Vaccination against severe acute respiratory syndrome-coronavirus-2 has caused a diagnostic challenge in oncological 
18F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) studies. The aim of our study was to evaluate the 
18F-FDG PET/CT findings of the two most commonly administered vaccines worldwide.
Methods: Patients over 18 years old who underwent 18F-FDG PET/CT for oncological purposes in our institution between January 13, 2021 and 
January 31, 2022, who received a single or second dose of the BioNTech or CoronaVac vaccines in the last two months, were included in the 
study. Descriptive analyses were presented as mean, standard deviation, frequency and ratio. Additionally, chi-square test was used to analyze 
categorical variables.
Results: Ipsilateral deltoid muscle hypermetabolism was observed in 6.9% (n=15) and 14.3% (n=22) patients who received CoronaVac and 
BioNTech vaccines, respectively. Ipsilateral axillary lymph node hypermetabolism was observed in 11% (n=24) and 41.6% (n=64) patients who 
received CoronaVac and BioNTech vaccines, respectively. Synchronous deltoid muscle and axillary lymph node hypermetabolism was observed in 
4.14% (n=9) and 12.33% (n=19) patients who received CoronaVac and BioNTech vaccines, respectively. Significant differences were detected 
between CoronaVac and BioNTech vaccines in terms of ipsilateral deltoid muscle hypermetabolism, ipsilateral axillary lymph node hypermetabolism 
and synchronous deltoid muscle and axillary lymph node hypermetabolism (p<0.05).
Conclusion: COVID-19 vaccination may result in ipsilateral axillary lymph node hypermetabolism, ipsilateral deltoid muscle hypermetabolism, or 
synchronous deltoid muscle and axillary lymph node hypermetabolism with different frequencies depending on the type of vaccination. Although 
synchronous deltoid muscle and axillary lymph node hypermetabolism can reduce misinterpretation of 18F-FDG PET/CT, to avoid misinterpretation, 
it is important to question the vaccination history during ongoing COVID-19 vaccination process.
Keywords: 18F-FDG PET/CT, CoronaVac, BNT162b2, hypermetabolism, axillary lymph node
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Introduction

In late 2019, a new respiratory coronavirus disease-2019 
(COVID-19) was detected in Wuhan, China’s Hubei Province 
which was caused by a novel coronavirus named severe 
acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) 
(1,2,3). A few months later, the World Health Organization 
(WHO) announced SARS-CoV-2 outbreak as a Public Health 
Emergency of International Concern on January 30, 2020 
and subsequently reported COVID-19 as a pandemic 
on March 11, 2020 (1,3,4,5). With the aim of stopping 
the spread of the virus, many countries worldwide have 
reorganized the public order with strict restrictions that 
impact social life, businesses school, travel, economy and 
etc. (1,3). 

To protect human health and reduce the unfavorable 
effects of COVID-19 on daily life, the development of 
vaccines and spread of vaccinations against SARS-CoV-2 
has been accepted as the foremost prevention worldwide 
(6). As of January 12, 2022, WHO has evaluated that the 
AstraZeneca/Oxford, Johnson and Johnson, Moderna, 
BioNTech/Pfizer, Sinopharm, Sinovac, Covaxin, Covovax, 
Nuvaxovid vaccines against COVID-19 have met the 
necessary criteria for safety and efficacy (7). To date, 
BNT162b2 (BioNTech/Pfizer) and CoronaVac (Sinovac) 
have been the two of the most administered vaccines 
worldwide (8).

In a multicenter study by Dai et al. (9), it was revealed 
that cancer patients with COVID-19 have an almost 
threefold higher mortality ratio than COVID-19 patients 
without cancer. Prior vaccination of patients receiving 
cancer treatment, patients with advanced stage cancer 
and patients with hematologic malignancies and lung 
cancer have been recommended (10). Thus, vaccination 
prioritization of cancer and chronic diseases has been 
implemented in many countries.

Injection site pain and swelling, fatigue, headache, 
myalgia, chills, arthralgia, and lymphadenopathy are the 
adverse events after BNT162b2 and Coronavac vaccination 
(11,12). In addition to adverse events, vaccination 
against SARS-CoV-2 has caused a diagnostic challenge 
in oncologic 18F-fluorodeoxyglucose (FDG) positron 
emission tomography/computed tomography (PET/CT). 
Various studies have shown that 18F-FDG avid ipsilateral 
lymphadenopathy on 18F-FDG PET/CT was detected in 
approximately 50% and 10% of patients who received the 
BNT162b2 and CoronaVac vaccines, respectively (13,14). 
The aim of our study was to evaluate the 18F-FDG PET/CT 
findings of the two most commonly administered vaccines 
and possible factors affecting these findings as age, sex, 
systemic treatment, hematological malignancy, and days 
between vaccination and 18F-FDG PET/CT study. To the best 
of our knowledge, this study includes the largest number 
of participants comparing 18F-FDG PET/CT findings of both 
vaccines in the literature.

Materials and Methods

This retrospective study was conducted with the approval of 
the University of Health Sciences Turkey, Gulhane Scientific 
Research Ethics Committee of our institution (decision no: 
2021/297). Patients over 18 years old who underwent 
18F-FDG PET/CT for oncological purposes in our institution 
between January 13, 2021 and January 31, 2022 were 
reviewed. Patients who received a single or booster dose 
of the BNT162b2 or CoronaVac vaccines in the last two 
months before 18F-FDG PET/CT were included in the study. 
Patients who have not been vaccinated against COVID-19, 
patients who have been vaccinated after 18F-FDG PET/CT 
imaging, patients who have been vaccinated against other 
infections, 18F-FDG PET/CT imaging other than oncological 
purpose, patients who have missing data of vaccination and 
patient history, patients with known or congruent axillary 

Şan and Alagöz. 18F-FDG PET/CT and COVID-19 Vaccination

Yöntem: 13 Ocak 2021 ile 31 Ocak 2022 tarihleri arasında kurumumuzda onkolojik amaçlı 18F-FDG PET/BT yapılan ve görüntüleme öncesi son iki 
ayda tek veya ikinci doz BioNTech veya CoronaVac aşısı yapılmış 18 yaş üstü hastalar çalışmaya dahil edildi. Tanımlayıcı analizler ortalama, standart 
sapma, frekans ve oran olarak sunuldu. Ayrıca kategorik değişkenlerin analizinde ki-kare testi kullanıldı.

Bulgular: CoronaVac ve BioNTech aşısı olan hastaların sırasıyla %6,9’unda (n=15) ve %14,3’ünde (n=22) ipsilateral deltoid kas hipermetabolizması 
gözlendi. CoronaVac ve BioNTech aşısı olan hastaların sırasıyla %11’inde (n=24) ve %41,6’sında (n=64) ipsilateral aksiller lenf nodu hipermetabolizması 
gözlendi. Senkron deltoid kas ve aksiller lenf nodu hipermetabolizması, CoronaVac ve BioNTech aşıları yapılan hastaların sırasıyla; %4,14’ünde 
(n=9) ve %12,33’ünde (n=19) gözlendi. CoronaVac ve BioNTech aşıları arasında ipsilateral deltoid kas hipermetabolizması, ipsilateral aksiller lenf 
nodu hipermetabolizması ve senkron deltoid kas ve aksiller lenf nodu hipermetabolizması açısından anlamlı fark saptandı (p<0,05).

Sonuç: COVID-19 aşısı, aşı tipine bağlı olarak farklı sıklıkta ipsilateral aksiller lenf nodu hipermetabolizması, ipsilateral deltoid kas hipermetabolizması 
veya senkron deltoid kas ve aksiller lenf nodu hipermetabolizması ile sonuçlanabilir. Senkron deltoid kas ve aksiller lenf nodu hipermetabolizması 
18F-FDG PET/BT’nin yanlış yorumlanmasını azaltabilse de, yanlış yorumlamayı önlemek için devam eden COVID-19 aşılama sürecinde aşı geçmişini 
sorgulamak önemlidir.

Anahtar kelimeler: 18F-FDG PET/BT, CoronaVac, BNT162b2, hipermetabolizma, aksiller lenf nodu
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lymph node metastasis, patients who had undergone 
axillary lymph node dissection before and patients with 
more than two months between vaccination and 18F-FDG 
PET/CT imaging were excluded from the study (Figure 1).

CoronaVac vaccine contained SARS-CoV-2 antigen (600SU) 
and aluminum hydroxide (0.45 mg/mL) as an adjuvant 
(11). BNT162b2 vaccine contained 30 micrograms of 
tozinameran, a single-stranded, 5’-capped messenger RNA 
(mRNA) (12). The demographic data, medical diagnosis, 
and treatment history of patients, information about the 
date of vaccination, vaccination site and vaccine brand 

were obtained from the patient anamnesis form filled 
before 18F-FDG PET/CT imaging.

A 64-slice CT-integrated PET scanner (Discovery 690-GE 
Healthcare, Milwaukee, Wisconsin, USA) was used for PET/
CT imaging. After fasting for at least 6 h, patients with blood 
glucose levels below 150 mg/dL were intravenously injected 
with 3.7 MBq/kg (0.1 mCi/kg) 18F-FDG. Approximately 
one hour later, CT (120 kV, 10-90 mA) and PET (3 min 
per bed) images of the area from the vertex to mid-thigh 
were acquired. Sagittal, coronal, transverse sections and 
maximum intensity projection images were obtained by 
iterative reconstruction (12 subset and four iteration) and 
attenuation correction. The images were analyzed using 
Advantage Workstation 4.6 (GE Healthcare). All PET/CT 
images were analyzed by two nuclear medicine physicians 
with 6 and 13 years of 18F-FDG PET/CT experience. 
Considering previous studies, maximum standard uptake 
value (SUV

max
) values were measured by placing a region 

of interest at the injection site and at the ipsilateral axillary 
lymph node with the highest 18F-FDG uptake and compared 
with the SUV

max
 values of the contralateral side. 18F-FDG 

uptake in the deltoid muscle and axillary lymph node was 
accepted as positive if the ipsilateral-to-contralateral SUV

max
 

value ratio was at least 1.5 (13,15).

Statistical Analysis

Statistical analyzes were performed using version 26.0 SPSS 
(IBM Corp., Armonk, New York, USA) and Stata/MP 16 
(Stata Corporation, College Station, Texas, USA) softwares. 
Descriptive analyzes were presented as mean, standard 
deviation (SD) and frequency. The Kolmogorov-Smirnov test 
was used to determine whether the obtained parameters 
confirmed a normal distribution. Chi-square test was used 
to analyze categorical variables. A tetrachoric correlation 
test was used to analyze the correlations between the 
binary variables. Student’s t-test was used for comparing 
the normally distributed continuous variables. While 
investigating the associations between continuous, ordinal 
and dichotomous variables, the correlation coefficients (r) 
and their significance (p) were calculated using the Point 
Bi-serial and Pearson correlation tests.

Logistic regression models were fit with a binary dependent 
variable [ipsilateral deltoid muscle hypermetabolism (yes/
no), ipsilateral axillary lymph node uptake (yes/no)] and 
with the following independent variables: Age, gender, 
systemic therapy (yes/no), hematologic malignancy (yes/
no), vaccine brand, days after the single dose of vaccination, 
days after the booster dose of vaccination. The test of 
Hosmer and Lemeshow goodness of fit statistics were used 
to assess model fit. A 5% type-1 error level was used to 
infer statistical significance.

Şan and Alagöz. 18F-FDG PET/CT and COVID-19 Vaccination

Figure 1. Flow chart of the study
FDG: Fluorodeoxyglucose, PET/CT: Positron emission tomography/computed 
tomography
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Results

General Demographics

Of 372 adults analyzed in this study, 161 (43.27%) were 
female and 211 (56.72%) were male. Their mean age was 
57.24 (SD: 12.73). The number of patients who received 
CoronaVac and BNT162b2 vaccines was 218 (58.60%) 
and 154 (41.39%), respectively. The number of patients 
who received the single dose and booster doses were 153 
(41.12%) and 219 (58.87%), respectively. The number of 
patients who received the single dose and booster doses 
of CoronaVac vaccine was 57 (15.32%) and 161 (43.27%), 
respectively. The number of patients who received the 
single dose and booster doses of BNT162b2 vaccine 
was 96 (25.80%) and 58 (15.59%), respectively. Table 1 
summarizes the demographic characteristics of the study 
population.

The distribution of the 18F-FDG PET/CT indications in numbers 
were; as head and neck cancer: 32 (8.6%), lung cancer: 
84 (22.58%), breast cancer: 61 (16.39%), hematologic 
malignancy: 34 (9.13%), cutaneous cancer: 19 (5.1%), 
gynecologic cancer: 20 (5.37%), gastrointestinal cancer: 
40 (10.75%), genitourinary cancer: 32 (8.6%), unknown 
primary: 27 (7.25%) and other tumors: 23 (6.18%).

The mean interval between the single dose of vaccination 
and 18F-FDG PET/CT imaging was 20.54 (SD: 13.89) (range, 
1-59). The mean interval between the booster dose of 
vaccination and 18F-FDG PET/CT imaging was 31.12 (SD: 
16.83) (range, 1-60).

In terms of positive ipsilateral axillary lymph node 
hypermetabolism, the median days after the single dose 
of CoronaVac and BNT162b2 vaccinations were 8 and 11, 
respectively. Additionally, in terms of positive ipsilateral 
axillary lymph node hypermetabolism, the median days 
after the booster dose of CoronaVac and BNT162b2 
vaccination were 16 and 17, respectively. 

The number of patients who received chemotherapy-
chemoradiotherapy- surgery+chemotherapy, targeted 
therapy, radiotherapy, surgery and no treatment were 184 
(49.46%), 49 (13.17%), 8 (2.1%) and 5 (1.3%) and 126 
(33.87%) respectively. The number of patients who received 
systemic therapy (chemotherapy, chemoradiotherapy, 
surgery+chemotherapy and targeted therapy) was 233 
(62.6%).
18F-FDG PET/CT study indications were diagnosis of 
malignancy and primary staging (n=79, 21.2%), assessment 
of treatment response (n=168, 45.2%) and restaging 
(n=125, 33.6%).

Vaccination caused 18F-FDG uptake in the ipsilateral 
deltoid muscle and axillary lymph nodes was detected in 

9.9% (n=37) and 23.7% (n=88) of patients, respectively. 
Additionally, synchronous ipsilateral deltoid muscle and 
axillary lymph node hypermetabolism [Double sign (“DS”)] 
(16) were detected in 28 patients (7.52%) (Figures 2, 3). 
Additionally, supraclavicular lymph node hypermetabolism 
was detected secondary to vaccination in 8 (2.15%) 
patients, 7 of whom (4.54%) were secondary to the 
BNT162b2 vaccine (Figure 4).

Ipsilateral Deltoid Muscle Hypermetabolism Based 
Analysis

Ipsilateral deltoid muscle hypermetabolism was detected 
in 6.9% (n=15) and 14.3% (n=22) patients who received 
CoronaVac and BNT162b2 vaccines, respectively. A 
significant difference was detected between CoronaVac 
and BNT162b2 vaccines in terms of ipsilateral deltoid 
muscle hypermetabolism (p<0.05). Ipsilateral deltoid muscle 
hypermetabolism was detected in 7.01% (n=4) and 9.37% 
(n=9) patients who received a single dose of CoronaVac 
and BNT162b2 vaccines, respectively. It was not detected 
any significant difference between only a single dose of 
CoronaVac and BNT162b2 vaccines in terms of ipsilateral 
deltoid muscle hypermetabolism (p>0.05). Ipsilateral 
deltoid muscle hypermetabolism was detected 6.83% 
(n=11) and 22.41% (n=13) patients who received booster 
doses of CoronaVac and BNT162b2 vaccines, respectively. 
A significant difference was detected between the booster 
doses of CoronaVac and BNT162b2 vaccines in terms of 
ipsilateral deltoid muscle hypermetabolism (p<0.05).

There was a significant correlation between BNT162b2 
vaccination and ipsilateral deltoid muscle hypermetabolism 
(p<0.05, r

tet
: 0.2562).

There was a significant association between ipsilateral 
deltoid muscle hypermetabolism and days passed after the 
booster dose of vaccination [Odds ratio (OR): 0.877; 95% 
confidence interval (CI), 0.829-0.928; p<0.05], days passed 
after the single dose of vaccination (OR, 0.748; 95% CI, 
0.636-0.880; p<0.05) and age (OR, 0.965; 95% CI, 0.942-
0.990; p<0.05).

Ipsilateral Axillary Lymph Node Hypermetabolism 
Based Analysis

Ipsilateral axillary lymph node hypermetabolism was 
detected in 11% (n=24) and 41.6% (n=64) patients who 
received CoronaVac and BNT162b2 vaccines, respectively. 
A significant difference was detected between CoronaVac 
and BNT162b2 vaccines in terms of ipsilateral axillary 
lymph node hypermetabolism (p<0.05). Ipsilateral axillary 
lymph node hypermetabolism was detected in 14.03% 
(n=8) and 41.66% (n=40) patients who received a single 
dose of CoronaVac and BNT162b2 vaccines, respectively. 

Şan and Alagöz. 18F-FDG PET/CT and COVID-19 Vaccination
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Table 1. Demographic characteristics of study population

Characteristics Data (mean ± SD), 
n (%) Characteristics Data (mean

± SD), n (%)

Patient 18F-FDG uptake secondary to vaccination

Age 57.24±12.73
All

Female 161 (43.27%)

Male 211 (56.72%) Deltoid muscle 37 (9.9%)

Axillary lymph node 88 (23.7%)

Vaccination
Double sign 28 (7.52%)

All

CoronaVac 218 (58.6%) Single dose

BNT162b2 154 (41.39%) Deltoid muscle 13 (8.49%)

Single dose Axillary lymph node 48 (31.37%)

All 153 (41.12%) Double sign 10 (6.53%)

CoronaVac 57 (15.32%) Booster dose

BNT162b2 96 (25.80%) Deltoid muscle 24 (10.95%)

Booster dose Axillary lymph node 40 (18.26%)

All 219 (58.87%) Double sign 18 (8.21%)

CoronaVac 161 (43.27%) 18F-FDG uptake secondary to CoronaVac

BNT162b2 58 (15.59%) All

18F-FDG PET/CT
Axillary lymph node 24 (11%)

Double sign 9 (4.14%)

Tumour Single dose

Head and neck cancer 32 (8.6%) Deltoid muscle 4 (7.01%)

Lung cancer 84 (22.58%) Axillary lymph node 8 (14.03%)

Breast cancer 61 (16.39%) Double sign 2 (3.5%)

Hematologic cancer 34 (9.13%) Booster dose

Cutaneous cancer 19 (5.1%) Deltoid muscle 11 (6.83%)

Gynecologic cancer 20 (5.37%) Axillary lymph node 16 (9.93%)

Gastrointestinal cancer 40 (10.75%) Double sign 7 (4.34%)

Genitourinary cancer 32 (8.6%)
18F-FDG uptake secondary to BNT162b2

Unknown primary 27 (7.25%)

Other tumours 23 (6.18%) All

Indication Deltoid muscle 22 (14.3%)

Diagnosis of malignancy and primary staging 79 (21.2%) Axillary lymph node 64 (41.6%)

Assessment of treatment response 168 (45.2%) Double sign 19 (12.33%)

Restaging 125 (33.6%) Single dose

Treatment
Deltoid muscle 9 (9.37%)

Axillary lymph node 40 (41.66%)

Chemotherapy, chemoradiotherapy, 
chemotherapy+surgery

184 (49.46%) Double sign 8 (8.33%)

Targeted therapy 49 (13.17%) Booster dose

Radiotherapy 8 (2.1%) Deltoid muscle 13 (22.41%)

Surgery 5 (1.3%) Axillary lymph node 24 (41.37%)

Without treatment 126 (33.87%) Double sign 11 (18.96%)

Mean days between vaccination and 18F-FDG 
PET/CT

Single 20.54±13.89

Booster 31.12±16.83

FDG: Fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, SD: Standard deviation
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A significant difference was detected between the single 
dose of CoronaVac and BNT162b2 vaccines in terms of 
ipsilateral axillary lymph node hypermetabolism (p<0.05). 
Ipsilateral axillary lymph node hypermetabolism was 
detected in 9.93% (n=16) and 41.37% (n=24) patients 
who received booster doses of CoronaVac and BNT162b2 
vaccines, respectively. A significant difference was 

detected between the booster doses of CoronaVac and 
BNT162b2 vaccines in terms of ipsilateral axillary lymph 
node hypermetabolism (p<0.05).

There was a significant correlation between BNT162b2 
vaccination and ipsilateral axillary lymph node 
hypermetabolism (p<0.05, r

tet
: 0.5707).

There was a significant correlation between ipsilateral 
deltoid muscle hypermetabolism and ipsilateral axillary 
lymph node hypermetabolism (p<0.05, r

tet
: 0.7112).

There was a significant association between ipsilateral 
axillary lymph node hypermetabolism and days passed 
after the booster dose of vaccination (OR, 0.927; 95% CI, 
0.898-0.958; p<0.05), days passed after the single dose 
of vaccination (OR, 0.927; 95% CI, 0.893-0.962; p<0.05) 
age (OR, 0.957; 95% CI, 0.936-0.976; p<0.05) and booster 
dose (OR, 2.04; 95% CI, 1.261-3.319; p<0.05).

“DS” Based Analysis

The percentage of “DS” in patients receiving CoronaVac 
and BNT162b2 vaccines were 4.14% (n=9) and 12.33% 
(n=19), respectively. A significant difference was detected 
between CoronaVac and BNT162b2 vaccines in terms of 
“DS” (p<0.05). The percentage of “DS” in patients receiving 
the single dose of CoronaVac and BNT162b2 vaccines 
were 3.5% (n=2) and 8.33% (n=8), respectively. It was 
not detected any significant difference between the single 
dose of CoronaVac and BNT162b2 vaccines in terms of 
“DS” (p>0.05). The percentage of “DS” in patients receiving 
booster doses of CoronaVac and BNT162b2 vaccines were 
4.34% (n=7) and 18.96% (n=11), respectively. A significant 
difference was detected between the booster doses 
of CoronaVac and BNT162b2 vaccines in terms of “DS” 
(p<0.05).

75.67% and 31.81% patients with ipsilateral deltoid 
muscle and axillary lymph node hypermetabolism had 
“DS”, respectively.

There was a significant correlation between BNT162b2 
vaccination and “DS” (p<0.05, r

tet
: 0.3472). 

There was a significant association between “DS” and 
days passed after the second dose of vaccination (OR, 
0.878; 95% CI, 0.824-0.936; p<0.05), days passed after 
the single dose of vaccination (OR, 0.768; 95% CI, 0.649-
0.908; p<0.05) and age (OR, 0.961; 95% CI, 0.934-0.988; 
p<0.05).

Age, Gender, Therapy, Hematologic Malignancy Based 
Analysis

In terms of gender, it was not detected any significant 
difference between the positive and negative groups of 
ipsilateral deltoid muscle hypermetabolism, ipsilateral 

Figure 2. Maximum intensity projection and axial fusion image of 18F-FDG 
PET/CT. Synchronous hypermetabolism localised to the left deltoid muscle 
and left level 2 axillary lymph node secondary to BNT162b2 (BioNTech/
Pfizer) vaccination (blue and claret arrows)
FDG: Fluorodeoxyglucose, PET/CT: Positron emission tomography/computed 
tomography

Figure 3. Maximum intensity projection and axial fusion image of 18F-FDG 
PET/CT. Synchronous hypermetabolism localised to the right deltoid 
muscle and right level 1 axillary lymph nodes secondary to BNT162b2 
(BioNTech/Pfizer) vaccination (blue and claret arrows)
FDG: Fluorodeoxyglucose, PET/CT: Positron emission tomography/computed 
tomography

Figure 4. Maximum intensity projection and axial fusion image of 18F-FDG 
PET/CT. Left hypermetabolic supraclavicular lymph node secondary to 
BNT162b2 (BioNTech/Pfizer) vaccination (blue arrows)
FDG: Fluorodeoxyglucose, PET/CT: Positron emission tomography/computed 
tomography
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axillary lymph node hypermetabolism and “DS” (p>0.05). 

In terms of age, a significant difference was detected 
between the positive and negative groups of ipsilateral 
deltoid muscle hypermetabolism, ipsilateral axillary lymph 
node hypermetabolism and “DS” (p<0.05). 

In terms of systemic therapy, it was not detected any 
significant difference between positive and negative groups 
of ipsilateral deltoid muscle hypermetabolism, ipsilateral 
axillary lymph node hypermetabolism and “DS” (p>0.05). 

In terms of hematologic malignancy, it was not detected 
any significant difference between positive and negative 
groups of ipsilateral deltoid muscle hypermetabolism, 
ipsilateral axillary lymph node hypermetabolism and “DS” 
(p>0.05). 

Time Based Analysis

In terms of days passed after the single and booster 
dose of vaccination, a significant difference was detected 
between positive and negative groups of ipsilateral deltoid 
muscle hypermetabolism, ipsilateral axillary lymph node 
hypermetabolism and “DS” (p<0.05). 

In terms of days passed after the single dose of BNT162b2 
vaccination, a significant difference was detected 
between positive and negative groups of ipsilateral deltoid 
muscle hypermetabolism, ipsilateral axillary lymph node 
hypermetabolism and “DS” (p<0.05). There was a significant 
and negative correlation between days passed after the 
single dose of BNT162b2 vaccination and ipsilateral deltoid 
muscle hypermetabolism (p<0.05, r

pb
: -0.401), ipsilateral 

axillary lymph node hypermetabolism (p<0.05, r
pb

: -0.539) 
and “DS” (p<0.05, r

pb
: -0.371). 

In terms of days passed after the booster dose of BNT162b2 
vaccination, a significant difference was detected 
between positive and negative groups of ipsilateral 
deltoid muscle hypermetabolism, ipsilateral axillary lymph 
node hypermetabolism and “DS” (p<0.05). There was a 
significant and negative correlation between days passed 
after the booster dose of BNT162b2 vaccination and 
ipsilateral deltoid muscle hypermetabolism (p<0.05, r

pb
: 

-0.651), ipsilateral axillary lymph node hypermetabolism 
(p<0.05, r

pb
: -0.554) and “DS” (p<0.05, r

pb
: -0.570). 

In terms of days passed after the single and booster 
dose of CoronaVac vaccination, it was not detected any 
significant difference between positive and negative groups 
of ipsilateral deltoid muscle hypermetabolism, ipsilateral 
axillary lymph node hypermetabolism and “DS” (p>0.05). 

In terms of single dose, ipsilateral axillary lymph node 
hypermetabolism was detected in 35.41%, 27.08%, 
20.83%, 8.33%, 4.16%, 2.08%, and 2.08% patients at 1st-
7th weeks after vaccination, respectively.

In terms of booster dose, ipsilateral axillary lymph node 
hypermetabolism was detected in 32.5%, 12.5%, 17.5%, 
12.5%, 15%, 7.5%, and 2.5% of patients 1st-6th and 9th 
weeks after vaccination, respectively.

Discussion

Immunization against SARS-CoV-2 reduces the risk of life-
threatening disease, therefore vaccination has been used 
as a necessary instrument against COVID-19 (4). Mass 
vaccination campaigns have been in progress worldwide by 
implementing additional booster dose. To date, BNT162b2 
(BioNTech/Pfizer) and CoronaVac (Sinovac) vaccines have 
been the two of the most administered vaccines globally 
(8). BNT162b2 consist of “nucleoside-modified mRNA” 
encoding the “viral spike glycoprotein” of SARS-CoV-2 
(12,17,18,19). CoronaVac is inactivated virus vaccine 
that contains inactivated SARS-CoV-2 as antigen (11). 
Although, BNT162b2 stimulates remarkably higher levels 
of SARS-CoV-2-specific binding and neutralizing antibody 
responses, CoronaVac elicits higher CD4+ and CD8+ T-cell 
responses than BNT162b2 (20). After vaccination, two 
main responses generated are the formation of cytotoxic 
T-lymphocytes in cellular response and formation of 
mature B-cells in the germinal center (GC) of the lymph 
node in humoral response (21,22). mRNA COVID-19 
vaccines generate significant GC responses and the GC 
response substantially participates in the humoral response 
(22,23,24). In a study by Turner et al. (25), after examining 
the fine needle aspirates of draining axillary lymph nodes, 
it was detected that BNT162b2 vaccine stimulate GC B-cell 
responses eliciting the strong humoral immunity. In another 
study by Ellebedy et al. (24) similar results was founded that 
BNT162b2 vaccine has the capacity to elicit powerful GC 
reactions that are essential for durable humoral immunity.

The vulnerability of cancer patients to the influenza virus is 
a well-known and influenza infection increases the risk of 
death tenfold compared to patients without malignancy 
(4,26).

Based on this experience, the potential consequences of 
COVID-19 in cancer patients have been worrisome since 
the beginning of the pandemic. Patients with cancer have 
higher rates of severe disease and fatality after COVID-19 
than the general population. In a recent meta-analysis (26 
studies, 23,736 patients), Venkatesulu et al. (27) found 
nearly threefold higher odds of death in cancer patients 
affected by COVID-19 than in those without cancer (28). 
According to the Global Cancer Observatory Database, 
nearly 19.3 million new cancer cases have been declared in 
2020 globally (29). Moreover, the incidence of cancer may 
increase, causing serious challenges for healthcare providers 
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in protecting cancer patients at risk of COVID-19 (4). Prior 
vaccination of patients receiving cancer treatment, patients 
with advanced stage cancer and patients with hematologic 
malignancies and lung cancer have been recommended 
(10). Therefore, considering the possible high risk of severe 
disease, cancer patients have been prioritized in vaccination 
campaigns in most countries (30,31).

In addition to adverse events, vaccination against SARS-
CoV-2 has caused a diagnostic challenge in cancer patients. 
Solitary 18F-FDG avid axillary lymphadenopathy secondary 
to COVID-19 vaccination may challenge nuclear medicine 
physician and oncologist in patients diagnosed with 
lymphoma, breast cancer, malignant melanoma and other 
cutaneous malignancies (16). In the studies by Cohen et al. 
(32), Orevi et al. (16) and Eifer et al. (13) have shown that 
vaccination with BNT162b2 resulted in 18F-FDG-positive 
axillary (45.6%, 66%, and 45%, respectively) lymph 
nodes ipsilateral to the injection site, especially after the 
booster dose. In another study by Sahin (14), the ipsilateral 
hypermetabolic axillary lymph nodes were detected in 9.9% 
(18/182) patients vaccinated with CoronaVac and 37.5% 
(9/24) patients vaccinated with BNT162b2. In our study, 
findings followed previous studies as ipsilateral axillary 
lymph node hypermetabolism was detected in 11% and 
41.6% of patients who received CoronaVac and BNT162b2 
vaccines, respectively. It has been suggested that 18F-FDG 
avid lymph nodes are related to the activation of the immune 
response (13,16). Mok et al. (20) detected that BNT162b2 
elicited significantly higher PRNT

50
, PRNT

90
, sVNT, spike 

receptor binding, spike N-terminal domain binding, spike 
S2 domain binding, spike FcR binding and antibody avidity 
levels than CoronaVac. The stronger humoral responses 
of BNT162b2 than the CoronaVac vaccine may explain 
the detection of ipsilateral hypermetabolic axillary lymph 
nodes in approximately 4 times more patients in favor of 
BNT162b2 vaccine in our study.

After the proximal arm injection, 18F-FDG uptake 
secondary to immune reaction is substantially limited to 
regionally draining axillary lymph nodes. Additionally, 
the subsequent draining to supraclavicular lymph nodes 
may also be uncommonly observed (16). In the studies 
by Orevi et al. (16) and Cohen et al. (32), 18F-FDG avid 
supraclavicular lymph nodes were detected in 5.7% and 
7.9% of the BNT162b2 vaccination, respectively. In our 
study, supraclavicular lymph node hypermetabolism was 
detected secondary to vaccination in 8 (2.15%) patients, 
7 of whom (4.54%) were secondary to BNT162b2 vaccine.

In a study by Eifer et al. (13), it was detected a strong 
inverse association between hypermetabolic ipsilateral 

lymph nodes secondary to BNT162b2 vaccination and 
patient age. In another study by Sahin (14), a statistically 
significant difference was detected between patients 
with and without hypermetabolic axillary lymph nodes 
in terms of age. In their study, Cohen et al. (32) stated 
that patients younger than 62 and 64 years of age show 
a higher incidence of vaccine-associated hypermetabolic 
lymphadenopathy (VAHL) after the single and booster 
dose of BNT162b2 vaccine, respectively. In our study, there 
was a significant and inverse association between age and 
ipsilateral axillary lymph node hypermetabolism. Brockman 
et al. (33) detected that responses to mRNA-based 
COVID-19 vaccination in older adults are quantitatively and 
functionally impaired. Additionally, age was found as the 
most crucial factor in the antibody response to COVID-19 
mRNA vaccination (33). Impaired primary and secondary 
antibody responses to vaccination in the elderly are 
considered responsible for this situation (13,34). 

Eifer et al. (13) detected that a strong inverse association 
between hypermetabolic ipsilateral lymph nodes secondary 
to BNT162b2 vaccination and immunosuppressive 
treatment and the presence of hematologic disease. In 
their study, Cohen et al. (32) stated that the detection of 
VAHL was not different in patients receiving chemotherapy, 
radiotherapy, biological treatment, or immunotherapy. In 
our study, it was not detected any significant association 
between ipsilateral axillary lymph node hypermetabolism 
and systemic treatment and presence of hematologic 
disease. Various chemotherapeutics and targeted therapies 
in the treatment plan, days passed after the last treatment, 
hematologic disease burden, bone-marrow reserves, 
and other differences in the study population may be 
responsible for the discordant results.

In a study by Orevi et al. (16), “DS” was detected in 
the 20% of the vaccinated patients. Additionally, it was 
determined that 95% of patients with 18F-FDG accumulation 
at the injection site had “DS” and both the specificity 
and positive predictive value of “DS” for vaccination-
caused lymphadenopathy were 100%. Additionally, “DS” 
was considered a marker to prevent misinterpretation of 
18F-FDG PET/CT studies and further unnecessary procedures 
(16). In our study 75.67% patients with ipsilateral deltoid 
muscle hypermetabolism had “DS” (higher for BNT162b2). 
Additionally, 31.81% patients with ipsilateral axillary lymph 
node hypermetabolism had “DS” (higher for CoronaVac). 
Although “DS” can reduce false positive results in 
cancer patients, in cases with only axillary lymph node 
hypermetabolism, vaccination history based follow-up and 
correlation with other imaging modalities would be useful 
to avoid misinterpretation.
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In the study by Eifer et al. (13), the number of days 
from the last vaccine dose and the number of vaccine 
dose was significantly associated with increased odds of 
hypermetabolic lymph nodes. In our study, the number of 
days from the last vaccine dose was significantly associated 
with decreased odds of ipsilateral axillary lymph node 
hypermetabolism. Additionally, the number of vaccine 
doses was significantly associated with increased odds 
of ipsilateral axillary lymph node hypermetabolism. In a 
comparison of two studies, the direction of association 
between hypermetabolic axillary lymph node and 
the number of days from the last vaccine dose was 
incongruent. As the number of days after the last dose 
of vaccination increases, the detection of axillary lymph 
node hypermetabolism is expected to decrease. However, 
hypermetabolic axillary lymph nodes may not be detected 
if the interval is too short. In the study by Cohen et al. (32), 
the first five days after the first vaccine, the third week 
after the first vaccine and at least three weeks after the 
booster dose administration was defined as appropriate 
time window for 18F-FDG PET/CT imaging (the incidence of 
VAHL is lower).

In the study by Eifer et al. (13), no association was found 
between ipsilateral deltoid muscle hypermetabolism 
and patient age. The number of vaccine doses was 
associated with increased odds of ipsilateral deltoid muscle 
hypermetabolism. Additionally, the number of days from 
the last vaccination was associated with decreased odds 
of ipsilateral deltoid muscle hypermetabolism. In our 
study, the number of days from the last vaccine dose and 
age was associated with decreased odds of ipsilateral 
deltoid muscle hypermetabolism. Impaired inflammatory 
responses and wound healing in the elderly and resolution 
of inflammation with time after vaccination are considered 
responsible (35). Furthermore, in our study there was 
not any significant association between ipsilateral deltoid 
muscle hypermetabolism and the number of vaccine dose. 
Hypermetabolism at the injection site is induced by the 
traumatic and inflammatory effect of the injection (13,16). 
In contrast to the complicated immune response that 
causes axillary lymph node hypermetabolism, trauma and 
inflammation caused by hypermetabolism at the injection 
site may not depend on the number of vaccination.

In the study by Sahin (14), the rates of hypermetabolic axillary 
lymph node after 1st dose of CoronaVac and BNT162b2 
vaccination were 9.6% and 35%, respectively. Additionally, 
the rates of hypermetabolic axillary lymph node after 2nd 
dose of CoronaVac and BNT162b2 vaccinations were 
10.2% and 50%, respectively (14). In the study by Cohen 
et al. (32), VAHL secondary to BNT162b2 vaccination was 
detected in 36.4% of the patients after the first dose and 

in 53.9% of patients after the booster dose. In our study, 
ipsilateral axillary lymph node hypermetabolism secondary 
to CoronaVac vaccination was detected in 14.03% (n=8) 
and 9.93% (n=16) patients after the single dose and 
booster dose, respectively. Additionally, ipsilateral axillary 
lymph node hypermetabolism secondary to BNT162b2 
vaccination was detected in 41.66% (n=40) and 41.37% 
(n=24) patients after only a single and booster dose, 
respectively. It was determined that the results of our study 
were partially close to those of the aforementioned studies.

In the study by Sahin (14), the ipsilateral hypermetabolic 
axillary lymph nodes were detected in 9.9% patients 
vaccinated with CoronaVac and 37.5% (9/24) patients 
vaccinated with BNT162b2. However, the number of 
patients vaccinated with BNT162b2 was low (n=24) and 
statistical comparison could not be made between the 
two patient groups (14). In our study, ipsilateral axillary 
lymph node hypermetabolism was detected in 11% and 
41.6% of patients who received CoronaVac and BNT162b2 
vaccines, respectively. Additionally, a significant difference 
was detected between the CoronaVac and BNT162b2 
vaccines with respect to ipsilateral axillary lymph node 
hypermetabolism. Furthermore, there was a significant 
correlation between BNT162b2 vaccination and ipsilateral 
axillary lymph node hypermetabolism. In their study, Mok 
et al. (20) found that 91.8% and 100% of the participants 
vaccinated with CoronaVac and BNT162b2, respectively, 
reached the 50% protection threshold 1 month after the 
second dose of vaccination. Further, 6 months after the 
second dose of vaccination, those ratios decreased to 
16.3% and 79.6%, respectively. BNT162b2 was found to 
be more immunogenic and durable than the CoronaVac 
vaccine in terms of peak and waning antibody titers 
(20). In a study by Cohen et al. (22), correlation between 
VAHL secondary to BNT162b2 and humoral immunity in 
hematologic malignancy was researched. VAHL ratios were 
10% in patients with negative serology, 31.3% in patients 
with low and 72.2% in patients with high anti-spike titers. 
Additionally, a positive statistically significant correlation 
was found between VAHL and serology ranks (rs=0.530, 
Pv <0.001) and it was suggested that the detection of 
VAHL indicates a higher likelihood of antibody production 
and an effective humoral response (22). We thought that 
the results of our study reflect the different immunogenic 
properties and effects of CoronaVac and BNT162b2 vaccines 
via 18F-FDG hypermetabolism. Although, BNT162b2 can 
cause a more hypermetabolic axillary lymph node than 
CoronaVac vaccine in parallel to its higher immunogenicity, 
to comment on serological antibody titer-related vaccine 
efficacy for COVID-19 infection is beyond the scope of the 
results of our study.
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In a study by Eshet et al. (36), avid axillary lymphadenopathy 
was observed up to 7-10 weeks after the booster dose 
of BNT162b2 vaccination. In our study, ipsilateral axillary 
lymph node hypermetabolism was observed up to 7th and 
9th week after the single and booster doses, respectively. 
Additionally, after the single and booster doses, ipsilateral 
axillary lymph node hypermetabolism was most frequently 
seen within the first month after vaccination and detected 
in 91.65% and 75% of patients, respectively. Further, after 
the single and booster dose, ipsilateral axillary lymph node 
hypermetabolism was most frequently seen within the first 
week after vaccination and detected in 35.41% and 32.5% 
of patients, respectively. Although postponing the 18F-FDG 
PET/CT study for a few weeks after COVID-19 vaccination 
reduces the possibility of ipsilateral hypermetabolic axillary 
lymph nodes, it cannot be completely prevented according 
to the results. Additionally, it should also be considered 
that long-term delay of 18F-FDG PET/CT study may adversely 
affect patient management.

Study Limitations

The main limitations of the study are the retrospective 
design, the inaccessibility to the vaccination records 
and patient histories of all patients who underwent 
18F-FDG PET/CT. Axillary lymph nodes were not examined 
histopathologically due to invasive procedure. These 
studies were not repeated to follow-up the hypermetabolic 
axillary lymph nodes. Additionally, the association between 
vaccine-specific immune response and axillary lymph node 
hypermetabolism could not be investigated because to the 
lack of serological tests.

Conclusion

In our study population, 18F-FDG PET/CT detected ipsilateral 
axillary lymph node hypermetabolism in 11% and 41.6% 
of cancer patients receiving the inactivated SARS-CoV-2 
vaccine and the novel mRNA-based COVID-19 vaccine, 
respectively. Although, the number of days after vaccination 
and age were negatively associated with ipsilateral axillary 
lymph node hypermetabolism, vaccination of booster dose 
was positively associated with ipsilateral axillary lymph node 
hypermetabolism. Additionally, BNT162b2 vaccination 
showed a positive relationship with ipsilateral axillary 
lymph node hypermetabolism. To avoid misinterpretation 
and unnecessary invasive procedures, it is necessary to 
enquire the COVID-19 vaccination history, particularly in 
young adults who received the booster dose of BNT162b2 
vaccination recently. Although, misinterpretation of 18F-FDG 
PET/CT and further unnecessary invasive procedures could 
be reduced when “DS” was observed, in cases with only 
ipsilateral axillary lymph node hypermetabolism, vaccination 

history based follow-up and correlation with other imaging 
modalities would be useful to avoid misinterpretation. 
In cancer patients who have tumors with a predilection 
for axillary lymph node involvement, it would be useful 
to perform vaccination in the contralateral arm, which is 
away from the tumoral nodal drainage zone. Ipsilateral 
axillary lymph node hypermetabolism was most frequently 
observed within the first month after vaccination. 
Postponing the 18F-FDG PET/CT study for a few weeks after 
COVID-19 vaccination reduces the possibility of ipsilateral 
hypermetabolic axillary lymph nodes. According to our 
results, the visualization of hypermetabolic axillary lymph 
nodes cannot be completely prevented as it can be seen 
up to 7th and 9th week after the single and booster dose. It 
should also be considered that long-term delays in 18F-FDG 
PET/CT study may adversely affect patient management. 
The results of our study reflect the different immunogenic 
properties and effects of CoronaVac and BNT162b2 
vaccines via 18F-FDG hypermetabolism. BNT162b2 can 
cause more hypermetabolic axillary lymph nodes than 
CoronaVac vaccine in parallel to its higher immunogenicity. 
Prospective 18F-FDG PET/CT studies with specific serological 
antibody titers must evaluate the efficacy of vaccines 
against COVID-19 infection via 18F-FDG hypermetabolism.
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Hiperparatiroidizmde Çift Fazlı Tc-99m-sestamibi Planar Görüntüleme Sintigrafisi ve Tek 
Foton Emisyonlu Bilgisayarlı Tomografi/Bilgisayarlı Tomografi Karşılaştırılması

Abstract
Objectives: The aim of this study was to compare Technetium-99m (Tc-99m)-sestamibi dual-phase planar imaging method and delayed phase 
single photon emission computed tomography/computed tomography (SPECT/CT) imaging in patients with primary hyperparathyroidism and to 
evaluate the accuracy of scintigraphy with histopathological results.
Methods: Thirty-six patients with a prediagnosis of hyperparathyroidism, who had not been operated on the neck region before, and were not 
followed up for any other malignancy, and has confirmed histopathologic and biochemical diagnosis after parathyroidectomy, were retrospectively 
scanned and included in the study. The images of 36 patients who underwent dual-phase Tc-99m-sestamibi planar scintigraphy at the 20th and 
120th minutes in the nuclear medicine clinic and delayed phase SPECT/CT imaging immediately after the 120th minute planar imaging were 
evaluated visually by two nuclear medicine specialists as positive or negative lesion. Dual-phase planar and SPECT/CT images were statistically 
compared in terms of sensitivity, specificity, positive predictive value, negative predictive value, and accuracy.
Results: Thirty-six patients with 41 lesions were evaluated. Comparing dual-phase planar imaging and delayed phase SPECT/CT revealed, sensitivity 
84.21%-94.74%, specificity 66.67%-66.67%. Positive predictive value 96.97%-97.30%, negative predictive value 25%-50.0%, accuracy 82.93%-
92.68% respectively. There was a statistically significant difference between planar imaging and SPECT/CT; SPECT/CT localized the lesion more 
accurately (p<0.05).
Conclusion: SPECT/CT is superior to planar imaging in determining the anatomical details and localization of the lesion, especially in determining 
the depth of the lesions in the neck and whether it is ectopic. In patients with hyperparathyroidism, SPECT/CT should be used routinely to detect 
parathyroid pathologies because it has a lower rate of error and higher accuracy rate.
Keywords: SPECT, SPECT/CT, hyperparathyroidism, parathyroid scintigraphy

Öz
Amaç: Bu çalışmanın amacı primer hiperparatiroidili hastalarda Teknesyum-99m (Tc-99m)-sestamibi çift faz planar görüntüleme yöntemi ile geç 
faz tek foton emisyonlu bilgisayarlı tomografi/bilgisayarlı tomografi (SPECT/BT) görüntülemenin karşılaştırılması ve histopatolojik sonuçları ile 
sintigrafinin doğruluğunun değerlendirilmesidir.

Comparison of Planar Imaging Using Dual-phase Tc-99m-sestamibi 
Scintigraphy and Single Photon Emission Computed Tomography/
Computed Tomography in Hyperparathyroidism
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Introduction

Primary hyperparathyroidism is the most common 
pathology of the parathyroid glands and is one of the most 
common endocrine disorders overall, usually resulting from 
solitary parathyroid adenoma, less frequently from multiple 
parathyroid gland disease, and rarely from parathyroid 
carcinoma (1). The diagnosis of primary hyperpathyroidism 
is diagnosed biochemically, and the only curative treatment 
is surgery (2).

Today, most patients do not have the classic symptoms or 
signs associated with primary hyperparathyroidism at the 
time of diagnosis and are diagnosed as asymptomatic or 
minimally symptomatic. With the introduction of routine 
serum calcium measurements, a significant increase in the 
incidence of primary hyperparathyroidism, which is mostly 
asymptomatic, has been observed. Parathyroid scintigraphy 
has proven to be a superior imaging modality for the 
preoperative localization of parathyroid adenomas (3,4). 
The main nuclear medicine method used in parathyroid 
imaging is dual-phase Technetium-99m-2-hexakis-
methoxy-isobutyl-isonitrile (Tc-99m-sestamibi) imaging 
(5). Single photon emission computed tomography/
computed tomography (SPECT/CT) is particularly useful 
for preoperative localization because it can evaluate the 
effectiveness of parathyroid adenoma localization in 
relation to adjacent anatomical structures and the depth in 
the neck or mediastinum.

The aim of this study was to compare Tc-99m-sestamibi 
dual-phase planar imaging method to delay SPECT/CT 
imaging in patients with primary hyperparathyroidism, to 
investigate whether it contributes in terms of accuracy, 
sensitivity, specificity, positive and negative predictive 
value (NPV), and to evaluate the accuracy of scintigraphy 
compared to histopathological results.

Materials and Methods

The images of 36 patients who applied to the Nuclear 
Medicine Clinic of Okmeydani Training and Research Hospital 
for dual-phase Tc-99m-sestamibi parathyroid scintigraphy 
due to primary hyperparathyroidism between March 2010 
and March 2012 were evaluated retrospectively. Patients 
who were prediagnosed with hyperparathyroidism due to 
high parathyroid hormone (PTH) and calcium electrolyte 
levels in blood tests, and who underwent double-phase 
Tc-99m-sestamibi planar scintigraphy alongside delayed 
SPECT/CT examination in the Nuclear Medicine Clinic for 
localization, and who had a pathology report operated 
in the General Surgery Clinic of Okmeydani Training and 
Research Hospital were included in the study. Patients who 
had undergone previous neck surgery and were followed 
up for other malignancies, patients with secondary 
hyperparathyroidism due to chronic renal disease, patients 
who received parathyroidectomy more than 6 months after 
the scintigraphy, patients who had persistently rising intact 
PTH levels after surgery without compatible pathological 
findings of parathyroidectomy for hyperfunctioning 
parathyroid tissue, and patients with unavailable SPECT/CT 
data were excluded from the study. 

Approximately 20 min after the intravenous injection of 
20-25 mCi (740-925 MBq) Tc-99m-sestamibi, static images 
from the neck and mediastinum region, 2nd hour static 
images and 2nd hour SPECT/CT images were obtained in 
the anterior position of all patients.

Imaging Protocol

Imaging of all patients was performed using an Infinia 
Hawkeye 4 (General Electric Medical Systems, Milwaukee, 
WI) dual-headed SPECT/CT imaging system, which is a 
hybrid imaging technology. Planar images were recorded in 
a 128x128 matrix with a wide range of view, low-energy, 
high-resolution, parallel-hole collimator with a zoom value 

Yöntem: Hiperparatiroidi ön tanısı alan, daha önce boyun bölgesinden opere olmamış, 10 malignite nedeniyle takip edilmeyen, paratiroid cerrahisi 
uygulanarak patolojik incelemesi yapılan 36 olgu retrospektif taranarak çalışmaya dahil edildi. Nükleer tıp kliniğinde 20. ve 120. dakikada çift faz Tc-
99m-sestamibi planar sintigrafisi ve 120. dakikadaki planar görüntülemenin hemen ardından geç faz SPECT/BT görüntülemesi yapılan 36 olgunun 
görüntüleri iki nükleer tıp uzmanı tarafından lezyon pozitif veya negatif şeklinde vizüel olarak değerlendirildi. Çift faz planar ve SPECT/BT görüntüler 
duyarlılık, özgünlük, pozitif tahmin edici değer, negatif tahmin edici değer ve doğruluk açısından istatistiksel olarak karşılaştırıldı.

Bulgular: Otuz altı hastada cerrahi sonrası bulunan 41 lezyon değerlendirildiğinde çift faz planar görüntüleme ile geç faz SPECT/BT’nin 
karşılaştırılmasında sırayla duyarlılığı %84,21-%94,74, özgünlüğü %66,67-%66,67 Pozitif prediktif değeri %96,97-%97,30 negatif prediktif değeri 
%25-%50,0 doğruluk %82,93-20 %92,68 olarak bulunmuştur. Planar görüntüleme ile SPECT/BT arasında incelemede istatistiksel olarak anlamlı 
farklılık görülmektedir (p<0,05).

Sonuç: SPECT/BT, lezyonun anatomik detaylarını ve lokalizasyonunu belirlemede, özellikle lezyonun boyundaki derinliğini ve ektopik olup 
olmadığını belirlemede planar görüntülemeye üstündür. Hiperparatiroidizmli hastalarda SPECT/BT’nin hata payı daha düşük, doğruluk oranı daha 
yüksek olduğundan paratiroid patolojilerini saptamak için rutin olarak kullanılmalıdır.

Anahtar kelimeler: SPECT, SPECT/BT, hiperparatiroidi, paratiroid sintigrafi
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of 2.5, peak energy level of 140 KeV and window spacing 
of 10%. With SPECT imaging, 60 images, each image for 30 
seconds, was obtained at 360 degrees with a wide range 
of view, low energy, high resolution parallel hole collimator 
with peak energy level of 140 KeV, window interval of 
10%, 128x128 matrix in 6 degree step and shoot mode. 
SPECT images were processed in Xeleris (General Electric 
Medical Systems, Milwaukee, WI) workstation. 

After filtering with the Hann preconstruction filter, it was 
reconstructed with the 2-dimensional ordered-subset 
expectation maximization image refresh technique. Fusion 
images were obtained by combining SPECT images with 
computer attenuation correction and CT images. Areas 
with radiopharmaceutical involvement in SPECT/CT images 
on transverse, coronal, sagittal sections and 3D images 
were evaluated about whether they were synchronized 
and reported as negative or positive activity uptake.

Evaluation of Planar Imaging

Firstly, the homogeneity of the activity distribution in the 
early phase when the parathyroid and thyroid gland was 
observed together, and whether focal increased activity 
uptake compared to the thyroid tissue was investigated. 
Then, the early phase images were compared with the 
delayed phase images, and it was checked whether there 
was a persistent activity involvement that was not free from 
sestamibi activity. The results were recorded as negative or 
positive activity uptake and in terms of localization.

Evaluation of SPECT/CT Scintigraphy

Fusion images were obtained by combining SPECT images 
with attenuation correction by computer and CT images. 
Areas with radiopharmaceutical involvement in SPECT/
CT images on transverse, coronal, sagittal sections and 
3D images were evaluated about whether they were 
synchronized and reported as negative or positive activity 
uptake.

Evaluation of Images

Planar and SPECT/CT images were evaluated by two 
nuclear medicine specialists, unaware of each other. 
Nuclear medicine scintigraphic images of the patients were 
evaluated unaware of their clinical information, laboratory 
values and radiological imaging methods. The evaluations 
made by both experts were recorded as lesion positive and 
lesion negative. Localization of the lesions was recorded 
in a separate table. The images that were interpreted 
differently by the two experts were re-interpreted by the 
experts, and the positive or negative status of the lesion 
and the localization information were recorded.

Ethics Committee Approval

The study was approved by the Sisli Etfal Training and 
Research Hospital Clinical Research Ethics Committee 
(05/06/2012/89). All procedures performed in the 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 inclusion in the study.

Statistical Analysis

The NCSS (Number Cruncher Statistical System) 
2007&PASS (Power Analysis and Sample Size) 2008 
Statistical Software (Utah, USA) program was used for 
statistical analysis. While evaluating the study data, in 
addition to descriptive statistical methods (mean, standard 
deviation, frequency, rate), Mc-Nemar test and diagnostic 
screening tests (sensitivity, specificity, etc.) were used to 
compare the qualitative data of two separate tests. The 
Wilcoxon Signed Rank test was used to evaluate the 
difference between planar imaging and SPECT/CT imaging. 
Statistical significance was evaluated at the p<0.05 level 
in all comparisons. Considering all healthy and diseased 
parathyroid glands, true positive (TP), true negative (TN), 
false positive (FP), and false negative (FN) variables were 
used. Sensitivity, specificity, positive predictive value (PPV), 
NPV, and accuracy were calculated.

Results

The patients were between the ages of 17-76. The mean 
age was 50.91±13.39 years. Six (16.7%) of 36 patients 
were male and 30 (83.3%) were female.

Table 1 shows the “positive” and “negative” distributions of 
the lesions in pathology, planar imaging and SPECT/CT. Of 
the lesions, 92.7% were found to be positive on pathology, 
80.5% on planar imaging, and 90.2% on SPECT/CT (Graph 
1). 

The comparison of pathology results and planar imaging 
results revealed that, pathology identified 92.7% of the 

Table 1. Distribution of results in terms of lesions

Lesion n %

Pathology 
Positive 38 92.7

Negative 3 7.3

Planar imaging
Positive 33 80.5

Negative 8 19.5

SPECT/CT
Positive 37 90.2

Negative 4 9.8

SPECT/CT: Single photon emission computed tomography/computed tomography
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lesions, whereas the planar imaging method detected 
80.5% of the lesions (Table 2). There was no significant 
difference between planar imaging and pathology results 
(p>0.05). Of 38 (92.7%) patients diagnosed with lesion 
by pathology, 32 (78%) were also diagnosed with a lesion 
on planar imaging. The sensitivity, specificity, PPV, NPV, 
and accuracy of planar imaging were 84.21%, 66.67%, 
96,97%, 25%, and 82.93%, respectively.

When the distribution of the lesions in pathology and 
planar imaging evaluations were examined, two lesions 
detected in one patient were both lesion (+) in pathology, 
one of the two lesions was evaluated as lesions (+) and 
the other lesion (-) in planar imaging. Both lesions detected 
in one patient were lesion (+) in pathology, both were 
evaluated as the lesion (-) in planar imaging. Both lesions 
detected in the two patients were lesion (+) in pathology, 
both were evaluated as the lesion (-) in planar imaging. One 
of the two lesions detected in one patient was evaluated 
as lesions (+) in pathology and the other as lesions (-) in 
pathology, and both lesions were evaluated as lesions (-) 
by planar imaging. A lesion detected in one patient was 
evaluated as lesions (-) in both pathology and planar 

imaging. Two lesions detected in one patient were both 
evaluated as lesions (+) in pathology and planar imaging 
(Table 3) (Figures 1A, B, 2A, B). 

The evaluation of the pathology results and SPECT/
CT imaging results together revealed that lesions were 
detected in 92.7% of the patients with pathology, while 
lesions were detected in 90.2% of the patients with SPECT/
CT (Table 4). The comparison of SPECT/CT results with 
the pathology results showed no significant difference 
between the two measurement methods (p>0.05). Lesions 
were positive in 36 (87.8%) patients in pathology and 38 
(92.7%) of the patients in SPECT and were negative in the 
rest of the patients. The sensitivity, specificity, PPV, NPV, and 
accuracy of SPECT/CT was 94.74, 66.67, 97.30, 50.0, and 
92.68%, respectively.

When planar imaging and SPECT/CT imaging were 
evaluated together on a lesion basis, 36 lesions were 
evaluated as TP in SPECT/CT imaging and 32 lesions in 
planar imaging. Four lesions were evaluated as FN only in 
planar imaging. Two lesions were evaluated as FN in planar 
imaging and SPECT/CT imaging. One lesion was evaluated 
as FP in planar imaging and SPECT/CT imaging. Two lesions 
were evaluated as TN in planar imaging and SPECT/CT 
imaging. SPECT/CT imaging detected four parathyroid 
lesions that could not be detected on planar imaging (Table 
4).

There was a statistically significant difference in terms of 
the examination between planar imaging and SPECT/CT 
(p<0.05 Wilcoxon signed-rank test). SPECT/CT results were 
closer to the pathological results. The margin of error was 
found to be lower and the accuracy rate was higher.

When the patients were analyzed according to the surgical 
procedures performed, parathyroidectomy was performed 
together with thyroidectomy in 14 patients. In the other 
22 patients, only the parathyroid gland underwent surgery. Graph 1. Distribution of results in terms of lesions

Table 2. Planar imaging evaluation according to pathology results

Pathology

pLesion (+) Lesion (-) Total

n % n % n %

Planar imaging 

Lesion (+) 32 78.0 1 2.4 33 80.5

0.125Lesion (-) 6 14.6 2 4.9 8 19.5

Total 38 92.7 3 7.3 41 100

Sensitivity 84.21

Specificity 66.67

Positive predictive value 96.97

Negative predictive value 25.00

Accuracy 82.93
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Table 3. Distribution of planar imaging and SPECT/CT imaging results with surgical procedure and histopathology results

Planar imaging SPECT/CT imaging Surgical procedure Histopathology

1 LLQ+ LLQ+ Parathyroidectomy (L) Parathyroid adenoma

2 LLQ+ LLQ+ Parathyroidectomy (L) Parathyroid adenoma

3 LLQ+ LLQ+ Parathyroidectomy (L) Parathyroid adenoma

4 RLQ+ RLQ (retrotracheal mediastinal area)
Thyroid lobectomy (R)+ 
parathyroidectomy (R)

Parathyroid hyperplasia +NG

5 LLQ+ LLQ (retrotracheal area)+ Parathyroidectomy (L)+ TT Parathyroid adenoma +MNG

6 RLQ+ RLQ and LLQ+ Parathyroidectomy+ TT
Parathyroid adenoma (R) + 
Parathyroid hyperplasia (L)+ MTC

7 RQ+ RQ (posterior prevertebral area) Parathyroidectomy (R) Parathyroid adenoma

8 Negative LLQ+ Parathyroidectomy Parathyroid adenoma

9 LLQ+ LLQ+ Parathyroidectomy Parathyroid adenoma

10 RLQ+ RLQ+ Parathyroidectomy+ TT Parathyroid adenoma

11 RLQ+ RLQ+ Parathyroidectomy (R)+ TT Parathyroid adenoma + MNG

12 LLQ+ LLQ+ Parathyroid mass excision Paratiroid carcinoma 

13 LUQ+ LUQ+ Parathyroidectomy (L) Parathyroid adenoma

14 RUQ+ RUQ+
Thyroid lobectomy (R)+ 
parathyroidectomy (R)+

Parathyroid adenoma+ NG

15 LLQ+ LLQ+ Parathyroidectomy (L) Parathyroid adenoma

16
Ectopic in midline 
mediastinum +

Ectopic in midline mediastinum 
(midclavicular area)+

Parathyroidectomy (mediastinum)
Parathyroid hyperplasia and thymus 
tissue

17 LLQ+ LLQ (paratracheal area) Parathyroidectomy (L) Parathyroid adenoma

18 RLQ+ RLQ+ Parathyroidectomy (R)+ TT
Parathyroid adenoma (R) + PTC 
(R+L)

19 Negative Negative Parathyroidectomy (L) Parathyroid adenoma

20 Negative LLQ and RLQ+ Parathyroidectomy (R+L) Parathyroid hyperplasia (R+L)

21 LLQ+ LLQ+ Parathyroidectomy (L) Parathyroid adenoma

22 RLQ+ RLQ+ Parathyroidectomy (R) Parathyroid adenoma

23 LLQ+ LLQ+ Parathyroidectomy (L) Parathyroid adenoma

24 Negative Negative Parathyroidectomy+ TT
Parathyroid hyperplasia + normal 
parathyroid tissue + MTC

25 LLQ+ LLQ+ Parathyroidectomy (L) Parathyroid adenoma

26
Ectopic in midline 
mediastinum+

Ectopic in midline mediastinum 
(retrosternal area)+

Parathyroidectomy (mediastinum) Parathyroid adenoma

27 RLQ+ RLQ (retrotracheal area)+
Thyroid lobectomy (R)+ 
parathyroidectomy

Parathyroid adenoma + NG

28
Ectopic in midline 
mediastinum+

Ectopic in midline mediastinum 
(retrosternal area)+

Parathyroidectomy (mediastinum)+ TT Parathyroid adenoma+ PTC 

29 LLQ+ LLQ (posterior paratracheal area)+ Parathyroidectomy (L) Parathyroid adenoma

30 LLQ+ LLQ (posterior paratracheal area)+ Parathyroidectomy (L)+ TT Parathyroid Adenoma+ PTC

31
Ectopic in midline 
mediastinum+

Ectopic in midline mediastinum 
(retrosternal area)+ 

Parathyroidectomy (mediastinum) Parathyroid adenoma

32 LLQ and RUQ+ LLQ and RUQ+ Parathyroidectomy (R+L)+ TT
Parathyroid adenoma (L) + WDT-
UMP (R)

33 Negative Negative Parathyroidectomy+ TT Normal parathyroid tissue + MTC 

34 LLQ+ LLQ+ Parathyroidectomy (L) Parathyroid adenoma

35 LLQ+ LLQ+ Parathyroidectomy (L) Parathyroid adenoma

36 LLQ and RLQ+ LLQ and RLQ+ Parathyroidectomy (R+L)+ TT Parathyroid adenoma (R+L)+ MNG

SPECT/CT: Single photon emission computed tomography/computed tomography, RUQ: Right upper quadrant, RLQ: Right lower quadrant, LUQ: Left upper quadrant, 
LLQ: Left lower quadrant, +: Positive, TT: Total thyroidectomy, MTC: Medullar thyroid carcinoma, NG: Nodular goiter, PTC: Papillary thyroid carcinoma, WDT-UMP: Well 
differentiated thyroid tumor of uncertain malignant potential
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Thyroid tumors were found in seven of 14 patients who 
underwent thyroid surgery, medullary carcinoma in three 
of them, papillary carcinoma in two, bilateral micropapillary 
carcinoma in one, and well-differentiated thyroid tumor 
in one with uncertain malignant potential. Benign thyroid 
pathologies were detected in the remaining seven patients.

Out of 41 lesions detected in 36 patients, parathyroid 
hyperplasia was detected in six lesions (14.6%), parathyroid 
carcinoma in one lesion (2.43%), normal parathyroid tissue 
in two lesions (4.87%), parathyroid adenoma in 31 lesions 
(75.6%), and thyroid papillary carcinoma in one lesion 
(2.43%).

The lesion was mediastinal in four of eight patients with 
ectopic localized lesions, posterior to the trachea in three, 
and anterior to the vertebra in one patient. SPECT/CT 
provided information about ectopic locations, location, 
and neighborhood in each, and planar imaging provided 
information about ectopic location in four of these eight 
ectopic lesions but provided insufficient information about 
the location. 

Of the three patients with double lesions, the lesion on 
the right was adenoma and the lesion on the left was 
hyperplasia in one patient, two lesions were hyperplasia 
in one patient, and two lesions were adenoma in another.

Figure 1. There was one lesion in the lower right pole in planar imaging 
(A), a lesion was also detected in the lower left pole in SPECT images, 
and the pathology report of both lesions was positive (B)
SPECT: Single photon emission computed tomography

Figure 2. The lesion, which was detected intrathoracically in planar 
imaging (A), was localized in the anterior mediastinum in coronal, sagittal 
and axial SPECT/CT images (B) 
SPECT/CT: Single photon emission computed tomography/computed tomography

Table 4. SPECT/CT evaluation according to pathology results

Pathology

pLesion (+) Lesion (-) Total

n % n % n %

SPECT/CT

Lesion (+) 36 87.8 1 2.4 37 90.2

0.999Lesion (-) 2 4.9 2 4.9 4 9.8

Total 38 92.7 3 7.3 41 100

Sensitivity 94.74

Specificity 66.67

Positive predictive value 97.30

Negative predictive value 50.00

Accuracy 92.68

SPECT/CT: Single photon emission computed tomography/computed tomography
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Discussion

Pre-operative accurate localization has become extremely 
important in minimally invasive surgery in primary 
hyperparathyroidism. Preoperative imaging is important 
in distinguishing single-gland disease from multiglandular 
disease, in the differential diagnosis of co-existing thyroid 
pathology, and in defining ectopic parathyroid lesions (6).

Different scintigraphic methods and protocols have been 
defined for preoperative localization of hyperfunctioning 
parathyroid glands in studies conducted for many years. 
A wide variety of imaging protocols are available today. 
It explains the wide range of sensitivity reported in the 
literature, ranging from 70% to 95%, due to differences in 
protocols (7,8,9,10).

This study directly compared dual-phase Tc-99m-sestamibi 
planar imaging, which is frequently used in nuclear 
medicine clinics, and hybrid SPECT/CT imaging, one of the 
latest imaging methods, reporting statistical differences in 
terms of sensitivity, specificity, accuracy, PPV, and NPV.

Pre-operative accurate localization is required for successful 
minimally invasive parathyroid surgery. Because of 
embryological descent, the superior parathyroid glands tend 
to be located more posteriorly than the inferior parathyroid 
glands and are often located in the tracheoesophageal 
groove. In the ectopic infero-posterior location of superior 
parathyroids, surgery is often more complex because of 
its close relationship with the recurrent laryngeal nerve. 
Therefore, the use of SPECT/CT hybrid imaging in Tc-
99m-sestamibi parathyroid scintigraphy is more useful in 
preoperative planning for minimally invasive surgery than 
planar and SPECT imaging. It is valuable in determining 
the surgical approach for the neck, particularly in ectopic 
glands and nodular thyroid diseases (9,10,11,12,13).

Among a wide variety of radiopharmaceutic and types of 
scintigraphic studies, SPECT improves the ability to detect 
lesions by providing superior contrast resolution compared 
with planar imaging. For parathyroid scintigraphy, many 
studies have reported that SPECT has 11-18% higher 
sensitivity than planar imaging (14,15,16).

SPECT is obtained in a single time interval, often early or 
delayed. Some studies in the literature have reported high 
sensitivity of 96% with an early SPECT (17,18). Civelek et 
al. (8) reported good sensitivity of 87% with delayed SPECT. 
Perez-Monte et al. (18), comparing delayed and early 
SPECT, found that early SPECT (91%) had higher sensitivity 
than delayed SPECT (74%), although no statistically 
significant difference was reported. Another study on early 
and delayed SPECT also showed that early SPECT tended to 
have higher sensitivity than delayed SPECT in parathyroid 
lesion localization; however, this trend did not reach a 

statistically significant value, but dual-phase SPECT results 
were found to be statistically significantly superior to early 
or delayed single-phase SPECT results (13).

Hybrid SPECT/CT has the advantage of imaging in 
successive slices with the patient in the same position on 
the same imaging table. The hybrid system 2.5 mA low-
resolution four-section CT scanner, which was used in 
this study, provided accurate anatomic localization with 
limited resolution in many patients. In the literature, some 
researchers have investigated the statistical contribution of 
SPECT/CT only to the diagnostic accuracy, and others have 
investigated the contribution of SPECT/CT to localization 
and surgery. The main purpose of our study was to 
investigate whether delayed-phase SPECT/CT contributed 
to the diagnostic accuracy of dual-phase planar imaging. In 
a study similar to this study, Huang et al. (19) performed 
dual-phase Tc-99m-sestamibi planar imaging at the 20th and 
120th minutes and SPECT/CT imaging at the 90th minute in 
27 patients. Compared with surgery results, they found 21 
TP, four FP, four TN, and four FN results with planar imaging, 
and 22 TP, six FP, six TN, and three FN results with SPECT/
CT. The sensitivity, specificity, and accuracy for SPECT/
CT were 88%, 50%, and 75.7%, and 84%, and 50%, 
and 75.8% for planar imaging, respectively. It was found 
that the diagnostic accuracy of SPECT/CT did not differ 
statistically significantly from planar imaging (19). In our 
study, dual-phase Tc-99m-sestamibi planar imaging at the 
20th and 120th minutes and SPECT/CT imaging at the 120th 

minute was performed in 36 patients. According to the 
surgical results of 41 lesions in 36 patients, 32 TP, one FP, 
two TN, and six FN results were found with planar imaging. 
With SPECT/CT, 36 TP, one FP, two TN, and two FN results 
were found. The sensitivity, specificity, and accuracy for 
SPECT/CT and planar imaging were 94.74%, 66.67%, and 
92.68%, and 84.21%, 66.67%, and 82.93%, respectively. 
In our study, it was determined that the diagnostic accuracy 
of SPECT/CT was statistically significantly different from 
planar imaging (p<0.005).

In a study by Lavely et al. (13) in which 98 patients 
underwent early and delayed (dual-phase) imaging with 
planar, SPECT, and SPECT/CT, no significant difference was 
found between early SPECT/CT and dual-phase planar 
imaging in parathyroid lesion localization. However, dual-
phase SPECT/CT was found to be statistically superior to 
single-phase SPECT/CT, dual-phase planar imaging, and 
dual-phase SPECT. The combination of early SPECT/CT with 
delayed SPECT or delayed planar imaging was also found 
to be statistically superior to dual-phase planar imaging 
or SPECT. In the study, the sensitivity values of dual-phase 
planar imaging and delayed-phase SPECT/CT imaging 
were 56.5% and 53.5%, specificity values were 98.7% 
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and 98.1%, PPVs were 79.0% and 75.8%, and NPVs were 
96.4% and 96.2% (13). In our study, a lesion was evaluated 
as FP in both planar imaging and SPECT/CT imaging, 
resulting in decreased specificity. Additionally, the NPV 
was found to be low because the other intact parathyroid 
glands were not affected, and TN parathyroid glands could 
not be determined exactly because the intervention was 
made for pathologic parathyroid glands during surgery.

In a meta-analysis in which 18 studies were evaluated, 
the sensitivity and PPV were 63% and 90% in planar 
scintigraphy, 66%, and 82% in SPECT, 84%, and 95% in 
SPECT/CT, respectively. SPECT/CT was found to be superior 
to the other two methods (20).

In the study by McCoy et al. (21), in which 1,388 
patients were evaluated, 755 SPECT/CT and 633 SPECT 
examinations were compared. In 1,186 patients with 
solitary gland disease, SPECT/CT had higher sensitivity 
(96% vs. 91%), accuracy (83% vs. 77%), and PPV (90% vs. 
85%) than SPECT. Although the rates of negative imaging 
in multigland disease were similar in both methods, the 
accuracy of SPECT/CT was found to be better than SPECT 
in predicting 202 patients with preoperative multigland 
disease (36% vs. 22%). Additionally, for multigland disease, 
the sensitivity (68% vs. 49%) and PPV (53% vs. 37%) of 
SPECT/CT were higher than in SPECT. They also stated that 
SPECT/CT provided a more reliable surgical guide in both 
single-gland and multi-gland disease (21).

A 48-patient study with hybrid SPECT/CT showed that the 
combination of dual-phase planar imaging and early SPECT 
with or without CT fusion confirmed 89% of the localization 
of parathyroid adenomas removed with surgery. The 
researchers concluded that the addition of CT fusion alone 
did not add value to SPECT. In another study of 36 patients, 
early SPECT/CT was performed only on patients whose 
planar imaging results were negative or diagnostically 
uncertain. It was shown that early SPECT/CT contributes to 
localization and surgical planning in 39% of patients (22).

Takami et al. (23) showed that localization of Tc-99m-
sestamibi was impossible in delayed-phase images due 
to rapid excretion from parathyroid adenomas in 7% of 
patients with hyperparathyroidism in their study using 
Tc-99m-sestamibi dual-phase parathyroid scintigraphy. 
In another study, it was reported that Tc-99m-sestamibi 
caused false negativity in the delayed phase due to its 
early excretion from the parathyroid gland, particularly 
due to degeneration in hemorrhagic or large-hyperplastic 
parathyroid glands (24). Another factor thought to affect 
sestamibi uptake in parathyroid adenomas is the presence 
of P-glycoprotein or protein associated with multi-drug 
resistance in adenomas. There is insufficient sestamibi 

uptake in adenomas with P-glycoprotein and this leads 
to FN results (25). In one patient in our study, a solitary 
parathyroid adenoma found in surgery could not be 
detected in either planar imaging or SPECT/CT imaging. 
This is a limitation of Tc-99m-sestamibi imaging methods 
with a single radionuclide.

MIBI uptake is related to cell function. Hence, some 
parathyroid lesions do not retain MIBI, whereas thyroid 
disease, lymphoma, lymph node diseases (lymph node 
metastatic disease, inflammation, and sarcoidosis) can 
lead to FP results. In our study, Thyroid tumors were 
found in seven of 14 patients who underwent thyroid 
surgery, medullary carcinoma in three of them, papillary 
carcinoma in two, bilateral micropapillary carcinoma in 
one, and well-differentiated thyroid tumor in one with 
uncertain malignant potential. Benign thyroid pathologies 
were detected in the remaining seven patients. SPECT/
CT may decrease FP results attributable to thyroid nodules 
and FN results attributed to adenoma of a cystic nature or 
associated with concomitant thyroid nodules, which may 
go unidentified by scintigraphy (26). The failure of SPECT/
CT to identify thyroid lesions may be associated with several 
factors, such as lesion size, resolution of the system, and 
amount of tracer uptake by thyroid tissue (27).

Study Limitations

Although SPECT/CT plays an important role in the diagnosis 
and location of parathyroid adenoma, evaluation together 
with ultrasonography would be more suitable for choosing 
an appropriate therapeutic regimen for identifying 
concomitant thyroid pathologies. Other limitations of our 
study were that: Our study was retrospective, USG findings 
were excluded from the study as they were evaluated by 
different physicians.

Conclusion

Hybrid SPECT/CT imaging is superior to planar imaging 
in terms of anatomic detail and localization of lesions, 
especially in determining the depth of lesions in the neck 
and in determining whether lesions are ectopic. Its margin 
of error is lower, and its sensitivity and accuracy are higher. 
Additionally, it increases PPV and NPV and the determination 
of the exact location of lesions in minimally invasive surgery. 
Therefore, it should be used routinely to detect parathyroid 
pathologies in patients with hyperparathyroidism.
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Abstract
Objectives: Renal cell carcinoma (RCC) comprises 85%-90% of primary renal malignant tumors originating from the renal tubular epithelium and 
has different genetic characteristics. This study aimed to investigate the potential predictive role of 18F-fluorodeoxyglucose (FDG) positron emission 
tomography/computed tomography (PET/CT) and metabolic parameters in overall survival (OS) analysis in patients with RCC.
Methods: 18F-FDG PET/CT images of 100 patients performed for initial staging before surgical or oncological treatments were analyzed 
retrospectively. Maximum standard uptake value (SUV

max
-T) of the primary tumor was calculated and its relationship to patient survival was 

analyzed. The median follow-up time was 5.61 years (0.01-8.7 years). 
Results: SUV

max
-T levels in the patients ranged from 2.1 to 48.9 (median 5.9, mean 9.0±7.9). SUV

max
-T was significantly higher in RCC-related 

death more positive than in the negative cases (p<0.001). However, there was not any statistical significance for gender and pathological subtypes 
on the survival outcomes of patients (p=0.264 and p=0.784). The patients’ 1-year, 3-year, and 5-year OS rates were 71%, 61%, and 57%, 
respectively. The highest action of SUV

max
-T for estimating OS was a cut-off level of 5.4, which maintained sensitivity and specificity of 81% and 

75%, respectively. However, cancer staging remained independent significance for OS (p<0.001).
Conclusion: SUV

max
 of primary tumor and cancer stage were demonstrated as significant prognostic factors for OS in patients with RCC. Evaluation 

of 18F-FDG accumulation with PET/CT may help plan treatment strategies and predict survival outcomes of these patients at diagnosis. 
Keywords: Fluorine-18-fluorodeoxyglucose, positron emission tomography, prognosis, renal cell carcinoma, survival

Öz
Amaç: Renal hücreli karsinom (RHK), renal tübüler epitelden kaynaklanan primer renal malign tümörlerin %85-90’ını oluşturur ve farklı genetik 
özellikler içerir. Bu çalışmanın amacı RHK tanılı hastalarda genel sağkalım analizinde 18F-florodeoksiglukoz (FDG) pozitron emisyon tomografisi/
bilgisayarlı tomografi (PET/BT) ve metabolik verilerin potansiyel öngörücü rolünü araştırmaktır.
Yöntem: Hastalar (n=100) geriye dönük olarak cerrahi veya onkolojik tedaviler uygulanmadan önce, evreleme 18F-FDG PET/BT görüntüleme ile 
incelendi. Primer tümörün maksimum standartlaştırılmış alım değeri (SUV

maks
-T) hesaplandı ve hasta sağkalımı ile ilişkisi analiz edildi. Medyan takip 

süresi 5,61 yıl idi (0,01-8,7 yıl). 
Bulgular: Tüm hastalarda SUV

maks
-T ölçümleri 2,1 ile 48,9 arasında idi (medyan 5,9, ortalama 9,0±7,9). SUV

maks
-T, RHK ile ilişkili eksitus pozitif 

olgularda negatif olgulardan anlamlı olarak daha yüksek idi (p<0,001), ancak hastaların sağkalım sonuçlarında cinsiyet ve patolojik alt tipler için 
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Introduction

Kidney cancers have histological subtypes with different 
characteristics, account for approximately 3% of adult 
cancers, and are in the third rank among urogenital 
cancers (1). Renal cell carcinoma (RCC) comprises 85%-
90% of primary renal malignant tumors originating from 
the renal tubular epithelium and has different genetic 
characteristics (2). RCCs, highly angio-invasive tumors, 
tend to metastasize to the lungs, bones, liver, and brain 
by hematogenous and lymphatic spread. Survival in RCC is 
poor, especially in the clear cell subtype, which is prone to 
diagnosis at an advanced stage, and 20%-30% of patients 
are also in the metastatic stage during this period (3,4). 
Therefore, the management of these patients is very 
challenging. The 5-year survival rate is less than 20%, even 
if the metastatic tumor is removed, the survival is between 
25 and 50% (5). However, the incidence of renal tumors, 
which are often incidentally diagnosed as smaller and low-
grade tumors, is increasing because of the widespread use 
of non-invasive imaging tools. The histological subtype, 
grade, size, extracapsular spread, and lymphovascular 
invasion status can be considered among the main factors 
affecting the prognosis of renal tumors (6). 

Positron emission tomography integrated with computed 
tomography (PET/CT) imaging has become a key modality 
for imaging patients with cancer and is frequently 
used in renal cancers, particularly to detect recurrence 
and evaluate treatment response. Cancer staging with 
18F-fluorodeoxyglucose (FDG) PET imaging is since 
malignant tumoral cells have higher glucose metabolism 
than normal cells (7). However, renal cancers are prone to 
exhibit low tracer uptake (8,9). 

Whilst there is a wealth of literature addressing the use of 
18F-FDG PET/CT in renal tumors, the relationship between 
PET metabolic measurements obtained from the pre-
treatment initial staging examination and patients’ survival 
after long-term follow-up has not been well investigated. 
Therefore, we investigated the potential predictive role 
of 18F-FDG PET/CT and metabolic data in the analysis of 
survival in patients with RCC.

Materials and Methods

Patients 

A total of 100 patients [66 men and 34 women; mean age 
58.1±11.7 (range: 34-82 years)] with RCC were examined 
between August 2013 and March 2022 on 18F-FDG PET/
CT scans were retrospectively enrolled in the analyses at 
the initial staging before surgical or oncological treatments. 

The University of Health Sciences Turkey, Istanbul Training 
and Research Hospital Clinical Research Ethics Committee 
approved the study protocol (number: 88, date: 
02.03.2022) and the Declaration of Helsinki rules were 
followed to conduct this study.

18F-FDG PET/CT Scan and Interpretation of Images
18F-FDG doses according to patient weight (3.7 mBq/kg) 
were injected into the patients when their blood glucose 
values were <140 mg/dL. Initially, CT (n=68 with contrast-
enhanced, n=32 without contrast-enhanced) data followed 
by PET scan were received 60 min after 18F-FDG injection 
between the vertex-proximal thigh in an mCT 20 PET/CT 
scanner (Siemens Molecular Imaging, Hoffman Estates, 
IL) and all images were examined first visually and then 
semi-quantitatively. Regions with increased 18F-FDG uptake 
than background and nearby structures in primary tumors, 
nodal and distant metastases were recorded. Maximum 
standardized uptake value (SUV

max
) was measured 

automatically by drawing an elliptical volume of interest 
to include the pathological tumoral lesions in the three 
planes in 18F-FDG PET/CT. The review process was carried 
out by combining the metabolic findings from the PET 
component with anatomical information obtained from 
the CT component. Initial staging images were evaluated 
to determine whether primary tumor SUV

max
 (SUV

max
-T) 

predicted patient survival. According to the 8th edition of the 
American Joint Committee on Cancer 2018 tumor, node, 
and metastasis (TNM) staging system, the disease stage was 
determined, and the patients were followed up for at least 5 
years or until death to evaluate their survival outcomes (10).

Statistical Analysis

Study data were evaluated by SPSS 25.0 software 
(IBM, Armonk, NY, USA) and p<0.05 was considered 

istatistiksel bir anlamlılık yoktu (p=0,264 ve p=0,784). Tüm hastalar için 1-yıllık, 3-yıllık ve 5-yıllık genel sağkalım oranları sırasıyla %71, %61 ve %57 
idi. Genel sağkalımı öngörmede SUV

maks
-T’nin en yüksek performansı sırasıyla %81 ve %75 duyarlılık ve özgüllük sağlayan 5,4’lük bir cut-off seviyesi 

ile elde edildi. Öte yandan, kanser evrelemesi genel sağkalım için bağımsız bir öneme sahipti (p<0,001).
Sonuç: Primer tümör SUV

maks
 ve kanser evresi, RHK’li hastalarda genel sağkalım için önemli prognostik faktörler olarak gösterildi. 18F-FDG 

tutulumunun PET/BT ile değerlendirilmesi, tedavi stratejilerinin planlanmasına ve bu hastaların tanı anında sağkalım sonuçlarının tahmin edilmesine 
yardımcı olabilir. 
Anahtar kelimeler: Flor-18-florodeoksiglukoz, pozitron emisyon tomografisi, prognoz, renal hücreli karsinom, sağkalım
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statistically significant. Numbers and percentages were 
used to indicate the categorical data. Median and mean 
with standard deviation values were used to express the 
quantitative calculations. The relationship between survival 
and categorical variables was assessed by Pearson chi-
squared. Time from PET/CT to death or final analysis of 
the study was calculated to determine overall survival 
(OS) and survival curves were performed and compared 
using the Kaplan-Meier method and Mantel-Cox Log-rank 
test. Receiver operating characteristic curve (ROC) analysis 
was used to express the cut-off values for OS. Univariate 
analyses of SUV

max
 on survival outcomes were measured 

using the Cox regression analysis. Independent variables 
related to OS were determined by significant factors by 
using multivariate logistic regression analysis. The data 
were expressed at a 95% confidence interval (CI).

Results

Overall, 65 patients had clear cell RCC, 21 had 
chromophobe RCC, nine had papillary RCC, and five had 
unclassified RCC. The clinicopathological TNM staging was 
stage 1 in 40 patients, stage 2 in 14 patients, stage 3 in 9 
patients, and stage 4 in 37 patients. Distant metastases 
were visualized in 34 patients on 18F-FDG PET/CT, and the 
lungs and bones were the most common sites of distant 
metastasis (Figure 1). Information on the characteristics of 
the patients is presented in Table 1. The median follow-up 
time was 5.61 years (range, 0.01-8.7 years; 0.78 years for 
deceased patients, 7.78 years for living patients). Fifty-two 
RCC-related deaths occurred; the remaining 48 patients 
were alive at the last check. 

SUV
max

-T levels in the patients ranged from 2.1 to 48.9 
(median 5.9, mean 9.0±7.9). In our study, there were 
significant differences according to the PET metabolic 
parameters of the primary tumor. SUV

max
-T was significantly 

higher in patients with distant metastases than in the 
negative ones (p<0.001). Also, SUV

max
-T was significantly 

higher in the RCC-related death group than in the other 
group (p<0.001). There was statistical significance in OS 
between groups for tumor and cancer staging (p<0.001). 
However, there was no statistical significance for gender 
and histological subtypes on patients’ survival outcomes 
(p=0.264 and p=0.784) (Figure 2).

The time-dependent ROC curves were generated to analyze 
the efficacy of SUV

max
-T to predict OS (Figure 3). High 

SUV
max

-T was associated with a shorter OS and the highest 
SUV

max
-T value to predict OS was a cut-off level of 5.4, 

which retained 81% and 75% sensitivity and specificity, 
respectively. Considering 1-year, 3-year, and 5-year survival, 
the best clinical performance of SUV

max
-T was achieved at 

a cut-off level of 7.4, 5.5, and 5.5, which indicated the 

Table 1. Characteristics of the patients

Variables n

Age, median (range) 58 (34-82)

Sex

Male 66

Female 34

Histopathological type

Clear cell 65

Chromophobe 21

Papillary 9

Unclassified 5

Tumor stage

T1 46

T2 22

T3 20

T4 12

TNM cancer staging

I 40

II 14

III 9

IV 37

Nephrectomy

Yes 66

No 34

RCC-related death 52

TNM: Tumor, node, and metastasis, RCC: Renal cell carcinoma

Figure 1. Maximal intensity projection (A), axial CT, and fusion PET/CT (B, 
C) images of a 57-year-old woman with clear cell RCC. The patient had T4 
and stage 4 cancer with lung, liver, bone, and lymph node metastases. 
Primary tumor SUV

max
 was 25.1. She died 6 months after the initial 

evaluation 18F-FDG PET/CT
PET/CT: Positron emission tomography/computed tomography, RCC: Renal cell 
carcinoma, SUV

max
: Maximum standard uptake value, FDG: Fluorodeoxyglucose
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highest sensitivity and specificity, respectively (Table 2). 
These results suggest that SUV

max
-T is a reliable parameter 

for predicting OS. The patients’ 1-year, 3-year, and 5-year OS 
rates were 71%, 61%, and 57%, respectively. Furthermore, 
OS rates were 52% vs. 48% in patients with SUV

max
 ≤5.4 

vs. >5.4 on 18F-FDG PET/CT. Also, univariate Cox regression 
analysis identified the values of SUV

max
-T as a significant 

prognostic marker for OS (p<0.001, Odds ratio: 1.135, 
95% CI: 1.098-1.173). 

The effect of SUV
max

 on OS was compared with that 
of possible prognostic markers and the SUV

max
 levels 

exhibiting statistical significance in univariate analysis 
were included in the multivariate analysis. The findings 
of the multivariate analysis are indicated in Table 3. 
Analysis of SUV

max
 in association with patients’ gender, 

histological tumor subtypes, and tumor staging at the 
initial pretreatment period revealed that SUV

max
-T was a 

significant independent prognostic factor of OS in patients 
with RCC (p<0.001). However, cancer staging remained 
independent significance for OS (p<0.001). Regardless 
of the tumor stage and the histopathological subgroups, 
patients with a higher SUV

max
 had a shorter OS than 

patients with a lower SUV
max 

(Figure 4). In this study, the 
mean OS for 48 patients with SUV

max
 ≤5.4 was 7.4 years 

(95% CI: 6.623-8.181), while in 52 patients with SUV
max

 
>5.4, the mean OS was 3.3 years (95% CI: 2.349-4.170). 
Differences in OS among these patients were statistically 
significant (SUV

max
 ≤5.4 vs. >5.4, p<0.001).

Discussion 

Oncological PET/CT imaging has proven its importance 
in diagnosis, staging, evaluation of treatment response, 
and recurrence detection in most cancer types and is an 
indispensable modality in this field. Since RCC exhibits low 
glucose metabolism and tumoral 18F-FDG uptake, PET/
CT is more limitedly preferred as an imaging tool in the 
initial staging (11,12). However, several researchers have 
examined the efficacy of 18F-FDG PET in determining the 
metabolic and molecular characterization of renal tumors 
(13,14). In a retrospective study investigating the impact 
of SUV

max
 levels on patient mortality in renal tumors, it 

was determined that patients with metastasis lived shorter, 
liver metastases showed shorter survival, and the lung 
metastases had higher SUV

max
 levels (15).

Diagnostic values of PET/CT at different SUV
max

 cut-off 
values in survival analysis are available for RCC in the 
literature (16,17). Komek et al. (18) investigated the 
relationship between the mortality results of 21 patients 
with RCC and showed that SUV

max
 values of ≥4.5, obtained 

from pre-treatment 18F-FDG PET/CT imaging, resulted in 
increased mortality. Furthermore, a cut-off value of 8.8 
and SUV

max
 values higher than this have been reported as 

predictors of survival for advanced RCC (19). In this study, 
we evaluated the patient outcomes and mortality rates 
according to different SUV

max
 values, which refer to 1-year, 

3-year, and 5-year results and we determined the patients’ 
mortality rates as 29%, 39%, and 43%, respectively (Figure 
5). Nakaigawa et al. (20) evaluated 101 patients with RCC 
during the pretreatment or follow-up period and classified 
study patients into three subgroups based on their highest 

Figure 3. Receiver operating characteristic curve analysis of the patients 
comparing the prognostic accuracy for 1-year survival (A), 3-year survival 
(B), 5-year survival (C), and overall survival (D) and determining the cut-
off values (p<0.0001, each)

Figure 2. Kaplan-Meier curves of overall survival by patient’s gender (A; 
blue: male, green: female), histological subtype (B), tumor staging (C), 
and cancer staging (D)
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SUV
max

 levels and reported significant differences in OS for 
RCC. Subjects were followed for a median of 18 months 
and the median OS of patients with SUV

max
 <7.0, ≥7.0, 

and <12.0, and ≥12.0 was found as 41.9, 20.6, and 4.2 
months, respectively. In this study, the median follow-up 
time of our patients was 5.61 years, and we observed the 
mean OS as 7.4 and 3.3 years, respectively, for SUV

max
 ≤5.4 

vs. >5.4 levels, with sensitivity and specificity results of 81% 
and 75%. Additionally, the SUV

max
 threshold of 7.4 was 

significant in distinguishing patient mortality and survival 
within 1 year after PET/CT evaluation (Figure 6).

The use of volumetric measures such as metabolic tumor 
volume (MTV) and total lesion glycolysis (TLG) provided 
a correlation with prognosis in published studies (21). 
Nakajima et al. (22) showed that MTV and TLG calculated 
from PET data are also important prognostic markers in the 
survival analysis of RCC patients. Further pre-treatment TLG 
was found to be an independent indicator of the prognosis 
of OS in another study (23). Besides PET measurements, 

the prognostic value of pathological subtypes was 
investigated, and the clear cell variant was more prone 
to metastasis than the other two variants and exhibited 
a poor prognosis, but we did not observe any significant 
difference between the survival times of the histological 

Figure 5. Axial CT (A), PET (B), and fusion PET/CT (C) images of a 
54-year-old man patient with clear cell type RCC. The patient had stage 
3 cancer with a T3 tumor on PET/CT performed at the initial staging. 
Primary tumor SUV

max
 was 6.5. He died of recurrent metastatic disease 

2.7 years after initial evaluation 18F-FDG PET/CT
PET/CT: Positron emission tomography/computed tomography, RCC: Renal cell 
carcinoma, SUV

max
: Maximum standard uptake value, FDG: Fluorodeoxyglucose

Figure 6. Axial CT (A), PET (B), and fusion PET/CT (C) images of a 67-year-
old living patient with stage 1 cancer were received 7.4 years ago. He 
had chromophobe type RCC in the right kidney with a SUV

max 
value of 3.9

PET/CT: Positron emission tomography/computed tomography, RCC: Renal cell 
carcinoma, SUV

max
: Maximum standard uptake value, FDG: Fluorodeoxyglucose

Figure 4. Kaplan-Meier survival graphs with log-rank (Mantel-Cox) 
present significant differences in survival outcomes of study patients 
classified by SUV

max
 values. SUV

max
 >7.5 for 1-year survival (A), SUV

max
 

>5.5 for 3-year survival (B), SUV
max

 >5.5 for 5-year survival (C), and SUV
max

 
>5.4 for overall survival (D) were associated with mortality and shorter 
OS (p<0.001 for all)
SUV

max
: Maximum standard uptake value, OS: Overall survival

Table 2. Receiver operating characteristic analysis for the efficacy of SUV
max

 in predicting mortality relative to patient 
survival time

SUV
max

Cut-off level Death AUC p value Sensitivity (%) Specificity (%) 95% CI

1-year survival > 7.4 29 0.831 <0.0001 75.9 77.5 0.742-0.898

3-year survival >5.5 39 0.821 <0.0001 84.6 67.2 0.732-0.891

5-year survival >5.5 43 0.821 <0.0001 83.7 70.2 0.732-0.891

Overall survival >5.4 52 0.837 <0.0001 80.8 75.0 0.750-0.903

SUV
max

: Maximum standardized uptake value, AUC: Area under curve, CI: Confidence interval

Table 3. Multivariate logistic regression analysis for 
patient survival outcomes

Variable OR 95% CI p value

SUV
max

1.076 1.036-1.118 <0.001

Age 1.028 0.997-1.060 0.081

Gender 0.660 0.358-1.218 0.184

T-stage 0.928 0.688-1.252 0.625

TNM stage 1.985 1.444-2.729 <0.001

SUV
max

: Maximum standardized uptake value, OR: Odds ratio, CI: Confidence 
interval, TNM: Tumor, node, and metastasis
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subgroups (24). Tumor size, grading system, various other 
markers, and different radiopharmaceuticals used in hybrid 
molecular imaging have been reported in several articles as 
potential predictors of the prognosis of patients with RCC 
(25,26,27). 

Study Limitations

This study had some limitations. First, our retrospective 
study showed a heterogeneous distribution among 
pathological subgroups and tumor stages. Also, the 
differences in the patients’ treatment protocols and follow-
up strategies may have affected the survival analyses. 
Therefore, well-designed prospective studies are required 
to validate our findings.

Conclusion

Patients with high primary tumor SUV
max

 had increased 
mortality rates and shorter survival. SUV

max
 and the 

high-cancer stage were demonstrated as the significant 
prognostic predictors in patients with RCC. We think that 
SUV

max
 can act as a potential biomarker and reflect the 

disease prognosis. Evaluation of 18F-FDG accumulation 
using PET/CT may help plan treatment strategies and 
predict survival outcomes of these patients at diagnosis.
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Primer ve Metastatik Karaciğer Tümörlü Hastalarda Transarteriyel Radyoembolizasyon ve 
Kemoembolizasyona Erken Yanıtı Değerlendirmede 18F-FLT PET/BT’nin Rolü

Abstract
Objectives: Metastases and primary malignancies are common in the liver. Local ablative applications such as transarterial chemoembolization 
(TACE), and transarterial radioembolization (TARE) provide minimally invasive and safe treatment in unresectable liver tumors. Early detection 
of response to treatment prevents unnecessary toxicity and cost in non-responder patients and provides an earlier use of other options that 
may be effective. This study aimed to identify the role of 18F-fluorothymidine (FLT) positron emission tomography/computed tomography 
(PET/CT) in the assessment of early response to TACE and TARE treatments in patients with unresectable primary and metastatic liver tumors. 
Methods: This single-center study included 63 patients who underwent 18F-FLT PET/CT for response evaluation after TACE and TARE. After excluding 
20 patients whose data were missing 43 TARE-receiving patients were analyzed. The compatibility of change in semi-quantitative values obtained from 
the 18F-FLT PET/CT images with the treatment responses detected in 18F-fluorodeoxyglucose PET/CT, CT, and MR images and survival was evaluated. 
Results: There was no correlation between early metabolic, morphological response, and 18F-FLT uptake pattern, and change 
in standardized uptake values (SUV) which were ΔSUV

max
, ΔSUV

mean
, ΔSUV

peak
., ΔSUV

mean
, ΔSUV

peak
 values. There was no 

significant correlation between 18F-FLT uptake pattern, ΔSUV
max

, ΔSUV
mean

, ΔSUV
peak

, and overall survival, progression-free survival 
(PFS) for the target lobe PFS for the whole-body. The survival distributions for the patients with >30% change in ΔSUV

max
 and 

ΔSUV
peak

 values were statistically significantly longer than the patients with <30% change (p<0.009 and p<0.024, respectively). 
Conclusion: There was significant longer PFS for target liver lobe in patients with more than 30% decrease in 18F-FLT SUV

max
 and SUV

peak
 of the 

liver lesion in primary and metastatic unresectable liver tumors undergoing TARE.
Keywords: 18F-FLT PET/CT, early response, primary, metastatic, chemoembolization, liver tumors, radioembolization, TACE, TARE

Öz
Amaç: Karaciğer hem metastazların hem de primer malignitelerin sık görüldüğü bir organdır. Transarteriyel kemoembolizasyon (TAKE) ve 
transarteriyel radyoembolizasyon (TARE) gibi lokal ablatif uygulamalar, rezeke edilemeyen karaciğer tümörlerinde minimal invaziv ve güvenli 
tedavi sağlar. Tedaviye yanıtın erken tespiti, yanıt vermeyen hastalarda gereksiz toksisiteyi ve maliyeti önlerken etkili olabilecek diğer seçeneklerin 
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Introduction

Both metastases and primary malignancies, such as 
hepatocellular carcinoma (HCC) and cholangiocellular 
cancer, are common in the liver. Metastases are the most 
common liver malignancy, and leading tumors metastasize 
to the liver are colorectal cancer, neuroendocrine tumors, 
other gastrointestinal cancers, and breast cancer. HCC is 
the sixth common cause of cancer and the third common 
cause of cancer-related deaths worldwide (1,2). Since the 
liver involvement is effective on survival, curative surgical 
applications are the first-line therapy, either with adjuvant 
chemotherapy or alone, providing the most significant 
survival advantage. However, surgery cannot be applied 
to most patients at diagnosis or tumor recurrence due 
to advanced-stage disease or inappropriate clinical status 
(1,3). Local ablative applications such as radiofrequency, 
microwave, and cryo-ablation, irreversible electroporation 
(IRE), endovascular transarterial chemoembolization 
(TACE), and transarterial radioembolization (TARE) provide 
minimally invasive and safe treatment (4,5,6,7,8). It has 
been reported that TARE and TACE provide long-term survival 
advantage and low toxicity, especially in patients with good 
performance and low tumor burden (5,7,8,9,10,11).   

The prediction or early detection of response to therapy 
prevents unnecessary toxicity and cost that may be life-
threatening in non-responder patients and provides an 
earlier use of other treatment options that may be effective. 
The morphological response evaluation with computed 
tomography (CT) and magnetic resonance (MR) requires 
a relatively long period and tumor shrinkage. Positron 
emission tomography (PET)/CT or PET/MR hybrid imaging, 
based on metabolic processes, provides earlier response 
assessment and concurrent anatomical information. 
18F-fluorodeoxyglucose (FDG)  is the most commonly used 
agent in PET imaging (12,13,14,15,16). However, since 
tumors with low-glucose metabolism and low cellularity, 

small-sized and well-differentiated tumors show low 
18F-FDG uptake, alternative agents such as thymidine 
analog 3’-deoksy-(F-18)-3´-fluorotimidin (18F-FLT), which 
reflects the proliferation of cells, 11C-acetate, which reflects 
hypoxia, C11-choline or 18F-choline, which reflects aerobic 
metabolism (fatty acid synthesis) are being investigated 
(15,17,18,19,20,21,22,23).  
18F-FLT, an analog of thymidine, is phosphorylated with 
thymidine kinase-1 (TK1) and is converted to 18F-FLT-
monophosphate, which cannot penetrate DNA and is 
trapped in the cytosol. 18F-FLT is a TK1-specific substrate 
that increases in proliferating cells while not found in 
silent cells and correlates with a proliferation marker Ki-67 
index (24,25). Imaging with 18F-FLT has advantages such 
as non-invasive quantitation of cell proliferation, three-
dimensional tumor imaging, and evaluating the whole 
tumor proliferation heterogeneity in multiple tumor areas 
simultaneously. Studies show that tumor proliferation 
changes can be detected early with 18F-FLT PET/CT after 
radiotherapy (1,2,3). Knowing that TARE is an internal 
radiotherapy method, this study aimed to describe the role 
of 18F-FLT PET/CT in assessing the early response to TARE 
and TACE in patients with primary and metastatic liver 
tumors.

Materials and Methods

Ankara University Faculty of Medicine Human Research 
Ethics Committee Approval (İ3-117-19) was obtained for 
this single-center study with prospective and retrospective 
components and was performed under the Helsinki 
Directive and Good Clinical Practices Guidelines. Informed 
consent was obtained from all volunteers included in the 
study.

Patients

The inclusion criteria of this study were TACE or TARE therapy 
for histologically/cytologically or radiologically diagnosed 

Nak et al. 18F-FLT PET/CT in TARE and TACE

daha erken kullanılmasını sağlar. Bu çalışmada, rezeke edilemeyen primer ve metastatik karaciğer tümörlü hastalarda TAKE ve TARE tedavilerine 
erken yanıtın değerlendirilmesinde 18F-FLT pozitron emisyon tomografisi/bilgisayarlı tomografinin (PET/BT) rolünün belirlenmesi amaçlanmıştır. 
Yöntem: Tek merkezli bu çalışmaya, TARE ve TAKE tedavileri öncesi ve sonrasında 18F-FLT PET/BT inceleme yapılarak yanıt değerlendirmesi 
yapılan 63 hasta dahil edilmiştir. Verileri eksik olan 20 hasta dışlanarak 43 TARE alan hasta analiz edilmiştir. 18F-FLT PET/BT görüntülerinden elde 
edilen semi-kantitatif değerlerdeki değişimin 18F-florodeoksiglukoz PET/BT, BT ve MR görüntülerinde saptanan tedavi yanıtları ile uyumluluğu ve 
sağkalımlarla ilişkisi araştırılmıştır.
Bulgular: Erken metabolik, morfolojik yanıt ile 18F-FLT tutulum paternindeki değişim, ΔSUV

maks
, ΔSUV

mean
, ΔSUV

peak
  olarak  ifade edilen SUV değerlerindeki 

değişim arasında korelasyon saptanmamıştır. 18F-FLT tutulum paterninde değişim, ΔSUV
maks

, ΔSUV
mean

 ve ΔSUV
peak

 değerleri ile genel sağkalım, tüm 
vücut ve hedef lob için progresyonsuz sağkalım (PFS) arasında anlamlı ilişki gözlenmemiştir. ΔSUV

maks
 ve ΔSUV

peak
 değerlerinde >%30 değişiklik 

olan hastaların hedef lob için PFS’leri <%30 değişiklik olanlardan istatistiksel olarak anlamlı düzeyde uzun saptanmıştır (sırasıyla; p<0,009 ve p<0,024). 
Sonuç: TARE uygulanan primer ve metastatik rezektabl olmayan karaciğer tümöründe karaciğer lezyonunun 18F-FLT SUV

maks
 ve SUV

peak
’inde >%30 

azalma olan hastalarda hedef karaciğer lobu için daha uzun PFS saptanmıştır.
Anahtar kelimeler: 18F-FLT PET/BT, erken yanıt, primer, metastatik, kemoembolizasyon, karaciğer tümörleri, radyoembolizasyon, TAKE, TARE
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primary (HCC, cholangiocellular carcinoma) or metastatic 
liver tumor; staged with CT/MR, 18F-FDG PET/CT, or PET/
MR; Eastern Cooperative Oncology Group performance 
score ≤2;  over 18 years of age; follow-up more than three 
months; available data. Patients with claustrophobia and 
pain that prevent imaging and patients who did not want 
to participate in the study were excluded. There was no 
intervention in the treatment selection or management of 
the patients. According to the standard evaluations, the 
relevant specialist (medical oncology, gastroenterology 
specialist, or general surgeon) chose the treatment.

18F-FLT and 18F-FDG PET/CT Imaging

The presence or history of systemic or local ablative 
therapy, chronic disease, etc., can affect the evaluation was 
questioned and noted. To reduce the total body radiation 
dose and increase the image quality, oral hydration and 
emptying of the bladder before imaging was provided. 
Approximately 60 min after the 18F-FDG and 18F-FLT were 
given intravenously, the whole-body PET/CT imaging was 
performed starting 60 min after injection. Following at 
least 6 hours of fasting, when blood glucose level was 
<150 mg/dL, ~4-5 MBq/kg 18F-FDG was administered. 
Approximately 60 min after the administration of 
radiopharmaceutical, whole-body PET/CT images were 
obtained. FLT was synthesized in-house according to 
standard procedures (25). After administration of 3.4-
9.3 mCi 18F-FLT intravenously, the whole-body PET/CT 
imaging was performed starting 60 min after injection 
(26,27,28,29,30). Following CT for attenuation correction, 
and anatomical correlation, whole-body PET images were 
obtained, in the supine position, from the vertex to the 
middle thigh, and 3 min per bed. PET/CT Discovery ST 
(GE Healthcare Waukesha, Wisconsin, USA) was used for 
PET/CT hybrid imaging. After assessing maximum intensity 
projection, cross-sectional and fusion images, areas with 
high, mixed (heterogeneous), equal and low uptake 
from adjacent liver parenchyma were noted. The same 
parameters and assessments were used for 18F-FDG and 
18F-FLT imaging, which were performed twice, before the 
treatment as baseline and for response evaluation after 
therapy.

The target lesion was defined as sole or the largest lesion 
in the target lobe. Standardized uptake values (SUV):  
SUV

max
, SUV

mean
, SUV

peak
 were calculated automatically for 

hypermetabolic and heterogeneous (mixed) target lesions 
on a workstation by using PET software (GE Healthcare). 
A 2 cm region of interest was manually defined for 
isometabolic, and hypometabolic target lesions on the 
summed images by using the same software. Since the 
reference (non-tumoral) liver parenchymal SUV values   of 

the patients showed a significant difference both between 
the patients and the baseline and post-treatment images 
of the same patient, the target background ratio (TBR) of 
the target lesions were calculated by proportioning the 
SUV values of the target lesion to reference values and 
were evaluated separately. Reference SUV values were 
calculated by manually placing a 2 cm region of interest in 
the liver in a tumor-free area to measure background liver 
activity (26,28,29,30). Patients were divided into groups 
with and without the change of SUV values calculated from 
the difference between the target lesion’s post-treatment 
and pre-treatment SUV values, which were calculated and 
referred to as delta (Δ) SUV values.

Statistical Analysis

The changes between baseline and post-treatment 18F-FLT 
PET/CT images were compared to the responses detected 
with 18F-FDG PET/CT and CT/MRI, evaluated according 
to the PERCIST and RECIST 1.1 criteria, respectively, and 
progression-free survival (PFS) and overall survival (OS). 
All statistical analyses were performed using IBM SPSS 
for Windows, version 25.0 (SPSS, Armonk, NY: IBM 
Corp.). Kolmogorov-Smirnov test was used to assess the 
assumption of normality. The continuous variables that did 
not have a normal distribution were expressed as medians 
(minimum-maximum). For non-normally-distributed 
continuous variables, differences between groups were 
tested using Mann-Whitney U test and Kruskal-Wallis 
test. Lastly, Pearson chi-square analysis and Fisher’s 
Exact test determined associations between categorical 
variables, while Pearson and Spearman correlation 
analysis determined associations between continuous 
variables. The survival times of groups were obtained using 
Kaplan-Meier analysis and the difference in survival times 
between groups were compared with the Log Rank test. 
A two-sided p value <0.05 was considered as statistically 
significant.

Results

Patients

Sixty-three consecutive patients were included in the 
study between December 2018 and January 2020, who 
underwent pre- and post-treatment 18F-FLT PET/CT to 
evaluate their response to TARE and TACE treatments. 
Although all patients underwent baseline imaging, 4 of 
the TACE-receiving patients and 16 of the TARE-receiving 
patients could not undergo 18F-FLT PET/CT or other 
imaging for response evaluation either due to decreased 
performance status that hindered further procedure 
or death. Since the patients who received TACE did not 
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undergo PET/CT or CT/MRI to evaluate the response to 
treatment, and most of their data were missing TACE-
receiving patients were excluded from the analysis. Forty-
three TARE-receiving patients were analyzed to have a 
homogenous population and statistical analysis. Detailed 
patient characteristics are listed in Table 1. 
18F-FLT, 18F-FDG PET/CT and CT/MRI

Other than one patient who did not undergo 18F-FDG 
PET/CT scanning for response evaluation because of the 
tumor’s 18F-FDG non-avidity at the baseline, all remaining 
patients underwent 18F-FLT PET/CT, 18F-FDG PET/CT, and 
CT/MR before and after TARE. The morphological response 
evaluation was performed with contrast-enhanced CT for 
2 patients and with contrast-enhanced MR for 41 patients. 
Imaging characteristics of 18F-FLT PET/CT are given in 
Tables 2, 3; characteristics of 18F-FDG PET/CT and CT/MRI 
are given in Table 2. 18F-FLT PET/CT, 18F-FDG PET/CT, and 
contrast-enhanced liver MR of a patient with 18F-FDG non-
avid, persistent 18F-FLT avid lesions and progressive disease 
are presented in Figure 1. 

Correlation between the diagnosis, longest diameter of the 
target lesion, volume and percentage of tumors in the target 
lobe, age, the number of lesions in the target lobe, early 
metabolic, morphological response and 18F-FLT visual change, 
ΔSUV

max
, ΔSUV

mean
, ΔSUV

peak
, ΔSUV

max
TBR, ΔSUV

mean
TBR, 

and ΔSUV
peak

TBR values were not significant. Calculated p 
values from statistical analyses are presented in Table 4.

Survival

During 18.4 months follow-up, 22 patients died. OS was 
median 7.0 (3.3-17.4) months, PFS was median 3.4 (1.3-
17.4) months for the target lobe; and median 3.2 (1.3-
17.4) months for whole-body. There was no significant 
correlation between 18F-FLT visual change, ΔSUV

max
, 

ΔSUV
mean

, ΔSUV
peak

, ΔSUV
max

TBR, ΔSUV
mean

TBR, and 
ΔSUV

peak
TBR and OS, PFS for target lobes, and PFS for 

whole-body (Table 4). A log-rank test was run to determine 
whether there were differences in the target lobe’s PFS 
distribution for the ΔSUV

max
 and ΔSUV

peak
 groups when 

the cut-off  >30% change was applied. The target lobe’s 
PFS for the patients with a >30% decrease in SUV

max
 was 

significantly longer than those without [350±57 days 95% 
confidence interval (CI) 238-463 vs. (130±21 days 95% CI 
90-171 (χ2 (1): 6.774) p=0.009]. The target lobe’s PFS for 
the patients with more than 30% change in SUV

peak
 was 

statistically significantly longer than the patients with <30% 
change [338±59 days 95% CI 222-453 vs. 1730±38 days 
95% CI 98-247 χ2 (1): 5.095, p=0.024]. Estimated survival 
chance at 209th day was 0.549±0.129 for 17 patients with 
no change in SUV

max
, while the estimated survival chance at 

92nd day was 0.500±0.098 in patients with more than 30% 
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Table 1. Patient characteristics

Characteristics
Median 
(minimum-
maximum)

n=43 %

Gender 

Male - 30 70

Female - 13 30

Age 63 (38-79) years - -

Underlying liver disease

Yes - 15 35

No - 28 65

Previous treatments

Surgery - 5 12

RFA - 3 7

TACE - 4 9

TARE - 1 2

Chemotherapy alone - 14 36

Chemotherapy + LRT - 4 9

None - 12 -

Microsphere

Resine 0.65 (0.6-1.3) GBq 6 14

Glass 6.5 (3-18) GBq 37 86

Target lobe

Right - 34 79

Left - 8 19

Transplanted liver - 1 2

Primary tumor

HCC   - 17 40

Klatskin - 7 16

Colon - 14 32.5

Gastric - 2 4.6

Breast - 2 4.6

Pancreas - 1 2.3

Presence of primary tumor for liver metastasis

Yes - 3 16

No - 16 37

Extrahepatic metastases

Yes - 20 47

No - 23 54

The largest diameter of target  lesion

Pre-treatment 49.7 (8-190) mm - -

Post-treatment 60.3 (9-190) mm - -

Number of lesions on target lobe

1 - 11 26
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decrease in SUV
max

. Estimated survival proportion at 209th 
days were 0.514±0.134 in 16 patients without change in 
SUV

peak
 value; while this proportion was 0.519±0.096 at 

90th day for the patients with more than 30% decrease in 
SUV

peak
 value (Figure 2, Table 4).

Discussion

This study assessed the role of PET/CT with 18F-FLT, 
a radiopharmaceutical reflecting cell proliferation, in 
response evaluation after TARE and found significant 
longer PFS for the target liver lobe in patients with more 
than 30% decrease in 18F-FLT SUV

max
 and SUV

peak
 of the 

target liver lesion. There was no significant relationship 
between SUV values and treatment response.

Although there are metabolic and morphological 
techniques  used for assessing treatment response, there 
is no standard response evaluation and follow-up protocol 
for TARE. Response evaluation after TARE is performed at 
different times with PET/CT, CT, or MR depending on the 
center’s practice. Since response assessment with CT and 
MRI takes a longer time and has their limitations, PET/
CT and PET/MR, functional, molecular and anatomical 
imaging techniques, are used for early response evaluation 
with agents that reflect tumor-specific metabolism 
(13,14,15,16,18,21,22,23). 18F-FDG PET/CT is the most 
common metabolic imaging method due to increased 
glucose metabolism in many types of cancer. 18F-FDG PET/
CT can be used to assess treatment response in poorly 
differentiated and high-grade tumors. However, since small 
and well-differentiated tumors (such as HCC, NET) show 
low or no 18F-FDG uptake due to low glucose metabolism 
and cellularity, imaging with new-tumor-specific agents is 
needed (13,16,21,22,23). PET/CT imaging with 18F-FLT, 
which reflects cell proliferation, is a non-invasive imaging 
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Table 1. Continued

1-5 - 11 26

5-10 - 7 16

>10 - 14 32

Tumor volume percent 
on target lobe 14 (1-100) % - -

Event after TARE

Alive-disease progression - 13 30

Alive-partial response or 
stable disease

- 8 19

Died due to disease 
progression/other causes

- 14 32

Died due to liver failure - 8 19

HCC: Hepatocellular carcinoma, LRT: Locoregional therapy, RFA: Radiofrequency 
ablation, TACE: Transarterial chemoembolization, TARE: Transarterial 
radioembolization

Table 2. 18F-FLT PET/CT, 18F-FDG PET/CT and CT/MRI 
characteristics

Characteristics
Median 
(minimum-
maximum

n=43 %

Time from pretreatment 
18F-FLT PET/CT to TARE 8 (1-63) days - -

Administered activity for 
pretreatment  18F-FLT PET/CT 6.4 (4.6-10.4) mCi - -

Pretreatment 18F-FLT PET/CT - 43 -
Hypermetabolic lesions - 6 14
Mixed uptake pattern - 5 12
Isometabolic - 13 30
Hypometabolic - 19 44
Time from TARE to post-
treatment  18F-FLT PET/CT 48 (33-73) days - -

Administered activity for 
post-treatment  18F-FLT PET/
CT

6.4 (3.4- 9.3) mCi - -

Post-treatment  18F-FLT PET/
CT - 43 -

Hypermetabolic lesions - 2 5
Mixed uptake pattern - 2 5
Isometabolic - 12 28
Hypometabolic - 27 62
Visual change of target lesions on 18F-FLT PET/CT
Yes - 24 56

No - 19 44

Persistant hypermetabolic - 2 5
Hypermetabolicmixed uptake - 1 2
Hypermetabolicisometabolic - 1 2
Hypermetabolichypometabolic - 2 5
Persistant mixed uptake - 1 2
Mixed uptakehypometabolic - 4 10
Persistant isometabolic - 12 28
Isometabolichypometabolic - 1 2
Persistant hypometabolic - 19 44
Time from pretreatment 
18F-FDG PET/CT to TARE

15 (1-64) days  43 -

Time from TARE to post-
treatment  18F-FDG PET/CT 47 (34-72) days 42 -

Post-treatment  18F-FDG PET/CT response assessment on 
target lobe
Complete response - 5 12
Partial response - 13
Stable disease - 14
Progressive disease - 10
Time from pretreatment CT/
MR to TARE 13 (1-79) days 43

Time from TARE to post-
treatment  CT/MR 97 (46-171) days 43

Post-treatment  CT/MR response assessment on target lobe
Complete response - 2 4
Partial response - 7 16
Stable disease - 17 40
Progressive disease - 17 40
CT: Computed tomography, FLT: Fluorothymidine, 18F-FDG: 18F-fluorodeoxyglucose,  
MRI: Magnetic resonance imaging, PET/CT: Positron emission tomography/
computed tomography, TARE: Transarterial radioembolization
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method and has been used for the response evaluation 
(24,25,26,27). In addition to complex and competing 
factors in the FLT uptake mechanism, there are notable 
differences between patient preparation, imaging time 
after injection, protocol, amount of injected activity, 
reconstruction method, analysis techniques, timing before 
and after treatment, patient numbers, and disease groups in 
studies with F-18FLT PET/CT (24,25,26,27,28,29,30,31,32). 

As far as it is known, this is the first study to investigate the 
role of 18F-FLT PET/CT in the early response evaluation after 
TARE. There are few studies investigating the role of FLT 
PET/CT in evaluating the liver-specific treatment response, 
considering high background liver uptake especially in HCC 
patients that hamper the detection of liver/lesions. Studies 
evaluated therapy of TACE-receiving HCC patients and 
systemic chemotherapy-receiving liver metastatic colorectal 
cancer patients (28,29,32).

Sharma et al. (32) investigated the role of 18F-FLT PET/CT 
in assessing treatment response to TACE in HCC patients. 
They used temporal-intensity voxel clustering [kinetic 

spatial filtering (KSF)] in lesion detection to overcome  
high background liver signal and thus 18F-FLT uptake but 
they could not achieve improvement in lesion detection 
by applying it. They reported 73% detection rate for 
pretreatment 18F-FLT PET, and 30% reduction in mean 
18F-FLT PET uptake after TACE.  In the current study, KSF 
could not be used due to unavailability, target lesion based 
detection rate for pretreatment 18F-FLT PET/CT was 53% 
(9/17) for HCC patients. In our study, although the change 
in 18F-FLT SUV

max
, SUV

mean
 and SUV

peak
 values (Table 3) 

had  no significant relationship with treatment response; 
patients with more than 30% decrease in 18F-FLT SUV

max
 

and SUV
peak 

of the target lesion had significant longer PFS 
for target liver lobe after TARE.

Mogensen et al. (29) investigated the role of 18F-FLT PET/CT 
in patients with at least one measurable colorectal cancer 
liver metastasis and received first-line chemotherapy. 
They reported a reduction in 18F-FLT uptake in 85% 
patients, whereas there was no relationship between 
the early change in measured 18F-FLT SUV

max
, and RECIST 

1.1 based response. In this study, similar to their study, 
there was no relationship between the change in SUV 
values (ΔSUV

max
, ΔSUV

mean
, and ΔSUV

peak
) and RECIST 

1.1 and PERCIST-based responses. Contractor et al. (28) 
investigated the role of 18F-FLT PET/CT in evaluating the 
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Table 3. 18F-FLT PET/CT values

SUV value Median 
(minimum-maximum)

Pre-treatment 18F-FLT PET/CT 

SUV
max

6.7 (2.7-22) g/mL

SUV
mean

4.4 (1.1-12.4) g/mL

SUV
peak

4.9 (1-18.2) g/mL

SUV
max

TBR 0.9 ( 0.3-3.0) 

SUV
mean

TBR 0.8 (0.2-2.4)

SUV
peak

TBR 0.9 (0.1-3.2)

Post-treatment 18F-FLT PET/CT 

SUV
max

5.9 (2.5-31.9) g/mL

SUV
mean

3.6 (0.9-14.9) g/mL

SUV
peak

4.9 (1-26.5) g/mL

SUV
max

TBR 0.7 (0.3-3.8) 

SUV
mean

TBR 0.6 (0.1-3.3)

SUV
peak

TBR 0.7  (0.1-4.1)

Difference between pre- and post-treatment 18F-FLT values

ΔSUV
max

-2.0 (-9.3-25.2)

ΔSUV
mean

0.9 (-8.1-17.1)

ΔSUV
peak

-2.0 (-8.2 -21.2)

ΔSUV
max

TBR -1.0 (-1.3-0.8)

ΔSUV
mean

TBR 0 (-1.5-0.9)

ΔSUV
peak

TBR 0 (-1.4-1.0)

FLT: Fluorothymidine, SUV
max

: Maximum standard uptake value, SUV
mean

: Mean 
standard uptake value, SUV

peak
: Peak standard uptake value, TBR: Tumor background 

rate, PET/CT: Positron emission tomography/computed tomography

Figure 1. 18F-FLT PET MIP images before (1A) and after (2A) TARE therapy 
of a 70 years old female patient with HCC. Axial 18F-FLT PET images 
revealed hypermetabolic liver lesions (SUV

max
: 16.1) before embolization 

(1B, 1C, 1D); post-therapy images revealed decreased activity on the left 
liver lobe, but most of the lesions were still hypermetabolic (SUV

max
: 16.4) 

(2B, 2C, 2D). Pretreatment MR revealed multiple contrast-enhanced 
tumoral foci; after treatment, there were new lesions and progression 
on all lesions. T2-weighted MR shows multiple foci on both lobes before 
(1F) and after (2F) therapy. Tumoral foci were 18F-FDG non-avid (1E) and 
non-avidity did not change after TARE (2E)
FLT: Fluorothymidine, MIP: Maximum intensity projection, PET: Positron emission 
tomography, TARE: Transarterial radioembolization, SUV

max
: Maximum standard 

uptake value, MR: Magnetic resonance
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treatment response of breast and colorectal cancer liver 
metastases. They reported that  SUV

ave
 and SUV

max 
showed 

a significant decrease in responders two weeks after the 
first-line chemotherapy, and the change in FLT uptake can 
distinguish those who responded to the treatment from 
non-responders. In our study, 18F-FLT PET/CT was evaluated 
for the treatment response after TARE, an locoregional 
therapy (LRT), not a systemic treatment and there was no 
significant difference in the change in SUV

max
, SUV

mean
, and 

SUV
peak

 values among responder and non-responders.

The key point in the early evaluation of the treatment 

response is to distinguish non-responder to discontinue 
unnecessary treatment, thus avoid toxicity and cost. 
It is critical to distinguish the resectable disease from 
those who require more aggressive treatment. Patients 
with shrinkage of tumors up to 30% are considered to 
have stable disease, according to RECIST 1.1, and are 
unresponsive to treatment (12,13,15,16). In this study, 
tumor sizes of patients with stable disease decreased, 
reflecting the beneficial effect of the treatment. However, 
since this decrease in size remained below the RECIST 
1.1 response criteria, it was accepted as a stable disease 
and unresponsive to treatment. It should be recognized 
that patients with stable disease, especially with colon 
cancer, are accepted as responders and continue to receive 
systemic treatment in clinical practice (33). Generally, 
chemotherapy-refractory liver metastases are referred for 
LRTs such as TARE. Thus, even defined stable disease can 
provide longer survival and can be accepted as responsive. 
If patients with stable disease are accepted as responders 
to therapy, statistical analysis can be found significantly in 
long-term follow-up results. Because liver resection was 
not performed on any patient after radioembolization, 
except for the transplantation patient, post-treatment 
histopathological tumor changes, background of persistent 
18F-FLT hypometabolism and correlation of histopathology 
with 18F-FLT values could not be evaluated.

It can be argued that the timing of the 18F-FLT was not 
right. But, TARE is an internal radiotherapy procedure, 
and response to radiotherapy is generally evaluated later 
than chemotherapy/selective systemic therapies (27,30). 
18F-FDG PET/CT and 18F-FLT PET/CT imaging were done 
approksimately ≥4 weeks after the procedure. Studies 
evaluating radiotherapy response revealed a significant 
relationship between 18F-FLT PET/CT and response or 
survival in patients with head-neck, esophageal, breast, 
lung, rectal, etc., cancer (30). This study distinguished 
real responders from non-responders who were grouped 
based on post-radiotherapy response assessment 
techniques 18F-FDG PET/CT and CT or MR. No correlation 
was found between the semi-quantitative values   such as 
ΔSUV

max
, ΔSUV

mean
, ΔSUV

peak
, SUV

max
TBR, SUV

mean
TBR, and 

SUV
peak

TBR values   calculated from 18F-FLT PET/CT images. 
There was a significant relationship with PFS for target liver 
lobe and  >30% decrease in 18F-FLT SUV

max
 and SUV

peak
 of 

the target lesion.

Study Limitations

The most significant limitations of this study are the small 
sample size, consequent heterogeneous patient population, 
and the small number of patients who responded to the 
therapy. Therefore, in statistical analysis, results reaching 
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Table 4.  Statistical analysis of 18F-FLT PET/CT values

Parameter p value

Visual change-early response 0.930a

Visual change-anatomical response 0.710a

18F-FLT SUV values-early response

ΔSUV
max

0.290a

ΔSUV
mean

0.100b

ΔSUV
peak

0.430a

ΔSUV
max

TBR 0.600a

ΔSUV
mean

TBR 0.270a

ΔSUV
peak

TBR 0.280a

18F-FLT SUV values-anatomical response

ΔSUV
max

0.450b

ΔSUV
mean

0.660c

ΔSUV
peak

0.450b

ΔSUV
max

TBR 0.400b

ΔSUV
mean

TBR 0.400b

ΔSUV
peak

TBR 0.400a

Overall survival-SUV values, visual change

ΔSUV
max

0.630c

ΔSUV
mean

0.160c

ΔSUV
peak

0.870c

ΔSUV
max

TBR 0.210c

ΔSUV
mean

TBR 0.260c

ΔSUV
peak

TBR 0.590c

Visual change 0.690c

Progression free survival for target lobe

ΔSUV
max

§ 0.009c

ΔSUV
mean

§ 0.190c

ΔSUV
peak

§ 0.024c

aPearson chi-Square, bFisher’s Exact test, cLog Rank(Mantel-Cox), §if >30% percent 
change accepted as significant, FLT: Fluorothymidine, SUV

max
: Maximum standard 

uptake value, SUV
mean

: Mean standard uptake value, SUV
peak

: Peak standard uptake 
value, TBR: Tumor background rate, PET/CT: Positron emission tomography/
computed tomography
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a significant degree could not be obtained for SUV 
parameters. TARE candidate patients have different clinical 
scenarios, such as highly variable liver lesion number and 
size, disease stage, history of single or multi-step systemic 
treatment, liver resection, transplant, and LRT’s. Also, since 
there is a clear difference in disease etiologies, clinical 
and radiological status, it was not possible to standardize 
the patient group. Reproducible and re-applicable clinical 
data from a larger and standardized patient population 
are required to assess the role of 18F-FLT PET/CT in the 
evaluation of response to TARE treatment.

Conclusion

This study found significantly longer PFS for the target liver 
lobe in patients with more than 30% decrease in 18F-FLT 
SUV

max
 and SUV

peak
 of the liver lesion in patients with primary 

and metastatic unresectable liver tumors undergoing TARE. 
The changes in 18F-FLT PET/CT SUV

max
, SUV

mean
, SUV

peak
, 

SUV
max

TBR, SUV
mean

TBR, and SUV
peak

TBR values had no 
significant relationship with response in 18F-FDG PET/CT or 
in contrast-enhanced CT/MR after TARE. 18F-FLT PET/CT can 
be used as an alternative/complementary imaging method 
to 18F-FDG PET/CT in the early evaluation of the treatment 
response in patients undergoing TARE for primary or 
secondary liver tumor. 
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Öz
Amaç: Bu çalışmanın amacı evreleme 18F-florodeoksiglukoz (FDG) pozitron emisyon tomografisi/bilgisayarlı tomografi (PET/BT) görüntülerinden 
metabolik tümör hacmi (MTV) ve toplam lezyon glikolizini (TLG) kullanarak özofagus kanseri (ÖK) hastalarında primer tümörün metastatik 
potansiyelini ve sağkalımı değerlendirmektedir. Diğer bir amaç, uzun süreli sağkalımı tahmin etmek için tümör hacmine dayalı bir eşik değer 
belirlemektir.
Yöntem: ÖK tanılı hastaların tıbbi kayıtları geriye dönük olarak değerlendirildi. Evreleme anında 18F-FDG PET/BT yapılan ve en az beş yıllık takip 
süresi olan 62 hasta çalışmaya dahil edildi. Primer tümörün ve tüm metastatik bölgelerin ilgi alanı oluşturuldu ve primer tümörün MTV ve TLG 
değerleri (MTVp, TLGp) ve toplam tümör hacmi (MTVt ve TLGt) değerleri elde edildi. Elde edilen MTV ve TLG değerleri ile kısa süreli (bir yıllık) ve 
uzun süreli (beş yıllık) sağkalım arasındaki ilişki araştırıldı.

Abstract
Objectives: The aim of this study was to evaluate the metastatic potential of primary tumor and survival in esophageal cancer (EC) patients by using 
metabolic tumor volume (MTV) and total lesion glycolysis (TLG) from the staging 18F-fluorodeoxyglucose (FDG) positron emission tomography/
computed tomography (PET/CT) images. Another aim is to determine a tumor volume-based cut-off value to predict long-term survival.
Methods: Medical records of EC patients were retrospectively evaluated. Sixty-two patients with staging 18F-FDG PET/CT and at least five years of 
follow-up were included in the study. The region of interest to the primary tumor and all metastatic sites was created and MTV and TLG values 
of the primary tumor (MTVp, TLGp) and total tumor volume (MTVt and TLGt) values were obtained. The relationship between the obtained MTV 
and TLG values and short-time (one-year) and long time (five-year) survival was investigated.
Results: Significant factors on survival were determined as lymph node or distant metastasis (p=0.024, 0.008, respectively) at the staging PET/
CT. A significant relationship between volumetric parameters of the primary tumor and total tumor burden (MTVp, TLGp, MTVwb and TLGwb) 
between survivors and non-survivors for one-year and five-year was detected. In receiver operating characteristics analysis, the most significant 
volumetric parameter was MTVwb, with area under curve 0.771 in estimated five-year survival. The best cut-off value was detected as 36.1 mL 
with 78% sensitivity and 75% specificity for MTVwb in determining long-term survivors.
Conclusion: Tumor burden in 18F-FDG PET/CT images at the time of staging of patients with EC will contribute to the prediction of long-term 
survivors.
Keywords: 18F-FDG PET/CT, metabolic tumor volume, esophageal cancer
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Introduction

Esophageal cancer (EC) ranks seventh cause in terms of 
incidence and the sixth most common cause of mortality 
across the world (1). Five-year survival rate is 19.9% (2). 
In distant metastatic (DM) disease, worse prognosis and 
lower five-year survival rates are declared (5.2%) (2). 
18F-fluorodeoxyglucose (FDG) positron emission 
tomography/computed tomography (PET/CT) is a standard 
diagnostic workup in EC. PET/CT provides essential 
information about the distribution of the lesions, size, 
and presence of metastases at the time of staging. As 
a quantitative parameter standard uptake value (SUV) 
provides information about the intensity of the uptake in 
the lesion and most commonly maximum standard uptake 
value (SUV

max
) is used to determine the tumor metabolic 

activity (3). However, SUV do not represent the whole 
tumor (4). Metabolic tumor volume (MTV) and tumor lesion 
glycolysis (TLG) are the parameters that are increasingly 
being studied to define the combined volumetric and 
metabolic characteristics of the tumors (5,6). 

This study evaluates the relationship between the 
volumetric characteristics of the primary tumor obtained 
from the staging 18F-FDG PET/CT images and the metastatic 
potential of the primary tumor at the time of diagnosis in 
EC patients. Another aim is, use volumetric parameters, to 
determine a volume-based cut-off value to predict long-
term survival in EC patients.

Materials and Methods

Patients’ medical records, who had undergone 18F-FDG 
PET/CT at the time of initial staging with EC, between 
January 2008 and September 2019 at our department, 
were retrospectively analyzed. Patients whose follow-up 
was insufficient (less than five-years) were excluded. In 
total, 62 patients were included in this study. This study 
was approved by the Local Ethical Committee at Dokuz 
Eylul University Institution (decision no: 2019/23-09, date: 
16.09.2019).

18F-FDG PET/CT

Patients with appropriate patient preparation (fasting for at 
least 4 h and adequate blood glucose levels) were enrolled 
in PET/CT. Approximately 1 h after the average injection 
of 4.1 MBq/kg 18F-FDG all scan was performed using a 
Phlips Gemini TOF PET/CT (Eindhoven, Netherlands). The 
emission scans were 10-12 beds per patient and for 1.5 
minutes/bed position and the transmission scans were 
obtained from low-dose CT with 50 mAs and 120 kVp, 5 
mm re-structured section thickness.

Determination of Region of Interest (ROI)

Conventional and volumetric data of the primary tumor and 
all metastatic sites were obtained by drawing the ROI of 
the primary tumors from PET/CT images via LIFEx software 
(http://www.lifexsoft.org) by a nuclear medicine physician 
(12 years of experience) (7,8). To prevent manual error, 
the area of interest was drawn in the tumor area with a 
minimum SUV of 2 and above (Figure 1). SUV (maximum 
and mean), MTV and TLG of the primary tumor (MTVp, 
TLGp) and total tumor volume in the whole body (MTVwb 
and TLGwb) values were obtained. 

Statistical Analysis

Statistical Package for the Social Sciences software version 
22.0 for Windows was used for statistical analysis. A 
statistically significant difference between the obtained 
SUV, MTV and TLG values and short-time (one-year), 
long time (five-year) survival; lymph node (LN) and DM in 
subgroups according to the localization and histopathology 
were investigated. Non-parametric tests (The Mann-
Whitney U test and Kruskal-Wallis test) were used because 
of the heterogeneity of our data. A p value of <0.05 was set 
as significant. The receiver operating characteristics (ROC) 
analysis was performed for significant parameters (p<0.05) 
to determine a cut-off value to predict long and short-
time survival. Median overall survival (OS) and cumulative 
survival were calculated using Kaplan-Meier analysis.

Patient Group and Treatment Procedure

Thirty-one patients were administered neoadjuvant chemo-
radiotheraphy (NCRT) but only 13 of them had surgery 

Bulgular: Sağkalım üzerinde önemli faktörler evreleme PET/BT’de lenf nodu veya uzak metastaz bulunması (sırasıyla; p=0,024, 0,008) olarak 
belirlendi. Primer tümörün volümetrik parametreleri ile toplam tümör yükü (MTVp, TLGp, MTVwb ve TLGwb) arasında, bir yıl ve beş yılda sağ 
kalanlar ve ölenler arasında anlamlı bir ilişki tespit edildi. Alıcı işlem karakteristikleri analizinde, beş yıllık sağkalımı tahmin etmede en önemli hacimsel 
parametre eğrinin altındaki alan 0,771 ile MTVwb idi. Uzun süreli sağ kalanların belirlenmesinde MTVwb için en iyi kesim değeri %78 duyarlılık ve 
%75 özgüllük ile 36,1 mL olarak tespit edildi.

Sonuç: ÖK’li hastaların evreleme anındaki 18F-FDG PET/BT görüntülerindeki tümör yükü, uzun dönemde sağ kalanların tahminine katkıda 
bulunacaktır.

Anahtar kelimeler: 18F-FDG PET/BT, metabolik tümör hacmi, özofagus kanseri
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after NCRT. One patient underwent surgery after only 
neoadjuvant chemotherapy. Four patients underwent 
surgery as first-line treatment. Thirteen patients with no 
chance of surgery or local treatment were administered 
only chemotherapy. After diagnosis, twelve patients had 
no chance to start a treatment procedure. One patient 
with only local disease had no chance to administer 
chemotherapy, only radiotherapy applied, resulted with 
progression.

Results

Seventeen (27.4%) of 62 patients had DM and 42 (67.7%) 
had local lymph node metastasis (LNM). Twenty patients 
(32.3%) had only a local tumor with no metastasis (NM) 
(no LNM or DM). Twenty-five patients (40.3%) had primary 
tumor and local only lymph node metastasis (OLNM), and 
seventeen patients (27.4%) had both local LN and DM (lung, 
bone, liver or distant lymph node). Fifty patients (80.6%) 
had squamous cell cancer (SCC) and 12 patients (19.4%) 
had adeno cancer (AC). Primary tumors were located in 
the upper, middle and lower esophagus, in 10 (16.1%), 26 
(41.9%), and 26 (41.9%) patients, respectively (Table 1). 

LNM was detected in 62% of the SCC and 91.7% of the AC 
groups, and DM rates were 24% and 41.7%, respectively. 

According to metastasis rates, no significant difference 
was detected between pathological subgroups (p>0.05). 
It was observed that primary tumor volumetric parameters 
(MTVp, TLGp, SUV

max
 and SUV

mean
) were not significant 

indicators in predicting LN or DM at the time of staging.

Median OS was detected 13.3±2.0 months [95% 
confidence interval (CI): 9.35-17.26]. Median OS for 
NM, OLNM and DM was detected 20.9±16.4 months, 
12.6±2.2 and 8.3±3.2, respectively (p=0.004) (Figure 2). 
LNM and DM at the staging PET/CT were detected as 
significant factors (p=0.024, 0.008, respectively) on OS in 
the Kaplan-Meier analysis. However, location of the tumor, 
gender, or histopathological subtype were not significant 
factors (p>0.05). One-year and five-year cumulative OS 
were determined as 56.5%±0.63% and 19.4%±0.50%, 
respectively. 

When evaluated according to histopathological subtypes, 
MTVp, TLGp, and SUV

max
 and SUV

mean
 of the primary tumor 

had no significant difference between SCC and AC patients 
(p>0.05). Similarly, MTVp TLGp, and SUV

max
 and SUV

mean
 

of the primary tumor were not related to the tumor’s 
localization (p>0.05). According to the localization of 
the primary tumor, a significant difference was detected 
between SCCs and AC (p<0.005). SCCs were detected 
mainly located in the middle esophagus, unlike AC located 
mainly in the lower esophagus.

Figure 1. Arrows depicts an example of region of interest in a patient

Table 1. Descriptive characteristics of patients

Total (all patients)

Patient number 62 (100%)

Mean age 60±12 (26-85)

AC 12 (19.4%)

SCC 50 (80.69%)

Upper 10 (16.1%)

Middle 26 (41.9%)

Lower 26 (41.9%)

1-year survivors 30 (48.4%)

1-year non-survivors 32 (51.6%)

5-year survivors 12 (19.4%)

5-year non-survivors 50 (80.6%)

Female 22 (35.5%)

Male 40 (64.5%)

NM 20 (32.3%)

LNM 42 (67.7%)

OLNM 25 (40.3%)

DM 17 (27.4%)

AC: Adeno cancer, SCC: Squamose cell cancer, NM: No metastasis, LNM: Lymph node 
metastasis positive, OLNM: Only lymph node metastasis, DM: Distant metastasis
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A significant relationship between volumetric parameters 
of the primary tumor and total tumor burden (MTVp, TLGp, 
MTVwb and TLGwb) between survivors and non-survivors 
for one-year and five-year was detected. In ROC analysis, 
the most significant volumetric parameter was MTVwb, 
with area under curve (AUC) 0.771 in estimated five-year 
survival. The results are given in Table 2. According to the 

Youden index, the best cut-off value was detected as 36.1 
mL with 78% sensitivity and 75% specificity for MTVwb in 
determining long-term survivors (Figure 3). When patients 
were divided into groups according to the cut-off value 
as low (<36.1 mL) and high (≥36.1 mL) MTVwb, Kaplan-
Meier analysis demonstrated high and low MTVwb as a 
significant factor on OS (p<0.001). In the low MTVwb and 
high MTVwb groups, OS was detected as 10.1±1.94 and 
35.9±19.34 months, respectively (Figure 4).

Discussion

In this study, we investigated the metastatic potential of 
the primary tumor at the time of diagnosis and the role 
of metabolic parameters (MTV and TLG) in OS for both 
the primary tumor and metastasis obtained from 18F-FDG 
PET/CT images. We determined a cut-off value for 
tumor volume to predict long-time survivors. Among the 
volumetric parameters, MTVwb, which depicts whole-body 
tumor volume (tumor burden) in a patient, was determined 
to be the most significant parameter in detecting five-year 
survival in patients with EC.

An endpoint of our study was whether the primary 
tumor’s metabolic features obtained from staging PET/
CT was associated with LN or DM. Studies investigate the 
relation between the metabolic parameters in EC patients 
and LN or DM or response to treatment. A study, which 
investigated LNM status at baseline PET/CT, determined 
in multivariate analysis that MTV of primary tumor with 
40% threshold method [Odds ratio (OR): 1.127, p=0.04] 
and SUR

max
 (maximum tumor-to-blood SUV ratio) (OR: 

Figure 2. Kaplan-Meier curves demonstrate 5-year survival in patient 
groups according to metastasis (no metastasis, only lymph node 
metastasis, and distant metastasis)

Figure 3. Recevier operating characteristics curve of MTVwb for 5-year 
survival is given in the figure
MTVwb: Metabolic tumor volume of whole body

Figure 4. Kaplan-Meier curves demonstrate 5-year survival in patient 
groups according to low (<36.1 mL) and high (≥36.1 mL) MTVwb groups
MTVwb: Metabolic tumor volume of whole body
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1.446, p=0.004) were independent predictors of LNM, 
with sensitivity and specificity were 51.2%, 83.7% vs. 
53.7%, 79.1% respectively. In the detection of occult 
LNM, only MTV was detected significantly (p=0.024) (9). 
However, our study revealed that primary tumor metabolic 
parameters (MTVp, TLGp, SUV

max
 and SUV

mean
) were not 

significant indicators in predicting LN or DM at the time 
of staging. Also, the discrimination of histopathological 
subtypes of EC is impossible with current imaging 
modalities. One study suggested that SUV

max
 was not 

related to histopathological subtypes of EC but, MTV values 
of AC patients were significantly higher than those of SCC 
patients (10). However, there are also studies, which could 
not determine histopathological subtypes with SUV

max
 or 

MTV (11). Similarly, in our study, primary tumor’s volumetric 
parameters have no significant difference in discriminating 
histopathological subtypes or localization of the primary 
tumor (p>0.05). Two main histological subtypes, SCC 
and AC, account for 95% of all EC cases (12). SCC is the 
most commonly seen subtype and mainly located in the 
mid to upper part of the esophagus (13). However, AC is 
mainly located in the distal esophagus. In accordance with 
literature, according to the localization of primary tumors, 
a significant difference was detected between the two 
histopathological subtypes (p=0.005) in our study. 

Comparison of primary tumor MTV and TLG calculated 
from initial PET/CT images in patients with EC and 
treatment response, OS and progression-free survival have 
been investigated in various studies (14,15,16,17,18,19). 
A study reported that MTV and TLG of the primary tumor 
were associated with survival after surgery (p≤0.05) (16). 
Another study, which included 151 EC patients, while MTV 
of the primary tumor was detected as an independent 
prognostic factor on OS (p=0.021), the SUV

max
 of the 

primary tumor was not significant (17). Similarly, in 
our study, among the metabolic features of the primary 
tumor (SUV

max
, SUV

mean
, MTVp and TLGp) only MTVp was 

significantly related to one-year and five-year OS (p=0.048, 
0.041, respectively).

There are studies have investigated the role of whole-body 
TLG and MTV on survival in EC patients. Kitajima et al. 
(20) stated that MTVwb and TLGwb are predictors of OS 
in univariate analysis (p<0.0001), but multivariate analysis 
pointed to a reduction rate of TLG [Hazard ratios (HR): 
2.21, 95% CI, 1.04-4.68; p=0.040] as an independent 
predictor of OS. In a study in which pretreatment whole-
body TLG, MTV and SUV

max
 were investigated in patients 

with EC, while SUV
max

 was not significant, whole-body TLG 
and MTV were determined as independent predictors of 
OS, local control, and progression-free survival. HR of TLG 
and MTV for OS were determined as HR: 2.15 and HR: 
2.36, respectively (21). Similarly, our results demonstrate 
that MTVwb and TLGwb are significant predictors of OS. 
Apart from our study, Takahashi et al. (21) studied in a 
limited group and included in their study only patients 
with stage 2 and 3 thoracic esophageal SCC patients 
and created the groups for low and high MTV and TLG 
based on median values (15.57 mL for MTV and 103.68 
for TLG). Additionally, in their study, they underline that 
whole-body TLG has a higher HR than MTV. However, our 
results determined MTVwb has a higher predictive value 
than TLGwb. In another study, the five-year survival rate 
was detected as 49.8%, and MTVp, TLGp and TLGwb 
were associated with OS. The only significant parameter 
was TLGwb in multivariate analysis. However, that study 
included only stage 1-3 SCC EC patients and did not 
calculate MTVwb values (22). Similar to our results, Zhang 
et al. (11) reported in their study, in which 36 patients 
evaluated for short (less than one-year) and long (higher 
than one-year) survival, higher MTV values were related to 
short OS in EC. In our study, LNM and DM at the staging 
PET/CT were detected as significant factors (p=0.024, 
0.008, respectively) on OS in EC patients. Additionally, 
metastasis groups (NM, OLNM and DM) were significant 
factors in long-term survival (p=0.004). However, the 
determined MTVwb cut-off value was demonstrated as the 
most significant factor on OS (p<0.001). 

Table 2. Receiver operating characteristics analysis results of survival

1-year survival 5-year survival

p value AUC (95% CI) p value AUC (95% CI)

MTVp 0.048 0.646 (0.508-0.785) 0.041 0.691 (0.525-0.857)

TLGp 0.053 0.643 (0.505-0.782) 0.089 0.659 (0.500-0.819)

MTVwb 0.012 0.686 (0.553-0.820) 0.004 0.771 (0.631-0.911)

TLGwb 0.009 0.694 (0.562-0.826) 0.011 0.739 (0.597-0.882)

AUC: Area under curve, CI: Confidence interval, MTVp: Metabolic tumor volume of primary tumor, TLGp: Total lesion glycolysis of primary tumor, MTVwb: Metabolic tumor 
volume of whole body, TLGwb: Total lesion glycolysis of whole body
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Study Limitations

Limited sample size, heterogeneity in the number of patients 
in the pathological subgroups and the retrospective design 
of the study are the main limitations. 

Our patient group is a heterogeneous group consisting 
of patients with a diagnosis of EC who underwent PET/
CT at the time of staging, but in clinically different stages, 
with different treatment and management processes. 
In the treatment management, patients with EC are 
primarily evaluated in terms of operability, and even in 
locally advanced stages, the lesion size is reduced with 
neoadjuvant treatment methods. The surgery option is 
considered first because surgery is accepted as the most 
effective treatment strategy (23). In metastatic patients, 
chemotherapy regimens are the first choice. However, 
some patients may die before starting or completing 
treatment regimens, with complications such as bleeding 
due to the disease, fistula, aspiration, decreased oral 
intake due to mass effect, while still at the time of staging. 
Although heterogeneity may seem like a disadvantage in 
our study group, in general practice, we already encounter 
a heterogeneous patient group. 

In our data, in predicting long-term survivors, AUC was 
calculated 0.771 for MTVwb. This value is acceptable 
for determine a cut-off value. The ROC curve is a plot of 
sensitivity versus 1-specificity at all possible cut-off values. 
Different cut-off values could be calculated from ROC plot. 
However, we determined our best cut-off value as 36.1 
mL using Youden index. In it is also possible to determine 
different cut-off values for different patient groups. 
Including only local/or only metastatic patients could give 
different cut-off values. Heterogeneity of our data could 
be seen as an advantage in this regard. Conducting similar 
studies in different clinics will be beneficial for consolidating 
the results of our study.

Conclusion

This study suggests that, in addition to the role of metabolic 
volume of the primary tumor in initial 18F-FDG PET/CT, 
tumor burden (MTVwb) in 18F-FDG PET/CT images at the 
time of staging of patients with EC will contribute to the 
prediction of the long-term survivors. Patients with MTVwb 
<36.1 mL at the staging 18F-FDG PET/CT could demonstrate 
better OS results and this value could predict long-term 
survivors.
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Öz
Prostat-spesifik membran antijen (PSMA) çoğu prostat kanseri hücresinde bulunan bir transmembran proteinidir. PSMA son yıllarda prostat 
kanserinin görüntüleme ve tedavisinde hedef molekül olarak ilgi çekmektedir. Galyum-68-(68Ga) PSMA pozitron emisyon tomografi/bilgisayarlı 
tomografi (PET/BT) günümüzde prostat kanseri görüntülemesinde sıklıkla kullanılmaktadır. Prostat kanserinin en sık metastaz lokalizasyonları iskelet 
sistemi ve pelvik lenf nodlarıdır. Prognoz ve tedavi yönetimi metastaz varlığına ve lokalizasyonuna bağlı değişmektedir. Yayınımızda beyin, adrenal 
bez, penis ve orbita gibi prostat kanserine ait nadir metastaz lokalizasyonlarından örnek olgular göstermeyi amaçladık. Görüntüleme tekniklerinde 
ve moleküler ajanlarda gelişmeler devam ettikçe, beklenmedik metastatik lokalizasyonların saptanmasının giderek artacağını düşünmekteyiz.
Anahtar kelimeler: Prostat kanseri, nadir, metastaz, 68Ga PSMA PET/BT

Abstract
Prostate-specific membrane antigen (PSMA) is a transmembrane protein with overexpression in most prostate cancer cells. Gallium-68-(68Ga) 
PSMA positron emission tomography/computed tomography (PET/CT) imaging is a game-changer in the management of prostate cancer. 68Ga 
PSMA PET/CT scan is advanced and a promising radioligand has high sensitivity in determining lesions of prostate cancer with a high tumor 
to background ratio. The most common areas of metastasis are the bone and pelvic lymph nodes. The prognosis of prostate cancer is mainly 
determined by the status of metastases. The presence and the localization of metastases affects treatment planning. In our cases, we presented 
some examples of uncommon sites of metastases such as the brain, adrenal glands, penis and orbit. Improvements in imaging techniques, such 
as 68Ga PSMA PET/CT have led to the possibility to make more determination of rare metastase sites in prostate cancer patients.
Keywords: Prostate cancer, unexpected, metastases, 68Ga PSMA PET/CT
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Figure 1. In prostate cancer, correct evaluation of extraprostatic spread is of great importance for estimated prognosis and in treatment planning. 
The most common areas of metastasis are pelvic lymph nodes and bone (1). Hatzoglou et al. (2) identified the incidence of brain metastasis from 
prostate carcinoma as 0.16%. They also stated that non-adenocarcinoma pathology are more likely to develop brain metastasis (2). Gallium-68-(68Ga) 
prostate-specific membrane antigen (PSMA) positron emission tomography/computed tomography (PET/CT) (Philips, True Flight Select, USA) scan 
was performed on a 62-year-old patient with prostate adenocarcinoma (Gleason’s score 4+3, PSA 12.2 ng/mL). 68Ga PSMA avid lesions in the right 
parietal (A, B, C) and thalamic (D, E, F) regions with perilesional edema were detected [maximum standardized uptake value (SUV

max
): 1.3-2.6] (arrow). 

Magnetic resonance imaging (MRI) was performed for further evaluation. MRI report was consistent with our findings, demonstrating a 2 cm diameter 
mass in the right frontal lobe-precentral gyrus localization with peripheral diffusion restriction and a similar lesion in the right thalamus with a diameter 
of 1.3 cm. Radiotherapy was planned for cranial metastases.

Figure 2. Metastases are the most common malignant lesions of adrenal gland. Adrenal metastasis can originate mostly from the lung (39%) and breast 
(35%) cancers (3). Even if the frequency of adrenal metastases was shown as 13% in an autopsy series, there are few publications in the literature with 
adrenal metastases of prostate cancer (4). 68Ga PSMA PET/CT was performed in an 83-year-old patient who had prostate adenocarcinoma (Gleason’s 
score of 4+5, PSA 809 ng/mL). Invasive prostate lesions to seminal vesicles, bilateral adrenal masses with the largest diameter of 61x33 mm (SUV

max
: 

26.2) (arrow), abdominopelvic lymph nodes, and widespread sclerotic skeletal metastases with intense PSMA expression were detected. Androgen 
deprivation therapy and chemotherapy were started and he has been for follow-up.
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Figure 3. Secondary malignancy of the penis is a rare condition despite its rich vascularization. Tatkovic et al. (5) observed the incidence of penile 
metastasis of prostate cancer was 0.1% at 4860 68Ga PSMA PET/CT examinations. Seventy two year-old patient with prostate adenocarcinoma 
(Gleason’s score of 4+5) had significant PSA progression (22.6 ng/mL and 47.9 ng/Ml, respectively) despite eight cycles of chemotherapy and 
enzalutamide treatment. 68Ga PSMA PET/CT revealed a large prostate mass with rectal and vesical invasion, PSMA avid inferior cervical, abdominal, 
and pelvic lymph nodes. Additionally, there was an intense 68Ga PSMA expression noted in the penile shaft with a diameter of approximately 40x20 
mm (SUV

max
: 14.9) (arrow). Colour-coded duplex ultrasonography was used to evaluate the penile metastasis, radiotherapy was started for pencil 

metastasis and Lutetium-177 (177Lu) PSMA was planned.

Figure 4. More than 90% of distant metastases in prostate cancer patients are found in the bones. The axial skeleton is the most commonly affected 
(1). Although the osseous metastases are common in prostate cancer, orbital metastases are very rare. Adenocarcinoma of the prostate is implicated 
in 3.6% to 4% of all orbital metastases (6). Cranial and orbital MRI was performed on 84-year-old patient with castrate-resistant prostate cancer (PSA 
17 ng/mL) who developed diplopia and proptosis in the right eye. 68Ga PSMA PET/CT was performed upon seeing a periorbital mass in the MRI. 
Pathological PSMA involvement (SUV

max
: 19.4) was observed in the lesion, approximately 3.5x2.5 cm in size, located in the sphenoid bone in the right 

and invading the temporal lobe, maxillary sinus and orbit (arrow). 68Ga PSMA PET/CT also demonstrated multiple cervical, abdominal and pelvic nodal 
involvement and sclerotic skeletal metastases. 7400 MBq 177Lu PSMA radionuclide therapy was administered to the patient. He did not have any side 
effects during treatment or in the following weeks. The patient died from posttraumatic intracranial bleeding during follow-up.
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Öz
Daha önce renal hücreli karsinoma (pT1) için enükleasyon ve prostat kanseri nedeniyle prostatektomi (Gleason skoru 3+5, pT3b pN0 pMx) 
uygulanan 76 yaşındaki bir erkek hasta, prostat spesifik antijen seviyelerinin yükselmesi nedeniyle yeniden evreleme için 18F-kolin kullanılarak yapılan 
pozitron emisyon tomografisi/bilgisayarlı tomografiye (PET/BT) gönderildi. PET/BT taraması, sol ischio-pubik ramustaki kemik metastazlarına karşılık 
gelen radyofarmasötik tutulumunda artış gösterdi. Ayrıca beyincikte 2 alanda radyofarmasötik tutulumunda artış görüldü ve sonrasında uygulanan 
beyin manyetik rezonans görüntüleme ile doğrulandı. Hasta acilen beyin cerrahisine sevk edildi. Ameliyat sonrası histoloji, prostat kanserinden 
beyin metastazı için pozitifti.
Anahtar kelimeler: Prostat neoplazmı, pozitron emisyon tomografisi, moleküler görüntüleme, beyin cerrahisi, kişiselleştirilmiş tıp

Abstract
A 76-year-old male, previously submitted enucleation renal-cell carcinoma (pT1) and prostatectomy for prostate cancer (Gleason score 3+5, 
pT3b pN0 pMx), was submitted to positron emission/computed tomography (PET/CT) with 18F-choline for restaging due to raised levels of 
prostate-specific antigen. PET/CT scan showed increased tracer incorporation corresponding to bone metastases in the left ischio-pubic ramus, also 
revealing 2 areas of increased tracer uptake in the cerebellum, subsequently confirmed by brain magnetic resonance imaging. The patient was 
urgently submitted to neurosurgery. Post-operative histology was positive for brain metastases from prostate cancer. 
Keywords: Prostate neoplasm, positron emission tomography, molecular imaging, neurosurgery, personalized medicine
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Figure 1. In 2003, a 76-year-old male patient was contextually submitted for prostatectomy due to prostate cancer (PCa) (pT3b pN0 pMx) and 
enucleation of a tumor mass in the right kidney resulted in renal cell-carcinoma (pT1m). He received adjuvant radiotherapy and was then monitored 
for the following years by clinical and laboratory examination. In 2018, due to raising values prostate-specific antigen (PSA) level, he was submitted to 
positron emission tomography/computed tomography (PET/CT) with 18F-choline that was positive for bone metastases. He underwent radiotherapy 
on the skeletal lesions and started androgen deprivation therapy with complete PSA response. After 12 years, a further progressive increase in PSA 
level up to a value of 4.8 ng/mL was registered. Therefore, the patient underwent a further PET/CT with 18F-choline for restaging. Maximum intensity 
projection demonstrated highly intense tracer incorporation in the bones of the left pelvis (A, black arrow). Fused corresponding axial PET/CT images 
showed 18F-choline in the para-acetabular region of the left ischium [B, yellow arrow; standardized uptake value (SUV

max
): 18.8] and in the ipsilateral 

ischio-pubic ramus (C, yellow arrow, SUV
max

: 11.8).
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Figure 2. PET/CT images of the cranial region demonstrate 2 unexpected areas of increased tracer uptake in the right (A, yellow arrow; SUV
max

: 7.7) 
and left (B, yellow arrow; SUV

max
: 8.9) posterior fossa, highly suspected for cerebellar metastases. The patient underwent brain magnetic resonance 

imaging, whose T2-weighted sequences showed hyperintense lesions in the right cerebellar hemisphere (C, yellow arrow) and in the contralateral one 
(D, yellow arrow), with maximum transverse diameters of 32 mm and 13 mm, respectively. The subject was promptly submitted to neurosurgery of 
the largest lesion in the right cerebellar hemisphere. Definitive histology showed a glandular pattern of PSA-positive cells, compatible with PCa brain 
metastasis. The patient is in good clinical condition, actually undergoing gamma knife on the lesion in the left cerebellar hemisphere. Brain metastases 
from PCa cancer are rarely reported (1). In a published retrospective study including a large cohort of 2,194 subjects affected by PCa, only 1 case 
having brain metastases was identified (2). PET/CT with 18F-choline is routinely used for the imaging of PCa recurrence and monitoring the response 
to treatment, but it has also been successfully applied for detecting brain tumors (3,4). Gizewska et al. (5) reported the case of a patient, affected 
by metastatic castration-resistant prostate cancer treated with docetaxel, diagnosed with brain metastases through 18F-choline PET/CT, although a 
histological confirmation was not obtained. It must be highlighted that, in contrast with the case described in the aforementioned paper, our patient 
was chemotherapy-naïve and completely asymptomatic for both bone pain and neurological signs. Furthermore, aside PCa, our patient had undergone 
surgery for renal-cell carcinoma, thus neurosurgery and subsequent histology was crucial to achieve an unambiguous diagnosis. Our report highlights 
that when reading PET/CT scans with 18F-choline, particular attention should be paid to brain evaluation, for the early detection of eventual primitive 
or secondary lesions.
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Öz
Bu çalışmada, prostat kanseri evrelemesi için 18F-florokolin pozitron emisyon tomografisi/bilgisayarlı tomografi çekilen ve tesadüfen bilateral 
pnömoni tespit edilen bir hasta sunulmaktadır. Koronavirüs hastalığı-2019 (COVID-19) pandemisinin mevcut koşullarında yüksek insidental 
pnömoni prevalansı çok olasıdır ve onkolojik hastalar daha kötü sonuçlarla birlikte COVID-19 açısından yüksek risk altındadır. COVID-19 enfeksiyonu 
durumunda akciğer enflamatuvar yükü, 18F-florokolin ile gösterilebilir.
Anahtar kelimeler: COVID-19, pnömoni, prostat kanseri, 18F-florokolin, PET/BT

Abstract
This is a presentation of the case of a patient who underwent 18F-fluorocholine positron emission/computed tomography to stage a prostate 
cancer with incidentally found bilateral pneumonia. A high prevalence of incidental pneumonia is very probable under the current circumstance 
of coronavirus disease-2019 (COVID-19) pandemic, and oncological patients are at increased risk of COVID-19 with poorer outcome. The lung 
inflammatory burden in the case of COVID-19 infection can be demonstrated by 18F-fluorocholine.
Keywords: COVID-19, pneumonia, prostate cancer, 18F-fluorocholine, PET/CT
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Figure 1. A recent diagnosis of a prostate adenocarcinoma has been made out in a 75-year-old man with a Gleason score of 7 (4+3) and a prostate-
specific antigen value of 25 ng/mL. We performed a positron emission tomography/computed tomography (PET/CT) scan with 18F-choline to stage 
the disease. Immediately after intravenous injection of tracer (255 MBq), we acquired dynamic images of the pelvis. Sixty min after the injection, we 
performed a whole-body scan from the head to mid-thighs.
Maximum intensity projection showed mild uptake in the right lung, with intense and diffuse uptake of the prostate gland with a standardized uptake 
value (SUV

max
) of 13.2 (a). Moderate tracer uptake was shown in the subpleural region of both right and left lungs with SUV

max
: 5.0 and SUV

max
: 
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2.7 respectively. The extent of pneumonia was greater in the right lung, which corresponds to CT findings of ground glass opacities and a reticular 
pattern, particularly in the posterior segments (b, c, d) (arrows). We also detected a focal uptake of the tracer in the right hilar (SUV

max
: 3.2), and right 

paratracheal lymph node with SUV
max

: 4.5 (e) due to infection (arrowhead). 
The general practitioner was warned to manage the patient and undergo a pharyngeal swab to test for severe acute respiratory syndrome-
coronavirus-2 infection. Real-time polymerase chain reaction (RT-PCR), to detect viral nucleotides on pharyngeal swab, was positive for COVID-19. 
Hydroxychloroquine and azithromycin were administered to treat the patient, who did not need for hospitalization. 
Patients with cancer and cardiovascular disease face with increased risk and worse clinical outcomes of COVID-19 infections (1). Nucleic acid testing 
(RT-PCR) is the standard test for the diagnosing of COVID-19 infection, but with a high false negative rate. The chest CT findings demonstrated high 
sensitivity for diagnosis and monitoring of COVID-19. Although many reports highlight the usefulness of PET/CT with 18F-fluorodeoxyglucose in the early 
detection of asymptomatic patients with COVID-19 (2,3), very few reports demonstrate incidental detection of COVID-19 infection in 18F-fluorocholine 
PET/CT examination in patients with malignancy (4,5). The lung inflammatory burden in a COVID-19 infection can be demonstrated by 18F-fluorocholine. 
An upregulation of choline kinase in the activated macrophages may explain the accumulation of 18F-fluorocholine in the inflammatory tissue (6,7).
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131I SPECT/BT’de Nazolakrimal Kanal Tıkanıklığı: Tek-doz RAİ Tedavisinin Bir 
Komplikasyonu Olarak Atipik Yanlış Pozitif Paranazal Radyoiyot Tutulumu

Abstract
Nasolacrimal duct obstruction (NLDO) is a rare complication after radioiodine therapy and may cause false positive 131I uptake at the point of 
obstruction in 131I whole body scan. Here, we report a 59-year-old female patient with papillary thyroid cancer treated with total thyroidectomy 
followed by 131I therapy. 131I whole body scan revealed focal uptake in the head. Single photon emission computed tomography/computed 
tomography (CT) showed focal uptake at the right proximal nasolacrimal duct. The ophthalmologic examination and the diagnostic maxillofacial 
CT confirmed the diagnosis of NLDO.
Keywords: 131I, radioiodine therapy, nasolacrimal duct obstruction, thyroid cancer

Öz
Nazolakrimal kanal tıkanıklığı (NLKT), radyoiyot tedavisi sonrası nadir görülen bir komplikasyondur ve 131I tüm vücut tarama sintigrafisinde tıkanma 
noktasında yanlış pozitif 131I tutulumuna neden olabilir. Burada, 59 yaşında papiller tiroid kanserli, total tiroidektomi ve ardından 131I tedavisi 
uygulanan bir kadın hasta sunuldu. 131I tüm vücut tarama sintigrafisinde kafada odaksal bir 131I tutulumu izlendi. Tek foton emisyon tomografisi/
bilgisayarlı tomografi (BT) sağ nazolakrimal kanal proksimal kesiminde fokal 131I tutulumu gösterdi. Oftalmolojik muayene ve tanısal maksillofasiyal 
BT, NLKT tanısını doğruladı.
Anahtar kelimeler: 131I, radyoiyot tedavi, nazolakrimal kanal tıkanıklığı, tiroid kanseri
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Figure 1. 131I whole body scan was performed on a 59-year-old female patient with papillary thyroid cancer (T3N1bM0), who was treated 5 years 
ago with total thyroidectomy followed by a single dose 150 mCi 131I therapy. A planar 131I whole body scan with single photon emission computed 
tomography/computed tomography (SPECT/CT) and spot neck pinhole images were obtained at the 48th hour after 5 mCi 131I oral administration. At 
the time of imaging, stimulated thyroid-stimulating hormone level was 280 IU/mL, thyroglobulin (Tg) level was 0.20 ng/mL and anti-Tg antibody level 
was <0.9 IU/mL. The patient had no symptoms at the time of imaging. Planar 131I whole body scan showed no significant radioactivity uptake that may 
be compatible with residual thyroid tissue or recurrent thyroid cancer, on the other hand a suspicious focus of intense increased uptake was noted 
at the right paranasal region, which mimics a metastatic lesion (arrow in planar images). SPECT/CT images revealed 7x4 mm sized soft tissue density 
lesion-demonstrating 131I uptake, in the right infraorbital region next to the lateral wall of ethmoid sinus (arrows in fused SPECT/CT images) suggesting 
nasolacrimal duct obstruction (NLDO). Subsequently, an ophthalmologic examination and a diagnostic maxillofacial CT were performed to confirm the 
diagnosis. 131I has been used for many years as a valuable treatment in thyroid diseases such as hyperthyroidism and differentiated thyroid carcinomas 
(1,2,3). NLDO is an uncommon complication of 131I therapy, especially rarely occurs after a single dose of radioiodine treatment. Morgenstern et al. 
(4) reported that the cells of the lacrimal drainage system have the same Na/I symporters expressed by the cells of the thyroid gland and eventually 
the accumulation of 131I in these cells results in radiation induced damage. Fibrosis and obstruction of lacrimal drainage system will cause 131I uptake 
at the point of obstruction in whole body 131I scan and that may be misinterpreted as a metastasis (5,6). SPECT/CT can be useful to discriminate these 
false positive findings of planar 131I whole-body imaging, as in this study (7). Beside that early identification of these lesions may hasten the subsequent 
appropriate treatment of the patients and improve quality of life (8). 
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Öz
Langerhans hücreli histiyositoz (LHH), çoğunlukla pediatrik hastalarda ortaya çıkar ve yetişkin LHH genelikle multisistem veya multifokal hastalığın 
bir parçası olarak görülen nadir bir hastalıktır. Olguların sadece %7,3’ü tek odaklı kemik lezyonu olarak karşımıza çıkmaktadır.
Anahtar kelimeler: Langerhans hücreli histiyositoz, 18F-FDG PET/BT, kemik

Abstract
Langerhans cell histiocytosis (LCH) is a rare disease that occurs mainly in pediatric patients and most adult LCH is considered a part of multisystem 
or multifocal disease. Only 7.3% of cases present as unifocal bone lesion. Herein, we present a case of an isolated scapular lesion of LCH in a 
48-year-old man.
Keywords: Langerhans cell histiocytosis, 18F-FDG PET/CT, bone
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Figure 1. A 48-year-old man who was diagnosed with ankylosing spondylitis was admitted to a hospital for right shoulder pain. Computed tomography 
(CT) showed no lesions, which may cause the pain at shoulder area (A, transaxial CT image). Six months after his first CT, another CT was performed 
due to progression of his pain and revealed a lytic lesion in the right scapula (arrow in B, transaxial CT image). He was suspected to have scapular 
metastases or primary bone malignancies and was referred to 18F-fluorodeoxyglucose (FDG) positron emission tomography (PET)/CT for further 
investigation. 18F-FDG PET/CT showed 20x8 mm sized intense hypermetabolic [maximum standardized uptake value (SUV

max
): 9.7] lytic lesion in 

the right scapula (arrows in C, coronal PET image; D, coronal fused PET/CT image; E, transaxial PET image; F, transaxial fused PET/CT image; G, 
transaxial CT image) and physiologic 18F-FDG distribution on the rest of the body. Next a bone biopsy was performed. Histopathologic examination 
revealed neoplastic cells with vesicular nuclei, small nucleoli and nuclear grooves that were admixed with inflammatory cells including plasmacytes 
and eosinophils (H). Immunohistochemical examination of the tumor cells showed S100, tangerine and CD1a positivity (I). These findings were 
consistent with diagnosis of langerhans cell histiocytosis (LCH). LCH is a rare disease characterized by abnormal clonal proliferation and accumulation 
of pathological LC. Clinical presentation of LCH varies from isolated benign localization to multisystemic aggressive lesions (1). Although any organ 
can be affected, the most common site of involvement in LCH is skeletal. The accumulation of osteoclast-like multinucleated giant cells causes necrosis 
of the bone and consequently lead to formation of osteolytic lesions. The most common sites of involvement are the skull (27%) and involvement of 
other bones, such as the femur, humerus, spine, ribs and mandible, has also been reported. Isolated bony lesions of LCH are associated with a good 
prognosis and the lesion spontaneously regresses regardless of the type of treatment (2,3,4,5). Therefore, the most important aspect for treating 
LCH is categorizing the case correctly. 18F-FDG PET/CT is superior at detecting new disease sites, recurrence, evaluating response to therapy, and 
distinguishing the metabolically active disease from inactive diseases to conventional imaging modalities (6). The utility of 18F-FDG PET/CT for screening 
and follow-up in patients with LCH has been well established in the literature (7,8,9). LCH exhibits a relatively high SUV on 18F-FDG PET/CT. Although 
the presence of scapular lesion as a part of the disseminated disease has been reported by prior publications, a case of LCH involving only the scapula 
has not been reported previously.
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Öz
Büyüyen teratom sendromu (GTS), mikst germ hücreli tümörde (GCT) kötü diferansiye hücrelerin kemoterapiden sonra gerilediği ve iyi diferansiye 
komponentlerin sayısının arttığı bir durumdur. Altmış yaşındaki bir erkek hastada, yüksek 18F-florodeoksiglukoz (FDG) tutulumu [maksimum 
standartlaştırılmış tutulum değeri (SUV

maks
): 9,2] olan 8,0 cm’lik ve GCT tanısı konulan bir mediastinal tümör vardı. Kemoterapiden sonra serum alfa 

fetoprotein, beta-insan koryonik gonadotropin ve tümör 18F-FDG tutulumu azaldı (SUV
maks

: 3,9), ancak tümör hacmi arttı. Tümör tamamen rezeke 
edildi ve patoloji sonucu GTS tanısını doğruladı. Kemoterapi sonrası uygulanan 18F-FDG pozitron emisyon tomografisi, zayıf 18F-FDG tutulumu ile 
oldukça diferansiye tümör komponentlerinin proliferasyonunu yansıtır.
Anahtar kelimeler: Büyüyen teratom sendromu, 18F-FDG PET, mediasten, germ hücreli tümör

Abstract
Growing teratoma syndrome (GTS) is a condition in which poorly differentiated cells in a mixed-germ cell tumor (GCT) regress after chemotherapy, 
and the number of well-differentiated components increases. A 60-year-old man had an 8.0 cm mediastinal tumor with strong 18F-fluorodeoxyglucose 
(FDG) uptake [maximum standardized uptake value (SUV

max
): 9.2], which was diagnosed as a GCT. After chemotherapy, serum alpha fetoprotein, 

beta-human chorionic gonadotropin, and tumor 18F-FDG uptake decreased (SUV
max

: 3.9), but the tumor volume increased. The tumor was 
completely resected, and pathology confirmed the diagnosis of GTS. 18F-FDG positron emission tomography after chemotherapy reflects the 
proliferation of highly differentiated tumor components with poor 18F-FDG uptake.
Keywords: Growing teratoma syndrome, 18F-FDG PET, mediastinum, germ cell tumor
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Figure 1. Chest X-ray image of an asymptomatic 60-year-old male 
during a routine medical check-up. A large mass was found in the right 
mediastinum (arrows).

Figure 3. 18F-fluorodeoxyglucose (FDG) positron emission tomography 
(PET)/CT fusion images at initial diagnosis. In the solid part of the tumor, 
the uptake of 18F-FDG was strong with a maximum standardized uptake 
value (SUV

max
): 9.2 in the early phase (a: 1 h after 18F-FDG injection) and 

10.4 in the delayed phase (b: 2 h after 18F-FDG injection). Both serum 
alpha fetoprotein (971 ng/mL) and beta-human chorionic gonadotropin 
(3.8 mIU/mL) levels were increased. Percutaneous needle biopsy showed 
undifferentiated tumor cells, which were considered to be part of a non-
seminomatous germ cell tumor (GCT).

Figure 2. Contrast-enhanced computed tomography (CT) showed a 
mass, 8.0 cm in diameter, in the right anterior mediastinum (arrows).

a

b
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Figure 4. 18F-FDG PET/CT fusion image after chemotherapy. After two courses of chemotherapy with bleomycin, etoposide, and cisplatin, the tumor 
size increased. Meanwhile, tumor marker levels decreased (alpha fetoprotein 230 ng/mL, beta-human chorionic gonadotropin 2.7 mIU/mL), and 
18F-FDG uptake decreased to a SUV

max
 of 3.9. The tumor was completely resected and histologically diagnosed as mature teratomas (MT) with 

growing teratoma syndrome (GTS). GCTs of the mediastinum occur mostly during the third to fourth decade of life (1). Chemotherapy is generally 
effective for GCTs, but the tumor may become unresponsive to treatment, which is a sign of poor prognosis. However, chemotherapy may reduce the 
malignant component of the tumor, resulting in an increased benign component. This phenomenon, called GTS, is defined as an increase in tumor 
size in a patient with a GCT, either during or after chemotherapy, while the initial tumor markers are normal and histology shows only MT (2,3). The 
treatment for GTS is the complete removal of the mass (4). To the best of our knowledge, this is the first report showing a decrease in 18F-FDG uptake 
of mediastinal GTS after chemotherapy. In past reports of GTS, 18F-FDG SUV

max
 was 4.9 in mediastinal tumors and 4.0, 4.1 and 8.1 in ovarian tumors 

(5,6). Hariprasad et al. (7) reported one patient with GTS in an ovary that showed positive 18F-FDG uptake. The mature components of the teratoma 
in the specimen that they resected were brain, thyroid, hair follicle, cartilage, and adipose tissue. They suspected that the brain tissue components had 
a high rate of glucose metabolism that might be the main reason for 18F-FDG uptake. Our case also included brain tissue, but the proportion was not 
high; so it is possible that the post-chemotherapeutic tumor uptake was not particularly high. It is not easy to diagnose GTS in such cases with strong 
18F-FDG uptake; however, the diagnosis of GTS can be made more reliably when the 18F-FDG uptake decreases after treatment, as in our case, even if 
conventional imaging techniques, such as CT and magnetic resonance imaging, show tumor growth.  
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Öz
Diffüz büyük B-hücreli lenfoma tanılı 56 yaşındaki kadın hastada kemoterapi sonrası dispne, sol üst ekstremitede güçsüzlük ve vokal kord paralizisi 
izlendi. Hastaya servikal, torakal ve lumbosakral manyetik rezonans görüntüleme (MRG) yapıldı ancak MRG bulguları hastanın semptomlarını 
tam olarak açıklayamadı. Bu nedenle hastaya 18F-florodeoksiglukoz (FDG) pozitron emisyon tomografisi/bilgisayarlı tomografi yapıldı ve taramada 
servikal, torakal, lumbal spinal sinir köklerinde fokal simetrik 18F-FDG tutulumu izlendi. Hastanın semptomları ve beyin omurilik sıvısı sitolojik bulguları 
dikkate alındığında, hipermetabolik spinal sinir kökleri lenfoma tutulumu olarak yorumlandı.
Anahtar kelimeler: Nörolenfomatozis, 18F-FDG PET/BT, MRG, lenfoma, spinal sinir kökü

Abstract
A 56 years old woman with a diagnosis of diffuse large B-cell lymphoma had dyspnea, weakness in the left upper extremity and vocal cord 
paralysis after chemotherapy. She underwent cervical, thoracal and lumbosacral magnetic resonance imaging (MRI) however findings on 
MRI could not entirely explain the symptoms of the patient. Therefore, the patient underwent 18F-fluorodeoxyglucose (FDG) positron emission 
tomography/computed tomography and the scan revealed focal symmetrical 18F-FDG uptake on the cervical, thoracal and lumbal spinal nerve 
roots. Considering the symptoms of the patient and cerebrospinal fluid cytology findings, hypermetabolic spinal nerve roots were interpreted as 
lymphoma involvement. 
Keywords: Neurolymphomatosis, 18F-FDG PET/CT, MRI, lymphoma, spinal nerve root
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Arçay et al. Neurolymphomatosis on 18F-FDG PET/CT 

Figure 1. A 56 years old woman diagnosed with diagnosis diffuse large B-cell lymphoma had dyspnea, weakness in the left upper extremity and vocal 
cord paralysis beginning one month after 4 cycles of chemotherapy. She underwent cervical, thoracal and lumbosacral magnetic resonance imaging 
(MRI) revealing diffuse thickening and contrast enhancement on cauda equina and filum terminale (E, T1 weighted fat sat postcontrast sagittal 
image, arrow), also asymmetric contrast enhancement on cervical 5-6 left spinal nerve root (B, T1 weighted fat sat postcontrast axial image, arrow) 
suspicious for lymphoma involvement, however these findings could not entirely explain the symptoms of the patient. Four days after MRI, the patient 
underwent 18F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) for treatment response evaluation and the 
scan revealed focal symmetrical 18F-FDG uptake on the cervical (C, axial fused PET/CT; D, axial PET with maximum standardized uptake value: 8.95, 
arrows), thoracal and lumbal spinal nerve roots (A, MIP yerine maximum intensity projection). Cerebrospinal fluid (CSF) cytology examination was done 
two days after PET/CT and it was reported as consistent with lymphoma involvement. Considering the symptoms of the patient and CSF cytology 
findings, hypermetabolic spinal nerve roots were interpreted as lymphoma involvement. 
Neurolymphomatosis (NL) is a rare entity defined as the infiltration of the nervous system by lymphoma. NL can lead to the development of symptoms 
of neuropathy, including pain, hypoesthesia, paresthesia and palsy. NL is most frequently associated with B-cell non-Hodgkin’s lymphoma (NHL), 
though there are reported cases of non-B-cell NHL (1,2). Generally, NL present after several courses of treatment, it is uncommonly a primary 
presentation of lymphoma (1,2). Diagnosing NL is challenging due to the variable symptoms and the large number of differential diagnosis. Nerve 
biopsy result is the gold standard, however it is invasive with the risk of permanent nerve damage and blind biopsies have high false-negative rates. 
Therefore, imaging can play an important role in diagnosis, can also guide nerve biopsies and help avoid unnecessary biopsies. NL is increasingly being 
recognized with the increasing use of MRI and 18F-FDG PET/CT in the evaluation of peripheral nervous system disorders (3). NL on 18F-FDG PET/CT can 
be seen as the involvement of cranial nerves (1,4,5,6,7), peripheral nerves (1,3,6,7,8), neural plexuses (1,3,5,6) or -as in this case- spinal nerve roots 
(1,3,5,6,7). We should be familiar with the appearance patterns of NL on 18F-FDG PET/CT and consider this entity while evaluating the lymphoma 
patients with neurological symptoms. 
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Öz
Metastatik prostat kanseri tanılı 76 yaşında erkek hasta yeniden evreleme amacıyla 68Ga prostat-spesifik membran antijen (PSMA) pozitron emisyon 
tomografi/bilgisayarlı tomografi (PET/BT) görüntüleme için yönlendirildi. Akciğer kanseri öyküsü olan ve sol akciğere stereotaktik radyoterapi 
uygulanan hastaya ayrıca 18F-fluorodeoxyglucose (FDG) PET/BT görüntüleme de yapıldı. Hipofiz glandında yoğun 18F-FDG tutulumu saptanırken, 
68Ga PSMA görüntülemede hafif tutulum saptandı. Kontrastlı manyetik rezonans görüntüleme ile pitüiter adenom tanısını doğrulandı.
Anahtar kelimeler: 68Ga PSMA PET/BT, pitüiter adenom, 18F-FDG PET/BT

Abstract
A 76-year-old man with metastatic prostate cancer was referred to 68Ga prostate-specific membrane antigen (PSMA) positron emission 
tomography/computed tomography (PET/CT) for restaging. A consecutive 18F-fluorodeoxyglucose (FDG) PET/CT was performed due to the history 
of lung cancer in the left lung treated with stereotactic radiotherapy. Intense 18F-FDG uptake was detected in the pituitary gland despite the mild 
uptake of 68Ga PSMA. Contrast-enhanced magnetic resonance imaging confirmed pituitary adenoma.
Keywords: 68Ga PSMA PET/CT, pituitary adenoma, 18F-FDG PET/CT
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Figure 1. A 76-year-old man underwent radical prostatectomy for prostate adenocarcinoma 4 years ago. The patient received chemoradiotherapy due 
to castration resistance and was referred to 68Ga prostate-specific membrane antigen (PSMA) positron emission tomography/computed tomography 
(PET/CT) for restaging. He also had a history of lung cancer and stereotactic radiotherapy to a lesion in left lung. A consecutive 18F-fluorodeoxyglucose 
(FDG) PET/CT was performed for evaluation of lung cancer remission. Metastatic lesions in liver are seen in both PET/CT images (maximum intensity 
projection images, arrowheads). Intense 18F-FDG uptake was observed in pituitary gland in axial and sagittal slices of 18F-FDG PET/CT [maximum 
standardized uptake value (SUV

max
): 13.94] (red arrows). Axial and sagittal PET and fusion images showed mild 68Ga PSMA uptake (SUV

max
: 1.88) in 

the pituitary gland (dashed arrows). Magnetic resonance imaging (MRI) examination of pituitary gland-verified macroadenoma filling and expanding 
the sella in T1 weighted sequences axial slice (A), contrast-enhanced coronal slice (B), and T2 weighted sequences sagittal slice (C). Pituitary adenomas 
are detected incidentally in oncological 18F-FDG PET/CT and the incidence was found as 0.073% in a multi-center study (1,2). The SUV

max
 value was 

determined as 4.1 in another study conducted with 18F-FDG PET/CT to discriminate physiological and pathological involvement (3). Pituitary lesions can 
be detected with high accuracy in contrast-enhanced MRI (4). PSMA PET/CT plays a significant role in diagnosis and treatment response assessment in 
prostate cancer patients (5). Various benign lesions with PSMA uptake have been reported (6,7,8). We showed the mild uptake on 68Ga PSMA PET/
CT in a pituitary adenoma for the first time to our knowledge.
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Öz
Glioblastoma multiforme (GBM), erişkinlerde merkezi sinir sisteminin en sık görülen primer malign tümörüdür. Yıkıcı intrakraniyal gelişimi ve bu 
nedenle çok kısa bir hayatta kalma oranı ile bilinir. Bu çalışmada sağ kalça bölgesinde ağrı şikayeti ile başvuran, ameliyat, kemoterapi ve radyoterapi 
uygulanan 37 yaşındaki bir kadın GBM hastası sunuldu. İskelet metastazının değerlendirilmesi için bölümümüze sevk edildi. Tc-99m metilen 
difosfonat kemik taraması, aksiyel iskelet boyunca geniş litik kemik lezyonları ile birlikte sağ iliak kemiği kapsayan ekspansil bir lezyon ortaya çıkardı.
Anahtar kelimeler: Glioblastoma multiforme, kemik taraması, metastaz, Tc-99m MDP, ekstraosseöz

Abstract
Glioblastoma multiforme (GBM) is the most common primary malignant tumor of the central nervous system in adults. It is known for its 
devastating intracranial progress thus attributing to its very short survival. Here, we report a case of 37-year-old female with GBM post surgery, 
chemotherapy and radiotherapy who presented with pain in right hip region. She was referred to our department for  evaluation of skeletal 
metastasis. Tc-99m methylene diphosphonate bone scan revealed an expansile lesion involving the right iliac blade along with extensive lytic bony 
lesions throughout the axial skeleton.
Keywords: Glioblastoma multiforme, bone scan, metastasis, Tc-99m MDP, extraosseous
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Figure 1. A  37-year-old female, known case of glioblastoma multiforme (GBM) status post-surgery followed by adjuvant chemotherapy and 
radiotherapy presented to our hospital OPD with recent onset pain in the right hip region 1 year post surgery. Initial workup with contrast-enhanced 
magnetic resonance imaging brain revealed no residual or recurrent disease at the primary tumour site. Patient was referred to the nuclear medicine 
department for whole body skeletal screening. Tc-99m methylene diphosphonate (MDP) whole body bone scan in anterior and posterior views (A and 
B) revealed heterogeneous increased tracer uptake involving  right iliac blade, right 7th rib and L2 lumbar vertebra.  
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Öz
İstemsiz kilo kaybı şikayeti olan 56 yaşında kadın hastaya malignite araştırılması için 18F-florodeoksiglukoz pozitron emisyon tomografisi/bilgisayarlı 
tomografi (PET/BT) yapıldı. Görüntülerde mide posterior duvarda endoskopi gerektiren metabolik aktivitesi olmayan yumuşak doku dansitesi 
izlendi. PET/BT görüntülemeden 9 gün sonra yapılan endoskopik incelemede kaskat mide tespit edildi. Kaskat mide, baryum grafi ve endoskopi ile 
tanı konabilen nadir bir antitedir, BT’de görünümü büyük oranda insidentaldir ve çok nadiren tanıda BT kullanılır. PET/BT’de insidental izlenen bu 
kaskat mide olgusunu görünümüne aşina olmak için sunuyoruz.
Anahtar kelimeler: Kaskat mide, 18F-FDG PET/BT, BT

Abstract
A 56-year-old female patient who had involuntary weight loss underwent 18F-fluorodeoxyglucose positron emission tomography/computed 
tomography (PET/CT) for detection of malignancy. The scan revealed non-metabolic soft tissue density in the posterior wall of the stomach 
requiring endoscopy. Endoscopical examination was performed 9 days after PET/CT and cascade stomach was detected. Cascade stomach is a 
rare entity that can be diagnosed by radiographic barium evaluations and endoscopy, the appearance on CT is largely incidental and CT has rarely 
been relied on for the diagnosis. We present this incidental case of cascade stomach on PET/CT to be familiar with the appearance.
Keywords: Cascade stomach, 18F-FDG PET/CT, CT
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Arçay et al. Cascade Stomach Appearance on 18F-FDG PET/CT

Figure 1. We present the case of a 56-year-old female patient who had more than 20% body weight loss involuntarily in the last 6 months. 
18F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) was performed for investigation of malignancy. The 
scan demonstrated a non-metabolic well-demarcated mass-like soft tissue appearance in the posterior wall of the stomach extending into the lumen 
(A, axial CT; B axial fused PET/CT, arrows). Because of the involuntary weight loss and the appearance on PET/CT, the patient underwent endoscopy 9 
days after the scan. The endoscopic examination revealed no mass formation, however, a cascade stomach was observed (C). Cascade stomach (“cup-
and-spill” stomach) is a deformity of the stomach in which the fundus is folded over corpus in a dorsal direction and its actual incidence is not known 
(1,2,3). Various causes of cascade stomach, including congenital, functional, and organic disorders, have been described in the literature (2,4,5). A 
cascade stomach is a rare cause of upper gastrointestinal symptoms and is often difficult to diagnose (6). Mostly barium studies and endoscopical 
examination have been relied on for the diagnosis (7,8). CT appearance of the cascade stomach is not well known, therefore we present this case of 
an incidental finding. This mass-like well-demarcated non-metabolic soft tissue appearance on PET/CT may be attributed to bezoar or non-18F-FDG-avid 
tumoral lesions. However, it should be kept in mind that structural abnormalities and deformities of the stomach, as in this case, cascade stomach can 
also appear similarly. We emphasize the significance of endoscopical guidance for differential diagnosis in such cases.
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