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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).
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Tiroid Kanseri Tümör Dokusu, Metastatik Lenf Nodu ve Normal Doku Üzerinde İntegrin 
Alfa-3 ve Beta-1 Reseptörlerinin Varlığının Araştırılması

Abstract
Objectives: The important roles of integrins in tumor invasion, migration and proliferation are well known. In this study, we investigated the 
presence of integrin α3 and β1 receptors in tumor tissue, metastatic lymph node (LN) and normal thyroid tissue of patients diagnosed with thyroid 
cancer (TCa) and showed the prognostic and diagnostic value of these molecules as well as peptide-receptor.
Methods: Sixty-one patients with TCa were included in this study. The presence of integrin α3 and β1 expression was investigated by 
immunohistochemical methods from tumor tissue after total thyroidectomy. TNM system was used in tumor staging. The relationship between 
prognostic properties such as tumor size, LN metastasis, capsular invasion and the presence of integrin α3 and β1 expression was investigated.
Results: Classical type papillary TCa was the most common subtype in our study group with 31.1%. Integrin β1 was expressed in 4.9% (n=3) of 
normal tissue, 57.4% (n=35) of tumor tissue and 16.4% (n=10) of metastatic LN; integrin α3 was expressed in 50.8% (n=31) of normal tissue, 
67.2% (n=41) of tumor tissue and 9.8% (n=6) metastatic LN. Integrin β1 expression was observed 21.3% (n=13), integrin α3 in 14.8% (n=9) 
and integrin α3 and β1 expression in 36.1% (n=22). Integrin β1 expression increased statistically significantly in the presence of LN metastasis 
and capsular invasion (p=0.022, 0.014, respectively). Furthermore, the expression of integrin α3 was found to be statistically significant in primary 
tumors of patients with LN metastasis (p=0.045).
Conclusion: Our study showed a significant increase in integrin α3 and β1 expression in LN metastasis or thyroid capsule invasion in tumor. Thus, 
it appears that the demonstration of the presence of integrin α3 and β1 expression in TCa is not only a prognostic biomarker but also has value 
as a potential theranostic target with peptide-bound radioactive agents.
Keywords: Thyroid cancer, papillary thyroid cancer, integrin alpha-3, integrin beta-1

Öz
Amaç: İntegrinlerin tümör invazyon, migrasyon ve proliferasyonu üzerindeki önemli rolleri iyi bilinmektedir. Çalışmamızda tiroid kanseri (TCa) tanılı 
hastaların tümör dokusunda, metastatik lenf nodunda (LN) ve normal tiroid dokusunda integrin α3 ve β1 reseptör varlığını araştırarak moleküllerin 
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Introduction 

Thyroid cancers (TCa) with high incidence among endocrine 
system neoplasms, are the most common malignant 
tumors of the head and neck region. Papillary TCa (PTCa) 
is the most common and least aggressive type of TCa (1). 
Five-year survival rates more than 95% have been shown 
in TCa, which generally shows a good prognosis (2). 
However, 2-5% of these tumors lose their differentiated 
phenotype and the chance of radionuclide treatment with 
131I is eliminated since there is be no radioiodine uptake (3). 

Integrins are heterodimeric transmembrane receptors 
that regulate cell-to-cell and cell extracellular matrix (ECM) 
interactions. The human genome encodes 24 integrin 
receptors with restricted combinations of 18α and 8β 
subunits. The functions of integrins are generally focused on 
ECM interactions and adhesion regulation; alpha 3 integrin 
has been associated with cellular motility, while beta 1 
integrin has been associated with adhesion in stromal cells 
(4). The α3β1 integrin heterodimer that acts as a laminin 
receptor has been reported to be closely related to the 
migration of tumor cells. Studies have shown that integrins 
increase the aggressive property of the tumor due to their 
important role in tumor invasion, migration, proliferation, 
drug resistance and angiogenesis in many types of cancer, 
including TCa (5,6).

Although the incidence of TCa has increased due of easy and 
early diagnosis, mortality rates have decreased, especially 
in developed countries (7). However, the detection and 
treatment of indolent, asymptomatic TCa with population-
based screening programs is a controversial issue because it 
does not cause a significant change in long-term mortality 
rates, increased complications and healthcare costs (8). 
This study provides the presence and ratio of integrin α3 

and β1 in tumor tissue, metastatic lymph node (LN), and 
normal tissue in patients with TCa. Thus, it was investigated 
the potentials of integrin α3 and β1 as indicators in the 
differential diagnosis of aggressive subtypes of TCa.

Materials and Methods

Patients

Resection materials of 61 TCa patients [mean ± standard 
deviation (SD) age: 49.0±13.3, range: 25-80 years, 48 
female, 13 male] were included in this retrospective study. 
Approval from the Institutional Review Board, University 
of Health and Sciences Turkey, Istanbul Training and 
Research Hospital Ethics Committee of our hospital was 
obtained (2670/2021). Additionally, the medical findings 
of all patients can be used for research  through oral and 
written consent is obtained. TNM system was used in 
tumor staging.

Immunohistochemical Staining

In our study, resection materials of 61 patients diagnosed 
with TCa were retrospectively re-evaluated at our pathology 
clinic between 2015 and 2018. Immunohistochemical 
study auto-staining (Ventana Bench Mark ULTRA, Ventana 
Medical Systems, Inc., Tucson, AZ) was performed out in 
accordance with the manufacturer’s protocols. The Ventana 
ultraviolet dab Detection kit for detection (Ventana Medical 
Systems, Inc.) was used. 2 sections of 2 µm thick were 
taken from the paraffin blocks of tissue samples. Sections 
EZ Prep solution (Ventana Medical Systems, Inc.) was 
deparaffinized with heat-induced antigen recovery (heat-
induced antigen retrieval) cell conditioning 1 solution at 
98 °C for 20 min for integrin β1 (4B7R) antibody (Ventana 
Medical Systems, Inc.) for Integrin α3 (a-3) antibody with 

prognostik ve diagnostik değerini gösterme yanında ayrıca peptit-reseptör bağlı radyonüklidler ile TCa teranostik potansiyelini değerlendirmeyi 
amaçladık.
Yöntem: Çalışmaya TCa tanılı 61 hasta prospektif olarak dahil edilmiştir. Total tiroidektomi sonrasında tümör dokusu preparatlarından 
immünohistokimyasal yöntemler ile integrin α3 ve β1 ekspresyonu varlığı araştırıldı. Evrelemede TNM sistemi kullanılarak tiplendirme histopatolojik 
olarak yapıldı. Tümör boyutu, LN metastazı, kapsüler invazyon gibi prognostik özellikler integrin α3 ve β1 ekspresyon varlığı ile karşılaştırılarak 
incelendi.
Bulgular: Klasik tip papiller TCa %31,1 ile en sık bulunan alt tiptir. İntegrin β1’in normal dokuda %4,9 (n=3), tümörlü dokuda %57,4 (n=35) ve 
metastatik LN’de %16,4 (n=10) eksprese edildiği; integrin α3’ün; normal dokuda %50,8 (n=31), tümörlü dokuda %67,2 (n=41) ve metastatik 
LN’de %9,8 (n=6) eksprese edildiği gözlenmiştir. Hastaların %21,3’ünde (n=13) integrin β1, %14,8’inde (n=9) integrin α3 ve %36,1’inde (n=22) 
ise integrin α3 + β1 ekspresyonu birlikte gözlenmiştir. İntegrin β1 ekspresyonunun azalan tümör çapı, LN metastazı ve kapsüler invazyon varlığında 
istatistiksel olarak anlamlı şekilde arttığı saptanmıştır (sırasıyla p değerleri= 0,014, 0,022 ve 0,014). Ayrıca integrin α3 ekspresyonunun LN metastazlı 
olguların primer tümör odağında istatistiksel olarak anlamlı olacak şekilde yüksek oranda eksprese edildiği saptanmıştır (p=0,045).
Sonuç: Çalışmamızda tümör dokusu yanında LN metastazı ve tiroid kapsül invazyonu varlığında integrin α3 ve β1 ekspresyonundaki anlamlı artış 
gösterilmiştir. Böylece TCa’da integrin α3 ve β1 ekspresyon varlığının gösterilmesinin prognostik biomarker olması yanında, peptit bağlı radyoaktif 
ajanlar ile görüntülemede kullanılabilecek potansiyel diagnostik ve terapötik hedef olarak değeri ortaya konulmuştur.
Anahtar kelimeler: Tiroid kanseri, papiller tiroid kanseri, integrin alfa-3, integrin beta-1
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cell conditioning 2 solution at 98 °C for 56 min (Ventana 
Medical Systems, Inc.) performed. Endogenous peroxidase 
activity in 3% H

2
O

2
 for 4 min is an ultraviolet inhibitor 

(Ventana Medical Systems, Inc.) using blocked. Then 
a section β1 integrin (4B7R) (1:50 dilution, Santa Cruz 
biotechnology, Dallas, TX, USA, catalog no: sc-9970) and 
the other Integrin α3 (A-3): (1:100 dilution, Santa Cruz 
biotechnology, Dallas, TX, USA, catalog no: sc-374242) 
with, respectively, 1 h, 40 min and 20 min for periods of 1 
h at 37 °C were incubated. It was then incubated at 37 °C 
with diaminobenzidine tetrahydrochloride and H

2
O

2
 for 8 

min. After incubation, preparations were prepared by first 
painting with hematoxylin for 16 min and bluing reagent 
for 4 min.

Scoring; 

Score 0: No staining, 

Score 1: 1-25% staining in cells, 

Score 2: 26-50% staining in cells, 

Score 3: More than 50% staining was revealed in the cells.

According to this scoring system, patients with a score of 0 
were defined as having negative receptor expression, and 
patients with a score of 1, 2, and 3 were defined as having 
positive receptor expression.

Laboratory Analysis

Three months after ablation of radioactive iodine 131 (RAI), 
serum thyroglobulin (Tg) levels were checked. Reactions for 
Tg detection were measured and reported using electro-
chemiluminescence method in Roche brand, Cobas 6000 
model (Tokyo, Japan) immunological autoanalyzer system 
with test kits manufactured in polystyrene wells suitable for 
chemiluminescent method.

Statistical Analysis

All data were evaluated using the SPSS software for 
Windows (v21.0; IBM, Armonk, NY, USA) program. All data 
were evaluated on the basis of mean, standard derivation, 
median (minimum-maximum), distribution frequencies, 
and percentages. The normalization of data distribution 
was evaluated by Kolmogorov-Smirnov test  The Mann-
Whitney U and Kruskal-Wallis tests were used to compare 
non-normal distribution variables. The chi-square test was 
used to evaluate categorizable variables. Results were 
considered statistically significant when the p value was 
<0.05.

Results

In the study group, 60.7% (n=37) of the patients were 
45 years of age or older and 39.3% (n=24) were under 
45 years of age. When histological variants are examined, 

classical PTCa with a ratio of 31.1% (n=19) is observed 
most frequently, while other common subgroups are 
27.9% (n=17) multiple variant types, 14.8% (n=9) follicular 
TCa, and 11.5% (n=7) oncocytic PTCa. All subtypes of 
other tumors are presented in Table 1.

The average diameter of the largest tumor was 1.8±1.3 
(range: 0.5-7.0) cm, 67.2% of lesions (n=41) are multicentric. 
31.1% (n=19) were right lobes, 31.1% (n=19) were left 
lobes, and 37.7% (n=23) were bilateral placement. The 
thyroid capsule invasion was observed in 49.2% (n=30) 
and LN metastasis was observed in 16.4% (n=10). Three 
months after RAI in the postoperative period, the mean 
± SD Tg levels were 79.9±469.7 (distribution range: 0.0-
3649.0) ng/mL.

Integrin α3 expression was found to be 50.8% (n=31) in 
normal tissue, 67.2% (n=41) in tumor tissue (Figure 1, 2) 
and 9.8% (n=6) in metastatic LN. The expression of integrin 
β1 was evaluated in 4.9% (n=3) of normal tissue, 57.4% 
(n=35) of tumor tissue (Figure 3) and 16.4% (n=10) of 
metastatic LN.  No statistically significant difference was 
observed in classic type PTCa (57.9%) and other poor 
differential variants (57.1%) when the expression of 
integrin β1 in tumor tissue was compared with clinical 
features (p=0.956). When the tumor diameters were less 
than 4 cm (n=57, 93.4%) and more 4 cm (n=4, 6.6%), 
no statistically significant difference was detected in terms 
of the presence of integrin β1 expression (p=0.203). 
Integrin β1 expression (25.7%) in primary tumors of 
patients with LN metastasis was found to be statistically 
significantly higher (p=0.022). Significantly higher integrin 
β1 expression [62.9% (positive) & 37.1% (negative)] was 
detected in the primary tumor of the patients with capsule 
invasion (p=0.014). The increase in postoperative Tg 
levels in the presence of integrin β1 expression was not 
statistically significant (p=0.555) (Table 2). 

Table 1. Distribution of TCa tumor variants in the cases

Tumor variants n (%)

Classic PTCa 19 (31.1)

Multiple variants 17 (27.9)

Follicular TCa 9 (14.8)

Oncocytic PTCa 7 (11.5)

Tall cell variant PTCa 3 (4.9)

Solid variant of PTCa 3 (4.9)

Warthin-like PTCa 2 (3.3)

Clear cell PTCa 1 (1.6)

Total 61 (100)

PTCa: Papillary thyroid cancer, TCa: Thyroid cancer
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When clinical features and expression of integrin α3 in 
primary tumor tissue were compared, no statistically 
significant difference was observed in the classic PTCa 
and poor differential variants (p=0.717). However, integrin 
α3 expression (25.8%) was found to be statistically 
significantly higher in primary tumor in LN metastases 
(p=0.045). The increase in postoperative Tg levels was 
not statistically significant in the presence of Integrin α3 
expression (p=0.655) (Table 3).

In 27.9% (n=17) of the cases, both types of integrin 
expression were not observed, while in 21.3% (n=13) only 
integrin β1, in 14.8% (n=9) only integrin α3 and in 36.1% 
(n=22) integrin α3 and β1 expression were both observed. 

Figure 1. (A) a. Thyroid papillary carcinoma, classic variant  (HE × 400).  b. 
Poor cytoplasmic and membranous staining with integrin α3 in carcinoma 
cells  (score 1) (integrin α3 x 400). (B) a. Thyroid papillary carcinoma, 
classic variant  (HE × 200). b. Cytoplasmic membranous staining with 
integrin α3 in carcinoma cells compared to surrounding non-neoplastic 
thyroid tissue  (score 2) (integrin α3  x 200). (C) a. Warthin-like variant 
of papiller thyroid carcinoma (HE × 100). b. Membranous staining with 
integrin β1 (4B7R) in a small number of carcinoma cells (score  1) [integrin 
β1 (4B7R) x 200]. (D) a. Warthin-like variant of papiller thyroid carcinoma  
(HE × 200). b. Significant membranous staining with integrin β1 (4B7R) 
in carcinoma cells compared to surrounding non-neoplastic thyroid tissue  
(score 2) [integrin β1 (4B7R) x 200]. (E) a. Thyroid papillary carcinoma, 
classic variant  (HE × 100). b. Strong membranous staining with integrin 
β1 (4B7R) in most carcinoma cells (score 3) [integrin β1 (4B7R) x 100]
HE: Hematoxylin and eosin

Figure 2. Integrin α3 and β1 expression distribution between all variants

Figure 3. Distribution of integrin α3 and β1 expression between classic 
PTCa and poor differentiated variants
PTCa: Papillary thyroid cancer
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However, the distributions of these groups on variants 
were not statistically significant (p=0.764) (Figure 2, 3). In 
primary tumor and lymph node metastasis, both integrin 
β1 and integrin α3 receptors were negative in 9 patients. 
The subtype distribution of these patients was as follows; 
2 follicular (Tg: 0.43-2.38), 1 tall cell + classic (Tg: 3.85), 1 
oncocytic (Tg: 3.51), 1 clear cell (Tg: 8.85) and 4 classical 
variants of papillary cancer (Tg: 0.39-213.24). There were 
multiple bone metastases in one of the patients with a 
classical variant with a serum Tg value of 213.24.

Discussion

Integrins  regulate complex cellular behavior, such as 
intracellular signaling, survival, proliferation, migration, and 
transition. To date, pancreatic cancer, melanoma, prostate 
cancer, ovarian cancer, and many other cancer types 
including ECM signal TCa through provocation, especially 
in regulation; tumor progression, invasion, metastasis 
E-cadherin plays an important role in the processes is 
known (9). Integrins are formed in various combinations 
of α and β subunits and are expressed at varying rates 
in both normal and tumoral tissues. In normal thyroid 
tissue, especially α3β1 and αvβ3 integrin expression is 
restricted rates and their expression increases when cell-
cell signaling intensifies and tumor transformation (10). 
While integrin α1β1 and α6β1 subunits are expressed in 
both normal and tumor tissues; integrin α6β4 subunit has 

never been observed in normal and adenomatous follicular 
cells of the thyroid, only intense expression of the thyroid 
in malignant forms such as follicular and PTCa has been 
reported and integrin α6β4 expression has been associated 
with aggressive tumoral behavior and poor prognosis (11). 
Liu et al. (12) in a study conducted with 150 TCa patients, 
integrin αvβ6 expression was never found in normal thyroid 
tissue; they reported its expression in tumor tissue and 
metastatic LN and determined the sensitivity of integrin 
αvβ6 expression to separating normal tissue from TCa at 
78.9% and specificity at 62%. In our study, integrin β1 was 
expressed 4.9% in normal tissue, 57.4% in tumor tissue 
and 16.4% in metastatic LN. However, the expression 
of integrin α3 was found to be 50.8% in normal tissue, 
67.2% in tumor tissue and 9.8% in metastatic LN. Integrin 
β1 was observed in 21.3% of cases, integrin α3 in 14.8% 
and integrin α3 + β1 expression in 36.1%.

Integrin αvβ3 is also known to be expressed at different 
rates in tumor cells and dividing vascular cells. The role 
of the thyroid hormone-tetrac (tetra-iodo-thyro-acetic-
acid) receptor site on this molecule was determined by 
angiogenesis, cancer cell proliferation, metastasis and 
cancer cell resistance pathways (13). Chernaya et al. (14) 
investigated integrin expression in 70 TCa patients and 
showed a statistically significant increase in integrin α2 
(p=0.037), integrin α3 (p=0.041) and integrin α5 (p=0.048) 
expression in PTC. Increased expression of integrin α3 

Table 2. Relation between integrin β1 expression in tumor tissue and clinical, histopathological features of the patients

Clinical variables
Integrin β1 expression

p valueNegative
n (%)

Positive
n (%)

Gender
Female
Male

20 (76.9%)
6 (23.1%)

28 (80.0%)
7 (20.0%)

0.772

Age
<45 year
≥45 year

9 (34.6%)
17 (65.4%)

15 (42.9%)
20 (57.1%)

0.515

Variant
Classic PTC
Poor differentiated variants

8 (42.1%)
18 (42.9%)

11 (57.9%)
24 (57.1%)

0.956

Tumor size
<4 cm
≥4 cm

23 (88.5%)
3 (11.5%)

34 (97.1%)
1 (2.9%)

0.203

Multicentric
Absent
Present

9 (34.6%)
17 (65.4%)

11 (31.4%)
24 (68.6%)

0.793

Lobe
Unilateral
Bilateral

17 (65.4%)
9 (34.6%)

21 (60.0%)
14 (40.0%)

0.668

LN involvement
Absent
Present

25 (96.2%)
1 (3.8%)

26 (74.3%)
9 (25.7%)

0.022*

Thyroid  capsular invasion 
Absent
Present

18 (69.2%)
8 (30.8%)

13 (37.1%)
22 (62.9%)

0.014*

Postoperative thyroglobulin levels Mean ± SD 12.39±41.24 130.11±618.08 0.555

*p<0.05 statistically significant. PTCa: Papillary thyroid cancer, LN: Lymph node, SD: Standard deviation
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(p=0.017), integrin α6 (p=0.028) and integrin α9 (p=0.026) 
was also reported to be statistically significantly higher in 
patients with T3-T4 stages compared with T1-T2 stages. 
He et al. (15) in a study conducted with 181 patients with 
PTCa diagnosis, it was reported that integrin α3 expression 
showed 96.5% sensitivity and 77.3% specificity. Although 
the postoperative serum Tg levels were significantly higher 
in both integrin β1 and α3 expression positive patients 
than in patients with negative, no statistically significant 
differences were found in our study (respectively p=0.555, 
p=0.655). We think that these results are due to the small 
number of the study groups, as well as large SD values. In 
our study, we observed a statistically significant increase 
in integrin β1 expression in the presence of LN metastasis 
and capsular invasion, and a statistically significant increase 
in integrin α3 expression in the presence of LN metastasis.

Conclusion

In conclusion, in addition to the increase in integrin α3 and 
β1 expression in TCa primary tumor tissue, significantly 
increased expression of integrins in the presence of LN 
metastasis and capsular invasion was demonstrated. Thus, 
we think that the expression of integrin α3 and β1 in TCa 
can be used as diagnostic and prognostic biomarkers.
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Soliter Pulmoner Nodüllerin Sınıflandırılmasında 18F-FDG PET/BT Radyomik Özelliklerine 
Dayalı Makine Öğrenme Modellerinin Tanısal Performansı

Abstract
Objectives: This study aimed to evaluate the ability of 18fluorine-fluorodeoxyglucose (18F-FDG) positron emission tomography/computed 
tomography (PET/CT) radiomic features combined with machine learning methods to distinguish between benign and malignant solitary 
pulmonary nodules (SPN).
Methods: Data of 48 patients with SPN detected on 18F-FDG PET/CT scan were evaluated retrospectively. The texture feature extraction from PET/
CT images was performed using an open-source application (LIFEx). Deep learning and classical machine learning algorithms were used to build 
the models. Final diagnosis was confirmed by pathology and follow-up was accepted as the reference. The performances of the models were 
assessed by the following metrics: Sensitivity, specificity, accuracy, and area under the receiver operator characteristic curve (AUC).
Results: The predictive models provided reasonable performance for the differential diagnosis of SPNs (AUCs ~0.81). The accuracy and AUC of 
the radiomic models were similar to the visual interpretation. However, when compared to the conventional evaluation, the sensitivity of the deep 
learning model (88% vs. 83%) and specificity of the classic learning model were higher (86% vs. 79%).
Conclusion: Machine learning based on 18F-FDG PET/CT texture features can contribute to the conventional evaluation to distinguish between 
benign and malignant lung nodules.
Keywords: Solitary pulmonary nodule, PET/CT, radiomic, machine learning

Öz
Amaç: Bu çalışmada, 18flor-florodeoksiglukoz (18F-FDG) pozitron emisyon tomografisi/bilgisayarlı tomografi (PET/BT) radyomik özelliklerinin makine 
öğrenme yöntemleriyle birleştirilmesinin benign ve malign soliter pulmoner nodülleri (SPN) ayırt etme yeteneğini değerlendirmeyi amaçladık.
Yöntem: 18F-FDG PET/BT taramasında SPN saptanan 48 hastanın verileri geriye dönük olarak değerlendirildi. PET/BT görüntülerinden doku özelliği 
çıkarımı, açık kaynaklı bir uygulama (LIFEx) kullanılarak yapıldı. Modelleri oluşturmak için derin öğrenme ve klasik makine öğrenme algoritmaları 
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Introduction

Lung cancer is an important health problem, representing 
about a quarter of all cancers (1). Early-stage lung cancer 
may manifest as pulmonary nodules with several distinct 
features on medical imaging. A solitary pulmonary nodule 
(SPN) is defined as a well-marginated, rounded parenchymal 
lesion less than 30 mm in diameter, not associated with other 
lung pathologies. Common causes of SPN include benign 
diseases such as infectious granulomas and hamartomas, 
as well as primary or metastatic lung cancers (2). The 
management of patients with SPN includes periodic follow-
up or further imaging and histopathological examination, 
considering the malignancy risk (3,4). Positron emission 
tomography/computed tomography (PET/CT) are widely 
preferred imaging techniques to detect and characterize 
SPN, however their diagnostic efficacy does not fully meet 
clinical needs (5,6).

Radiomics is defined as obtaining high-throughput 
quantitative features and information from medical images 
and is a promising approach that has received widespread 
attention recently (7,8,9,10). Previously, classical machine 
learning methods and more recently, artificial intelligence 
applications have been explored for a wide variety of 
potential uses in lung cancer imaging (11,12,13). Deep 
learning algorithms using large datasets, such as those 
from lung cancer screening trials, detect and classify 
pulmonary nodules with high diagnostic accuracy (13,14).

Several predictive models with generally high diagnostic 
accuracy based on a combination of radiomic features 
from lung CT and PET/CT have been proposed for different 
clinical goals (15,16,17,18,19). Preliminary evidence from 
these studies is promising however more research is 
needed to verify these results before clinical application. 
In this study, we aimed to develop predictive models 
based on 18fluorine-fluorodeoxyglucose (18F-FDG) PET/CT 
texture features for the differential diagnosis of SPN and 
to evaluate the diagnostic performance of these models.

Materials and Methods

Study Populations

The data of patients who underwent 18F-FDG PET/CT 
between January 2014 and December 2018 were analyzed 
retrospectively. The patients included had all the criteria 
following: (i) 18F-FDG avid SPN detected on PET/CT (n=108); 
(ii) availability of pathological evidence or at least one-year 
follow-up (n=80) for the final diagnosis of nodules, as a 
reference standard. The exclusion criteria are as follows: (i) 
Nodules at the base of the lungs likely to cause respiratory 
artifacts (n=15); (ii) nodules with too small metabolic volume 
to allow adequate tissue features to be extracted (n=17). 
Finally, the data of 48 patients were evaluated under the 
above criteria. The Local Ethics Committee of Canakkale 
Onsekiz Mart University Faculty of Medicine approved this 
study under the decision number: 09.12.2020/2020-14 and 
patient informed consent was waived.

PET/CT Acquisition Procedure
18F-FDG PET/CT scans were performed using an integrated 
PET/CT system (Gemini TF16 PET/CT; Philips Medical 
Systems). PET images were acquired 60±5 minutes after 
the intravenous injection of 18F-FDG at a dose of 350-550 
MBq in patients who fasted for at least 6 hours and had 
blood glucose <150 mg/dL. First, a low-dose CT scan (120 
kVp peak voltage, of 60-150 mA automated tube current, 
and 5 mm slice thickness) without contrast enhancement 
was acquired from the skull vertex to the proximal thigh. 
Then, PET images were acquired for 2-3 minutes per bed 
position in 3D mode. PET images were reconstructed 
using the line-of-response row-action maximum likelihood 
algorithm (LOR-RAMLA; Philips Astonish TF).

PET/CT Image Interpretation

The PET images were reviewed by two experienced nuclear 
medicine specialists blinded by the final diagnosis, and 
the final decision was reached by consensus. The decision 
for benign and malignant nodules was based on 18F-FDG 
avidity on PET, along with CT features such as size, margin, 
density, and calcification (20).

Salihoğlu et al. Machine Learning Models in 18F-FDG PET/CT

kullanıldı. Patoloji ve izlem ile kesinleşen tanı referans olarak kabul edildi. Modellerin performansları şu metriklerle değerlendirildi: Duyarlılık, 
özgüllük, doğruluk ve alıcı operatör özellikleri eğrisi altındaki alan (EAA).
Bulgular: Tahmine dayalı modeller, SPN’lerin ayırıcı tanısı için makul performans sağlandı (EAA’ler ~0,81). Radyomik modellerin doğruluğu ve 
EAA’sı görsel yorumlamaya benzerdi. Ancak geleneksel değerlendirme ile karşılaştırıldığında, derin öğrenme modelinin duyarlılığı (%88’e karşı 
%83) ve klasik öğrenme modelinin özgüllüğü (%86’ya karşı %79) daha yüksekti.
Sonuç: 18F-FDG PET/BT doku özelliklerine dayalı makine öğrenimi, iyi huylu ve kötü huylu akciğer nodüllerini ayırt etmek için geleneksel 
değerlendirmeye katkıda bulunabilir.
Anahtar kelimeler: Soliter pulmoner nodül, PET/BT, radyomik, makine öğrenmesi



84

Mol Imaging Radionucl Ther 2022;31:82-88

Feature Extraction

An open-source application (LIFEx version 6.30) was 
used for texture analysis from PET/CT images (21). This 
application declares Image Biomarker Standardization 
Initiative compliance. A fixed relative thresholding technique 
was applied for the tumor delineation on images. A 3-D 
spherical volume of interest (VOI) was initially placed on 
the entire lesion. A 40% maximum standardized uptake 
value (SUV

max
) threshold was applied to (semi)automatically 

delineation the VOI of the target lesion on the PET images. 
All volumes were spatially resampled of 4×4×4 mm in size; 
absolute resampling was used for intensity rescaling with 
bounds from 0 to 20 SUV (64 bins, 0.32 fixed bin width); 
and 64 gray levels were applied for intensity discretization. 
Radiomic features derived from PET images included 
conventional indices; first-order features-histogram; shape 
features; second-order texture features [gray-level co-
occurrence matrix (GLCM), gray-level run-length matrix 
(GLRLM), gray-level zone length matrix (GLZLM) and 
neighborhood gray-tone different matrix (NGLDM)]. A 
detailed description of the texture parameters can be 
found at http://www.lifexsoft.org.

Model Establishment

First, feature selection and dimensionality reduction were 
applied to the feature dataset using the recursive feature 
elimination (RFE) method. The RFE is a feature selection 
method that fits a model and removes the weakest features 
until the specified number of features is reached (22). We 
build two prediction models based on supervised machine 
learning classification algorithms selected feature sets: 
Extreme gradient boosting (XGB) and deep neural network 
(DNN) to distinguish between benign and malignant 
nodules. XGB is a tree-based algorithm under the supervised 
branch of machine learning. XGB, which ensembles the 
decision tree methods, uses a computationally efficient 
descent algorithm to minimize errors while adding new 
trees (19). Deep learning is multi-layer feed-forward neural 
network that accepts images as input and can be trained 
end-to-end in a supervised method while learning highly 
discriminative image features. The opportunity to use large 
databases has paved the way for the wider adoption of 
machine/deep learning techniques, particularly in lung 
cancer assessment (14).

For all models, the dataset was randomly split into two 
sets using 70% of the samples for training/validating the 
models and the remaining 30% for testing the results. 
The models were evaluated using k-fold cross-validation, 
with three repeats and 10 folds. Figure 1 illustrates the 
workflow of the radiomic analysis. 

Statistical Analysis

We used IBM SPSS statistics software (version 23.0; SPSS 
Inc.) and Python software to perform statistical analyses. 
We investigated the performance of predictive models and 
compared them with the visual evaluation. The following 
metrics obtained through the confusion matrix were used 
to compare the performance of the models: Sensitivity, 
specificity, accuracy, and area under the receiver operator 
characteristic curve.

Results

In total, the records of 80 patients with SPN were 
reviewed. Thirty-two patients were excluded under the 
exclusion criteria. As a result, the study group consisted 
of 48 patients (31 males, 17 females) with a mean age of 
62.38±11.27 years. All of the malignant nodules and 12 of 
the benign lesions were pathologically proven; the diagnosis 
of benign lesions was confirmed by follow-up in 5 patients. 
Thirty-one lesions were malignant nodules, and 17 lesions 
were benign. The most common malignant diagnosis 
was adenocarcinoma (58%), while the benign disease 
was a granulomatous change (53%). The diagnosis and 
subtypes of SPNs are summarized in Table 1. The majority 
of malignant nodules (71%) occurred in the upper lobes, 
whereas about half of the benign nodules (48%) occurred 
in the lower lobes. Central calcification was observed in 
four of the benign nodules and punctual calcification was 
observed in one of the malignant nodules. While most 
benign nodules tend to have well-defined edges, about half 
of the malignant nodules have irregular and poorly defined 
margins. The average diameter of malignant nodules was 
20.32 mm (range 16.1-30) and that of benign nodules was 
16.9 mm (range 14.2-30). The average SUV

max
 of malignant 

nodules was 5.46 (range 1.88-10.33) and that of benign 
nodules was 2.06 (range 1.12-6.77). While SUV

max 
was 

<2.5 in 24% (4/17) of malignant nodules, SUV
max

 was >2.5 
in 23% (7/31) of benign nodules. 

The ten most relevant PET features obtained after 
feature selection and used to develop predictive models 
are represented in Table 2. The three features with the 
highest score by the assessment of feature importance 
were GLZLM_SZLGE (n=30), HISTO_Energy (n=21), and 
SUV

bwmean
 (n=21). A few of the second-order features (D_

HISTO_Energy, GLCM_Homogeneity, NGLDM_Busyness) 
were higher in benign nodules, while conventional SUV-
related features and other second-order features were 
higher in the malignant group. Texture features that differ 
significantly between malignant and benign nodules are 
shown in Table 3. 

Table 4 shows the performance of radiomic models and 
visual interpretation in the differential diagnosis of SPN. 

Salihoğlu et al. Machine Learning Models in 18F-FDG PET/CT



85

Mol Imaging Radionucl Ther 2022;31:82-88

The overall diagnostic performances of both models were 
close to each other. The DNN model improved sensitivity, 
while the XGB model increased specificity compared to 
visual assessment.

Discussion

In this study, we evaluated the performance of machine 
learning models based on 18F-FDG PET/CT radiomic 

features for SPN classification. We have shown that the 
diagnostic accuracy of predictive models is higher than that 
of commonly used clinical metrics and visual interpretation. 
The improved diagnostic performance could benefit by 

Salihoğlu et al. Machine Learning Models in 18F-FDG PET/CT

Table 1. The diagnosis and subtypes of the SPNs

Type Diagnosis Number

Benign (n=17)

Infectious granuloma 9

Hamartoma 3

Not specified* 5

Malignant (n=31)

Adenocarcinoma 18

Squamous cell carcinoma 7

Metastasis 2

Small cell carcinoma 2

Carcinoid tumor 2

*Diagnosed by follow-up, SPNs: Solitary pulmonary nodules

Table 2. The most relevant PET features obtained after 
feature selection

f score Texture features

f0 C_SUV
bwmean

f1 D_HISTO_Energy

f2 GLCM_Energy

f3 GLCM_Dissimilarity

f4 GLRLM_HGRE

f5 GLRLM_SRHGE

f6 GLRLM_LRHGE

f7 NGLDM_Busyness

f8 GLZLM_SZLGE

f9 GLZLM_SZHGE

SUV: Standardized uptake value, GLCM: Gray-level co-occurrence matrix, GLRLM: 
Gray-level run-length matrix, NGLDM: Neighborhood gray-tone different matrix, 
GLZLM: Gray-level zone length matrix

1. Image Segmentation 4. Data Analysis

Radiomic features
+

Clinical data

3. Machine Learning

✓Redundancy reduction / robustness assessment

✓Model building / validation

✓XGB

✓DNN

2. Feature Extraction

Figure 1. The flowchart of radiomics. 1) The VOI was (semi)automatically defined on PET/CT images with a threshold of 40% of the SUV
max

. 2) 
Radiomic features from the VOI were extracted, including first-order and second-order features. 3) Predictive models were established by feature 
selection methods and classification methods. 4) The model’s performance was evaluated by appropriate statistical methods
VOI: Volume of interest, PET/CT: Positron emission tomography/computed tomography, SUV

max
: Maximum standardized uptake value
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preventing unnecessary invasive tests following false-
positive findings or providing an earlier diagnosis of 
malignant disease.
18F-FDG PET/CT has reasonable sensitivity to differentiate 
benign from malignant pulmonary nodules but has lower 
specificity due to granulomatous diseases (5,6,23,24). Many 
recent studies have concluded that medical image radiomic 
features improve clinical or imaging outcomes in many 
cancers. Although the results available in the literature are 
promising, they have not yet been sufficiently introduced 
into clinical practice due to well-known limitations such as 
the lack of use of standardized methods in the workflow 
and the lack of external validation (9,10,13).

PET/CT radiomics in lung cancer have been investigated 
for clinical goals such as characterization of nodules, 
histological subtyping, prediction of survival, and response 
to therapy (11,12). Few studies that focused on the 
characterization of pulmonary nodules demonstrated 
the ability of PET/CT radiography to distinguish between 

malign and benign lesions (15,16,17,18,19,25,26,27). 
In the studies, the results of machine learning models 
trained with texture features derived from 18F-FDG PET/
CT were compared with standard metrics [SUV, metabolic 
tumor volume (MTV), and total lesion glycolysis] and/or 
visual interpretation evaluation. Studies with dual time 
point 18F-FDG PET/CT, particularly the results obtained with 
tissue properties in delayed images, provided important 
improvements for classifying SPNs (14,15,27,28). Texture 
features that reflect intra-lesional heterogeneity, termed 
second-order texture features in this study, showed 
significant differences between the malignant and benign 
groups, as reported in studies.

Our predictive models showed reasonable diagnostic 
performance with balanced sensitivity and specificity for 
the differential diagnosis of SPNs. Compared with the 
conventional evaluation results, the deep learning model 
increased sensitivity, while the classic machine learning 
model increased specificity. The overall performance of our 
models was consistent with the results of the cited studies; 
however, the improvement in diagnostic accuracy was less 
than the reported results (15,16,17,18,19). This difference 
may be due to the small size of our cohort and the fact 
that the diagnosis of all nodules was not confirmed by 
pathology. Additionally, most investigators created models 
with tissue features from dual time-point PET/CT, and 
higher diagnostic accuracy was reported, particularly from 
delayed images.

In standard PET/CT scans, respiratory motion adversely 
affects both alignment and image sharpness, resulting 
in reduced tracer uptake and an overestimation of MTV 
(29). Several PET/CT radiomics articles have reported 
that respiratory motion significantly affects the values 
of texture features of lung lesions (30,31). These effects 
differ according to the location of the lesion in the lung; 
for example, it is more prominent in the lower lobes. 
Therefore, nodules located in the lower lobes of the lungs 
were excluded from the radiomic analysis in our study.

It is difficult to compare the results of machine learning 
studies reported on PET/CT imaging of lung cancer, as 
researchers have chosen different materials and methods 
to construct their models. We performed PET/CT radiomic 
analysis with two models based on classifiers and feature 
selection methods to improve the quality score of our 
study, as suggested by Lambin et al. (32). Zhou et al. (19) 
compared the performance of machine learning models 
based on PET/CT radiomics for the classification of lung 
lesions (16). They reported that most classifiers combined 
with appropriate feature selection methods showed 
excellent discrimination. They suggested that gradient 

Table 4. The estimated performances of radiomic models 
and visual interpretation

Model SN SP ACC AUC

DNN 88% 82% 0.80 0.81

XGB 81% 86% 0.79 0.80

VI 83% 79% 0.80 0.80

SN: Sensitivity, SP: Specificity, ACC: Accuracy, AUC: Area under the curve, DNN: 
Deep neural network, XGB: Extreme gradient boosting, VI: Visual interpretation

Table 3. Texture features with significant differences 
between malignant benign nodules

Features Benign SPN Malign SPN p

C_SUV
bwmin

1.19±0.75 2.61±1.27 0.0003

C_SUV
bwmean

2.52±1.63 6.53±2.62 <0.0001

C_SUV
bwmax

4.11±2.56 10.85±4.52 <0.0001

D_HISTO_Energy 0.22±0.14 0.08±0.03 <0.0001

GLCM_Homogeneity 0.54±0.17 0.33±0.11 <0.0001

GLCM_Energy 0.081±0.19 0.014±0.011 <0.0001

GLCM_Dissimilarity 1.27±1.21 4.72±2.13 <0.0001

GLRLM_HGRE 124±104 567±232 <0.0001

GLRLM_SRHGE 95±121 543±423 <0.0001

GLRLM_LRHGE 148.95±137.49 672.55±470.7 <0.0001

NGLDM_Busyness 0.87±0.52 0.24±0.23 <0.0001

GLZLM_SZLGE 0.013±0.013 0.004±0.008 <0.0001

GLZLM_SZHGE 48.75±45.77 342.91±306.06 <0.0001

SPN: Solitary pulmonary nodule, SUV: Standardized uptake value, GLCM: Gray-level 
co-occurrence matrix, GLRLM: Gray-level run-length matrix, NGLDM: Neighborhood 
gray-tone different matrix, GLZLM: Gray-level zone length matrix

Salihoğlu et al. Machine Learning Models in 18F-FDG PET/CT
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boosting decision tree and random forest are the best 
classification methods. In another study, the deep learning 
method was compared with classical machine learning 
methods to classify mediastinal lymph node metastasis 
in PET/CT images (33). The authors reported that there 
was no significant difference between the results of deep 
learning and classical methods, however, machine learning 
methods have higher sensitivity but lower specificity than 
doctors.

Study Limitations

Several limitations should be considered in our study. 
First, this study was a retrospective analysis and inherent 
selection bias existed. Secondly, the small size of our study 
population may have adversely affected the performance 
of machine learning algorithms. Thirdly, the study’s lack of 
external validation limits the generalizability of our results.

Conclusion

In this study, we performed a machine learning-based 
analysis of pulmonary nodules using PET/CT images. We 
found that 18F-PET/CT-based radiomic features can provide 
added value in differentiating SPNs. The method should 
be further confirmed in large-scale multicenter, ideally 
prospective studies so that it can be applied in routine 
clinical practice.
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Abstract
Objectives: The current study evaluates the value of cardiac hybrid imaging (CHI), performed by the fusion of functional and anatomic cardiac 
images, in the detection of hemodynamically significant coronary stenosis in cases with multiple coronary stenosis.
Methods: A total of 36 patients (10 female, 26 male) in whom ischemia or infarction was detected on gated myocardial perfusion single 
photon emission computed tomography (gMPS) and multiple coronary stenosis were concomitantly detected on coronary computed tomography 
angiography (CCTA) and undergone invasive coronary angiography (ICA) was included in this study. Statistical analyses were performed using 
SPSS 22 Windows software. McNemar test was applied to show concordance between coronary CT angiography, ICA and CHI in the detection 
of anatomically or hemodynamically significant stenosis in three major coronary arteries. Comparison results of coronary arteries responsible for 
perfusion defects on CHI and gMPS are presented as percentages (%).
Results: There was total accordance between coronary arteries leading to perfusion defects detected by gMPS and CHI in 50% of patients. It 
was observed a partial accordance in 36.1% of the patients. Additionally, it was also detected perfusion defects originated from side branches in 
25% of the patients. Between results of CCTA and ICA, no statistically significant difference was noted in the detection of anatomically significant 
stenoses in the left main coronary artery, left anterior descending artery (LAD), left circumflex artery (LCx) and right coronary artery (RCA) 
(p=1.000, 0.070, 0.549, and 1.000, respectively). In addition, no statistically significant difference was found in the detection of anatomically and 
hemodynamically significant stenoses in LAD, LCx and RCA by CCTA and CHI (p=0.344, 0.629, and 0.219, respectively). No statistically significant 
difference was observed in the detection of anatomically and hemodynamically significant stenoses in LAD, LCx and RCA by ICA and CHI (p=0.804, 
1.000, and 0.344, respectively).
Conclusion: It is possible to detect hemodynamically significant coronary stenosis directly by CHI modality in patients with multiple coronary 
stenosis, wide perfusion defects.
Keywords: Cardiac hybrid imaging, coronary stenosis, myocardial perfusion scintigraphy, coronary CT angiography

Öz
Amaç: Bu çalışmanın amacı, fonksiyonel ve anatomik kardiyak görüntülerin füzyonu ile gerçekleştirilen kardiyak hibrid görüntülemenin (KHG), 
multipl koroner darlıkları ve perfüzyon defektleri olan olgularda, hemodinamik olarak ciddi koroner darlıkları saptamadaki katkısını değerlendirmektir.
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Introduction

Coronary artery diseases (CAD) are the most common 
causes of mortality worldwide (1,2). COURAGE and FAME 
studies have shown that coronary revascularization should 
be performed by targeting ischemia in stable CAD (3,4). 
Moreover, it is crucial to detect or rule out hemodynamically 
significant stenosis and to verify left ventricular ischemic 
burden using non-invasive methods to decrease risks 
associated with invasive interventions (5).

In patients with multiple coronary atherosclerotic plaques, 
history of previous percutaneous coronary intervention 
(PCI) and coronary artery by-pass grafting (CABG), gated 
myocardial perfusion scintigraphy (gMPS) usually detect 
perfusion defects. However, because of differences 
in individual coronary anatomy and the complexity of 
multiple coronary stenoses, detection of coronary stenosis 
responsible for perfusion defects that requires clinical 
intervention has become increasingly difficult. In such 
cases, cardiac hybrid imaging (CHI) is a precious approach 
to localize the hemodynamically significant stenosis (6). 
Otherwise, discrepancies between gMPS and invasive 
coronary angiography (ICA) may cause difficulties in patient 
management and usage of unnecessary and risky invasive 
interventions (5). CHI is a modality that fuses myocardial 
perfusion single photon emission computed tomography 
(SPECT)/positron emission tomography (PET) and coronary 
computed tomography angiography (CCTA) images using 
automatic software. CHI provides more diagnostic data 
compared with separately or side-by-side evaluation of 
these two tests (7).

Objectives

With the above background, this retrospective study 
investigated the potential benefits of CHI in detecting 
hemodynamically significant coronary stenosis in patients 
with a medical history of multiple coronary stenosis, CABG 
and PCI.

Materials and Methods	

Patient Sample

Data of patients who underwent CCTA, Tc-99m-Sestamibi 
gMPS and ICA between 2011 and 2016 were reviewed 
from the archives of the tertiary hospital. CCTA was 
performed 1 month before or after gMPS. A total of 
36 patients (10 female, 26 male) were enrolled in this 
retrospective study. The inclusion criteria of the study were 
as follows: (i) patients who had perfusion defects at gMPS; 
(ii) patients who had coronary stenosis at CCTA. Patients 
with valvular heart disease, morbid obesity and cardiac 
arrhythmias were excluded from this study.

Evaluation of gMPS imaging: For exercise imaging, cardiac 
vasodilatation was achieved by following the standard 
Bruce protocol (stepwise increments of velocity and 
slope every 3 min) or maximum coronary hyperemia was 
pharmacologically achieved by 6-min intravenous infusion 
of adenosine (140 mcg/kg/min). The imaging started 
25±5 min after injection of 7±1 mCi (259±37 mBq) Tc-99m 
sestamibi (Cardio-SPECT Medi-Radiopharma, Hungary). 
According to the two-day protocol, the “rest-condition 
imaging” was performed again 24±2 h after exercise 
imaging by the same protocol. Before the first day of the 
imaging study, daily quality control of the gamma was 
conducted routinely. A dedicated cardiac gamma camera 

Yöntem: Çalışmaya gated miyokard perfüzyon sintigrafisi tek foton emisyonlu bilgisayarlı tomografi (gMPS) tetkikinde iskemi veya enfarkt ve 
koroner bilgisayarlı tomografi anjiyografi (KBTA) tetkikinde birden fazla koroner darlık saptanarak girişimsel koroner anjiyografi (GKA) yapılan 
toplam 36 hasta (10 kadın, 26 erkek) dahil edildi. Anatomik ve fonksiyonel görüntüler CardIQ Fusion yazılımı (GE Healthcare, IL, ABD) ile birleştirildi. 
İstatistiksel analizler SPSS 22 yazılımı kullanılarak yapıldı. Üç ana koroner arterde anatomik ve hemodinamik olarak ciddi koroner darlık tespitinde, 
KBTA, GKA ve KHG arasındaki uyumu göstermek için McNemar testi uygulandı. KHG ve gMPS’de perfüzyon defektlerinden sorumlu koroner 
arterlerin karşılaştırıldığı sonuçlar yüzde olarak sunuldu.
Bulgular: Hastaların %50’sinde, gMPS ve KHG ile perfüzyon defektlerinden sorumlu olduğu düşünülen koroner arterler arasında tam bir uyum 
vardı. Hastaların %36,1’inde kısmi uyum gözlenirken, %13,9’unda ise gMPS ile KHG tamamen uyumsuzdu. Hastaların %25’inde, KHG sayesinde, 
perfüzyon defektlerinden koroner yan dallardaki darlıkların sorumlu olduğu saptandı. Sol ana koroner arter, sol ön inen arter, sol sirkumfleks 
arter ve sağ koroner arterde anatomik olarak ciddi darlıkların saptanmasında; KBTA ve GKA sonuçları arasında istatistiksel olarak anlamlı bir 
fark saptanmadı (sırasıyla; p=1,000, 0,070, 0,549 ve 1,000). Ayrıca sol ön inen arter, sol sirkumfleks arter ve sağ koroner arterde; anatomik 
ve hemodinamik olarak ciddi darlıkların saptanmasında, KBTA ve KHG sonuçları arasında istatistiksel olarak anlamlı fark bulunmadı (sırasıyla; 
p=0,344, 0,629 ve 0,219). Ayrıca sol ön inen arter, sol sirkumfleks arter ve sağ koroner arterde; anatomik ve hemodinamik olarak ciddi darlıkların 
saptanmasında, GKA ve KHG arasında istatistiksel olarak anlamlı bir fark gözlenmedi (sırasıyla; p=0,804, 1,000 ve 0,344).
Sonuç: Multipl koroner darlıkları ve geniş perfüzyon defektleri olan hastalarda, KHG yöntemi ile iskemiden sorumlu olan, hemodinamik olarak ciddi 
koroner darlıkların doğrudan tespit edilmesi mümkündür.
Anahtar kelimeler: Kardiyak hibrid görüntüleme, koroner stenoz, miyokard perfüzyon sintigrafisi, koroner BT anjiyografi
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(Discovery NM 530c, GE Healthcare, Haifa, Israel) was 
used for both the stress and rest imaging. The dedicated 
cardiac gamma camera was equipped with a multiple 
pinhole collimator and 19 stationary cadmium-zinc-telluride 
detectors, with each detector containing 32×32 pixel 
5-mm thick (2.46×2.46 mm) elements. A window of 15% 
was centered on the 140 keV gamma peak and the gating 
was conducted with 16 frames per RR cycle. List mode files 
were obtained and stored. Images were reconstructed 
with SPECT acquisition (Xeleris II, GE Healthcare, Israel) 
using a dedicated iterative algorithm. A Butterworth post-
processing filter (frequency 0.37, order 7) was applied to 
these constructed slices. The images were reconstructed 
without scatter or attenuation correction. All two-day 
evaluations were done by the automated software 
Quantitative Gated SPECT/Quantitative Perfusion SPECT 
(Cedars-SinaiMedical Center, Los Angeles, CA). The left 
ventricle was divided into 20 segments using an apical, 
mid-ventricular and basal short-axis slice as well as a mid-
vertical long-axis view for visual analysis. Each segment 
was scored qualitatively using a 5-point scoring scale (0, 
normal; 1, mild; 2, moderate; 3, severe reduction in photon 
activity; 4, absence of photon activity). The summed stress 
score (SSS) and summed rest score (SRS) were calculated 
by adding the scores for all 20 segments and within each 
vascular territory [left anterior descending artery (LAD) and 
left circumflex artery (LCx) and right coronary artery (RCA)] 
for each image. The classification “reversible” was used for 
images with an SSS greater than the respective SRS. 

Evaluation of Coronary Computed Tomography 
Angiography

Before the workup, pulse rates were checked and 
controlled with β-blocker if necessary (maximum 60/
minimum). Nitroglycerin (0.4 mg) was administered 
sublingual 1-3 times for coronary vasodilatation and 
pulse rates were continuously monitored. Moreover, 
70-80 mL contrast medium was infused (4.5-5 mL/s), a 
320-detector CT device was used (Aquilion One, Toshiba 
Medical System, Japan) and imaging was performed by 
prospective electrocardiograph triggering with 100-120 
Kvp phantom and patient-based modified tube voltage. 
Reconstructed images were evaluated by Vitrea FX version 
6.2 (VitalImages, MN, USA) and artifacts were minimized 
by further investigation. Stenosis in coronary arteries and/
or their branches was divided into four groups as follows: 
0-24%, 25-49%, 50-74%, and >75%. Stenosis >50% was 
defined as “anatomically significant.”

Invasive Coronary Angiography

Imaging was performed through the right femoral approach 
using the Judkins technique, standard 6-7 French catheters 

and a Siemens Axiom Artis FC device (Siemens Medical 
Solutions, Germany). After intubation of the left coronary 
artery, right anterior oblique caudal, anteroposterior axis 
cranial, left anterior oblique caudal and right anterior oblique 
caudal (spider) views were evaluated. Further investigations 
were performed as necessary. ICA images were evaluated 
retrospectively and the same stenosis classification was applied. 
Stenosis >50% was defined as “anatomically significant”.

Cardiac Hybrid Imaging Fusion Phase

All anatomic and functional images were fused by 
CardIQ Fusion software (Advantage Workstation 4.3, GE 
Healthcare, IL, USA). All axes from two separate imaging 
techniques were interlaced and optimized automatically. 
A perfusion map that was inserted into three-dimensional 
(3D) CCTA images of the left ventricle was assessed 
and discrepancies were rectified. After the exclusion of 
pulmonary arteries and veins, the “coronary artery tree” 
was created and software fused 3D images of the left 
ventricle and coronary artery were interlaced to create a 
CHI (Figure 1, 2, 3). Evaluation of gMPS and CHI results was 

Figure 1. gMPS and CHI findings a) gMPS polar map images; top: Stress 
perfusion, medium: Rest perfusion, bottom: Reversibility perfusion. 
b) Fusion image; normal perfusion areas at LAD vascularization 
zone. c) Fusion image; reversible perfusion defects at diagonal artery 
vascularization zone. d) Fusion image; fixed perfusion defects at RCA 
vascularization zone. e) CCTA image; severe calcified stenosis at diagonal 
artery. f) CCTA image; severe calcified stenosis at main body of RCA
gMPS: Gated myocard perfusion scintigraphy, CHI: Cardiac hybrid imaging, LAD: 
Left anterior descending artery, RCA: Right coronary artery, CCTA: Coronary 
computed tomography angiography
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blinded. Atherosclerotic stenosis in the coronary arteries 
and/or their branches with normal perfusion was defined 
as “hemodynamically insignificant” but perfusion defects 
with stenosis >50% were defined as “hemodynamically 
significant.” Gulhane Military Medical Academy Command 
Local Ethics Committee granted approval for the study 
(approval number: 05.01.2016/25).

Statistical Analysis

Statistical consistency between CCTA, ICA and CHI results 
on significant anatomic and hemodynamic stenoses in 
three major coronary arteries were evaluated using the 
McNemar test. SPSS Statistics version 22 (IBM Corp., 
Armonk, NY, USA) was used. Comparison results of the 
coronary arteries responsible for the perfusion defects 
on CHI, gMPS and other comparisons were presented as 
percentages (%).

Results

The median age of the patients was 60.1±10.9 (38-82) 
years, 10 (27.8%) of them were female and 26 (72.2%) 
were male. Among the participants, thirteen patients had 
a history of PCI and/or CABG and twenty-three patients 
had native coronary arteries. Patient characteristics are 
presented in Table 1.

Coronary arteries responsible for perfusion defects that 
were detected by gMPS and CHI were totally compatible 
in 50% of the patients (18 of 36); however, they were 
partially compatible in 36.1% of the patients (13 of 36). 
In 46.2% (n=6/13) of partially compatible cases, additional 
stenoses in different coronary arteries causing the same 
perfusion defects were observed by CHI, apart from the 
coronary arteries considered responsible by gMPS. By 
contrast, in 53.8% (n=7/13) of the cases, CHI revealed 
that some coronary arterial stenosis considered responsible 
for the perfusion defects detected by gMPS were not the 
causative ones. Furthermore, 13.9% of the cases (n=5/36) 
were completely incompatible because the coronary 
arteries identified by gMPS as responsible for the perfusion 
defects were not actually the ones that created them 

Figure 2. gMPS and CHI findings a) gMPS polar map images; top: 
Stress perfusion, medium: Rest perfusion, bottom: Reversibility 
perfusion. b) Fusion image; hypoperfusion areas at 2nd and 3rd diagonal 
artery vascularization zone. c) Fusion image; perfusion defects at RCA 
vascularization zone. d) CCTA image; severe calcified stenosis at 3rd 
diagonal artery. e) CCTA image; severe calcified stenosis at 2nd diagonal 
artery. f) CCTA image; severe calcified stenosis at main body of RCA
gMPS: Gated myocard perfusion scintigraphy, CHI: Cardiac hybrid imaging, LAD: 
Left anterior descending artery, RCA: Right coronary artery, CCTA: Coronary 
computed tomography angiography

Figure 3. gMPS and CHI findings a) gMPS polar map images; top: Stress 
perfusion, medium: Rest perfusion, bottom: Reversibility perfusion. 
b) Fusion image; normal perfusion areas of diagonal branch and LCx 
vascularization zone. c) Fusion image; partially reversible perfusion 
defects at LAD vascularization zone. d) Fusion image; wide perfusion 
defects at RCA vascularization zone. e) CCTA image; severe calcified 
stenosis at LAD. f) CCTA image; severe calcified and mixed type stenosis 
at main body of RCA
gMPS: Gated myocard perfusion scintigraphy, CHI: Cardiac hybrid imaging, LCx: 
Left circumflex artery, LAD: Left anterior descending artery, RCA: Right coronary 
artery, CCTA: Coronary computed tomography angiography
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because these perfusion defects were caused by different 
coronary arteries or branches. Moreover, in 25% (n=9) 
of cases, perfusion defects were actually sourced from 
stenosis in the side branches by CHI evaluation.

Between results of CCTA and ICA, no statistically significant 
difference was noted in the detection of anatomically 
significant stenoses in the LMCA, LAD, LCx and RCA 
(p=1.000, 0.070, 0.549, and 1.000, respectively). In 
addition, no statistically significant difference was found 
in the detection of anatomically and hemodynamically 
significant stenoses in the LAD, LCx and RCA by CCTA and 
CHI (p=0.344, 0.629 and 0.219, respectively). Furthermore, 
no statistically significant difference was observed in the 
detection of anatomically and hemodynamically significant 
stenoses in the LAD, LCx and RCA by ICA and CHI (p=0.804, 
1.000, and 0.344, respectively). The distributions of 
anatomically and hemodynamically significant stenosis in 

three major coronary arteries are presented in Table 2.

Discussion

In the last few decades, CAD has become one of the 
most common causes of mortality and morbidity; while 
diagnostic approaches have been modified according to 
new developments and patient populations. For diagnosis, 
minimally invasive methods are generally preferred, 
particularly when the patient has multiple comorbidities. 
This study focused on patients who had multiple 
coronary atherosclerotic plaques, history of PCI or CABG. 
Identification of the hemodynamically significant stenosis 
that causes myocardial ischemia is a challenge; thus, 
multidisciplinary diagnostic approaches are often preferred. 
CHI appears beneficial in such cases by demonstrating a 
hemodynamically significant stenosis directly. In this study, 
no statistically significant difference was noted in the 
detection of anatomically and hemodynamically significant 
stenoses in the LAD, LCx, and RCA by CCTA, ICA, and CHI.
Although concepts of anatomically and hemodynamically 
significant stenosis are different, we suppose that 
most of the anatomically significant stenoses were also 
hemodynamically significant in our study.

In separate evaluations using gMPS and CHI, coronary 
arteries which were considered responsible for perfusion 
defects by gMPS and CHI, were completely compatible in 
50%, partially compatible in 36.1% and totally incompatible 
in 13.9% of the patients. In partially compatible and totally 
incompatible groups, in addition to the coronary artery, 
which is thought responsible for the perfusion defects 
detected by gMPS, CHI revealed that perfusion defects are 
actually caused by stenosis in a different coronary artery 
and that some coronary arteries considered responsible for 
the perfusion defects in gMPS are not actually responsible 
for them. The anatomy of the coronary arteries may vary 
among individuals, which sometimes creates discordance 
with standard myocardial segmentation maps in gMPS 
(8). This condition suggests the superiority of CHI over 
separately or side-by-side evaluations performed by gMPS 

Table 1. The characteristics of the participants

Mean (SD)

Age 60.10±10.90

Ejection fraction (%) (gMPS) 58.89±2.08

Myocardial perfusion defect extent 15.22±1.93

Summed stress score 11.69±1.62 

Summed rest score 5.58±0.93 

Gender n

Female 10

Male 26

History of treatment for coronary arteries n

PCI 1

CABG 9

PCI + CABG 3

Native coronary artery 23

SD: Standard deviation, n: Number of patients, PCI: Percutaneous coronary 
intervention, CABG: Coronary artery bypass greft, gMPS: Gated myocardial 
perfusion scintigraphy

Table 2. The distribution of anatomically and hemodinamically significant stenosis in three major coronary arteries

Coronary CT angiography Invasive coronary angiography Cardiac hybrid imaging

Stenosis 
severity 
<%50

Stenosis 
severity 
≥%50

Total 
number 
of 
patients

Stenosis 
severity 
<%50

Stenosis 
severity 
≥%50

Total 
number 
of 
patients

Hemodinamically 
insignificant 
stenosis

Hemodinamically 
significant 
stenosis

Total 
number of 
patients

LAD 12 24 36 18 18 36 16 20 36

Cx 11 25 36 14 22 36 14 22 36

RCA 16 20 36 16 20 36 20 16 36

LAD: Left anterior descending artery, Cx: Circumflex artery, RCA: Right coronary artery
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and CCTA. CHI enables direct 3D observation of coronary 
arteries that cause perfusion defects (7). Javadi et al. (9) 
reported that this discordance was observed between 
PET and CHI for at least one segmentation in 72% of the 
patients, with a total discordance rate of 9% (n=112/1207 
segmentations). In the “EVINCI” study of Liga et al. (8), 25% 
(n=146/1004) of the perfusion defects detected by gMPS 
and PET did not show actual concordance with individual 
anatomical evaluations performed by CHI. By CHI, 18% 
of the perfusion defects were detected to originate in a 
totally different coronary artery; thus, diagnoses in 42% of 
the cases were modified (8). 

Studies have indicated that CHI plays a major role in patients 
with intermediate to high risk of CAD who have unclear 
gMPS and CCTA findings (7,10,11). In a prospective study, 
Schaap et al. (10) found that CHI had a positive predictive 
value of 91% [95% confidence interval (CI): 72-98] and 
negative predictive value of 90% (95% CI: 60-98) in cases 
with non-conclusive gMPS and CCTA findings. Researchers 
claimed that the fusion of functional and anatomical imaging 
data provides a “synergistic” approach to compensate for 
their own weaknesses, especially potential false-positive 
results by CCTA and false-negative results by gMPS (10). In 
our study, CCTA was reported as suboptimal due to intense 
coronary calcifications and motion artifacts in one patient. 
CHI revealed that stenosis at the LAD and the third obtuse 
marginali branch of the LCx were responsible for perfusion 
defects; however, stenoses at the first diagonal branch of 
the LAD and RCA were hemodynamically insignificant in 
this patient. Another patient had a perfusion defect at 
inferior cardiac wall that was suspected as a potentially 
false-positive result at gMPS, due to the gastrointestinal 
activity. False-positive result at gMPS was confirmed by 
CHI since there was no coronary stenosis in the RCA. In 
addition, perfusion defects that are not accompanied by 
coronary stenosis might have resulted from a microvascular 
disease or endothelial dysfunction. Certain diagnosis of 
these diseases can be made by quantitative evaluation 
of regional absolute myocardial blood flow with Rb-82, 
N-13-ammonium, and O-15 PET radionuclides (12). By this 
modality, anatomically insignificant but with impaired blood 
flow CAD, such as a microvascular disease or endothelial 
dysfunction may be also detected (12).

In this study, with CHI, 25% (n=9) of the detected perfusion 
defects were caused by hemodynamically significant 
stenosis at the side branches. It is impossible to specify 
and differentiate whether the major coronary arteries 
or the side branch is responsible for perfusion defects 
detected by gMPS, particularly when there are multiple 

stenosis. CHI can guide targeted revascularization by direct 
observation of hemodynamically significant stenosis at the 
side branches responsible for ischemia (13). 

Study Limitations

The retrospective design, lack of routine measurement of 
fractional flow reserve during the gold standard ICA and 
absence of a statistical design for the correlation between 
CCTA and gMPS are the limitations of our study.

Conclusion

In patients with high risk of CAD, multiple coronary 
stenoses, history of PCI or CABG and wide perfusion 
defects, specifying the location of hemodynamically 
significant stenosis becomes challenging. In such cases, 
CHI appears beneficial by providing fused data of the 3D 
coronary anatomy and myocardial perfusion map with 
high spatial accuracy, which enables direct observation 
of hemodynamically significant stenosis. CHI can guide 
ischemia-targeted revascularization procedures. In 
addition, CHI can prevent unnecessary interventions to 
hemodynamically insignificant stenosis.
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Öz
Amaç: Bu çalışmanın amaçları kolon dışındaki malignitelerin değerlendirilmesi için yapılan 18flor-florodeoksiglukoz (18F-FDG) pozitron emisyon 
tomografisi/bilgisayarlı tomografi (PET/BT) çalışmalarında kolonda fokal tutulum prevalansını, tesadüfi fokal 18F-FDG avid kolonik lezyonlarda 
malignite oranını belirlemek ve maksimum standardize alım değeri (SUV

maks
) değerlerinin, malign lezyonların premalign ve iyi huylu olanlardan ayırt 

edilmesindeki olası rolünü araştırmaktı.
Yöntem: Kasım 2017-Kasım 2019 döneminde kurumumuzda tüm vücut 18F-FDG PET/BT uygulanan, malignitesi bilinen veya şüphelenilen 8.017 
hastanın dosyalarını geriye dönük olarak inceledik. 18F-FDG PET çalışmalarında kolonda, karaciğer tutulumuna göre daha yoğun tek bir fokal 
18F-FDG tutulumu gösteren ve kolonoskopiye yönlendirilen hastalar olan çalışmaya alındı.

Abstract
Objectives: The present study aimed to identify the prevalence of focal uptake in the colon on 18fluorine-fluorodeoxyglucose (18F-FDG) positron 
emission tomography/computed tomography (PET/CT) studies performed for the evaluation of malignancies other than colon, to detect the rate 
of malignancy in incidental focal 18F-FDG avid colonic lesions and to investigate if any possible role of maximum standardized uptake value (SUV

max
) 

values in the discrimination of malignant lesions from premalignant and benign ones exist.
Methods: We retrospectively reviewed the files of 8,017 patients with known or suspected malignancy, who underwent whole-body 18F-FDG 
PET/CT at our institution during the period November 2017 to November 2019. Patients showing a single site of focally increased colonic 18F-FDG 
uptake that was more intense compared to liver uptake on 18F-FDG PET studies and referred to colonoscopy were enrolled in the study. 
Results: Fifty two patients (83.8%) had at least 1 corresponding lesion on colonoscopy, whereas in 10 patients no lesion was detected. Subsequent 
histopathological examinations revealed no corresponding lesion in 13 (13.7%), a benign lesion in 18 (18.9%), hyperplastic polyp in 10 (10.5%), 
low-grade polyp in 16 (16.8%), high-grade polyp in 29 (30.5%) and malignant lesion in 9 (9.5%) of the focal 18F-FDG uptake sites. According 
to histopathology results, statistically no significant difference was found between the SUV

max
 measurements of malignant and benign cases 

(p>0.05) but the average SUV
max 

measurements of malignant cases were found to be significantly higher than lower + high-grade cases (p<0.05) 
and hyperplastic polyp cases (p<0.01).
Conclusion: In conclusion, any unexpected focal 18F-FDG uptake in 18F-FDG PET/CT studies is suspicious for malignancy and should be clarified by 
colonoscopy. The intensity of 18F-FDG uptake does not preclude the application of colonoscopy and histopathological verification of the lesion if 
there is any. 
Keywords: Gastrointestinal tract, incidentally detected lesions, colon, incidental 18F-FDG uptake
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Inroduction

In imaging studies, an incidental finding, which is 
commonly named as “incidentaloma,” is a lesion which 
is detected serendipitously and is of indeterminate clinical 
significance. 18Fluorine-fluorodeoxyglucose (18F-FDG) 
positron emission tomography/computed tomography 
(PET/CT) is increasingly being used as an imaging modality 
in oncology and this has led to an increasing number of 
focal 18F-FDG-avid lesions in several organs including the 
thyroid gland, adrenal gland gastrointestinal tract, pituitary 
gland, prostate gland (1,2,3,4,5). Although identification 
of some of these findings may provide a chance to treat 
a secondary primary malignancy, in many cases, further 
studies done for exploration of these lesions might cause 
unnecessary anxiety in patients, complications from 
additional medical interventions and economic burden 
(6,7). 

Physiologic colonic 18F-FDG uptake is a commonly seen 
variant on PET scans and can be distinguished from 
malignant processes with its diffuse pattern. Segmental 
involvement of the colon in 18F-FDG PET studies is suggestive 
for inflammatory process. Focal involvement of the colon 
leaves the interpreter with a dilemma since it has the 
potential for malignancy, while some of the benign lesions 
also show 18F-FDG uptake. The prevalence of focal colonic 
incidentalomas detected by 18F-FDG PET or PET/CT was 
found as 3.6% pooled risk of malignant or premalignant 
lesions was 68% (8). It can be deduced from all these facts 
that it is crucial to know the malignancy rates of these 
lesions and distinguishing features on 18F-FDG PET/CT, in 
order to make further management properly. 

The aims of the present study were to identify the 
prevalence of focal uptake in the colon on 18F-FDG PET/
CT studies done for the evaluation of malignancies other 
than colon, rate of malignancy in incidental focal 18F-FDG 
avid colonic lesions and to investigate any possible role of 
maximum standardized uptake value (SUV

max
) values in the 

discrimination of malignant lesions from premalignant and 
benign ones.

Materials and Methods

Patient Population

We retrospectively reviewed the files of 8,017 patients 
with known or suspected malignancy, who underwent 
whole-body 18F-FDG PET/CT at our institution during the 
period November 2017 to November 2019. Patients with 
a previous history of colorectal cancer and inflammatory 
bowel disease, were excluded from our study. Patients 
showing a single site of focally increased colonic 18F-FDG 
uptake that was more intense compared to liver uptake 
on 18F-FDG PET studies and referred to colonoscopy 
were enrolled in the study. Of the 8,017 patients, 
62 (30 men, 32 women; age range, 19-88 y; mean 
age, 63.66±10.09 y) met these criteria. The type and 
frequencies of primary malignancies are given in Table 1.  
Ethical approval was obtained from the Ethics Committee 
of University of Health Sciences Turkey, Prof. Dr. Cemil 
Tascioglu City Hospital (protocol number: E-48670771-
514.10).

PET/CT Protocol: Imaging and Interpretation

Patients were imaged using an integrated PET/CT scanner 
that consisted of a full-ring HI-REZ LSO PET and a six-slice 
CT scanner (Siemens Biograph 6, Chicago, IL, USA). 

Patients were instructed to fast, for 4-6 h before the injection 
of 370-555 MBq (10-15 mCi) of 18F-FDG. All patients were 
administered oral contrast starting 4 h before the study. 
Blood glucose levels were measured before the study and 
18F-FDG was injected only when the blood glucose level 
was below 11.11 mmol/L. At 60 min post-injection, PET/
CT scan was conducted with an emission time of 3 min per 
bed position from the vertex to the upper thigh. Before 
emission images, a low-dose CT scan was performed for 
attenuation correction and anatomical localization with 
the following parameters: 50 mA, 140 kV, and 5 mm 
section thickness. Image analysis was carried out on the 
Esoft multimodality computer platform (Siemens Medical 
Solutions, Erlangen, Germany). All images were reassessed 
by two experienced nuclear medicine physicians who were 
unaware of the endoscopic and histopathologic results. 

Bulgular: Elli iki hastada (%83,8) kolonoskopide buna karşılık gelen en az 1 lezyon bulunurken, 10 hastada lezyon saptanmadı. Sonraki 
histopatolojik incelemelerde fokal 18F-FDG tutulum bölgelerinin 13’ünde (%13,7) karşılık gelen lezyon izlenmedi, 18’inde (%18,9) benign lezyon, 
10’unda hiperplastik polip (%10,5), 16’sında düşük dereceli polip (%16,8), 29’unda (%30,5) yüksek dereceli polip, 9’unda (%9,5) malign lezyon 
saptandı. Histopatoloji sonuçlarına göre malign ve benign olguların SUV

maks
 ölçümleri arasında istatistiksel olarak anlamlı fark bulunmazken 

(p>0,05), malign olguların ortalama SUV
maks

 ölçümleri düşük + yüksek gradlı olgulara (p<0,05) ve hiperplastik polip olgularına (p<0,01) göre anlamlı 
derecede yüksek bulundu. 
Sonuç: Sonuç olarak, 18F-FDG PET/BT çalışmalarında herhangi bir beklenmeyen fokal 18F-FDG tutulumu malignite açısından şüphelidir ve kolonoskopi 
ile netleştirilmelidir. 18F-FDG tutulumunun yoğunluğu kolonoskopi yapılmasını ve varsa lezyonun histopatolojik olarak doğrulanmasını engellemez. 
Anahtar kelimeler: Gastrointestinal sistem, insidental olarak saptanan lezyonlar, kolon, insidental 18F-FDG tutulumu
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Focal suspicious colorectal 18F-FDG uptake sites showing 
intense activity compared with the liver were recorded, 
whereas diffuse and segmental uptake sites were excluded. 

Regions of interest were manually drawn in transaxial 
slices encircling the focal activity to measure the SUV

max
 

as a semiquantitative index. The colon was divided into 
7 anatomical segments as the rectum, sigmoid colon, 
descending colon, transverse colon, ascending colon, 
cecum, anal region. The lesions are classified according to 
their locations in these segments by using the body low-
dose CT component.

We accepted a findings in PET/CT results as true-positive 
when focal 18F-FDG uptake corresponded to a certain lesion 
in endoscopic or surgical evaluation. When no solid lesion 
was detected with these evaluations, the cause of the 
18F-FDG uptake was attributed to physiologic accumulation 
of activity and the result was interpreted as false-positive. 
The true-positive lesions were further categorized as 
benign, premalignant and malignant. 

Colonoscopic and Histopathological Evaluation

Histopathologic evaluation of the lesions following 
colonoscopy was used as the gold standard and performed 
in all patients within 60 days of the PET/CT scan. Biopsy 
or excision of the 95 lesions corresponding to the focal 
18F-FDG uptake sites was performed. The descriptions 
of the lesions were also done morphologically during 
colonoscopy and the lesions were reported as polyp, 
mass lesion, diverticulum, hemorrhoid, ulcerovegetative 
mass, radiation colitis, rectovaginal fistula and ulcer. Any 
18F-FDG uptake focus without a corresponding lesion on 
colonoscopy and negative histopathological result was 
considered as physiological.

On histopathological evaluation, the lesions are categorized 
as physiological; benign; hyperplastic polyp; low-grade 
polyp; high-grade polyp and malignant. The lesions were 
also categorized according to their dimensions as 1 cm >; 
1-3 cm; 3-5 cm; 5 cm <.	

Statistical Analysis

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, median, 
frequency, ratio), Shapiro-Wilk test and box plot graphs 
were used for the normal distribution of variables. Mann-
Whitney U test was used for intergroup comparisons of 
parameters not showing normal distribution. Spearman’s 
correlation analysis was used to evaluate the relationships 
between variables. Receiver operating characteristic (ROC) 
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Table 1. Baseline features of the patients and their 
incidental lesions

n (%)

Age (year) 	 Min-max 19-88 (64.5)

Mean ± SD 62.84±11.54

Sex (n=62)
Male 32 (51.6)

Female 30 (48.4)

Location in 
colon

Rectum 24 (25.3)

Sigmoid colon 22 (23.2)

Descending  colon 13 (13.7)

Transverse colon 12 (12.6)

Ascending colon 13 (13.7)

Cecum 7 (7.4)

Anal region 4 (4.2)

SUV
max

Min-max 0-49.8

Mean ± SD 7.51±8.05

Histopathology

Physiologic 13 (13.7)

Benign 18 (18.9)

Hyperplastic polyp 10 (10.5)

Low grade 16 (16.8)

High grade 29 (30.5)

Malignant 9 (9.5)

Size

<1 cm 25 (26.3)

1-3 cm 37 (38.9)

3-5 cm 4 (4.2)

>5 cm 18 (18.9)

N/A 11 (11.6)

Primary 
malignancy

Endometrium carcinoma  6 (9.7)

Breast carcinoma  12 (19.4)

Carcinoma of unknown primary  9 (14.5)

Lymphoma  6 (9.7)

Lung cancer  9 (14.5)

Neuroendocrine tumor  1 (1.6)

Testis carcinoma  2 (3.2)

Gastric carcinoma  2 (3.2)

Renal cell carcinoma  1 (1.6)

Pancreas carcinoma  3 (4.8)

Cholangiocarcinoma  1 (1.6)

Larynx carcinoma  2 (3.2)

Cervix carcinoma  2 (3.2)

Ovarian carcinoma  1 (1.6)

Skin cancer  4 (6.4)

Multiple myeloma  1 (1.6)

Min: Minimum, Max: Maximum, SD: Standard deviation, SUV
max

: Maximum 
standardized uptake value
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curve analysis and diagnostic screening tests were used to 
determine the cut off for the SUV

max
 value. Significance 

was evaluated at the p<0.05 level.

Results

Of the 8,017 PET/CT scans performed during the study 
period, 95 focally increased colonic 18F-FDG uptake was 
found in 62 (0.77%) patients. Among these 62 patients 
showing focal 18F-FDG uptake, 52 patients (83.8%) had at 
least 1 corresponding lesion in colonoscopy, whereas in 10 
patients no lesion was detected. Of the 95 hypermetabolic 
foci, 7 were in the cecum, 13 in the ascending colon, 12 in 
the transverse colon, 13 in the descending colon, 22 in the 
sigmoid colon, 24 in the rectum and 4 in the anal region. 
Subsequent histopathological examinations revealed no 
corresponding lesion in 13 (13.7%), a benign lesion in 
18 (18.9%), hyperplastic polyp in 10 (10.5%), low-grade 
polyp in 16 (16.8%), high-grade polyp in 29 (30.5%) and 
malignant lesion in 9 (9.5%) of the focal 18F-FDG uptake 
sites. So a premalignant lesion (high grade polyp + low 
grade polyp) and a malignant lesion were detected in 
totally 54 (56.8%) of the suspicious hypermetabolic foci.

Malignant and Premalignant Lesions

The malignant lesions were found in the descending 
colon in 3 (33.3%), transverse colon in 3 (33.3%), rectum 
in 2 (22.2%) and the sigmoid colon in 1 (11.1%) cases 
(Figure 1). SUV

max
 in malignant lesions was 14.41±14.4 (0-

49.8) on average. The size of the malignant lesions was 
4.56±1.32 (2.5-5.5) cm on average. The distribution of 
45 premalignant lesions detected on colonoscopy were 
14 in sigmoid (31.1%), 7 in the rectum (15.5%), 8 in 
the ascending colon (17.7%), 7 in the descending colon 
(15.5%), 6 in transverse colon (13.3%), 3 in the cecum 
(6.6%). Histopathologic examination revealed 29 high-
grade and 16 low-grade polyps (n=24 tubuler adenoma; 
n=21 tubulovillous adenoma) showing 18F-FDG uptake 
with an average SUV

max
 of 6.54±7.87 (0-27) and size of 

1.41±1.13 (0.5-5.5) (Figure 2).

Hyperplastic Polyps

The distribution of 10 hyperplastic polyps among the colon 
segments was as follows: 5 lesions in the rectum (50%), 2 
in the ascending colon (20%), 1 in the cecum (10%), one 
in the descending colon (10%) and 1 in sigmoid (10%). 
SUV

max
 in hyperplastic polyps was 2.76±5.12 (0-16.3) on 

average. 

Physiologic Uptake and Benign Lesions

Histopathologic examinations revealed benign inflammatory 
pathologies in 18 of the lesions. Activated ulcerative colitis 

was the cause in 2 lesions (11.1%). Granulation was 
detected in the ulcerous ground in 5 lesions (27.7%). 
In 2 patients who had undergone radiotherapy for 
gynecological malignancies, radiation colitis was detected 
(11.1%). Diverticula was detected in the descending 
colons of 2 patients (11.1%). Hemorrhoids in the lower 
rectum was seen in 4 patients and rectovaginal fistulas in 
1 patient (5.5%). Tuberculous ulcers were the cause in two 
incidental 18F-FDG uptake sites (11.1%) (Figure 3). SUV

max
 in 
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Figure 1. MIP (a), axial fusion, CT and PET (b, c, d) images of a 31-year-
old female patient who underwent 18F-FDG PET/CT scanning for breast 
cancer revealed intense 18F-FDG avid mass (SUV

max
: 12.7) in sigmoid colon 

(arrow head) which turned out to be an adenocarcinoma of the colon
CT: Computed tomography, PET: Positron emission tomography, 18F-FDG: 
18Fluorine-fluorodeoxyglucose, SUV

max
: Maximum standardized uptake value

Figure 2. MIP (a), axial fusion, CT and PET (b, c, d) images of a 61-year-
old male patient who underwent 18F-FDG PET/CT scanning for malignant 
melanoma, revealed incidental focal 18F-FDG uptake (SUV

max
: 8.1) in 

ascending colon (arrow head). It was a polyp 4 cm in diameter and after 
excision histopathology of the lesion turned out to be a polyp with high 
grade dysplasia
CT: Computed tomography, PET: Positron emission tomography, 18F-FDG: 
18Fluorine-fluorodeoxyglucose, SUV

max
: Maximum standardized uptake value
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these benign lesions was 7.88±5.09 (2.9-24.6) on average. 
In 13 of the hypermetabolic foci, colonoscopy revealed 
no corresponding lesions and the activity accumulations 
at these sites are attributed to physiologic uptake. The 
average SUV

max 
values at these false positive uptake sites 

were 9.22±4.88 (3.8-18.4). The average SUV
max

 in all 
lesions was 7.51±8.05 (0-49.8) (Figure 4).

According to histopathology results, statistically no 
significant difference was found between the SUV

max
 

measurements of malignant and benign cases (p>0.05). 
The average SUV

max
 measurements of malignant cases 

were found to be significantly higher than low + high-grade 
cases (p<0.05) and hyperplastic polyp cases (p<0.01).

Based on this significance, it was considered to determine 
the cut-off point for SUV

max
 in detecting malignant cases. 

ROC analysis was used to determine the cut off point 
according to the groups.

For the 5.2 cut-off value of SUV
max

 measurement; sensitivity, 
specificity, positive predictive value (PPV), negative 
predictive value and accuracy in the discrimination between 
malignant and low + high-grade groups were 88.9%, 
62.2%, 32%, 96.6%, 85.2% respectively. The ODDS rate 
for SUV

max
 measurement is 12.00 [95% confidance interval 

(CI): 1.38-104.3] that means that the risk of malignancy 
is 12 times higher in patients with SUV

max
 level of 5.2 and 

above.

When discrimination between malignant and hyperplastic 
polyp groups was concerned, for the 5.2 cut-off value of 
SUV

max
 measurement; sensitivity, specificity, PPV, negative 

predictive value and accuracy were 88.9%, 90%, 88.9%, 
90%, 84.2% respectively.

A statistically significant difference was found between 
SUV

max
 measurements according to lesion size (p<0.01). 

SUV
max

 measurement of cases with a lesion size less than 
1 cm was found to be statistically significantly lower than 
other dimensions.

According to histopathology results, size measurements of 
malignant cases were found to be significantly higher than 
premalignant cases (p<0.05).

Discussion

Focal incidental 18F-FDG uptake is a commonly encountered 
finding in PET/CT studies done of various oncologic 
diseases. Sone et al. (9) reported that in 6.7% of the PET/
CT studies incidental finding is seen and in 2.2% of all 
patients, histopathology revealed malignancy in incidental 
lesions. The most commonly detected sites for these 
incidental lesions were the colon, lung and stomach (9). 

In patients with more than one malignancies, although the 

prognosis becomes poorer, early detection of the second 
primary cancer improves the overall outcome (10,11). 
Adams et al. (6) reported that at least 1 incidental finding 
was reported in the findings section of 74.9% of PET/CT 
reports, resulting in a substantial additional cost per PET/
CT study. So it becomes crucial to decide when to make 
suggestions for further investigations in the evaluation of 
incidental findings instead of follow-up and this requires 
knowledge of its differential diagnosis, the possibility of 
malignancy and other PET/CT criteria, which can be used 
in the characterization of the finding (12).

In our study, incidental colorectal uptake of 18F-FDG was 
found in 62 of 8,017 patients who underwent 18F-FDG 
PET/CT studies. In a meta-analysis comprising 32 studies, 
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Figure 3. MIP (a), axial fusion, CT and PET (b, c, d) images of a 74-year-
old male patient who underwent 18F-FDG PET/CT scanning for search of 
carcinoma of unknown primary, revealed focal 18F-FDG uptake in walls 
of cecum (SUV

max
: 6.6) and transverse colon (SUV

max
: 7.5) (arrow heads). 

Histopathological evaluation done following endoscopy showed that the 
lesions were tuberculous ulcers
CT: Computed tomography, PET: Positron emission tomography, 18F-FDG: 
18Fluorine-fluorodeoxyglucose, SUV

max
: Maximum standardized uptake value

Figure 4. Distribution of SUV
max

 values according to histopathology
SUV

max
: Maximum standardized uptake value
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a pooled prevalence of 3.6% (0.4-16.3%) was reported 
for focal incidental colonic uptake (8). Initial detection rate 
of incidental colonic findings might be as high as 10% 
due to the high mean age of the patients included (13). 
Lower levels of incidental detection rate of 1.17% was also 
reported, which is attributed to the inclusion criteria of the 
study that restricted patients only to meet the strict criteria 
for focal colonic uptake (14).

In our study, among the patients showing focal 18F-FDG 
uptake, 83.8% had at least 1 corresponding lesion in 
colonoscopy, either benign or malign, whereas in 10 
patients (16.2%) no lesion was detected. On lesion-based 
analysis 13 of the 95 (13.7%) focal uptake sites represented 
physiologic accumulation with no corresponding lesion. 
Although physiological activities are generally seen in 
diffuse pattern and therefore not included in studies on 
incidental 18F-FDG uptake, they can also be seen as a focal 
involvement. In the past studies, no correlative lesions were 
detected at endoscopy in 13.7-56% of patients with focal 
colorectal uptake of 18F-FDG who underwent colonoscopy 
(13,15,16,17,18). Although the mechanisms of this 
physiologic intestinal activity are not established clearly, 
several studies have suggested that the gut microbiota, 
peristaltic activity in muscles, presence of lymphoid tissue, 
high concentration of WBCs in the bowel wall, 18F-FDG 
secreting cells in the wall of the intestines, is responsible 
(18,19,20,21,22).

A premalignant lesion (high grade polyp + low grade 
polyp) and a malignant lesion were detected in totally 54 
(56.8%) of suspicious hypermetabolic foci. This finding was 
consistent with the literature; Treglia et al. (8) conducted 
a systematic review and meta-analysis of incidental focal 
colonic uptake among 89,061 patients evaluated by 
18F-FDG PET or PET/CT and they found the pooled risk of 
malignant or premalignant lesions as 68% [95% CI (60-
75%)]. Another study conducted by Treglia et al. (17), 
reported malignant or premalignant lesions in 64% of the 
patients who underwent further investigations. The rate 
of false positivity can be related to the reference activity 
chosen for comparison to accept a lesion as positive. Liu et 
al. (23) reported colon cancer in 10 out of 24 (PPV: 42%) 
patients who showed incidental focal 18F-FDG uptake in 
18F-FDG PET/CT studies, which means that 58% of lesions 
were false positive. They explained this relatively high false 
positivity by taking the comparison of focal 18F-FDG activity 
with blood pool activity as criteria for positive focal 18F-FDG 
(23). The authors compared their results with Cho et al.’s 
(24) study in which also low levels of PPV were reported 
(51.6%) and they attributed this to the definition of a 
positive criterion on imaging findings with SUV

max
 >3.5.

In our study, focal suspicious colorectal 18F-FDG uptake 
sites showing intense activity compared with the liver were 
accepted as positive focal 18F-FDG. So given that mean 
SUV

max
 value of liver is 2.89±1.26 (1.30-5.2) in our study, 

we can postulate that the false positivity rate (43.2%) could 
be lower if we accepted a higher reference SUV

max
 value. 

As an indicator of metabolic activity, SUV
max

 value of 
lesions has been proposed as a semiquantitative index 
that can be helpful in the discrimination of benign and 
malignant lesions in oncologic PET/CT studies. When 
the colonic incidentalomas concerned, previous studies 
report that SUV

max
 value is unreliable enough to be used 

in the differentiation of malignant, premalignant and 
benign lesions because of significant overlap between 
SUV

max
 of benign and malignant lesions. Indeed, some 

of these previous studies have reported differences in 
SUV

max
 measurements between malignant and benign 

lesions or physiologic uptake, but none of them claimed 
that this difference in SUV

max
 precludes colonoscopy 

(18,25,26,27,28). Several studies have shown no statistical 
differences in SUV

max
 between true and false positive uptake 

sites (17,29,30). There have been made to determine a 
certain cut-off value for SUV

max
 in the discrimination of 

malignant and benign lesions; Luboldt et al. (28) proposed 
optimal SUV

max
 threshold of 5. However, their results were 

not confirmed by a study by Rigault et al. (31) in which 
they reported 14 advanced neoplasias with SUV

max 
values 

≤5.

Hoeij et al. (25) reported sensitivity 80%, specificity 
82%, PPV 34%, negative predictive value 98% in the 
discrimination of malignant and benign incidental colonic 
lesions when the optimal cut-off value was taken as 11.4. 
Although the authors stated that all incidental focal lesions 
showing 18F-FDG uptake with a SUV

max
 ≥11.4 should be 

examined by colonoscopy without delay, they concluded 
that SUV

max
 alone is not sufficiently discriminative to 

differentiate malignant, premalignant and benign lesions 
(25).

We could not find any significant difference between the 
SUV

max 
measurements of malignant and benign cases. 

When these benign lesions were overviewed; activated 
ulcerative colitis was the cause in 2 lesions of a patient, 
radiation colitis was detected in two patients who had 
undergone radiotherapy for gynecological malignancies 
and diverticula were detected in the descending colon of 
2 patients. Although these lesions are not discriminated 
from malignancies due to their metabolic activity, when the 
morbidity of these lesions is regarded, early detection of 
them with 18F-FDG PET/CT becomes crucial (32).
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Depending on the statistically significant high values of 
SUV

max
 in malignant cases compared with low + high grade 

cases and hyperplastic polyp cases, we tried assessing the 
threshold of SUV

max
 to differentiate the malignant cases and 

we found that above 5.2 the malignancy is detected with 
a sensitivity and specificity of 88.9% and 62.2% compared 
with low + high grade groups and 88.9% and 90%, when 
compared with hyperplastic polyp groups. Although these 
values seem to be high, given that 12 out of 18 benign 
lesions and 10 out of 13 physiologic uptake sites exhibit 
SUVmax values more than 5.2, in line with the literature, 
this cut-off value cannot be set as a strict threshold for the 
discrimination of malignant lesions. 

Study Limitations

Our study has some limitations. First, it was limited by its 
retrospective and single center design. We couldn’t detect 
the sensitivity of 18F-FDG PET/CT in the identification of 
colonic neoplasms since whole lesions found in colonoscopy 
whether they were 18F-FDG avid or not are not recorded. 
All patients were administered oral contrast before the 
study as a part of routine applications in our PET/CT 
studies in our department. This might be mentioned as 
a limitation since it might have caused artefacts in the 
PET images, but these artefacts were distinguished from 
unusual focal 18F-FDG uptake with their diffuse patterns, 
and any misinterpretations were avoided. Administration 
of negative contrast material like water to improve bowel 
distention might have been more appropriate in this kind 
of study.

Conclusion

In conclusion, any unexpected focal 18F-FDG uptake in 
18F-FDG PET/CT studies is suspicious for malignancy and 
should be clarified by colonoscopy. The intensity of 18F-FDG 
uptake does not preclude the application of colonoscopy 
and histopathological verification of the lesion if there 
is any. SUV

max
 values more than 5.2 might only alert the 

physician to the higher risk of malignancy and force for 
urgent intervention.
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İlerlemiş Akciğer Adenokarsinomu Olan Hastalarda EGFR TKI Tedavisi Öncesi Tedavi 
Yanıtını Öngörmede 18F-FDG PET/BT Metabolik Parametrelerinin Prognostik Değeri

Abstract
Objectives: This study makes a retrospective examination of exploring the prognostic value of 18fluorine-fluorodeoxyglucose (18F-FDG) positron 
emission tomography/computed tomography (PET/CT) related metabolic-volumetric variables, nutritional status, and immune and inflammatory 
markers on progression-free survival (PFS) and overall survival (OS) in advanced adenocarcinoma patients with positive epidermal growth factor 
receptor (EGFR) mutations undergoing EGFR tyrosine kinase inhibitor (TKI) therapy.
Methods: A retrospective examination was made of patients diagnosed with lung adenocarcinoma who underwent 18F-FDG PET/CT imaging for 
staging maximum four weeks before starting treatment, between January 2015 and July 2020. Included in the study were 68 patients identified 
histopathologically to have locally advanced/metastatic EGFR mutation-positive adenocarcinoma, and who underwent EGFR TKI therapy. The 
laboratory data of the patients, obtained 15 days before imaging performed for PET/CT staging, were evaluated.
Results: Metabolic tumor volume, modified Glasgow prognostic score and locally advanced disease were identified as independent prognostic 
parameters for PFS (p=0.004, p=0.029, p=0.016, respectively). A univariate Cox regression analysis revealed albumin/alkaline phosphatase and 
tumor size to be significant parameters for prognosis (p=0.033, p=0.043, respectively). A multivariate Cox regression analysis revealed that none 
of the parameters were predictive or OS. 
Conclusion: The parameters of 18F-FDG PET/CT, especially the volumetric parameters, were found to be strong prognostic factors with statistical 
significance for predicting PFS. We believe that these parameters are important prognostic markers that should be evaluated together in the 
management and follow-up of patients with EGFR mutation-positive adenocarcinoma. 
Keywords: 18F-FDG PET/CT, lung cancer, adenocarcinoma, EGFR, progression-free survival, overall survival

Öz
Amaç: Çalışmamızda, epidermal büyüme faktörü reseptörü (EGFR) tirozin kinaz inhibitörü (TKI) tedavisi gören pozitif EGFR mutasyonları olan 
ileri adenokarsinom hastalarında progresyonsuz sağkalım (PFS) ve genel sağkalım (OS) üzerindeki 18flor-florodeoksiglukoz (18F-FDG) pozitron 
emisyon tomografisi/bilgisayarlı tomografi (PET/BT) ile ilişkili metabolik-hacimsel değişkenlerin, nutrisyonel durumunun ve immün ve enflamasyon 
belirteçlerin prognostik değerini retrospektif bir incelemesini yapmaktadır. 

The Prognostic Value of 18F-FDG PET/CT Metabolic Parameters 
in Predicting Treatment Response Before EGFR TKI Treatment in 
Patients with Advanced Lung Adenocarcinoma
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Introduction

Non-small cell lung cancer (NSCLC), triggered by the 
activation of epidermal growth factor receptor (EGFR) 
mutations, accounts for approximately 10% of all NSCLC 
cases (1). Tyrosine kinase inhibitor (TKI) therapy is the first-
line treatment for metastatic NSCLC with an EGFR mutation 
(2). EGFR signaling regulates the pathways of glucose 
metabolism in EGFR-mutated cancer cells, and EGFR TKIs 
reduce lactate production and glucose consumption (3). 
TKIs have been associated with longer progression-free 
survival (PFS) than chemotherapy in advanced NSCLC with 
EGFR mutations (2,4). The approved agents for TKI therapy 
include first-generation EGFR TKIs, erlotinib and gefitinib, 
and second-generation EGFR TKI, afatinib. The objective 
response rates to these agents in randomized clinical trials 
range from 56-74%, and the median time to progression is 
9-13 months (5,6,7).

Recently, simple and accessible biomarkers related to 
systemic inflammation and nutritional status have been 
developed for predicting prognosis in various cancers (8). 
While the modified Glasgow prognostic score (mGPS), 
which is based on serum C-reactive protein (CRP) and 
albumin (ALB) concentrations, is considered a prognostic 
factor for most cancers (9), the prognostic nutritional index 
(PNI), which is calculated on the basis of ALB and total 
lymphocyte count, is more useful for predicting overall 
survival (OS) (10).

Lactate dehydrogenase (LDH) is another serum enzyme 
that is mainly involved in the conversion of pyruvate to 
lactate, and that has been linked to tumor metabolism 
(11). Several studies have established elevated LDH levels 
in various types of cancer, including NSCLC (12,13).

Immune and inflammatory responses have a characteristic 
significance for developing tumors in the body. Homeostasis 
and inflammation are among the numerous physiological 
and pathological pathways in which platelets are involved. 

There have been many studies associating an elevated 
platelet count with poor prognosis for various solid 
cancers, including those of the lung (14). The neutrophil-
to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio 
(PLR), which are systemic inflammatory markers, play a 
prognostic role in many malignancies, such as malignant 
melanoma, esophageal cancer, prostate cancer, diffuse 
large B-cell lymphoma, breast cancer, nasopharyngeal 
cancer and NSCLC (15). There have also been many recent 
publications reporting the systemic immune-inflammation 
index (SII), which is based on platelet, lymphocyte and 
neutrophil counts, to be another important prognostic 
marker for various cancers (16).
18Fluorine-fluorodeoxyglucose (18F-FDG) positron emission 
tomography/computed tomography (PET/CT) is an imaging 
method that is used to diagnose and stage lung cancer and 
is based on the elevated glucose metabolism of tumor cells 
with increased expression of glucose transporter protein 
and hexokinase activity. In addition to diagnosis and 
staging, 18F-FDG-PET is being increasingly used to assess 
treatment response and to predict outcomes (17). Some 
studies recommend early assessment with 18F-FDG PET/CT 
as a criterion in the modification of tumor response during 
treatment (18,19). The volumetric parameters; metabolic 
tumor volume (MTV) and total lesion glycolysis (TLG) 
have been used to reflect the disease burden and tumor 
aggressiveness in NSCLC (20). The standardized uptake 
value (SUV) is a semi-quantitative determination of the 
normalized concentration of radioactivity, and maximum 
SUV (SUV

max
) is the most widely applied parameter in 

clinical practice (21). 

This study is conducted to explore the prognostic value 
of inflammatory markers and metabolic- and volume-
based parameters related to 18F-FDG PET/CT on treatment 
response assessment and outcome prediction, while also 
establishing the prognostic value of these parameters in 
adenocarcinoma patients with EGFR mutations.

Yöntem: Ocak 2015 ile Temmuz 2020 tarihleri arasında küçük hücreli dışı akciğer kanseri tanısı alan ve tedavi almadan en fazla dört hafta önce 
evreleme için 18F-FDG PET/BT görüntülemesi yapılan hastalar geriye dönük olarak incelendi. Histopatolojik olarak adenokarsinom EGFR mutasyonu 
saptanan lokal ileri/metastatik TKI tedavisi alan 68 hasta çalışmaya dahil edildi. Hastaların PET/BT evrelemesi için yapılan görüntülemeden 15 gün 
önce alınan laboratuvar verileri değerlendirildi.
Bulgular: Metabolik tümör hacmi, modifiye Glasgow prognostik skoru ve lokal ileri hastalık, PFS için bağımsız prognostik parametreler olarak 
tanımlandı (sırasıyla; p=0,004, p=0,029, p=0,016). Tek değişkenli Cox regresyon analizi, albümin/alkalin fosfataz ve tümör boyutunun prognoz 
için önemli parametreler olduğunu ortaya koydu (sırasıyla; p=0,033, p=0,043). Çok değişkenli Cox regresyon analizi, hiçbir parametrenin OS için 
öngörücü olmadığını gösterdi.
Sonuç: 18F-FDG PET/BT parametreleri, özellikle volümetrik parametreler, PFS’nin öngörülmesi için istatistiksel anlamlılığı olan güçlü prognostik 
faktörler olarak bulundu. Bu parametrelerin EGFR mutasyon pozitif adenokarsinomlu hastaların yönetimi ve takibinde birlikte değerlendirilmesi 
gereken önemli prognostik belirteçler olduğuna inanıyoruz.
Anahtar kelimeler: 18F-FDG PET/BT, akciğer kanseri, EGFR, progresyonsuz sağkalım, genel sağkalım
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Materials and Methods

Patients diagnosed with NSCLC who underwent 18F-FDG 
PET/CT imaging for staging max four weeks before starting 
treatment between January 2015 and July 2020 were 
reviewed retrospectively. Subsequently, 68 patients who 
were found histopathologically to have locally advanced/
metastatic EGFR mutation-positive adenocarcinoma and 
who underwent EGFR TKI therapy were included in the 
study. Patients were staged based on the TNM classification, 
according to the 8th edition staging system recommended 
by the International Association for the Study of Lung 
Cancer. The final surveillance program will be conducted in 
December 2020. Excluded from the study were: 1-) Patients 
with diagnoses other that concurrent cancer; 2-) Patients 
who underwent surgery or received any treatment (e.g. 
chemotherapy, radiotherapy) before imaging; 3-) Patients 
with missing hospital records; 4-) Patients without 18F-FDG 
uptake at the site of the primary tumor; 5-) Patients with 
unknown status of EGFR gene mutation; and 6-) Patients 
who were followed up by an external center. In our 
retrospective study, the informed consent form was not 
documented, it was prepared in accordance with the local 
Clinical Practices guide and the current legislation, approval 
for the use of the patient data for publication was obtained 
from University of Health Sciences Turkey, Dr. Suat Seren 
Chest Diseases and Surgery Hospital Institutional Ethics 
Committee (approval no: 49109414-604.02).

Assessments

Age, gender and laboratory data [complete blood count, 
LDH, CRP, alkaline phosphatase (ALP), ALB obtained 15 
days before 18F-FDG PET/CT imaging was retrieved from the 
electronic hospital records. The NLR, PLR, CRP-to-ALB ratio, 
and serum ALB-to-serum ALP ratio were calculated. The 
formulas used to calculate the SII and PNI were as follows: 
SSI = platelet count × neutrophil count/lymphocyte count; 
PNI = 10 × serum ALB level + 0.5 × lymphocyte count. PNI 
score was recorded as 0 if PNI ≥45, and 1 if PNI was <45; 
mGPS was recorded as 0 if CRP was ≤10 mg/L, one if CRP 
was >10 mg/L and ALB ≥35 g/L, and 2 if CRP was >10 
mg/L and alb <35 g/L. The recorded parameters related 
to 18F-FDG PET/CT imaging included the longest diameter 
(mm) of the primary mass, MTV (cm3), TLG (g/mL × cm3), 
SUV

max
 and SUV

mean
.

Positron Emission Tomography/Computed 
Tomography Protocol

Imaging was performed in a Philips Gemini TF 16-slice 
combined PET/CT scanner, with the same scanner used 
for all patients. Following a min 6 hours of fasting, 8-15 
mCi 18F-FDG (2.5 MBq/kg body weight) was administered 

intravenously and the time between intravenous injection 
and scans was 60±5 minutes. The patient did an intravenous 
contrast agent. The first CT images (140 kV, 100 mAs, 
5 mm sections) and then PET images were acquired. 
Attenuation-corrected emission data were obtained using 
non-contrast-enhanced data, extrapolated to 511 keV. PET 
images were acquired through emission scanning for 1.5 
min per bed position, and a wholebody scan from skull 
vertex to the proximal thigh using 9 or 10 bed positions. 
The images were reconstructed with iterative algorithms 
over a 128x128 matrix. 

Image Analysis

Hybrid images of the 18F-FDG PET/CT data were analyzed 
independently by two nuclear medicine specialists. The 
pattern and degree of primary mass uptake were evaluated 
and located. A 3D isocontour region of interest was drawn 
automatically on the lesion with the primary mass uptake 
in all three planes. While calculating the SUV

max
, SUV

mean
 

and the MTV included in the volume of interest, the area 
related to the 40% threshold was calculated automatically. 
TLG was calculated by multiplying MTV by the SUV

mean
. 

EGFR Mutation Assessment

Tissue samples acquired from paraffin-embedded specimens 
were collected in 1.5 mL vials, and DNA was extracted using 
a DNA Sample Preparation Kit (Cobas, Roche Molecular 
Systems, USA) and reverse transcription-polymerase chain 
reaction was performed. All procedures were conducted 
according to the manufacturer’s instructions (Cobas EGFR 
Mutation Test v2, Roche Molecular Systems, USA).

Statistical Analysis

Data were analyzed using the IBM SPSS Statistics (Version 
26.0. Armonk, NY: IBM Corp.) and MedCalc Statistical 
Software version 16.4.3 (MedCalc Software BV, Ostend, 
Belgium; https://www.medcalc.org; 2016) software 
packages. Descriptive statistics were expressed as the 
unit number (n), percentage (%), mean (x-), standard 
deviation, standard error, median (M), minimum (min) 
and max values. The performance of prognostic markers 
in predicting recurrence and survival was evaluated by a 
receiver operating characteristic curve (ROC) analysis. The 
survival times of the patients were compared using the 
log-rank (Mantel-Cox) test of the Kaplan-Meier analysis, 
based on the optimum cut-off point for the markers found 
significant in the ROC analysis. Univariate and multivariate 
Cox regression analyses were used to determine the factors 
affecting PFS and OS. p values of <0.05 were considered 
statistically significant.
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Results

Patient Characteristics

Among the 68 patients with advanced EGFR-mutated 
adenocarcinoma were 40 (58.8%) female and 28 (41.2%) 
male patients, with a median age of 64.5 (31.0-85.0) 
years. 43 (63.2%) patients of 68 were non-smoker. Of the 
patients with advanced adenocarcinoma, 15 (22.1%) were 
classified as locally advanced and 53 (77.9%) as metastatic. 
Of the total, five (7.3%) patients had mutations in exon 18, 
47 (69.1%) in exon 19, and 16 (23.5%) in exon 21. For 
EGFR TKI, 27 (39.7%) patients underwent afatinib therapy, 
35 (51.5%) erlotinib therapy and six (8.8%) gefitinib 
therapy. During the follow-up, 66.2% of the patients 
experienced local or metastatic relapse and 13 (19.1%) 
died from disease progression. Patient characteristics are 
presented in Table 1.

18F-FDG PET/CT Parameters

Of 68 patients with advanced EGFR mutation 
adenocarcinoma, the median SUV

max
 value was 9.81 (3.50-

38.10), the median MTV value was 25.66 (1.66-461.12), 
and the median TLG value was 158.19 (5.88-1826.04). The 
metabolic and volumetric parameters of the patients, as 
well as their immune and inflammatory parameters, are 
presented in Table 1.

Progression-free Survival Analysis

The median PFS was 13.9 (1.9-99.8) months overall. When 
the continuous variables were evaluated on the ROC 
curve drawn to determine progression, the analysis results 
revealed that the parameters with a significant area under 
the curve (AUC) values were ​​MTV 0.725 [95% confidence 
interval (CI): 0.630-0.826, p=0.001], TLG 0.728 (95% CI: 
0.606-0.828, p<0.001) and NLR 0.653 (95% CI: 0.528-
0.765, p=0.019), which were predictive of progression 
(Table 2). MTV >7.04, TLG >78.68, NLR >4.73, an mGPS 
score of two and metastatic disease had statistically 
significantly high sensitivity and specificity ​​in predicting of 
progression (Table 2). Optimum values ​​were determined 
for MTV, TLG and NLR for use in the determination of 
progression, and patients were divided into groups based 
on these values. A Kaplan-Meier analysis revealed MTV, TLG, 
NLR, gender and locally advanced disease to be significant 
parameters, and further showing that PFS was significantly 
shorter in patients with MTV >7.04, TLG >78.68 and NLR 
>4.73 than in those with low values of these parameters ​​
(p=0.001, p=0.003, p=0.001, respectively). Metastatic 
patients had a shorter PFS than locally advanced patients 
(p=0.003); and those with an mGPS score of two were 
found to have a shorter PFS than those with a score of 0 
(p=0.009) (Table 3). The univariate Cox regression analysis 

Table 1. Patient characteristics

Characteristics n (%)

Gender
Female
Male

40 (58.8)
28 (41.2)

Age (years)
Mean ± SD
M (min-max)

63.2±11.2
64.5 (31.0-85.0)

Stage
Local advanced stage
Metastatic

15 (22.1)
53 (77.9)

Pharmaceutical group
Afatinib
Erlotinib
Gefitinib

27 (39.7)
35 (51.5)
6 (8.8)

Exon 18
Exon 19
Exon 21

5 (7.3)
47 (69.1)
16 (23.5)

Relapse
No
Yes

23 (33.8)
45 (66.2)

Survival
Alive
Ex

55 (80.9)
13 (19.1)

mGPS score
0
2

33 (51.5)
33 (48.5)

PNI score
<45
>45

26 (38.2)
42 (61.8)

Mean ± SD M (min-max)

Progression-free 
survival

19.9±17.5 13.9 (1.9-99.8)

Overall survival 25.7±19.1 21.9 (2.9-99.8)

SUVmax 
10.87±5.71 9.81 (3.50-38.10)

SUV
mean 

5.89±3.28 5.33 (1.20-20.50)

MTV 60.57±90.75 25.66 (1.66-461.12)

TLG 294.14±362.41 158.19 (5.88-1826.04)

LDH 225.1±79.8 208.0 (117.0-475.0)

CRP/ALB 8.05±13.59 2.21 (0.13-70.47)

ALB/ALP 0.047±0.021 0.047 (0.021-0.174)

NLR 5.08±5.56 3.33 (1.00-29.20)

PLR 238.27±190.65 192.48 (37.37-1385.00)

Size (cm) 4.14±1.82 4.00 (1.30-10.50)

SII 1587.2±1825.5 1008.4 (253.4-9956.0)

PNI 46.28±10.04 48.00 (8.50-80.60)

SD: Standard deviation, min: Minimum, max: Maximum, mGPS: Modified 
Glasgow prognostic score, PNI: Prognostic nutritional index, SUVmax: Maximum 
standardized uptake value, MTV: Metabolic tumor volume, TLG: Total lesion 
glycolysis, LDH: Lactate dehydrogenase, CRP: C-reactive protein, ALB: Albumin, 
ALP: Alkaline phosphatase, NLR: Neutrophil-to-lymphocyte ratio, SII: Systemic 
immune-inflammation index, PLR: Platelet-to-lymphocyte ratio
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for systemic inflammation, and nutritional and volumetric 
parameters identified PLR, SII and tumor size was predictive 
of PFS (p=0.001, p=0.001, p=0.007, respectively) (Table 3). 
The Multivariate Cox regression analysis, in turn, identified 
MTV, mGPS and stage as independent prognostic factors 
for PFS (p=0.004, p=0.029, p=0.016, respectively) (Table 4). 
Among the volumetric parameters, MTV was determined 
to be a representative volumetric parameter; and among 
the general patient characteristics, age and gender had no 
statistically significant effect on PFS.

Overall Survival Analysis

The median OS was 21.9 (2.9-99.8) months. Among the 
general patient characteristics, age and gender had no 
statistically significant effect on OS. 

When the continuous variables were evaluated on the 
ROC curve drawn according to survival, the parameters 
with a significant AUC values were ​​MTV 0.715 (95% CI: 
0.594-0.817, p=0.007), TLG 0.701 (%95 CI: 0.578-0.805, 
p=0.017), LDH 0.678 (%95 CI: 0.554-0.787, p=0.031), CRP/
ALB 0.729 (95% CI: 0.607-0.829, p=0.007) and PNI 0.776 
(95% CI: 0.658-0.868, p=0.001), which were predictive 
of survival MTV >41.02, TLG >384.8, LDH >222, CRP/ALB 
>3.956, and PNI >41.3 had statistically significantly high 
sensitivity and specificity ​​in predicting survival (Table 2). 

The Kaplan-Meier analysis for survival showed OS to be 
significantly shorter in patients with MTV >41.02, TLG 
>384.8, LDH >222 and CRP/ALB >3.956 than in those 
with low values of these parameters (p=0.001, p=0.002, 
p=0.040, p<0.001, p<0.001, p=0.001, respectively) (Table 
4). A multivariate Cox regression analysis for systemic 
inflammation, and nutritional and volumetric parameters 
identified ALB/ALP and tumor size as significant parameters 
(p=0.033, p=0.043, respectively) (Table 4). The multivariate 
Cox regression analysis demonstrated that none of the 
parameters were predictive or OS (Table 4). 

Discussion

This study found MTV, a volumetric parameter of 18F-FDG 
PET/CT performed for staging in 68 patients with advanced 
EGFR-mutated adenocarcinoma, to be an independent 
prognostic factor for PFS. We further identified the scoring 
method for mGPS according to CRP and ALB levels as 
another significant prognostic factor for PFS. ROC analysis 
results revealed MTV, TLG and NLR to have statistically high 
sensitivity and specificity in predicting progression. We 
believe that these parameters are important prognostic 
markers that should be evaluated together in the 
treatment management and follow-up of patients with 
EGFR mutation-positive advanced adenocarcinomas.

EGFR mutations play a decisive role in the systematic 
treatment of NSCLC. The treatment of EGFR-mutated 
NSCLC has improved significantly in recent years, with 
EGFR-TKIs being the primary therapy for patients with 
advanced EGFR-mutated NSCLC (22,23). Previous studies 
have clearly demonstrated the dramatic response of 
patients with advanced adenocarcinoma to treatment with 
EGFR TKIs (gefitinib, erlotinib and afatinib). The presence 
of somatic mutations in the EGFR gene is deemed the best 
predictor of the response to TKIs (5,24). Gefitinib, erlotinib, 
afatinib and osimertinib have significantly prolonged the 
PFS of patients with untreated advanced EGFR-mutated 
NSCLC, although discussions of the optimal sequence are 
continuing (25). Patients who are to benefit from EGFR TKI 
therapy should be selected carefully to avoid such critical 
side effects as interstitial lung disease (26).

The variation in the survival of patients with advanced 
adenocarcinoma is associated with multiple factors (EGFR 
mutations, metabolism changes, serum markers and 
gender). 18F-FDG PET/CT is a promising method and may 
reveal specific differences in metabolism in contrast to 

Table 2. ROC analysis results of prognostic markers according to recurrence and survival status

Recurrence status AUC (95% CI) p Cut-off value Sensitivity (95% 
CI)

Specificity (95% 
CI)

MTV 0.725 (0.630-0.826) 0.001 >7.04 95.56 (84.9-99.5) 43.48 (23.2-65.5)

TLG 0.728 (0.606-0.828) <0.001 >78.68 73.33 (58.1-85.4) 60.87 (38.5-80.3)

N/L 0.653 (0.528-0.765) 0.019 >4.733 35.56 (21.9-51.2) 100.0 (85.2-100.0)

Survival status

MTV 0.715 (0.594-0.817) 0.007 >41.02 69.23 (38.6-90.9) 75.00 (61.6-85.6)

TLG 0.701 (0.578-0.805 0.017 >384.8 61.54 (31.6-86.1) 80.36 (67.6-89.8)

LDH 0.678 (0.554-0.787) 0.031 >222 69.23 (38.6-90.9) 69.09 (55.2-80.9)

CRP/ALB 0.729 (0.607-0.829) 0.007 >3.956 76.92 (46.2-95.0) 72.73 (59.0-83.9)

PNI 0.776 (0.658-0.868) 0.001 ≤41.3 76.92 (46.2-95.0) 83.64 (71.2-92.2)

ROC: Receiver operating characteristic curve, AUC: Area under curve, CI: Confidence interval, MTV: Metabolic tumor volume, TLG: Total lesion glycolysis, LDH: Lactate 
dehydrogenase, CRP: C-reactive protein, ALB: Albumin, PNI: Prognostic nutritional index, CI: Confidence interval
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Table 3. Univariant analysis of factors affecting progression-free survival

 
Recurrence Estimate progression-free 

time (m) Estimate proportion 
surviving at the 1/3 year p valuePresent Absent

n (%) n (%) Mean ± SE

MTV 

≤7.04 2 10 79.873±12.27 100/75
0.001k

>7.04 43 13 21.20±2.45 62.7/49.9

TLG

≤78.68 12 14 48.73±9.522 78.6/45.3
0.003k

>78.68 33 9 19.47±2.53 63.2/7.0

NLR

≤4.73 29 23 37.02±6.03 79.4/49.8
0.001k

>4.73 16 0 14.55±3.74 37.5/6.3

Gender

Female 24 16 36.53±6.70 100/55.9
0.187k

Male 21 7 22.64±3.98 59.4/14.3

Stage

Local advanced stage 6 9 56.18±11.87 83.3/31.3/0.0
0.003k

Metastatic 39 14 20.98±2.78 93.3/52.3/43.6

mGPS score

0 20 15 36.65±6.56 80.7/33
0.009k

2 25 8 19.54±3.42 57/9.2

Multivariate analysis of factors affecting progression-free survival

Odss ratio 95% CI for Odss ratio  

Lower bound Upper bound p

SUV
max

0.995 0.946 1.046 0.839c

SUV
mean

0.98 0.897 1.071 0.654c

LDH 0.998 0.994 1.002 0.379c

CRP/ALB 1.014 0.998 1.031 0.095c

ALB/ALP 0.001 0 7938.969 0.392c

PLR 1.002 1.001 1.003 0.001c

Size (cm) 1.225 1.057 1.419 0.007c

SII 1 1 1 0.001c

PNI 0.966 0.932 1.001 0.059c

Age 1.01 0.985 1.035 0.437c

MTV 11.474 2.191 60.096 0.004

TLG 0.675 0.286 1.595 0.371

NLR 0.617 0.216 1.764 0.367

Stage 3.313 1.251 8.771 0.016

mGPS score 1.496 1.042 2.146 0.029

PLR 1.002 0.999 1.004 0.231

Size (cm) 1.127 0.938 1.354 0.202

SII 1 1 1 0.686

k: Kaplan Meier test, log rank (Mantel-Cox), c: Cox regression-enter method, SE: Standard Error, CI: Confidence interval, MTV: Metabolic tumor volume, TLG: Total lesion 
glycolysis, NLR: Neutrophil-to-lymphocyte ratio, SII: Systemic immune-inflammation index, mGPS: Modified Glasgow prognostic score, PNI: Prognostic nutritional index, SUVmax: 
Maximum standardized uptake value, LDH: Lactate dehydrogenase, CRP: C-reactive protein, ALB: Albumin, ALP: Alkaline phosphatase, PLR: Platelet-to-lymphocyte ratio
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Table 4. Univariate analysis of factors affecting overall survival

 
Dead Alive Estimate survival (m) Estimate proportion 

surviving at the 1/3 year p value
n (%) n (%) Mean ± SE

MTV          
≤41.02 4 41 2682,80±150,13 92/85.9

0.001k

>41.02 9 14 880.10±106.26 69.5/27.8

TLG          
≤384.8 5 44 85.77±6.21 89.8/83.3 0.002k

>384.8 8 11 26.58±4.51 71.8/28.7  

LDH          

≤222 4 38 60.57±3.32 88.2/88.2 0.040k

>222 9 17 57.44±10.45 79.1/48  

CRP/ALB          
≤3.956 3 40 91.82±4.44 91.1/91.1 <0.001k

>3.956 10 15 21.52±2.10 73.2/15.2  

PNI          
≤41.3 10 9 19.07±2.7 62.6/0.0 <0.001k

>41.3 3 46 93.12±3.75 95.1/92.6  

Stage          
Local advanced stage 1 14 89.49±9.60 85.7 0.065k

Metastatic 12 41 47.05±5.10 79.2  

mGPS score          
0 2 33 93.32±4.45 92.7/92.7 0.001k

2 11 22 32.43±6.66 76.2/26.1  

 Multivariate analysis of factors affecting overall survival

Odss ratio 95% CI for Odss ratio  

Lower bound Upper bound p

SUV
max

0.976 0.884 1.077 0.624c

SUV
mean

0.956 0.806 1.134 0.602c

LDH 1.003 0.998 1.009 0.258c

ALB/ALP 0 0 0.028 0.033c

NLR 1.017 0.928 1.115 0.72c

PLR 1.001 0.998 1.003 0.674c

Size (cm) 1.282 1.008 1.629 0.043c

SII 1 1 1 0.29c

Age 0.991 0.94.8 1.035 0.674c

MTV 2.503 0.34 18.416 0.368

TLG 0.357 0.042 3.057 0.347

LDH 1.719 0.326 9.073 0.523

Stage 3.003 0.343 26.249 0.32

mGPS score 1.735 0.458 6.562 0.417

Size (cm) 1.416 0.939 2.135 0.097

ALB/ALP 0 0 449.598 0.088

CRP/ALB 1.896 0.138 26.072 0.633

PNI 0.431 0.064 2.888 0.386
k: Kaplan Meier test, log rank (Mantel-Cox), c: Cox regression-enter method, SE: Standard Error, CI: Confidence interval, MTV: Metabolic tumor volume, TLG: Total lesion 
glycolysis, NLR: Neutrophil-to-lymphocyte ratio, SII: Systemic immune-inflammation index, mGPS: Modified Glasgow prognostic score, PNI: Prognostic nutritional index, SUV

max
: 

Maximum standardized uptake value, LDH: Lactate dehydrogenase, CRP: C-reactive protein, ALB: Albumin, ALP: Alkaline phosphatase
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conventional methods when selecting patients with a better 
prognosis. 18F-FDG PET/CT has been increasingly identified 
as a prognostic biomarker for various malignancies in the 
assessment of early responses to treatment (27). Studies 
have shown that assessment with 18F-FDG PET/CT in NSCLC 
can predict PFS and OS in patients treated with TKIs in the 
early period (18,28). In another study, early 18F-FDG PET/CT 
was reported to predict the histopathological response in 
NSCLC patients treated with TKIs as neoadjuvant therapy 
(29). 

Several studies (28,29) to date have evaluated the 
significance of 18F-FDG uptake in the prediction of 
EGFR mutations in NSCLC, some of which have focused 
on SUV

max
, identifying low SUV

max
 as an independent 

predictor of EGFR mutations (30,31,32,33); while in 
another study, it was emphasized that a high SUV

max
 was 

a significant predictor of EGFR mutations (31). It has been 
suggested that these differences may be attributable to 
clinicopathological features, and so this study evaluated 
the metabolic and volumetric parameters from PET/CT 
with immune, inflammatory and nutritional parameters for 
assessing PFS and OS, and investigated the effects of these 
parameters on each other, with MTV and mGPS being 
identified as the most valuable prognostic parameters for 
PFS. Compared to other studies, we think that evaluating 
18F-FDG PET/CT volumetric-metabolic and immune-
inflammatory parameters in patients with NSCLC is more 
effective in determining the prognosis of the disease.

A recent study emphasized the important role of the 
systemic inflammation and the immune status of patients 
in cancer progression. Immune suppression and systemic 
inflammation at the onset of the disease are associated 
with a poor prognosis (34), and NLR, PLR, and LDH are the 
most effective and easily accessible markers for assessing 
inflammation and immune status (15).

There have been many studies reporting the prognostic 
value of 18F-FDG PET/CT based on metabolic parameters, 
not only in lung cancer treated with TKIs (35,36), but also in 
other lung cancers in general (37,38). Unlike SUV

max
, MTV 

and TLG include metabolic load and disease extent, and 
thus can have a higher predictive value (39,40,41). Similar 
to our study, another study reported that 18F-FDG PET/CT 
volumetric parameters reflect both metabolic and tumor 
burdens, and thus had higher prognostic value than the 
metabolic activity values obtained by PET/CT ​​(42,43) and 
tumor size (44) in lung cancers. Volumetric parameters, 
such as MTV and TLG, have been extensively studied in 
recent years. The prognostic role of MTV and TLG was 
meta-analyzed in patients with NSCLC at different stages 
(44). Volume-based parameters exhibit advantages in the 

measurement of metabolic tumor burden. Parameters 
obtained 18F-FDG PET/CT can be used to select patients at 
high risk of death and who may benefit from subsequent 
more aggressive treatments.

Furthermore, our study identified mGPS and NLR as 
significant prognostic factors for PFS. There have been 
other studies demonstrating that other available blood-
based biomarkers, such as NLR, PLR and mGPS, reflect the 
inflammatory status associated with cancer, and can be used 
as prognostic factors in lung cancer (21,45). mGPS, which 
assesses both systemic inflammation and nutritional status, 
has been identified as a potential prognostic predictor of 
lung cancer, as evaluated in many studies (46,47). The 
utility of NLR as a predictor in cancer patients has not 
been well studied, although there is increasing evidence 
that molecular and cellular pathways involve inflammations 
that contribute to the proliferation, angiogenesis and 
metastasis of neoplastic cells (48,49). Moreover, circulating 
neutrophils release various inflammatory cytokines, 
including tumor necrosis factor-α and interleukin-6, leading 
to cancer progression (50). It may therefore be reasonable 
to claim that treatment with EGFR-TKI is more effective in 
EGFR-mutated NSCLC patients with low NLR than in those 
with high NLR. Our analysis also suggests that NLR may be 
associated with PFS in NSCLC patients.

Study Limitations

Our study had certain limitations. The study protocol could 
not be strictly controlled because to its retrospective nature, 
although a standard imaging protocol was followed for all 
patients, and there was no difference due to homogeneous 
clinical management.

Conclusion

The aim in this study was to determine the optimum 
prognostic factors for assessing treatment response in 
advanced EGFR-mutated adenocarcinoma patients treated 
with TKIs. 18F-FDG PET/CT volumetric parameters were 
found to have statistical significance in predicting PFS. We 
believe that these parameters are important prognostic 
markers that should be evaluated together in the 
management and follow-up of patients with EGFR-mutated 
adenocarcinoma. 18F-FDG PET/CT may be considered an 
appropriate guide when making treatment decisions. 
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Yüksek Anjiyojenik Faktör Seviyeleri Kolorektal Kanser Karaciğer Metastazları İçin 
Transarteriyel Radyoembolizasyon Sonrası Kötü Prognozu Öngörebilir

Abstract
Objectives: To analyze the change in circulating angiogenic factor levels after transarterial radioembolization (TARE) for colorectal cancer liver 
metastases (CRCLMs) and its prognostic significance.
Methods: Blood samples immediately before TARE and on 1 day, 1 week and 6 weeks after were collected for angiogenic factor analysis in 23 
patients. 
Results: Patients with elevated serum basic fibroblast growth factor and platelet-derived growth factor levels in the 1st week and vascular 
endothelial growth factor (VEGF) levels in the 6th week after TARE had significantly shorter median overall survival (OS) times.
Conclusion: Some early increases in serum angiogenic factor levels and in serum VEGF in the 6th week after TARE for CRCLMs are related to short 
OS and progression-free survival.
Keywords: Colorectal cancer, liver metastasis, transarterial radioembolization, serum angiogenic factors

Öz
Amaç: Kolorektal kanser metastazları için transarteriyel radyoembolizasyon (TARE) sonrası dolaşımda anjiyojenik faktörlerin seviyelerindeki 
değişikliklerin analiz edilmesidir. 
Yöntem: Anjiyojenik faktör analizi için 23 hastada TARE’den hemen önce, 1. günde, 1. haftada ve 6 hafta sonra kan örnekleri toplandı.
Bulgular: TARE sonrası 1. haftada bazik fibroblast büyüme faktörü ve platelet kaynaklı büyüme faktörü seviyelerinde ve 6. haftada vasküler 
endotelyal büyüme faktörü (VEGF) seviyelerinde artış olan hastalarda medyan genel sağkalım süreleri istatistiksel olarak daha kısaydı. 
Sonuç: Bazı anjiyojenik faktör seviyelerinde erken yükselişler ve kolorektal kanser metastazları için TARE sonrası 6. haftada serum VEGF seviyelerinde 
artış olması kısa genel sağkalım ve progresyonsuz sağkalım ile ilişkilidir. 
Anahtar kelimeler: Kolorektal kanser, karaciğer metastazı, transarteriyel radyoembolizasyon, serum anjiyojenik faktörler
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Introduction 

The liver is the most common metastasis site of colorectal 
cancer (CRC) and a major cause of death (1). The only 
curative treatment choice is surgery; however, it is 
impossible for most patients, and palliative options such as 
systemic treatments may be administered instead (2). Local 
treatment options should be considered for patients for 
whom systemic treatments fail. Specifically, transarterial 
radioembolization (TARE) might be an alternative for these 
patient groups (3).

Ideal candidates for TARE for colorectal cancer liver 
metastases (CRCLMs) are those with liver-dominant, 
unresectable, and chemorefractory tumors (4,5). Resin 
microspheres with diameters of 30-40 mm embedded with 
Yttrium-90 (Y-90) are delivered to the hepatic artery via a 
catheter. The microspheres become lodged in the arteriolar 
system of the tumor and cause necrosis due to radiation and 
embolic effects (6,7,8). Despite the promising outcomes 
for CRCLM, not all patients show a good response to TARE. 
Moreover, some patients experience rapid progression of 
extrahepatic disease following TARE. One of the possible 
explanations is an increase in circulating angiogenic 
factor levels after TARE and their effects on extrahepatic 
progression. Because both radiation and embolization 
promote angiogenesis, it has been hypothesized that 
increases in proangiogenic cytokines or decreases in 
cytokines that inhibit angiogenesis may affect the response 
to TARE (9,10,11). Measuring these markers might 
therefore have predictive value for treatment response to 
TARE. If increases in circulating angiogenic factor levels can 
be proven to be related to prognosis, concomitant use of 
anti-angiogenic treatments with TARE may improve patient 
outcomes.

To date, only three studies have focused on angiogenic 
markers after TARE (9,12,13,14), and one included only 
hepatocellular cancer (HCC) patients (12). Considering the 
limited data on this topic, in our pilot study, we included 
patients with CRCLM and measured circulating angiogenic 
factors and baseline levels at different time points after 
TARE. The primary goal of this study was to determine 
whether there is a change in circulating angiogenic factor 
levels after TARE with resin microspheres and to investigate 
possible prognostic importance. We also compared the 
baseline circulating angiogenic factor levels of patients with 
and without extrahepatic disease as a secondary objective.

Materials and Methods 

This prospective study was approved by the Ankara 
University Faculty of Medicine, Local Institutional Ethical 
Committee (decision number: 01-14-16) and supported 

by a research grant from the Nevin Baykent Health and the 
Education Foundation. Inclusion criteria were as follows: 
Older than 18 years, the existence of inoperable CRCLM, fit 
the criteria for TARE, and provided informed consent for the 
trial. The exclusion criteria were as follows: Younger than 
18 years, prior history of bevacizumab therapy, coexistence 
of a secondary malignancy, and any contraindications for 
TARE. Written informed consent was obtained from all 
participants. All patients who fitted the inclusion criteria 
and received TARE between March 2016 and May 2019 
for the treatment of CRCLM were included in the analysis. 
Pretreatment tumor load of the liver was evaluated by 
computed tomography (CT) or magnetic resonance imaging 
of the liver. Pretreatment 18fluorine-fluorodeoxyglucose 
(18F-FDG) positron emission tomography (PET)/CT was 
performed to assess the extrahepatic tumor load. After the 
TARE, none of the patients received additional treatment 
until the 6th week. Treatment response and extrahepatic 
disease progression were evaluated using 18F-FDG PET/
CT using the PERCIST 1.1 criteria, which is based on the 
percent change in metabolic activity at the 6th week of 
follow-up. The outline of the study design is given in 
Figure 1.

Figure 1. Outline of the clinical evaluations and study procedures
CT: Computed tomography, MRI: Magnetic resonance imaging, 18F-FDG: 18Fluorine-
fluorodeoxyglucose, PET: Positron emission tomography, TARE: Transarterial 
radioembolization
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Transarterial Radioembolization 

The widely accepted parameters of liver reserve, bone 
marrow reserve (granulocytes >1500/μL, platelets >60000/
μL), and hepatic vascularity were used as inclusion and 
exclusion criteria for TARE. Liver reserve was assessed on 
serum bilirubin, aspartate transaminase (AST), alanine 
transaminase (ALT), gamma glutamyl transferase (GGT), and 
alkaline phosphatase (ALP) levels. For radioembolization, 
bilirubin levels below 2 mg/dL AST, ALT and ALP levels 
less than five times the standard upper limit was required. 
The candidate patient provided written informed consent. 
The  Y-90 dose was adjusted according to the following 
body surface area (BSA) method: Activity (GBq) = (BSA -0.2) 
+ tumor volume/total liver volume. Tumor and liver volumes 
were calculated from CT images. The lung shunt fraction 
was calculated from hepatic artery perfusion scintigraphic 
images. Mean absorbed dose thresholds were accepted 
as 120 Gy for tumors, 50 Gy for non-tumorous liver tissue 
and 20 Gy for the lung. The Y-90 resin microspheres (Sirtex 
Medical) were injected through selective catheterization of 
the hepatic artery catheter under intermittent fluoroscopic 
visualization. A right femoral puncture was performed 
using the landmark technique, where the maximal pulse 
was palpated; left femoral puncture was performed 
if right femoral access could not be achieved because 
of underlying vascular pathology. For hepatic arterial 
catheterizations, either the celiac truncus or superior 
mesenteric artery was selectively catheterized with an 
appropriate 5 F catheter (Sim2, C2, RDC, or sim 1; Imager 
II Boston Scientific Corp., Natick, MA, USA or Terumo 
Medical Corp., Tokyo, Japan). After selective catheterization 
of the artery, a 2.7 F microcatheter set with a 0.021-inch 
guidewire (Progreat; Terumo Medical Corp., Tokyo, Japan) 
was used for superselective catheterization of the tumor 
feeders coaxial. Subsegmental, selective right, or selective 
left hepatic arterial catheterization decisions were made 
according to the vascularity patterns of the tumors on DSA 
images. If <2 hepatic segments were involved in diagnostic 
images, subsegmental catheterization was performed for 
ablative purposes. Within 1-24 hours after microsphere 
infusion, Bremsstrahlung images were obtained to confirm 
that Y-90 was deposited only in the liver. For patients 
with bilobar disease, TARE was applied in two separate 
sequences. All patients were hospitalized overnight, and 
medications (e.g., analgesics, antiemetic, H2

  antagonists) 
were administered if necessary. All patients were closely 
monitored until acute or late toxicities were resolved.

Angiogenic Factor Measurements

Blood samples immediately before TARE and on 1 day, 1 
week and 6 weeks after were collected for angiogenic 

factor analysis. Serum vascular endothelial growth factor 
(VEGF), angiopoietin-2 (Ang-2), basic fibroblast growth 
factor (bFGF), hepatocyte growth factor (HGF) and 
platelet-derived growth factor (PDGF) measurements 
were performed by ELISA using the quantitative sandwich 
enzyme immunoassay technique.

Statistical Analysis

Descriptive data are expressed as median [minimum 
(min)-maximum (max)] or mean ± standard deviation (SD) 
values. The Mann-Whitney U test was used to compare 
the difference between the two groups in terms of non-
normally distributed variables. Differences among the four 
time points for circulating angiogenic factor levels were 
evaluated by the Friedman test. When the p value from the 
Friedman test showed statistical significance, Bonferroni 
correction was applied for multiple comparisons. Nominal 
variables were tested by Fisher’s Exact test. Survival 
estimations were performed using the Kaplan-Meier 
algorithm, and comparison between groups was evaluated 
with the log-rank test. A p value less than 0.05 was 
considered significant. SPSS version 20.0 (IBM, Chicago, 
Illinois, USA) was used for the statistical analysis.

Results

Patients

Twenty-three patients (median age: 64, min-max: 45-
78; 3 female and 20 male) with inoperable CRCLM 
were included in the study. All patients had inoperable 
liver-dominant or liver-only metastases and fitted the 
inclusion criteria. While the primary tumor was operable 
in 21 patients, it was inoperable in 2 patients. All patients 
had received chemotherapy and had chemorefractory 
or recurrent disease before TARE. Primary tumors were 
located in the right, left colon and rectum in 12 (52%), 
8 (35%) and 3 (13%) patients, respectively. Surgical liver 
resection was performed in 4 (17%) patients; transarterial 
chemoembolization (TACE) was applied in 16 (70%) cases 
before the TARE. All patients had received one-line systemic 
chemotherapy for liver metastases before consideration for 
TARE; 16 (70%) patients received FOLFOX and 7 (30%) the 
FOLFIRI regimen. The median time between the last cycle 
of chemotherapy and TARE was (3 months, min-max: 1-5 
months). The number of liver tumors was 1-5 in 5 (22%), 
6-10 in 8 (35%) and >10 in 10 (43%) patients. The mean 
tumor diameter was calculated as 34.6±12.7 mm. The 
pretreatment mean levels of serum ALT, AST, GGT and ALP 
were 44.13±37.7 IU/L, 35.56±29.3 IU/L, 217.5±264.5IU/L, 
and 231.86±182.1IU/L, respectively. Before the TARE, 
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extrahepatic disease was detected in 12 (52%) patients, 
located in the lymph nodes, lungs and bones in 8 (35%), 3 
(13%) and 1 (4%), respectively. TARE was administered to 
both the right and left liver lobes in 5 (22%), 15 (65%) and 
3 (13%) patients, respectively. 

Angiogenic Factor Analyses

Baseline measurements of median serum angiogenic 
factor levels of patients with and without extrahepatic 
disease were not significant (Table 1). In the entire patient 
group, a slight increase in the median values of several 
angiogenic factors in the 1st day or in the 1st week after 
TARE was observed. While at the 1st day median values 
of all angiogenic factors except HGF were elevated, at 
the 1st week only median values of VEGF and Ang-2 were 
done. By the 6th week, serum VEGF levels were significantly 
decreased compared to on the 1st day and in the 1st week 
(Figure 2). An increase in any angiogenic factor level was 
seen in 21 (91%) patients on the 1st day, and increases were 
found in 21 (91%) and 17 (74%) patients in the 1st and 6th 
weeks. In three patients, all of the angiogenic factor levels 
were elevated on the 1st day and in the 1st week. Changes 
in the median values of serum angiogenic factor levels are 
summarized in Table 2. 

Follow-up and Survival Analyses

The survivors in this study had a minimum follow-up time of 
4 months. There was an insignificant difference between 
baseline median angiogenic factor levels of those patients 
with overall survival (OS) longer than 6 months and those 
with OS shorter than 6 months (Table 3). 

By the 6th week of follow-up, disease progression in the 
treated liver lobe was seen in 7 (30%) patients, and 

extrahepatic metastases were detected in 12 (52%). Some 
of the mean ± SD values of circulating angiogenic factor 
levels of the patients with and without progression in 
the treated liver lobe in the 6th week of follow-up were 
significantly different (Table 4, Figure 3); mean ± SD 
Ang-2 levels on the 1st day for patients with and without 
extrahepatic disease progression in the 6th week also 
differed significantly (Figure 4).

In the follow-up period, 16 (70%) patients had died by 
the median 20 months follow-up period (min: 3, max: 
43). Patients with elevated serum bFGF and PDGF levels in 
the 1st week after TARE had significantly shorter median 
OS times than those without elevated levels [for FGF; 
5.0±0.7 (95% confidance interval (CI); 3.7-6.3) months 
vs. 11.0±2.1 (95% CI; 7.0-15.0) months, p=0.004; for 

Table 1. Descriptive data of baseline angiogenic factor levels of patients with and without extrahepatic disease

Extrahepatic disease VEGF Ang-2 bFGF HGF PDGF

Absent

N 11

 
*p=0.087
 

11

*p=0.83

11

*p=0.074

11

*p=0.68

11

*p=0.95

Mean 2.30 2.70 39.17 1.76 12.96

SD 1.56 1.96 20.89 1.51 5.57

Median 2.79 2.24 34.11 1.11 10.37

Minimum 0.30 0.34 18.25 0.50 7.43

Maximum 4.26 7.24 92.46 5.64 23.34

Present

N 12 12 12 12 12

Mean 1.13 2.39 25.45 1.20 15.26

SD 1.08 1.56 10.68 0.48 11.45

Median 0.93 2.06 23.42 1.09 13.50

Minimum 0.13 0.73 10.00 0.57 2.20

Maximum 3.93 6.47 45.50 2.11 42.29

*Mann-Whitney U test, N: Number, SD: Standard deviation, VEGF: Vascular endothelial growth factor, Ang-2: Angiopoietin-2, bFGF: Basic fibroblast growth factor, HGF: 
Hepatocyte growth factor, PDGF: Platelet-derived growth factor

Figure 2. Boxplots of median serum VEGF levels after transarterial 
radioembolization for different time points 
VEGF: Vascular endothelial growth factor, ng/mL: Nanogram per milliliter
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PGDF; 5.0±2.2 (95% CI; 0.8-9.2) months vs. 16.0±3.3 

(95% CI: 9.4-22.6) months, p=0.013] (Figure 5). Patients 

who had elevated serum VEGF levels in the 6th week also 

had significantly shorter median OS times than those who 

did not [11.0±0.0 months vs. 16.0±1.2 (95% CI; 13.7-

18.3) months, p=0.034] (Figure 5). Moreover, patients 

with elevations of all of the angiogenic factors in the 1st 
week had shorter median OS times than those who did not 
[5.0±0.0 months vs. 11.0±0.8 (95% CI; 9.5-12.5) months, 
p=0.007] (Figure 5). 

Disease progression occurred in 16 (70%) patients. Patients 
with elevated bFGF levels in the 1st week after TARE had 

Table 2. Change in median serum levels of different angiogenic factors at different time points

Angiogenic factor Baseline 
(median, min-max)

1st day 
(median, min-max)

1st week 
(median, min-max)

6th week 
(median, min-max) *p value

VEGF (ng/mL) 1.20 (0.13-4.26) 1.35 (0.20-4.74) 1.65 (0.20-4.58) 0.82 (0.11-3.38) 0.006

Ang-2 (ng/mL) 2.10 (0.34-7.24) 2.36 (0.63-6.83) 2.86 (0.30-7.13) 2.43 (0.06-7.26) 0.25

bFGF (ng/mL) 27.93 (10.00-92.46) 30.06 (6.5-63.38) 27.31 (8.1-64.92) 30.35 (4.86-77.81) 0.67

HGF (ng/mL) 1.11 (0.50-5.64) 1.04 (0.53-8.49) 1.09 (0.45-4.17) 1.04 (0.33-3.85) 0.79

PDGF (ng/mL) 11.34 (2.2-42.29) 12.98 (2.35-32.31) 11.37 (3.36-43.12) 10.79 (1.74-38.99) 0.53

*Bonferroni-corrected p values are given. VEGF: Vascular endothelial growth factor, Ang-2: Angiopoietin-2, bFGF: Basic fibroblast growth factor, HGF: Hepatocyte growth factor, 
PDGF: Platelet-derived growth factor, N: number, min: Minimum, max: Maximum

Table 3. Descriptive data of baseline angiogenic factor levels of patients who did or did not have overall survival longer 
than 6 months

Overall survival VEGF Ang-2 bFGF HGF PDGF

<6 months

N 10

*p=0.95

10

*p=0.13

10

*p=0.75

10

p=0.44

10

*p=0.15

Mean 1.8 3.3 36 1.56 17.1

SD 1.5 2.2 23.8 0.84 10.4

Median 1.8 2.9 29.7 1.63 16

Minimum 0.1 0.7 10.3 0.5 6.12

Maximum 4.3 7.2 92.5 2.72 42.3

>6 months

N 13 13 13 13 13

Mean 1.6 1.9 28.9 1.4 11.9

SD 1.4 0.9 1.3 1.3 7.35

Median 1.1 1.9 1.04 1.04 9.93

Minimum 0.3 0.3 0.61 0.61 2.2

Maximum 3.9 3.4 5.64 5.64 30.9

*Mann-Whitney U test. VEGF: Vascular endothelial growth factor, Ang-2: Angiopoietin-2, bFGF: Basic fibroblast growth factor, HGF: Hepatocyte growth factor, PDGF: Platelet-
derived growth factor, N; Number, SD: Standard deviation

Table 4. Significant difference in circulating angiogenic factor levels of patients with and without progression of the 
treated liver lobe at the 6th week of follow-up

Progression on the 
treated liver lobe 
at the 6th week 
follow-up

Circulating VEGF 
(mean ± SE, ng/
mL) level at the 6th 
week

Circulating PDFG 
(mean ± SE, ng/
mL) level at the 
baseline

Circulating PDGF 
(mean ± SE, ng/
mL) level at the 24th 
hour

Circulating PDGF 
(mean ± SE, ng/
mL) level at the 1th 
week

Circulating PDGF 
(mean ± SE, ng/
mL) level at the 6th 

week

Negative 3.1±0.2 12.5±1.6 12.3±1.5 11.7±1.7 11.0±1.3

Positive 3.3±0.5 16.2±5.4 16.2±4.2 16.9±5.6 15.1±4.7

*p value 0.031 0.007 0.007 0.007 0.022

*Mann-Whitney U test, negative and positive not descriptive. VEGF: Vascular endothelial growth factor, PDGF: Platelet-derived growth factor, SE: Standard error
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significantly shorter median progression-free survival (PFS) 
than those without elevated bFGF levels [2.0±0.1 (95% 
CI, 2.0-2.1) months vs. 5.2±1.5 (95% CI, 1.6-9.0) months, 
p=0.050].

Discussion

Angiogenesis is a complex process that is still not fully 
understood. Antiangiogenic drugs have been developed for 

cancer treatment because the activation of the angiogenic 
process responds to hypoxia. Several studies have focused 
on angiogenic factors after transarterial treatments of liver 
tumors (9,14,15,16,17,18,19). However, most of them 
have been designed to evaluate the angiogenic response 
after TACE for HCC (16,17,18,19). In contrast, data on the 
angiogenic response after TARE for CRC liver metastases 
are limited to two studies (9,13). For this reason, in this 

Figure 3. Boxplots representing significant distributions of median serum 
VEGF and PDGF levels of patients who had progression on treated liver 
lobe in the 6th week of follow-up
VEGF: Vascular endothelial growth factor, PDGF: Platelet-derived growth factor, 
Negative: No progression, Positive: Progression

Figure 4. Boxplots representing significant distributions of mean Ang-
2 levels of patients who had extrahepatic disease progession in the 6th 

week of follow-up
Ang-2: Angiopoietin-2, Negative: No progression, Positive: Progression

Figure 5. Kaplan-Meier survival curves of patient groups with significant overall survival differences according to elevated and non-elevated levels of 
different angiogenic factors at different time points. You have studied 5 angiogenic factors, but why only 2 parameters are included. why some week 
1 and some week 6. It might be more descriptive if you elaborate more in the results section
bFGF: Basic fibroblast growth factor, VEGF: Vascular endothelial growth factor, PDGF: Platelet-derived growth factor
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pilot study, we analyzed the angiogenic response after 
TARE in CRCLM patients.

First, we evaluated the change in circulating angiogenic 
factor levels after TARE. An increase in most of the 
angiogenic factor levels was observed on the 1st day or in 
the 1st week after TARE. Moreover, in 91% of patients, at 
least one angiogenic factor level was increased on the 1st 
day and in the 1st week after treatment. Additionally, serum 
levels of circulating VEGF and PDGF for different time points 
were significantly different among patients who responded 
and did not respond to treatment. Similarly, Rosenbaum et 
al. (13) found a significant increase in serum VEGF, HGF 
and Ang-2 levels after TARE in 42 CRCLM patients. Carpizo 
et al. (9) also reported an increase >50% over the baseline 
in serum angiogenic factor levels in patients who received 
TARE for HCC and CRCLMs. Consideration of the results of 
these three studies reveals that an angiogenic response after 
TARE is observed in at least one group of patients, and it 
seems to be related to treatment response. Antiangiogenic 
treatment combinations might be a valuable option for 
these patients. Antiangiogenic treatment may help prevent 
early progression by increasing oxygenation of the tumor 
via the normalization of the blood supply. In three large 
prospective trials, TARE was combined with antiangiogenic 
treatments in subgroups of patients (20,21). However, 
subgroup analysis of patients who received or did not 
receive bevacizumab has not yet been reported. Moreover, 
when considering the elevation of different angiogenic 
factor levels, multitarget agents might be more beneficial 
than bevacizumab.

Similar to our study, Carpizo et al. (9) evaluated the 
prognostic importance of circulating angiogenic factors in 
CRCLM patients and found that baseline cytokine levels 
in patients with OS <6 months differed significantly from 
those with longer survival. In our analysis, we did not 
find any difference between baseline angiogenic factor 
levels of patients with longer and shorter (<6 months) OS. 
In contrast to a previous report, we performed Kaplan-
Meier analysis of patient groups based on the elevation of 
angiogenic factor levels after TARE. We observed that the 
elevation of serum bFGF and PDGF levels in the 1st week 
and in serum VEGF levels in the 6th week of treatment 
has a prognostic value in the prediction of OS after TARE. 
Moreover, we performed PFS analysis and found that the 
elevation of serum bFGF levels in the 1st week seemed to 
predict PFS after TARE.

Lastly, we analyzed the difference in baseline circulating 
angiogenic factor levels of patients with and without 
extrahepatic disease. Although the finding was not 

statistically significant, some of the baseline levels of 
circulating angiogenic factors were higher in patients with 
extrahepatic disease; this difference in baseline VEGF and 
bFGF levels was nearly significant. A small number of 
patients included in our analysis might account for the low 
significance; therefore, a larger patient population may 
improve the significance of these differences.

Study Limitations

A major limitation of our study was the relatively small 
number of patients included. Some calculated values 
that did not reach the significance level may have been 
proven to be significant if applied to data for a larger 
study population. Additionally, if the frequency of blood 
samples collected was higher, the trend of the angiogenic 
response depending on time might be demonstrated 
more precisely. We cannot reach the details of the 
previously given TACE procedures. compared with the 
TARE, TACE has significant hypoxic effects, especially if 
larger particles are used; furthermore, some professionals 
attempt to achieve complete arterial blockage for success. 
Therefore, previous procedures might have affected the 
baseline levels of angiogenic factor levels. Last, additional 
different angiogenic factors should be examined to allow 
for documentation of a wide profile of angiogenic factor 
changes following TARE.

Despite its limitations; differently from previous analyses, 
our study demonstrated a relationship between elevation 
of different serum angiogenic factor levels and overall 
and progression free survival times after TARE in patients 
with CRCLMs. Based on the results of our analysis, which 
contributes to the limited data in the literature, various 
circulating angiogenic factors seem to have prognostic 
importance for patients who receive TARE for CRCLMs. An 
early elevation of circulating angiogenic factor levels was 
found in most of the patients after treatment. Some of 
these elevations seem to be related to treatment response, 
OS and PFS. Future larger prospective studies would help 
clarify the relationship between angiogenic response and 
prognosis of patients with CRCLMs. Combined treatment 
with antiangiogenic agents and TARE might be a suitable 
option to improve patient outcomes in the future.

Conclusion

Some early increases in serum PDGF, bFGF and Ang-2 levels 
and increases in serum VEGF in the 6th week after TARE are 
related to a poor treatment response and short overall and 
progression-free survival times for patients with CRCLMs. 
If outcomes of our analyses would be supported with 
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further studies, combined treatment options would be 
standardized to improve survival of patients with CRCLMs. 
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Lokal İleri Meme Kanserinde Neoadjuvan İnterim Kemoterapi Yanıtının 
Değerlendirilmesinde 18F-FDG PET/BT Görüntülemenin Değeri 

Abstract
Objectives: Neoadjuvant chemotherapy (NAC) is the frequently used treatment option for locally advanced breast cancer (LABC). This study 
investigated the potential value of 18fluorine-fluorodeoxyglucose (18F-FDG) positron emission tomography/computed tomography (PET/CT) to 
estimate the pathological complete response (pCR) using maximum standardized uptake value (SUV

max
) and change (ΔSUV

max
) after 3-4 cycles of 

NAC. Additionally, it was established the relationship between PET/CT imaging findings and histopathological features in LABC patients whose 
treatment response was evaluated with interim PET/CT.
Methods: Patients were evaluated with pretreatment and interim PET/CT scans and operated after on NAC. Data on the age of patients, 
menopausal status, tumor placement, histopathological and molecular subgroups were noted. SUV

max
 and ΔSUV

max
 of the primary tumor and 

axillary lymph node (ALN) were calculated from PET/CT review.
Results: Pretherapy mean SUV

max
 of the primary tumor and ALNs were 8.13±4.25 and 7.22±3.58, respectively. The highest mean primary tumor 

ΔSUV
max

 and ALN ΔSUV
max

 values were observed to be human epidermal growth factor receptor 2 positivity (p<0.001). SUV
max

-T, SUV
max

-N, 
ΔSUV

max
-T, and ΔSUV

max
-N values were significantly correlated with the ki-67 index (p<0.001). ΔSUV

max
-T and ΔSUV

max
-N values ​​of pCR (+) patients 

were statistically higher than the ΔSUV
max

-T and ΔSUV
max

-N values of pCR (-) patients (p<0.001).
Conclusion: An earlier and more accurate response to NAC can be performed using interim 18F-FDG PET/CT imaging. ΔSUV

max 
levels of the breast 

tumor and ALNs may act as predictive for pCR in LABC patients receiving NAC. 
Keywords: Neoadjuvant chemotherapy, 18F-fluorodeoxyglucose, positron emission tomography, breast cancer

Öz
Amaç: Neoadjuvan kemoterapi (NAK) lokal ileri meme kanseri (LİMK) tedavisinde sıklıkla başvurulan tedavi seçeneğidir. Bu çalışmada, LİMK 
tanısı ile NAK alan hastalarda bazal 18flor-florodeoksiglukoz (18F-FDG) pozitron emisyon tomografisi/bilgisayarlı tomografi (PET/BT), maksimum 
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Introduction

Breast cancer (BC) ranks first among women’s cancers in 
the world (1). Locally advanced breast cancer (LABC) is 
found in approximately one-third of patients at the time 
of diagnosis (2). The accepted multidisciplinary treatment 
approach in LABC includes preoperative neoadjuvant 
chemotherapy (NAC), followed by surgery and adjuvant 
systemic and local treatment steps (3). NAC is currently 
the first-line therapy for LABC and is increasingly preferred 
in early-stage patients. The advantages of NAC include 
enabling breast-conserving surgery (BCS) by shrinking the 
breast lesion, eliminating micrometastasis, evaluating drug 
resistance, and estimating the prognosis.

Positron emission tomography (PET) integrated with 
computed tomography (CT), is a hybrid modality that 
provides the three-dimensional distribution and quantitative 
volume of positron-emitting radionuclides in the human 
body, which has been widely used in the field of oncology 
in recent years (4). 18Fluorine-fluorodeoxyglucose (18F-FDG) 
is the most preferred radiopharmaceutical in oncological 
PET studies to demonstrate its increased glycolytic activity 
in cancer cells (5). Evaluation of treatment response and 
determination of chemosensitivity in the NAC patient group 
in the early period is important in terms of changing the 
treatment regimen, discontinuing unnecessary treatments 
and preventing possible drug toxicity and side effects.
18F-FDG PET/CT is a useful method for NAC response by 
evaluating decreased glucose metabolism in BC tissue. 
With the antitumor effect of chemotherapy, cellular 
glycolysis decreases before the appearance of shrinkage 
in the tumor (6). In this study, we aimed to evaluate the 
potential contribution of 18F-FDG PET/CT in predicting the 
pathological complete response (pCR) using maximum 
standardized uptake value (SUV

max
) and change (ΔSUV

max
) 

after 3-4 cycles of NAC in patients with LABC. Second, it 
was determined the relationship between PET/CT imaging 

findings and histopathological features in LABC patients 
whose treatment response was evaluated with interim 
PET/CT.

Materials and Methods

Patients

A total of 48 female patients [aged 29-68 years; mean ± 
standard deviation (SD): 49.4±9.5] diagnosed with LABC 
were evaluated retrospectively between October 2020 and 
September 2021 with 18F-FDG PET/CT imaging performed 
before and after interim NAC. 

Each study participant signed the informed consent forms. 
The University of Health Sciences Turkey, Istanbul Training 
and Research Hospital, Clinical Research Ethics Committee 
approved (number: 2916, date: 10.09.2021) the study and 
Helsinki Declaration rules were followed to conduct this 
study.

18F-FDG PET/CT Imaging Protocol 

Since the serum glucose level was below 150 mg/dL, 
18F-FDG was injected intravenously at a dose of 3.7 MBq/
kg. PET/CT imaging was obtained using a Discovery St PET/
CT (General Electric, Milwaukee, WI, USA) scanner with 
routine imaging protocol. With the patient’s arms up, firstly 
CT scan was acquired with 2 mm section thickness in the 
craniocaudal direction between the vertex-upper thighs, 
and then a PET scan was received in 7-9 bed positions at 
the same interval, in the caudocranial direction. 

Image Analysis 

A semi-quantitative analysis method was used to evaluate 
PET/CT images by measuring the SUV

max
 for the primary 

breast tumor and axillary lymph nodes (ALNs) with 
increased 18F-FDG uptake on visual examination. Pre-
treatment tumor SUV

max 
(SUV

max
-T) and ALN SUV

max
 

(SUV
max

-N) values ​​were calculated using the software with 

standart alım değerinin (SUV
maks

) ve 3-4 kür NAK sonrası SUV
maks

 değişiminin (ΔSUV
maks

) patolojik tam yanıtı (pTY) öngörmedeki potansiyel değerini 
belirlemek, ikincil olarak PET/BT ile ara tedavi yanıtı değerlendirilen LİMK hastalarında görüntüleme bulgularıyla histopatolojik özellikler arasındaki 
ilişkiyi değerlendirmek amaçlandı. 
Yöntem: Hastalar tedavi öncesi ve interim tedavi sonrası 18F-FDG PET/BT görüntüleme ile değerlendirildi ve NAK sonrası opere edildi. Hastaların 
yaşı, menopoz durumu, tümör lokalizasyonu, histopatolojik ve moleküler alt tipi ile ilgili veriler kaydedildi. PET/BT görüntülerinden primer tümör ve 
aksiller lenf nodları (ALN) için SUV

maks
 ve ΔSUV

maks
 hesaplandı. 

Bulgular: Primer tümör ve ALN’nin tedavi öncesi ​​ortalama SUV
maks

 değerleri sırasıyla; 8,13±4,25 ve 7,22±3,58 idi. En yüksek ortalama primer 
tümör ΔSUV

maks
 ve ALN ΔSUV

maks
 değerlerinin insan epidermal büyüme faktör reseptörü 2 pozitifliğinde olduğu gözlendi (p<0,001). Ki-67 ile 

SUV
maks

-T, SUV
maks

-N, ΔSUV
maks

 -T ve ΔSUV
maks

 -N değerleri arasında korelasyon görüldü (p<0,001). PCR (+) hastalarında ΔSUV
maks

 -T ve ΔSUV
maks

-N 
değerleri, pCR (-) hastalardan istatistiksel olarak daha yüksekti (p<0,001). 
Sonuç: İnterim 18F-FDG PET/BT görüntüleme ile daha erken ve daha doğru NAK yanıtı değerlendirilebilir. Primer tümör ve ALN ΔSUV

maks
 değerleri, 

NAK uygulanan LİMK hastalarında pTY için prediktör görev üstlenebilir.
Anahtar kelimeler: Neoadjuvan kemoterapi, 18F-florodeoksiglukoz, pozitron emisyon tomografisi, meme kanseri
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“region of interest” drawn on the most metabolically active 
areas on attenuation-corrected PET/CT images. SUV

max
-T 

and SUV
max

-N values ​​were measured from the region of 
the first lesions in the interim scan. Also, ΔSUV

max
 (%) was 

calculated using the baseline and interim SUV
max

 values 
according to the formula: (interim SUV

max
-baseline SUV

max
) 

/ (baseline SUV
max

) x100.

Pathological Evaluation and Treatment Protocol

Patients were graded according to the modified Scarff-
Bloom-Richardson classification. In immunohistochemical 
analysis, estrogen receptor (ER) and progesterone receptor 
(PR) status were scored and accepted as positive if high 
(10%). Furthermore, human epidermal growth factor 
receptor type-2 (HER2) was classified with scores of 0, 
1+, 2+ intense, and 3+ based on the maximum staining 
intensity and stain distribution. 3+ score is accepted as 
HER2 positive. When the score was 2+, gene amplification 
of the fluorescent in situ hybridization method was used 
to determine HER2 positivity. Patients were classified into 
luminal A, luminal B, triple-negative, and HER2-positive 
molecular subtypes. The high ki-67 index represents the ​​
≥15 values. 

All patients included in the study received adriamycin 
60 mg/m2 and cyclophosphamide 600 mg/m2 every 21 
days for 3-4 cycles as a NAC protocol. After the interim 
evaluation PET/CT, NAC was continued with paclitaxel 80 
mg/m2 every 7 days for 12 weeks. In addition, trastuzumab 
(4 mg/kg as a loading dose, followed by 2 mg/kg) and 
pertuzumab (840 mg as a loading dose, followed by 420 
mg) were given intravenously to HER2-positive patients. All 
patients underwent surgery after NAC.

The pCR was determined for the primary tumor and ALNs 
from surgical materials based on the Miller-Payne system 
(6). The Miller-Payne system has 5 grades and grade 5 
indicates the pCR in the tumor means no invasive carcinoma 
but ductal carcinoma in situ may be present, and grades 
1-4 define the pathological response rates relative to the 
tumor reduction ratio. We classified patients’ pathological 
responses into two groups as pCR (+) vs pCR (-). For this 
study, Miller-Payne grade 5 responders were grouped as pCR 
(+), and partial responders or non-responders as pCR (-). 

Statistical Analysis

Statistical analysis was performed by Macintosh Statistical 
Software (v27.0, IBM, Armonk, NY, USA) in this study. All 
descriptive data were expressed as mean, median, and 
SD. Mann-Whitney U and Kruskal-Wallis tests were used 
for variables with non-normal distribution. Comparison 
of numerical variables between groups was performed 
Student’s t-test. The relationship between ki-67 and SUV 

parameters was assessed by Pearson correlation analysis. p 
less than 0.05 was considered significant. 

Results

Histopathology was invasive ductal carcinoma in 45 
(93.75%) cases and invasive lobular carcinoma (ILC) in 
three (6.25%) cases. The tumor was in the right-sided 
breast in 26 (54.1%) patients and the left-sided breast in 
22 (45.9%) patients. Of 48 patients, 14 (29.2%) were ER 
negative, 34 (70.8%) were ER positive, 17 (35.4%) were 
PR negative, 31 (64.6%) were PR positive. Nine (18.8%) of 
the patients were in luminal A, 25 (52%) were in luminal B, 
8 (16.7%) were in the HER2 positive, and 6 (12.5%) were 
in the triple-negative molecular subgroup. ALN metastasis 
was negative in four (8.3%) patients at diagnosis. Sixteen 
patients (33.3%) were in clinical stage 2 and 33 (66.7%) 
were in stage 3 before treatment. The study patients and 
tumor characteristics are summarized in Table 1.

The mean diameter of the primary tumor was 4.75±3.04 
cm, the mean ALN size was 2.2±1.3 cm, and the ki-67 
index was 42.77%±26.46%. Mean SUV

max
 levels of 

baseline breast tumor and ALN metastases ​​were calculated 
as 8.13±4.25 and 7.22±3.58, respectively. Tumor and 
ALN SUV

max 
and ΔSUV

max
 levels ​​of the three patients with 

Table 1. Patients and characteristics of breast cancer 

Variables Number (n) Percentage (%)

Menopause status

Premenopausal 31 64.6

Postmenopausal 17 35.4

Histopathology

IDC 45 93.75

ILC 3 6.25

Axillary lymph node metastasis

Positive 44 91.6

Negative 4 8.4

Histological grade

Grade 1 2 4.2

Grade 2 25 52

Grade 3 21 43.8

Surgical treatment

BCS + SLNB 10 20.8

BCS + axillary dissection 8 16.7

MRM + SLNB 6 12.5

MRM + axillary dissection 24 50

IDC: Invasive ductal carcinoma, ILC: Invasive lobular carcinoma, BRC: Breast-
conserving surgery, SLNB: Sentinel lymph node biopsy, MRM: Modified radical 
mastectomy
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the initial diagnosis of ILC were 4.1±0.87 and 4.2±0.5, 
-42.40±21.27 and -41.51±18.05, respectively. The number 
of patients with pCR (+) for the primary tumor and ALN 
was 18 (37.5%) and 21 (47.7%), respectively. Total (breast 
& axilla) pCR (+) was obtained in 17 (35.4%) patients 
(Figure 1).

Relationship Between Histopathologicalc Features, 
pCR, and 18F-FDG PET Analysis

The mean baseline SUV
max

-T was statistically lower in the 
luminal A than in the triple-negative, HER2 positive, and 
luminal B groups (p=0.046, p<0.001, p=0.008), respectively. 
The mean baseline SUV

max
-T was statistically higher in 

HER2 positives than in the luminal B group (p=0.017). The 
highest mean ΔSUV

max
-T and ΔSUV

max
-N were seen in HER2 

positivity (p<0.01), but there was no significant difference 
in SUV

max
-T levels ​​of the positive and triple-negative groups 

(p=0.297). Additionally, SUV
max

-T, SUV
max

-N, ΔSUV
max

-T, and 
ΔSUV

max
-N levels had a highly significant correlation with 

the ki-67 index (Table 2).

Significant differences were seen between the SUV
max

 
levels ​​of pCR (+) and pCR (-) patients. ΔSUV

max
-T​​ was 

significantly higher in the pCR (+) group for the primary 
tumor than in the pCR (-) group (p<0.001). For ALNs, 
interim SUV

max
-N was lower in the pCR (+) group than in 

the pCR (-) group (p=0.016). In the evaluation of all groups, 
SUV

max
-N levels ​​of pCR (+) patients were statistically higher 

than the SUV
max

-N values of pCR (-) patients (p<0.001). 

The relationship between PET/CT parameters and pCR is 
shown in Table 3.

Discussion

PET/CT imaging in oncology practice, to clinical and 
pathological factors, has the importance of being a non-
invasive method that provides timely determination 
of the response to therapy. PET/CT has an advantage 
over anatomical screening tools in demonstrating the 
metabolic nature of cancer by calculating the metabolic 
PET parameters ​​before and in the interim period of NAC 
(7). Studies have documented that 18F-FDG PET/CT images 
obtained interim, or at the end of NAC can estimate the 
response to therapy (8,9). 

The value of radionuclide activity in breast lesions is related 
to tumor heterogeneity and molecular subgroups. Higher 
tracer accumulation has been found in negative ER status 
or triple-negative cases compared with positive ER status 
(10). In our study, it was shown that baseline SUV

max
 was 

higher in HER2 positive and triple-negative cases compared 
to luminal groups, which supports the published research 
(Figure 2). Also, studies showing a significant relation 
between SUV

max 
and the ki-67 levels or lymphatic and 

vascular invasion are available in the literature (11,12,13). 
Like studies on this subject, a statistically significant 
correlation was found between the ki-67 index and baseline 
SUV

max
-T, SUV

max
-N, ΔSUV

max
-T, and ΔSUV

max
-N. 

Significant differences were observed in SUV
max

 values of 
specific molecular subgroups. The highest ΔSUV

max
-T ​​was 

seen in the HER2 positive and luminal B groups, and the 
highest ΔSUV

max
-N ​​in the HER2-positive and triple-negative 

groups in the study (Figure 3). In research, the mean 
breast ΔSUV

max
 level was found to be -73%±32% in HER2 

positivity with more intense uptake values ​​for the total 
breast & axilla, and -52%±33% in HER2 negativity (14). 
Similarly, the highest ΔSUV

max
-T and ΔSUV

max
-N levels ​​were 

found in HER2-positive patients in our study. 

The metabolic response of the primary malignancy to 
therapy is considered as a measure for assessing NAC 
response. Pathological CR is defined as the negativity of 
invasive cancer in the breast and axilla, which is seen 
in 10-40% of patients (15). In this study, pCR (+) was 
obtained in 35.4% of the patients and the most significant 
parameters for the pCR (+) were determined by ΔSUV

max
-T 

and ΔSUV
max

-N. Can et al. (16) investigated the prognostic 
role of PET/CT in the evaluation of newly diagnosed BC 
patients with ALN metastases, and reported pCR rates 
after neoadjuvant therapy as 37.2%, 42.2%, and 28.9% 
for breast, axilla, and breast & axilla, respectively. In a 
study evaluating the response to NAC with PET/CT in 32 

Figure 1. Thirty two-year-old woman with luminal B type invasive ductal 
left-sided breast cancer and axillary metastases achieved pCR at the end 
of NAC. Primary tumor SUV

max
 was 5.4 in baseline 18F-FDG PET/CT (A). 

SUV
max

 was measured as 3.4 in interim evaluation PET/CT (B). Before and 
after interim treatment values of SUV

max
-N were measured as 6.1 (C) and 

2.9 (D), respectively
18F-FDG: 18Fluorine-fluorodeoxyglucose, NAC: Neoadjuvant chemotherapy, SUV

max
: 

Maximum-standardized uptake value, PET/CT: Positron emission tomography/
computed tomography, pCR: Pathological complete response
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BC patients, pCR was seen in 17 patients (43.8%) (17). 
Additionally, mean ΔSUV

max 
measured on PET/CT imaging 

after NAC was shown to be more prognostic in patients 

Table 2. Histopathological analysis and 18F-FDG PET/CT parameters

Molecular subgroup n % SUV
max

-T ΔSUV
max

-T SUV
max

-N ΔSUV
max

-N

Luminal A 9 18.7 3.5±0.7 -20.7±23.9 3.4±1.3 -21.7±8.0

Luminal B 25 52.0 7.8±3.3 -47.0±17.8 6.7±2.6 -44.6±18.6

HER2 positive 8 16.7 14.1±3.2 -59.7±6.5 11.0±3.5 -51.9±11.8

Triple-negative/BL* 6 12.5 8.3±2.6 -32.5±14.6 9.7±2.8 -45.3±10.3

p - - <0.001 <0.001 <0.001 0.003

ER - - - - - -

Positive 34 70.8 7.3±4.3 -40.8±22.8 6.3±3.4 -38.0±19.2

Negative 14 29.2 9.9±3.4 -46.1±17.0 9.4±2.8 49.8±11.4

p - - 0.052 0.008 0.005 0.013

PR - - - - - -

Positive 31 64.6 7.6±4.2 -42.2±23.5 6.9±3.2 -42.6±19.0

Negative 17 35.4 8.9±4.2 -42.2±23.5 7.6±4.2 -39.3±16.5

p 0.339 0.041 0.547 0.549

Ki-67 index - - - - - -

High 9 18.8 3.5±0.7 -20.7±23.9 3.4±1.3 -21.7±8.0

Low 39 81.2 9.1±4.0 -47.3±17.4 8.1±3.3 -46.2±16.3

r - - 0.669 -0.509 0.602 -0.652

p - <0.001 <0.001 <0.001 <0.001

*Basal-like, ER: Estrogen receptor, PR: Progesterone receptor, T: Tumor, N: Axillary nodal metastasis, SUV
max

: Maximum standardized uptake value; mean ± standard deviation 
values are given, ΔSUV

max
: Change maximum standardized uptake value, 18F-FDG: 18Fluorine-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, 

HER2: Human epidermal growth factor receptor type-2

Figure 2. Fifty four-year-old patient with HER2 positive right-sided 
breast tumor and axillary metastases showed pCR in the axilla after 
NAC. Primary tumor SUV

max
 values were 11.0 and 4.9 in the fusion PET/

CT images performed at baseline (A) and interim NAC (B). The partial 
metabolic response was detected in the primary tumor on interim 
treatment evaluation PET/CT. The baseline SUV

max
-N value was 8.4 (C). 

The complete metabolic response was observed after NAC (D)
HER2: Human epidermal growth factor receptor type-2, pCR: Pathological complete 
response, NAC: Neoadjuvant chemotherapy, SUV

max
: Maximum-standardized 

uptake value, PET/CT: Positron emission tomography/computed tomography

Figure 3. Forty one-year-old woman with triple-negative right-sided 
breast tumor and ALN metastases, whose pCR could not be obtained 
after NAC, had a primary tumor SUV

max
 value of 13.2 in the baseline PET/

CT scan (A). SUV
max

 was measured as 11.8 in the interim evaluation (B). 
Under the partial metabolic response, the pre-treatment (C) and interim 
treatment (D) SUV

max
-N were 12.3 and 8.5, respectively

ALN: Axillary lymph node, pCR: Pathological complete response, NAC: Neoadjuvant 
chemotherapy, SUV

max
: Maximum-standardized uptake value, PET/CT: Positron 

emission tomography/computed tomography
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with pCR (+) (18). In another study of luminal group 
B cancers, the authors showed no difference between 
patients’ pathological responses for baseline SUV

max
, but a 

higher ΔSUV
max

-T was reported for pCR (+) (19). 

BC comprises various subtypes in terms of tumor nature, 
therapy options, and clinical outcomes. The heterogeneous 
feature is also seen in the metabolic behavior of the tumor. 
In a prospective study evaluating triple-negative patients, 
the median baseline SUV

max
-T did not differ significantly 

among the patients with and without pCR, while ΔSUV
max

-T 
was found to be more significant in the patients with pCR 
(+) (20). In our study, the mean ΔSUV

max
-T was higher in 

patients with pCR (+) groups than in patients with non-pCR. 
In another study, in which the metabolic and pathological 
response evaluation was performed separately for the 
breast and axilla with triple-negative and HER2 group 
patients, ΔSUV

max
-T was determined as the strongest 

estimator of pCR in the primary tumor and ΔSUV
max

-N was 
the most predictive of the total pCR (21). 

Accurately revealing the response to NAC also affects surgical 
planning. The evaluation of response with anatomical 
imaging, which traditionally uses size-based criteria, has 
limitations. Anatomical and metabolic evaluation with 
PET/CT overcomes many of these limitations and plays an 
indispensable place in the assessment of NAC response in 
BC. Additionally, response to NAC in ALNs may affect the 
decision for axillary dissection. Colfry et al. (22) emphasized 
that axillary dissection may be unnecessary in LABC with 
complete response after NAC in their study, and they 
recommended its application, especially in unresponsive 
patients. In our study, pCR (+) was not established in 
62.5% (30/48) of breast tumors and 52.2% (23/44) of 
axillary metastases after the NAC strategy. Only 17 cases 
(35.4%) achieved pCR (+) in both primary breast tumors 
and ALN metastases. Low 18F-FDG uptake was observed 
in primary breast tumor ± ALN metastases of patients 
who did not respond to treatment, and this situation was 

primarily evaluated about the histopathological type (ILC) 
of the tumor. Similarly, Schwarz-Dose et al. (23) found high 
response rates in HER2 positive patients at post-treatment 
examination and low pCR rates after NAC in tumors with 
low glucose metabolism.

Study Limitations

The heterogeneity and the limited number of the patient 
population, with its retrospective design, can be considered 
the limitations of our study, and this may have weakened 
some of the statistical analysis. 

Conclusion

An earlier and more accurate response to NAC could be 
performed with interim 18F-FDG PET/CT imaging. PET/
CT may also detect unresponsive patients in the early 
period and allow changes in treatment plans. Additionally, 
ΔSUV

max 
levels of primary tumor and ALN can be used to 

predict pCR in LABC patients receiving NAC. 
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Öz
Amaç: Miyokardiyal perfüzyon sintigrafisi (MPS), koroner arter darlığının (CAS) saptanması için önemli bir tanı testidir; ancak doku atenüasyonu 
doğrulukta bir farklılığa yol açabilir. Atenüasyon düzeltmeli (AC) ve düzeltmesiz (NC) MPS’nin CAS tespiti için tanısal doğruluğunu değerlendirmeyi 
amaçladık.
Yöntem: Tc-99m-sestamibi MPS’den sonraki 10 ay içinde invaziv koroner anjiyografi yapılan hastaları geriye dönük olarak inceledik. AC ve NC 
perfüzyon görüntüleri ayrı ayrı analiz edildi ve her bir miyokardiyal segment, 0 ila 4 arasındaki rölatif tutuluma dayalı olarak puanlandı. Toplam 
stres skoru (SSS), toplam dinlenme skoru (SRS) ve toplam fark skoru (SDS) hesaplandı. Tanılama performansları, alıcı işlem karakteristiği eğrisinin 
eğri altındaki alanı (AUC) kullanılarak analiz edildi.
Bulgular: Yüz on yedi hastadan 66 hastada (%56) belirgin koroner darlık mevcuttu. NC görüntülerinden elde edilen SSS ve SRS, AC’den elde 
edilenlerden daha yüksekti ve NC görüntülerinde atenüasyon artefaktlarının varlığını destekledi. Hem AC hem de NC görüntülerinde SSS ve SDS’nin 
AUC’si SRS’ninkinden önemli ölçüde daha yüksekti, ancak SSS’nin AUC’si ile SDS’ninkiler arasında anlamlı bir fark bulunmadı. Optimum kesim 
değerler AC-SSS için >12, NC-SSS için >15, AC-SDS için >4 ve NC-SDS için >3 idi. AC-SSS, NC-SSS, AC-SDS ve NC-SDS arasında duyarlılık, özgüllük, 
pozitif öngörü değeri, negatif tahmini değer ve doğruluk açısından istatistiksel olarak anlamlı bir fark yoktu.
Sonuç: NC tabanlı Tc-99m-sestamibi MPS, tanı için farklı kesim değerleri kullanarak AC görüntülerle karşılaştırılabilir doğruluk vaat etti.
Anahtar kelimeler: Koroner arter hastalığı, miyokardiyal perfüzyon görüntüleme, tek foton emisyonlu bilgisayarlı tomografi, atenüasyon 
düzeltmesi, tanısal performans, doğruluk

Abstract
Objectives: Myocardial perfusion scintigraphy (MPS) is an important diagnostic test for detecting of coronary artery stenosis (CAS); however, 
tissue attenuation can lead to a difference in accuracy. We evaluated the diagnostic accuracy of attenuation-corrected (AC) and non-attenuation-
corrected (NC) MPS for the detection of CAS.
Methods: We retrospectively recruited patients who underwent invasive coronary angiography within 10 months after Tc-99m sestamibi MPS. 
The AC and NC perfusion images were analyzed separately, and each myocardial segment was scored based on relative uptake from 0 to 4. The 
summed stress score (SSS), summed rest score (SRS), and summed difference score (SDS) were calculated. The diagnostic performances were 
analyzed using the area under the curve (AUC) of the receiver operating characteristic curve.
Results: From 117 patients, significant coronary stenosis was present in 66 patients (56%). The SSS and SRS obtained from NC-images were 
higher than those from AC, supporting the presence of attenuation artifacts in NC images. The AUC of SSS and SDS were significantly higher 
than those of SRS in both AC- and NC-images, but no significant difference was found between the AUC of SSS, and those of SDS. The optimal 
cut-offs were >12 for AC-SSS, >15 for NC-SSS, >4 for AC-SDS and >3 for NC-SDS. There was no statistically significant difference in the sensitivity, 
specificity, positive predictive value, negative predictive value, and accuracy among AC-SSS, NC-SSS, AC-SDS, and NC-SDS. 
Conclusion: NC-based Tc-99m-sestamibi MPS promised comparable accuracy to AC images by using different cut-off values for diagnosis.
Keywords: Coronary artery disease, myocardial perfusion imaging, single photon emission computed tomography, attenuation correction, 
diagnostic performance, accuracy

Chulalongkorn University and King Chulalongkorn Memorial Hospital, Department of Radiology, Division of Nuclear Medicine, Bangkok, Thailand

 Sira Vachatimanont,  Sasitorn Sirisalipoch,  Maythinee Chantadisai

Atenüasyon Düzeltmeli ve Düzeltmesiz Miyokard Perfüzyon Sintigrafisinin Tanısal 
Performansının Karşılaştırılması

Comparison of the Diagnostic Performance of Myocardial Perfusion 
Scintigraphy with and Without Attenuation Correction

DOI:10.4274/mirt.galenos.2021.27880

https://orcid.org/0000-0003-1691-3958
https://orcid.org/0000-0002-5313-5393
https://orcid.org/0000-0002-7393-2250


131

Mol Imaging Radionucl Ther 2022;31:130-138 Vachatimanont et al. Diagnostic Performance of Myocardial Perfusion Scintigraphy

Introduction

Non-invasive cardiac tests are crucial steps for the diagnosis 
of coronary artery stenosis in patients with an intermediate 
pretest probability of coronary artery disease (CAD) to 
optimize the use of invasive coronary angiography (ICA) (1). 
One of the commonly used non-invasive tests is the stress/
rest Tc-99m-sestamibi myocardial perfusion scintigraphy 
(MPS) which can be safely performed in patients with 
limited physical activities, or impaired renal function (2,3,4). 

Several myocardial perfusion scanning techniques and 
image processing protocols have been used to enhance the 
diagnostic performance of MPS. Attenuation correction, 
commonly performed using computed tomography (CT), 
promises to reduce attenuation artifacts caused by radiation 
absorption of the overlying tissue and thus significantly 
improve the specificity of the test (5). Semiquantitative 
interpretation has been proposed to reduce inter-observer 
variability and to standardize the method of interpretation. 
Seventeen-segment model of left ventricular myocardium 
is generally suggested owing to good representation 
of myocardial volume and vascular territories (6). A 
five-point scale for scoring of each segment based on 
perceived abnormality compared to either normal subject 
or maximum myocardial uptake is commonly performed 
(7,8).	

In this study, we aimed to compare the diagnostic accuracy 
of attenuation-corrected (AC) and non-attenuation-
corrected (NC) MPS for the diagnosis of coronary artery 
stenosis using ICA as a reference standard, and define the 
appropriate cut-off scoring values in both types of image 
interpretation.

Materials and Methods

Study Design and Subjects

Patients who were suspected of CAD and had indications 
for MPS were sent to the division of nuclear medicine to 
perform 2-day adenosine-stress/rest Tc-99m-sestamibi MPS. 
Patients who underwent those scans from January 2013 
to December 2016 and underwent ICA within 10 months 
after MPS were retrospectively included. Patients who had 
prior coronary artery bypass graft were excluded because 
it altered the normal distribution of vascular supply, which 
may affect the image interpretation. Patients who had no 
CT attenuation for MPS for any reason were also excluded. 
A body mass index greater than 25 was used as the cut-off 
for obesity in our protocol. The study was conducted in 
accordance with the Declaration of Helsinki. The protocol 
was approved and the requirement for informed consent 
was waived by the Institutional Review Board of the Faculty 

of Medicine, Chulalongkorn University (COA no: 611/2017, 
IRB no: 366/60).

Imaging Procedures

On the first day, the patient was injected with Tc-99m-
sestamibi 21-30 mCi at the 4th minute of total six-minute 
infusion of adenosine rate 140 mg/kg/min. After that, 
the patient took a high fat diet reduced interfering tracer 
activity in the liver. Then, the single photon emission 
computed tomography (SPECT) images were acquired 
approximately 1 h after radiotracer injection using a 
dual-head gamma camera SPECT/CT system (Symbia T6, 
Siemens, Erlangen, Germany) with low-energy ultra-high-
resolution collimator. The data was acquired in 50 seconds/
projections for 64 projections with matrix size 64x64 and 
zoom factor of 1.45. Low-dose CT centered at the heart 
was performed for attenuation correction. On the second 
day, the resting SPECT and CT images were acquired using 
the same amount of radiotracer activity and the same 
scanning protocol.

Image Processing

Emission data were reconstructed into short axis, 
horizontal long axis, vertical long axis and 17-segment 
polar map images with iterative reconstruction protocol 
using commercially available QPS (Cedar-Sinai medical 
center, Los Angeles, California) software. For AC images, 
the co-registration was properly checked by the researcher 
in every case before image processing. Processed SPECT 
images were displayed in GE multichrome color scale (9).

Semiquantitative Interpretation

AC and NC images were interpreted in a random order by 
the consensus of 2 experienced nuclear medicine physicians 
blinded to patients’ medical history and ICA results. If 
there was disagreement between the two readers even 
after the discussion, a third nuclear medicine physician 
will give an additional comment/opinion, and a consensus 
was formed. The third interpreter was also blinded to the 
ICA results and the clinical information about the patients. 
Each myocardium segment was scored from 0 to 4 based 
on relative uptake compared to the segment of maximum 
uptake; score 0 represented maximum uptake while score 
4 represented no uptake. For per-person analysis, the sum 
of scores in all segments of stress images represented 
summed stress score (SSS) and the sum of scores in all 
segments of rest images represented summed rest score 
(SRS). The summed difference score (SDS) was calculated 
by subtracting SRS from SSS. For vascular territory analysis, 
the summed scores are the sum of scores in all segments 
corresponding to the territory of each of the 3 major 
coronary arteries.
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Invasive Coronary Angiography

The ICA was performed and interpreted by experienced 
board-certified interventional cardiologists using visual 
assessment as a routine clinical practice. The presence of 
significant CAD was defined when there was a stenosis 
of the left main coronary artery ≥50%, and/or any other 
coronary artery ≥70%. In patients who had previous 
percutaneous coronary intervention (PCI) with or without 
stent, the cut-off to define the diseased vessel was ≥50% 
re-stenosis in left main coronary artery, or ≥70% re-stenosis 
in other coronary arteries.

Statistical Analysis

Diagnostic performances were assessed using the 
area under the curve (AUC) of the receiver operating 
characteristic (ROC) curve. Comparison of AUC was 
performed by Delong’s non-parametric methods (10). 
UL index, a statistical method for defining cut-offs using 
the shortest distance from the upper left corner to the 
ROC curve, was used to determine optimum cut-offs. 
These cut-off values were further used for the calculation 
of sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), accuracy, positive and 
negative likelihood ratios (LR+ and LR-). Proportions and 
likelihood ratios were compared using chi-square tests and 
agreement between AC and NC scores was determined 
by intraclass correlation coefficient (ICC). Territories 
of each main coronary artery for per-vascular-territory 
analyses were in accordance with the American Society of 
Nuclear Cardiology (ASNC) Guidelines (11). The analysis 
was performed by SPSS for Windows version 22 and the 

Compbdt R package (12). P value <0.05 was considered 
statistically significant.

Results

Clinical Characteristics

One hundred and seventeen subjects were eligible (63 
men and 54 women; mean age 69.5 years). Clinical 
characteristics are displayed in Table 1. CAD was present 
in 66 patients (56%). Most of the patients had a single 
vessel territory (45%) and the detailed pattern of coronary 
artery stenosis is shown in Table 2. Most of the patients 
with CAD had hypertension (n=57, 86%), and dyslipidemia 
(n= 91, 78%). Thirty-two patients received prior PCI (27%), 
and most of them had recent CAD in the current analysis 
(n=25, 78%). The median interval between MPS and ICA 
was 2 months (interquartile range 1-3 months), and the 
maximum interval was 10 months in 1 patient.

Per-person Analysis of The Diagnostic Performance of 
MPS and Optimal Cut-offs

ROC curves comparing the diagnostic performance 
between AC and NC scores are provided in Figure 1. There 
were no statistically significant differences between AC-SSS 
(AUC: 0.765) and NC-SSS (AUC: 0.780, p value=0.624), 
AC-SRS (AUC: 0.664) and NC-SRS (AUC: 0.659, p 
value=0.866), and AC-SDS (AUC: 0.690) and NC-SDS (AUC: 
0.702, p value=0.771). For subgroup analysis based on sex, 
and obesity status, there was no statistically significant 
difference between AC-SSS (AUC: 0.801) and NC-SSS 
(AUC: 0.780) in the female subgroup (p value=0.668), 

Table 1. Baseline patient characteristics

Characteristic All patients, n (%) Patients with CAD, 
n (%)

Patients without 
CAD, n (%) p value

Disease status 117 66 (56) 51 (44) -

Age (mean ± SD), year 69.5±12.0 69.8±13.4 69.2±10.1 0.806

Interval between MPS and ICA (mean ± SD), month 2.2±2.1 2.2±2.0 2.1±2.2 0.799

Sex

Male 63 (54) 41 (62) 22 (43) 0.042

Female 54 (46) 25 (38) 29 (57) 0.042

Co-morbidity

Hypertension 98 (84) 57 (86) 41 (80) 0.538

Diabetes 48 (41) 31 (47) 17 (33) 0.194

Dyslipidemia 91 (78) 58 (88) 33 (65) 0.006

Obesity 15 (13) 7 (11) 8 (16) 0.592

End-stage renal disease 4 (3) 2 (3) 2 (4) 1.000

Smoking 10 (9) 9 (14) 1 (2) 0.057

CAD: Coronary artery disease, MPS: Myocardial perfusion scan, ICA: Invasive coronary angiography, SD: Standard deviation
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as well as those parameters in the male subgroup (AUC: 
0.742 vs. 0.764, p value=0.588). There was also no 
statistically significant difference between AC-SSS (AUC: 
0.764) and NC-SSS (AUC: 0.797) in non-obese subgroup 
(p value=0.284), as well as those parameters in the obese 
subgroup (AUC: 0.866 vs. 0.688, p value=0.228).

Each pair of AUCs was compared, aiming to determine the 
best AUC for CAD diagnosis. In the AC group, the AUC 
of AC-SSS was significantly higher than that of AC-SRS (p 
value=0.005), while there was no statistically significant 
difference between the AUC of AC-SSS and those of AC-
SDS (p value=0.057). In the NC group, the AUC of NC-
SSS was also significantly higher than that of NC-SRS (p 
value <0.001), while there was no statistically significant 
difference between the AUC of NC-SSS and that of NC-SDS 
(p value=0.107). 

Due to the high AUC of SSS and SDS in both AC and NC 
images, the diagnostic performance of MPS was analyzed 
based on those data. The optimum cut-off values were 
more than 12 for AC-SSS, >15 for NC-SSS, >4 for AC-SDS 
and >3 for NC-SDS. The sensitivity, specificity, PPV, NPV and 
accuracy of AC-SSS were 61%, 82%, 82%, 62%, and 70%, 
respectively, and the parameters for NC-SSS were 79%, 
67%, 75%, 71%, and 74%, accordingly. The diagnostic 
parameters of AC-SDS, and NC-SDS are demonstrated in 
Table 3. There were no statistically significant differences 
among the diagnostic parameters of AC-SSS vs. NC-SSS, 
AC-SDS vs. NC-SDS, AC-SSS vs. AC-SDS, or NC-SSS vs. NC-
SDS as detailed in Table 3.

The LR+ and LR- of AC-SSS, NC-SSS, AC-SDS, and NC-SDS 
were 3.39, 0.48, 2.39, 0.31, 2.26, 0.52, and 1.96 and 
0.60, respectively. There were no statistically significant 

differences in LR+ and LR- of AC-SSS vs. NC-SSS (p=0.200 
for LR+ and p=0.060 for LR-), AC-SDS vs. NC-SDS (p=0.878 
for LR+ and p=0.517 for LR-), AC-SSS vs. AC-SDS (p=0.145 
for LR+ and p=0.624 for LR-), and NC-SSS vs. NC-SDS 
(p=0.676 for LR+ and p=0.141 for LR-).

Per-vascular Territory Analysis of the Diagnostic 
Performance of MPS and Optimal Cut-offs

In the left anterior descending territory, there is no 
statistical significance between AC-SSS (AUC: 0.782) and 
NC-SSS (AUC: 0.760). The optimum cut-off values are SSS 
>7 for AC (sensitivity 63%, specificity 87%, PPV 81%, NPV 
73%, accuracy 76%) and SSS>6 for NC (sensitivity 70%, 
specificity 78%, PPV 73%, NPV 75%, accuracy 74%).

In the left circumflex (LCX) territory, there was no statistical 
significance between AC-SSS (AUC: 0.745) and NC-SSS 
(AUC: 0.713). The optimum cut-off values are SSS >2 
for AC (sensitivity 67%, specificity 68%, PPV 42%, NPV 
86%, accuracy 68%) and SSS >5 for NC (sensitivity 70%, 
specificity 59%, PPV 37%, NPV 85%, accuracy 62%).

In the right coronary (RCA) territory, there is no statistical 
significance between AC-SSS (AUC: 0.776) and NC-SSS 
(AUC: 0.774). The optimum cut-off values are SSS >2 
for AC (sensitivity 69%, specificity 77%, PPV 60%, NPV 
83%, accuracy 74%) and SSS >8 for NC (sensitivity 64%, 
specificity 86%, PPV 69%, NPV 83%, accuracy 79%).

Agreements of Each Score Obtained From AC and NC 
Images

There was significant difference between SSS obtained 
from NC and AC images, with a mean difference of 5.8 
(NC-SSS was higher than AC-SSS, p value <0.001), and a 
significant difference between SRS obtained from NC and 
AC images was also observed (mean difference of 5.8, NC-
SRS was higher than AC-SRS, p value <0.001). This resulted 
in no difference between SDS obtained from the NC and 
AC images (p value=0.952). 

On the per-vascular-territory basis, there was a significant 
difference in SSS obtained from NC and AC images in 
LCX, and RCA territories (mean difference of 2.4, and 3.3, 

Table 3. Diagnostic parameters of Tc-99m sestamibi MPS based on different criteria

Criteria Sensitivity Specificity Accuracy PPV NPV

AC-SSS >12 61% (49-72) 82% (72-93) 70% (62-78) 82% (71-92) 62% (50-73)

NC-SSS >15 79% (69-89) 67% (54-80) 74% (66-82) 75% (65-86) 71% (58-84)

AC-SDS >4 62% (50-74) 73% (60-85) 67% (58-75) 75% (63-86) 60% (47-72)

NC-SDS >3 68% (57-79) 69% (56-81) 68% (60-77) 74% (63-85) 62% (50-75)

Data in parentheses are 95% confidence intervals. There was no statistical significance between each pair of the parameters (p value >0.05). AC: Attenuation-corrected, NC: 
Non-attenuation-corrected, MPS: Myocardial perfusion scan, PPV: Positive predictive value, NPV: Negative predictive value, SSS: Summed stress score, SDS: Summed difference 
score

Table 2. Pattern of coronary artery stenosis

Disease involvement
Subjects

Number Percentage

Single vessel territory 30 46%

Double vessels territories 12 18%

Triple vessels territories 24 36%
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respectively, p value <0.001, Figure 2). These differences 
were also observed when interpreted by NC-SRS, and AC-
SRS in both LCX and RCA territories (mean difference of 
2.2, and 3.3, respectively, p value <0.001, Figure 3), which 
was not proved, but probably due to the breast and the 
diaphragmatic attenuation, respectively. There was no 
statistically significant difference between NC-SDS, and AC-
SDS on per-vascular-territory basis (Figure 4).

Excellent agreements between AC-SSS, and NC-SSS (ICC: 

0.9), AC-SRS, and NC-SRS (ICC: 0.9), and AC-SDS, and NC-

SDS (ICC: 0.8) were observed.

Discussion

Our results demonstrated good diagnostic performance of 

Tc-99m-sestamibi stress-rest protocol either with or without 

Figure 1. ROC curves comparing diagnostic performance between AC and NC scores of SSS (a), SRS (b), SDS (c) and SSS in obesity subgroup (d). 
(Created using Matplotlib version 3.3.3, https: matplotlib.org)
ROC: Receiver operating characteristic, AC: Attenuation-corrected, NC: Non-attenuation-corrected, SSS: Summed stress score, SRS: Summed rest score, SDS: Summed 
difference score
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attenuation correction for the diagnosis of coronary artery 
stenosis using ICA as a gold standard. The previously 
reported accuracy of MPS in several studies ranged from 63 
to 94% (13,14,15). Our protocol provided good accuracy 
of MPS in both AC-SSS (70%) and NC-SSS images (74%). 
The reported superiority of AUC of SSS and SDS over SRS 
reaffirmed the significance of stress myocardial perfusion 
imaging for the diagnosis of coronary artery stenosis. 

In subgroup analysis, we found no significant difference 
between the diagnostic performance of AC-, and NC-images 
in both male, and female subgroups, which concordant 
with the prior study by Wolak et al. (16). The difference 
cut-off values were due to difference interpretation 
methods as we defined all scores based on the relative 
uptake of one segment to the area of maximum uptake in 
the individual image. In our study, the AUC of AC-images 
of obese patients was notably higher than those of NC-
images (AUC: 0.866 vs. 0.688), even without a statistically 
significant (p value=0.228). This might be consistent with 
Thompson et al.’s (17) conclusion that AC was particularly 
helpful in obese patients, but the failure to reach statistical 

significance in our study might be due to the small number 
of obese patients (n=15).

Even without a statistically significant difference, our results 
showed that AC-SSS offered slightly higher specificity 
(82%) compared to NC-SSS (67%). This was concordant 
with several prior studies (6,11,17). Recent meta-analysis 
by Huang et al. (5) revealed the pooled sensitivity and 
specificity of MPS using AC images of 84% and 80% and 
those from NC were 80% and 68%, respectively. The 
lower specificity of NC images was potentially caused by 
attenuation artifacts, which were more obvious without the 
correction process. The mean difference of 5.8 between 
AC-SSS and NC-SSS, as well as between AC-SRS, and NC-
SRS found in the current study supported the presence 
of attenuation artifacts in NC images on both stress and 
rest images, especially in LCX, and RCA territories, when 
analyzed on per-vascular-territory basis. The presence of an 
attenuation artifact could also explain the larger difference 
between AC and NC cut-off values on per-vascular territory 
analysis in LCX and RCA territories. 

We did not find inferior diagnostic performance of NC MPS 
in the diagnosis of CAD within the RCA territory, which 

Figure 2. Agreements between stress scores. There were significant differences between AC and NC of SSS (a) and stress scores in LCX (c) and RCA 
(d) territories. No significant difference in seen in LAD territory (b)
AC: Attenuation-corrected, NC: Non-attenuation-corrected, SSS: Summed stress score, LCX: Left circumflex, LAD: Left anterior descending, RCA: Right coronary
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Figure 4. Agreements between difference scores. Contrary to stress and rest scores. No significant difference in either SDS (a) or territories of LAD 
(b), LCX (c) and RCA (d)
SDS: Summed difference score, LCX: Left circumflex, RCA: Right coronary, LAD: Left anterior descending

Figure 3. Agreements between rest scores. Similar to stress scores, there were significant differences between AC and NC of SRS (a) and rest scores 
in LCX (c) and RCA (d) territories. No significant difference in seen in LAD territory (b)
AC: Attenuation-corrected, NC: Non-attenuation-corrected, SRS: Summed rest score, LCX: Left circumflex, RCA: Right coronary, LAD: Left anterior descending
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had been reported in past studies. This absence could be a 
result of using standardized criteria based on tracer uptake, 
difference cut-offs used, interpreters being experienced, 
or a combination of the aforementioned factors (18). It 
should also be noted that the current study population 
had a notably high rate of RCA stenosis (38/66 patients, 
58% of the study population). It is widely accepted that 
the detection of RCA stenosis is a problematic for MPS. A 
diagnosis based on either AC-SDS or NC-SDS could eliminate 
the interference from attenuation artifacts. Some prior 
data also showed higher false positive rates in NC images, 
however, masking of true defects by attenuation correction 
in AC could lead to lower sensitivity when using AC images 
(7,19,20). Generally, the ASNC recommends the use of 
attenuation correction when available to optimize image 
quality and improve the diagnostic utility of MPS (11).

Study Limitations 

Limitation of our study was a slightly long interval 
between MPS and ICA in 1 patient. Nevertheless, the 
progression of coronary stenosis was generally insidious 
(21). Our method using the semi-quantitative assessment 
might have limitation in the assessment of multi-vessel 
diseases, however, the dynamic Tc-99m-sestamibi MPS for 
quantitative assessment of myocardial blood flow was not 
widely performed because of the low count sensitivity of 
the conventional SPECT scanner (22). Another potential 
weakness in our study was MPS may exhibit defects 
in the absence of stenoses when MPS was performed 
after angioplasty or stenting thus the specificity of MPS 
following PCI might be limited (23). Apart from CAD 
diagnosis, the parameters from the MPS were found to 
have prognostic value in the long-term period in patients 
having CAD regardless of ICA findings; for examples, 
abnormal MPS, especially in AC images, was associated 
with higher number of cardiac events, worsening survival 
rate and increased rate of hospital admission (24,25,26). 
Our studies still lacked of long term follow up to assess 
those outcomes, which could be the topic of interest for 
further research.

Conclusion

In conclusion, using a semiquantitative method based on 
relative tracer uptake with a standard 17-segment model, 
NC-images based Tc-99m-sestamibi MPS either by SSS, or 
SDS promised fairly good diagnostic accuracy comparable 
to AC images with different cut-off values.
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Primeri Bilinmeyen Metastatik Nöroendokrin Tümörlü Hastaya Tek Doz 225Ac-
DOTATATE Uygulaması Sonrası Tam/Tama Yakın Yanıt

Abstract
Neuroendocrine tumors (NETs) are being seen increasingly frequently, and the only known curative treatment method is surgical resection. 
Peptide receptor radionuclide therapy (PRRT) is a treatment option that the most contributes to progression-free survival and overall survival in 
metastatic cases.β-emitting radionuclides are traditionally used for PRRT. Nowadays, alpha particle-emitting radionuclides are being developed, 
with advantages in terms of very high energy and a short path length, which should theoretically show higher efficacy. In this case; in a patient 
with NET diagnosis who had multiple (>50) lesions in the abdomen, almost all the lesions disappeared with a single dose application. This paper 
aims to present a case in which we observed the efficacy of 225Ac-DOTATATE treatment, which is an alpha treatment.
Keywords: 225Ac targeted alpha therapy, neuroendocrine tumors, peptide receptor radionuclide therapy

Öz
Nöroendokrin tümörler (NET) son yıllarda giderek artan hızda ortaya çıkmakta olup bilinen tek küratif tedavi yöntemi cerrahi rezeksiyondur. 
Peptid reseptör radyonüklid tedavisi (PRRT) ise metastatik olgularda progresyonsuz sağkalımı ve genel sağkalıma en çok katkı sağlayan bir tedavi 
seçeneğidir. Ancak PRRT’de en sık tercih edilen 177Lu radyonükliti bir beta partikül yayıcısıdır. Son zamanlarda radyobiyolojik özellikleri daha 
güçlü olan, yüksek enerjili ve kısa menzil avantajı sunan 225Ac gibi alfa ışını yayan radyonüklidler ile PRRT’nin yapılması gündeme gelmiştir. Bu 
olguda; batın içerisinde çok sayıda (>50) lezyonları olan NET tanılı hastada tek doz uygulamayla lezyonların neredeyse tamamı tedavi sonrasında 
saptanmamıştır. Bu yazının amacı bir alfa tedavi olan 225Ac-DOTATATE tedavisinin etkinliğini gözlediğimiz olguyu sunmaktır. 
Anahtar kelimeler: 225Ac hedeflendirilmiş alfa tedavisi, nöroendokrin tümörler, peptid reseptör radyonüklid tedavisi
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Figure 1. A 46-year-old woman was admitted to an oncology clinic with epigastric pain and weakness five years ago. Magnetic resonance 
imaging showed a retroperitoneal mass lesion along with peritoneal carcinomatosis. Resection of the retroperitoneal tumor revealed a metastatic 
neuroendocrine tumor of an unknown primary site (WHO grade 2). After carboplatin and etoposide treatment, thermal ablation and hyperthermic 
intraperitoneal chemotherapy, which to control the disease for 4 years, the recurrence was observed based on up-to-date [68Ga]Ga-DOTATATE PET/
CT scan examination (somatostatin receptor positive more than 50 lesions in abdomen, liver and peritoneal space). For this purpose, the patient was 
referred to our department for 177Lu DOTATATE treatment. After several investigations with consideration the specific conditions of the patient, a 
single administration of 10 MBq [225Ac] Ac-DOTATATE was administered to the patient as treatment. The radiopharmaceutical was injected slowly for 5 
minutes. To lower radiation-absorbed doses of the kidney, an amino acid solution started 30-60 minutes before treatment and maintained for 4 hours 
according to the recommendations of current peptide receptor radionuclide therapy (PRRT) guidelines. The patient had a slow onset of abdominal 
pain which was resolved after corticosteroid treatment. The results of the post therapy [68Ga]Ga-DOTATATE positron emission tomography/computed 
tomography scan, which was performed 3 months after the therapy, showed almost complete response. All lesions in the abdomen with the exception 
of 5 mm lymph node in the paraaortic area disappeared. 
Among the various therapeutic options, PPRT such as radioactive labeling DOTATATE conjugate molecule is highly effective and a well-tolerated 
therapy, improving progression-free survival and probably overall survival (1). Despite the multiple treatment options in NET, a considerable number 
of patients are found to be non-responders to the available therapy options. In this group, the use of high linear energy transfer (LET) alpha-emitting 
radioisotopes such as 225Ac and 213Bi instead of low LET beta-emitting radioisotopes like 90Y and 177Lu is a promising option (2,3,4). Although there 
are not enough studies on this topic in the literature, limited studies have shown that 225Ac-DOTATATE is a promising treatment option, which adds a 
new dimension in patients especially who are refractory to 177Lu-DOTATATE (5). Our case was the first case who received actinium in the first step and 
almost complete response at a single dosage in the PubMed. 
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Öz
Görüntüleme donanımı veya enstrümantasyonundan kaynaklanan artefaktlar, bazı durumlarda kafa karıştırıcı ve hem doktorlara hem de 
teknisyenlere özgü olabilir. Çeşitli kaynaklardan çeşitli artefaktlar bildirilmiştir. Bu notta, total tiroidektomi ardından tedavi sonrası 131I incelemesi 
için başvuran bir hastada, tüm vücut taramasında statik spot görünümdeki paterninden çarpıcı şekilde farklı olan ilginç bir paterni tanımlamayı 
amaçlıyoruz.
Anahtar kelimeler: Tedavi sonrası 131I tarama, “Resim-İçinde-Resim” artefaktı, tüm vücut taraması

Abstract
Artifacts originated from imaging hardware or instrumentation may be, on some occasions, confusing and peculiar to both physicians and 
technicians. Various artifacts from a variety of sources have been reported. In this note, we intend to describe a new one with an interesting 
pattern in whole-body scanning, which is strikingly different from its pattern in static spot view, in a patient presented for post-therapeutic 131I 
survey after total thyroidectomy.
Keywords: Post-therapeutic 131I survey, “Picture-in-Picture” artifact, whole-body scanning
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Figure 1. A 40-year-old woman with a recent diagnosis of papillary thyroid carcinoma is referred for radioiodine therapy after undergoing total 
thyroidectomy. One week later, a post-therapeutic whole-body 131I scan was performed. In static spot view (A), considerable uptake of thyroid tissue 
remnant was observed in the thyroid bed. Also, a small iodine-avid focus was noticed above and right to the thyroid bed. This finding, initially, gave the 
impression of a metastatic cervical lymph node (shown by solid arrowhead). However, after performing the anterior whole-body projection (B, left), 
the mentioned finding is reshaped and transformed to a short vertical line (indicated by open arrowhead), appearing as smudging or smearing of the 
spot vertically, which makes the diagnosis of a metastatic cervical lymph node less likely. This pattern is in contrast to other active foci scattered in the 
patient’s chest, most prominently visualized in the posterior projection (B, right), which disclose a constant pattern in both spot view and whole-body 
scanning, attributable to rib metastasis (arrows in A and B, right). 

Figure 2. We thought the finding described in Figure 1 could result from the error occurred erratically in the camera in use in our laboratory, which 
was recognized in other scans performed recently as well (1,2). We, again, carried out quality control testing using a point source placed on the 
table of the gamma camera. A one-minute image was acquired (A). The static image of the point source revealed a hot spot in the center with its 
corresponding reproduced image (indicated by arrow) with much less intensity located above and right to the original hot spot, to confirm the pattern 
which was observed in spot view of the neck. The intrinsic uniformity test performed as a routine weekly task, demonstrated the described pattern 
in the flood image (B) as a smaller reproduced image superimposed on the right upper corner of the main image. Artifacts from a variety of sources 
of error may impose serious challenges for interpreting physicians. One such source of error is issues related to imaging instrumentation. Although 
not occurring very often owing to regular quality control testing in nuclear medicine laboratories, they may be confusing to the interpreter in terms 
of diversity and complexity of the pattern of artifacts originated from imaging hardware or instrumentation (3,4,5,6). One such artifact with an 
interesting appearance in nuclear medicine images, is the one which is named and coined as “Picture-in-Picture” artifact. The mechanism by which 
this artifact occurs lies behind an error in an item of hardware of the gamma camera detector, i.e., digital event processor electronic board, which is 
responsible for positioning the signals transmitted from photomultiplier tubes. Each event is recorded as a point with values of x and y, in an imaginary 
Cartesian coordinate system which corresponds point-by-point to a matrix with predefined size in the camera computer memory set by the operator 
before acquiring images. This process of event localization and positioning does not work properly in this specific flaw of the mentioned electronic 
board and therefore, the result is a reproduction of the main image. The pattern is particularly striking in images with an intense hot spot against a 
lower-activity background (1,7).
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Öz
Foliküler tiroid kanserli 77 yaşında bir kadına total tiroidektomi ve ardından İyot-131 remnant ablasyonu uygulandı. On üç yıl önce rezeke edilmiş 
sağ el bileği ve elde geniş tenosinovyal dev hücreli tümör (TGCT) öyküsü vardı. Tedavi sonrası sintigrafi ve tek foton emisyon tomografisi distal sağ 
önkol, el bileği ve elde hafif tutulum gösterdi. manyetik rezonans görüntüleme ve posterior histopatoloji, TGCT’nin relapsını doğruladı. Bir yıllık 
takipten sonra hiçbir radyoiyodin yan etkisi bildirilmemiştir. Bildiğimiz kadarıyla bu rapor, tedavi sonrası radyoiyot taramasında görüntülenen bir 
TGCT’nin literatürdeki ilk raporudur.
Anahtar kelimeler: Tendon kılıfının dev hücreli tümörü, tiroid neoplazmaları, sintigrafi, manyetik rezonans görüntüleme

Abstract
A 77-year-old woman with follicular thyroid cancer underwent total thyroidectomy and subsequent Iodine-131 remnant ablation. She had a history 
of a wide tenosynovial giant cell tumor (TGCT) of the right wrist and hand that had been resected thirteen years ago. Post-therapeutic scintigraphy 
and single photon emission computed tomography showed mild uptake on the distal right forearm, wrist and hand. Magnetic resonance imaging 
and posterior histopathology confirmed a relapse of TGCT. No radioiodine adverse effects were reported after a one-year follow-up. As far as we 
know, this report is the first in the literature to a TGCT visualized on post-therapy radioiodine scan.
Keywords: Giant cell tumor of tendon sheath, thyroid neoplasms, scintigraphy, magnetic resonance imaging
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Figure 1. Seventy seven year-old woman with a history of wide tenosynovial giant cell tumor (TGCT) of the right wrist and hand that had been 
resected thirteen years ago, who did not follow the surveillance for this tumour. Following the diagnosis of a well-differentiated follicular thyroid 
carcinoma, the patient underwent total thyroidectomy and subsequent Iodine-131 [131I] remnant ablation, receiving an activity of 3.7 GBq. Five days 
after [131I] administration, the post-therapy scan showed mild uptake in the thyroid remnant and a more intense focus of uptake, probably secondary 
to a thyroglossal duct remnant (A, arrowhead). To assess the possibility of a TGCT relapse, we did a palmar planar image of both forearms, wrists and 
hands (B), which showed mildly increased uptake in the distal third of the radial forearm, wrist and metacarpal spaces (B, arrow) a more evident in 
the single photon emission computed tomography (SPECT) images (C, arrow). Subsequent magnetic resonance imaging (MRI) and fused SPECT/MRI 
images (D: Coronal SPECT-MRI; E: Coronal MRI) revealed increased signal on fat suppression with short-time inversion recovery (STIR) coronal sequence 
concordant with the increased uptake in SPECT (arrows in D and E). The histological examination was consistent with the TGCT. The patient did not 
present with any clinical side effect secondary to radioiodine treatment, or any clinical sign or symptom in the right upper limb after one-year follow-up.
TGCT is an orphan, mono-articular and potentially locally aggressive disease that occurs in a localized form, which involves a discrete section of the 
synovium, or in a diffuse form, which involves the entire synovium (1,2,3). The diffuse type has high recurrence rates and poor functional outcomes 
(1,2,4). TGCT is characterized by hypervascular neoplastic proliferation of the synovium with deposition of macrophages, multinucleated giant cells and 
hemosiderin (3). The proposed reasons for iodine increased uptake in non-thyroid tumors are an expression of sodium iodide symporter, augmented 
vascularity and enhanced capillary permeability, which can be caused by inflammation secondary to the tumor (5,6,7). MRI is the most distinctive 
imaging technique in diagnosing and treating TGCT (1,2,3,8). It reflects the existence of hemosiderin-laden tissue that applies a paramagnetic effect 
decreasing T1 and T2 relaxation times, leading to low to intermediate signal intensity in T1 and T2 weighted spin-echo sequences. On STIR sequences, 
the effect is overstated because of increased magnetic susceptibility deriving in areas of very high signal intensity (3,8). The main treatment modality 
is resection for naïve and relapsed TGCT. Radiation therapy and targeted therapies, mainly with monoclonal antibody inhibiting colony-stimulating 
factor 1 receptor (pexidartinib) are promising, and both should be considered especially in case of relapse (1,2,3,4,8). However, in our patient’s case, 
watchful waiting was finally decided, mostly because of age, relative good mobility, and the stability of the tumor on serial MRI. A considerable number 
of cases of unexpected radioiodine uptake have been reported and some of which were in the limbs (6). To our knowledge, this report is the first in 
the literature of a TGCT visualized in the post-therapy radioiodine scan. 
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Öz
Primer kardiyak lenfoma oldukça nadir görülen bir malignitedir. 18Flor-florodeoksiglukoz (18F-FDG) pozitron emisyon tomografisi/bilgisayarlı 
tomografi (PET/BT) görüntüleme bulguları hakkında birkaç bildiri sunulmuştur. Başlangıç evreleme amacıyla 18F-FDG PET/BT görüntüleme için 
gönderilen primer intrakardiyak diffüz büyük B-hücreli lenfoma tanısı almış 70 yaşında nadir bir erkek hastayı sunduk. Görüntüleme sağ atrium 
ve aurikulayı kapsayan anormal hipermetabolik büyük tümör lezyonunu ortaya çıkardı. Üç kür kemoterapi tamamlandıktan sonra, tedavi sonrası 
18F-FDG PET/BT tam yanıt gösterdi.
Anahtar kelimeler: Primer kardiyak tümörler, diffüz büyük B-hücreli lenfoma, 18F-FDG, PET/BT

Abstract
Primary cardiac lymphoma is an extremely rare malignancy. A few reports about the findings of 18fluorine-fluorodeoxyglucose (18F-FDG) positron 
emission tomography/computed tomography (PET/CT) imaging has been presented. We report a rare case of a 70-year-old male with diagnosed 
primary intracardiac diffuse large B-cell lymphoma referred for 18F-FDG PET/CT imaging for initial staging. The scan revealed an abnormal 
hypermetabolic gross tumoral lesion involving the right atrium and auricula. After completing three cycles of chemotherapy, post-treatment 
18F-FDG PET/CT showed complete response. 
Keywords: Primary cardiac tumor diffuse large B-cell lymphoma, 18F-FDG, PET/CT

1Başkent University Faculty of Medicine, Başkent University İstanbul Hospital, Department of Nuclear Medicine, İstanbul, Turkey
2Neolife Medical Center, Clinic of Nuclear Medicine, İstanbul, Turkey

 Seval Erhamamcı1,  Nesrin Aslan2

18F-FDG PET/BT ile Görüntülenen Nadir Bir Primer Kardiyak Diffüz Büyük B-hücreli 
Lenfoma Olgusu

A Rare Case of Primary Cardiac Diffuse Large B-cell Lymphoma 
Imaged with 18F-FDG PET/CT

DOI:10.4274/mirt.galenos.2021.60590

https://orcid.org/0000-0001-5016-4650
https://orcid.org/0000-0002-1102-4863


149

Mol Imaging Radionucl Ther 2022;31:148-150 Erhamamcı and Aslan. Primary Cardiac Lymphoma on PET/CT

Figure 1. A 70-year-old male was admitted  order to investigate dyspnea and weakness. Computed tomography (CT) imaging of the thorax revealed a 
large soft tissue mass in the right atrium (RA). He underwent excisional biopsy of the mass in the RA with histopathological result of diffuse large B-cell 
lymphoma (DLBCL). For initial staging, 18fluorine-fluorodeoxyglucose (18F-FDG) positron emission tomography (PET)/CT imaging was requested. The 
scan MIP (A) and transaxial fused (B, C, D, E, F, G) images demonstrated intense 18F-FDG uptake with an maximum standardized uptake value (SUV

max
) 

of 26.6 in an irregular gross tumoral lesion, approximately 6 cm in diameter, in the RA and auricula. Mild pericardial effusion without 18F-FDG uptake 
and bilateral pleural effusion without 18F-FDG uptake was seen. Linear increased 18F-FDG uptake in the sternum was observed due to thoracotomy. 
There were no other findings elsewhere in the body, which suggested a metastatic disease. The patient underwent three cycles of combination 
chemotherapy with rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone (R-CHOP). To therapy response early evaluation, post-
treatment 18F-FDG PET/CT MIP (H) and transaxial fused (I, J, K, L, M, N) images revealed complete resolution of the tumoral lesion and, pericardial and 
pleural effusion compared with baseline scan. Newly developed slightly hypermetabolic activities were seen in the right lung hilar lymph nodes, in the 
right lower lobe superior segment and on the  right upper lobe bronchus level, which may be due to an infectious or inflammatory etiology. Primary 
cardiac lymphoma (PCL) is an extremely rare malignancy, comprising about 1% of primary cardiac tumors, which is accompanied by a poor prognosis, 
unless it is timely diagnosed and treated (1,2). PCL is most commonly reported to be a DLBCL, and the RA and right ventricle are the two most 
frequently involved sites (1,2). 18F-FDG PET/CT imaging has become an essential method for staging and treatment response evaluation of lymphomas 
(3). A few reports have been presented about the 18F-FDG PET/CT findings of PCLs due to its rare presentation, and most of the information comes 
from case reports and case series (4,5,6). specific findings of 18F-FDG PET/CT imaging of primary cardiac DLBCL is reported to be the combination of a 
large right-sided cardiac mass, a large pericardial effusion and a high SUVmax value, compared with other cardiac malign and benign tumors (4,5,6). 
This case had a gross tumoral lesion with high SUVmax located in the RA, consistent with previous reports. However, the patient had mild pericardial 
effusion without 18F-FDG uptake. Furthermore, after three chemotherapy cycles, the patient showed a good response to treatment and considered to 
have a better prognosis with a lower recurrence rate. 
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Öz
Pulmoner alveolar mikrolitiazis intraalveoler küçük kalsiyum fosfat taşlarının birikmesi ile karakterize nadir görülen bir hastalıktır. Hastalık yavaş 
seyirlidir ve ilk dönemlerinde bulgu vermese de ilerledikçe nefes darlığı, öksürük ve sağ kalp yetersizliği gelişebilmektedir. Kemik sintigrafisinde 
kullanılan metilendifosfonat alveollerdeki kalsiyum depozitlerinde yüksek tutulum göstererek akciğerlerde diffüz artmış radyofarmasötik tutulumuna 
sebep olur.
Anahtar kelimeler: Pulmoner alveolar mikrolitiazis, MDP, kemik sintigrafisi

Abstract
Pulmonary alveolar microlithiasis is a rare disease characterized by accumulating intraalveolar small calcium phosphate stones. The disease is slow 
and does not show any signs in the early stages, but the shortness of breath, cough, and right heart failure may develop as it progresses. Methylene 
diphosphonate used in bone scintigraphy shows high uptake of calcium deposits in the alveoli and causes diffuse increased radiopharmaceutical 
uptake in the lungs.
Keywords: Pulmonary alveolar microlithiasis, MDP, bone scintigraphy
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Figure 1. Twenty eight years old male patient was admitted to the outpatient clinic of chest disease with cough and dyspnea complaints for several 
months. was diagnosed with pneumoconiosis was suspected on the posteroanterior (PA) chest X-ray performed seven years before the military service. 
The patient could not be accurately diagnosed and did not undergo further examination. A bilateral, diffuse, micronodular pattern erasing the heart 
shadow was observed on the PA chest radiograph (B). Contrast-enhanced thorax-computed tomography (CT) showed diffuse ground-glass densities, 
septal thickening, and occasionally clustered high-density opacities in both peripheral parenchymas (C, D). Tc-99m methylene diphosphonate (MDP) 
whole-body bone scintigraphy was performed considering pulmonary alveolar microlithiasis (PAM). Scintigraphy showed diffuse increased radioactivity 
uptake in both lungs, consistent with PAM (A). PAM is a rare disease characterized by intraalveolar, widespread, large numbers of calcium and 
phosphate-rich microliths reaching 3 mm in size. The majority of cases in the literature have been reported in Turkey, China, Japan, India, and Italy. 
Although the disease has been known for nearly 90 years, its etiology has not been fully elucidated. In addition to being known as an autosomal recessive 
disorder, sporadic cases have been reported (1,2,3,4,5,6,7). Diagnosis is usually made at an advanced stage since it is slow, and the clinical findings 
are minimal. In the following years, shortness of breath, cough, pulmonary fibrosis, and pulmonary heart disease (cor pulmonale) may develop. Serum 
calcium and phosphorous levels are normal in these patients (1,2). Microlith can be identified in sputum, bronchoalveolar lavage, and transbronchial 
biopsy specimens (1,3). Symptoms are less severe in these patients than in radiological findings (2). In the PA chest radiography, the appearance of 
common thin calcific micronodules called sandstorm in both lungs may be observed (1). Thorax CT may show microcalcification, ground-glass opacities, 
parenchymal bands, prominent fissure, and paraseptal emphysema (8). CT findings may be similar to those of miliary histoplasmosis, interstitial lung 
disease, pneumoconiosis, pulmonary amyloidosis, and military tuberculosis. In case of doubt in the diagnosis, Tc-99m MDP bone scintigraphy may be 
performed. Tc-99m MDP bone scintigraphy shows widespread radioactivity involvement in the lungs. In the presence of scintigraphic findings, the need 
for biopsy may be eliminated. This specific finding assists the clinician in the differential diagnosis of PAM (1,2,3).
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Öz
Mezenterik pannikülit mezenterik yağlı dokunun nadir görülen ve benign karakterli enflamatuvar hastalığı olup patogenezi halen tam olarak 
bilinmemektedir. 18Flor-florodeoksiglukoz (18F-FDG) tutulumu gösterip, malignite veya metastatik hastalık gibi görünebilir. Seröz tipte over 
adenokarsinom tanısı bulunan 47 yaşında kadın hastanın kemoterapi sonrası pozitron emisyon tomografisi/bilgisayarlı tomografi görüntülemesinde 
mezenterik yağlı dokuda hiperdens nodüler görünüm ve 18F-FDG tutulumu saptandı. Serum tümör marker (CA-125) normal düzeyde bulunan 
olguda, sonrasında yapılan manyetik rezonans görüntülemesinde mezenterik pannikülit tanısı takipte ve klinik olarak da doğrulandı.
Anahtar kelimeler: Mezenterik pannikülit, PET/BT, over kanseri

Abstract
Mesenteric panniculitis is a rare benign inflammatory process involving mesenteric adipose tissue and the pathogenesis is still unknown. It may 
present 18Fluorine-fluorodeoxyglucose (18F-FDG) uptake and appear like a malign tumor or metastatic disease. We report a case of 47 year-old 
woman with serous ovarian adenocarcinoma demonstrating intense 18F-FDG uptake and hyperdense nodularity in mesenteric fatty tissue on post-
chemotherapy positron emission tomography/computed tomography imaging. The serum tumor marker (CA-125) level was within the normal 
range. A correlative magnetic resonance imaging highlighted the diagnosis of mesenteric panniculitis that was also confirmed by clinical follow-up.
Keywords: Mesenteric panniculitis, PET/CT, ovary carcinoma
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Figure 1. The first positron emission tomography/computed tomography (PET/CT) scan was performed for restaging purposes due to increased 
(CA-125) level (70 U/mL) is shown in the upper row.There were several enlarged lymph nodes with intense 18Fluorine-fluorodeoxyglucose (18F-FDG) 
uptake in the left aortic and interaortocaval regions [maximum standardized uptake value (SUV

max
:11.6)] of the abdomen (A). Post-therapeutic PET/

CT study done after 8 cycles of chemotherapy is seen in the second row and showed complete metabolic regression of all metastatic lesions seen on 
the previous scan. However, a few new lesions with intense 18F-FDG accumulation were observed in the mesenteric region (SUV

max
: 13.4) (B), despite 

normal ranged tumor markers at that time. To provide further lesion characterization, a magnetic resonance imaging (MRI) was performed and 
revealed hyperintense nodular lesions in the superior mesenteric region on T2 weighted fat saturated images, all of which also demonstrated contrast 
enhancement with no vessel invasion on T1 weighted fat saturated post-contrast images. These findings were suggestive of mesenteric panniculitis, 
rather than malignancy (C) (1). After one year clinical follow-up without any treatment and any severe clinical problem, PET/CT scan was repeated as 
CA-125 levels increased up to 192 U/mL and showed multiple hypermetabolic lymphadenopathies (SUV

max
: 21.6) in the interaortocaval area and some 

hypermetabolic implants in the peritoneal surfaces of the abdomen, suggesting recurrent disease. On the contrary, mesenteric 18F-FDG uptake that was 
detected on previous PET/CT scan due to panniculitis was completely resolved, as reported in the most cases in other reports (D) (2). 
The etiology of mesenteric panniculitis is still unknown but the history of abdominal trauma or surgical operation has been reported. Other causes may 
also be responsible (3,4). The CT findings are reported to vary depending on the stage of the disease but even mesenteric vessels are displaced and 
surrounded by the involved fat, there is no vessel invasion. Thereby MRI will be more useful for evaluation of vessel invasion and differential diagnosis 
(5,6). In a study, a group of 19 patients with a history of different malignancies was investigated by 18F-FDG-PET/CT study for the recent diagnosis of 
mesenteric panniculitis on abdominal CT imaging. Among these, 11 patients with no 18F-FDG uptake in the abdomen had no active malignancy during 
follow-up, whereas 7 of 8 patients who had increased 18F-FDG uptake were associated with tumor involvement. Therefore, it was concluded that 
18F-FDG PET/CT scan can be used to differentiate malignant involvement in patients with mesenteric panniculitis (7). However, there was one patient 
in that study, who was diagnosed with rectal carcinoma, with no tumor involvement and false positive 18F-FDG uptake, similar to our case. Another 
case with non-Hodgkin lymphoma has also demonstrated false 18F-FDG uptake that was compatible with mesenteric panniculitis (8). In conclusion, it 
should be kept in mind that increased 18F-FDG uptake in mesenteric region might be related to inflammatory lesions like panniculitis.
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Öz
Metastatik mide adenokarsinomu tanılı 67 yaşında kadın hastaya yeniden evreleme amacıyla 18flor-florodeoksiglukoz (18F-FDG) pozitron emisyon 
tomografisi/bilgisayarlı tomografi (PET/BT) çekimi yapıldı. PET/BT’de karaciğer metastazı saptandı ve hasta altı kür kemoterapi aldı. Kontrol 18F-FDG 
PET/BT’de karaciğer lezyonu kayboldu, ancak karın duvarında subkütan yağlı dokularda yeni oluşan çok sayıda artmış 18F-FDG tutulum odağı tespit 
edildi. Artmış tutulum, enoksaparine bağlı reaksiyondan kaynaklanan nodüler lezyonlarla ve ayrıca tekrarlanan enjeksiyonlara bağlı lokal travmayla 
ilişkili bulundu.
Anahtar kelimeler: Enoksaparin, granülom, 18F-FDG PET/BT

Abstract
A 67-year-old female patient with metastatic gastric adenocarcinoma was referred to 18fluorine-fluorodeoxyglucose (18F-FDG) positron emission 
tomography/computed tomography (PET/CT) for restaging. PET/CT revealed liver metastasis and the patient received six-cycles of chemotherapy. 
On control 18F-FDG PET/CT the liver lesion disappeared but newly formed multiple foci of increased uptake in the subcutaneous adipose tissues 
of the abdominal wall were detected. The uptake was related to nodular lesions resulting from an idiosyncratic reaction to enoxaparin and from 
local trauma through repeated injections.
Keywords: Enoxaparin, granuloma, 18F-FDG PET/CT
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Figure 1. A 67-year-old female patient with metastatic gastric adenocarcinoma was admitted to our hospital for restaging 18fluorine-fluorodeoxyglucose 
(18F-FDG) positron emission tomography/computed tomography (PET/CT). The patient had undergone total gastrectomy (T2N2M0) 18 months 
earlier and then received radiotherapy. PET/CT revealed one 18F-FDG-avid metastatic lesion in the liver (1st PET/CT; dashed arrow). After six-cycles of 
chemotherapy, the second PET/CT imaging was performed for therapy response. In this imaging, metastatic lesion disappeared in the liver, but PET/
CT demonstrated newly formed multiple focal increased uptakes of 18F-FDG in the subcutaneous adipose tissues of the abdominal wall with the largest 
dimension of 2.1 cm and the highest maximum standardized uptake value of 4.5 (2nd PET/CT; arrows).

Figure 2. The patient continued to receive chemotherapy and after 7 months, a third follow-up 18F-FDG was performed. There were no new 
metastatic lesion in whole body, however the subcutaneous hypermetabolic lesions remained existed on the anterior abdominal wall (arrowheads) 
and bilateral arms (arrows) at different localizations from the second PET/CT related to continuing enoxaparin injection. Subcutaneous metastasis 
from gastric cancer is a rare manifestation, with a reported incidence of 0.8-1.0% (1). The most commonly reported origins of cutaneous metastasis 
are lung, breast and colon cancer, melanoma, squamous cell carcinoma of the oral cavity and renal cell carcinoma (2). The patient had a history of 
mitral valve replacement and switched from injection therapy with heparin to enoxaparin between the first and second PET/CT imaging. Although 
these nodules can simulate metastasis, in this case, since the liver lesion was disappeared after chemotherapy, the increased 18F-FDG uptake at the 
subcutaneous injection sites was not evaluated in favor of metastasis. These nodular lesions may result from an idiosyncratic reaction to enoxaparin 
and from local trauma through repeated injections as a promoting factor (3). A careful and detailed clinical history is needed to prevent misdiagnosis 
in PET/CT evaluation.
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Öz
Altta yatan akciğer kanserinin ilk bulgusu olarak ortaya çıkan iki akrometastaz olgusu sunuyoruz. İlk olgu sol el baş parmağında travmaya bağlı 
kırık teşhisiyle bir süre tedavi almış olan 37 yaşında erkek hastadır. İkinci olgu sol elinde yumuşak doku enfeksiyonu tanısıyla 4 hafta tedavi almış 
olan 77 yaşında erkek hastadır. Her iki olguya ait akral metastazların primer kaynağının akciğer olduğu 18flor-florodeoksiglukoz pozitron emisyon 
tomografisi/bilgisayarlı tomografi ile gösterildi.
Anahtar kelimeler: Akrometastaz, akciğer kanseri, kemik metastazı, PET/BT, 18F-FDG-PET

Abstract
We present 2 cases of acrometastases that manifest as the first signs of underlying lung cancer. The first case is 37 year-old-man misdiagnosed and 
treated as having a traumatic fracture at the left thumb. The second case is a 77 year-old-man who received treatment for soft tissue infection at 
left hand for 4 weeks. In both cases 18fluorine-fluorodeoxyglucose positron emission tomography/computed tomography demonstrated primary 
malignant lesions in the lungs consistent with primary lung cancer with acrometastases.
Keywords: Acrometastasis, lung carcinoma, bone metastasis, PET/CT, 18F-FDG-PET
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Figure 1. A 37 year-old-man presented with pain and swelling of his left thumb. He previously had a plaster cast treatment for two months considered 
as a traumatical fracture. His pain got persistent and the mass at the left thumb grew gradually. According to the radiological features, biopsy was 
planned  suspicion of bone metastasis. In tissue samples taken from the first metacarpal bone and related soft tissue, histopathology showed a high-
grade neuroendocrine tumor metastasis, likely originating from the lung. The patient was referred to 18fluorine-fluorodeoxyglucose (18F-FDG) positron 
emission tomography/computed tomography (PET/CT) to search for the underlying primary tumor. There was a mass lesion in the posterobasal 
segment of the left lung 4.3x3.6 cm size with intense 18F-FDG uptake, consistent with primary lung cancer (arrow). The metastatic lesion at the left 
first metacarpal region also showed intense uptake (dash arrow). There was no other pathological hypermetabolic focus at any point of the body.  

Figure 2. A 77 year-old-man presented with an open wound and a mass lesion on his left hand mimicking a soft tissue infection. Because the enlarging 
mass  did not respond to any treatment, the patient underwent open biopsy. Histopathology revealed metastasis from squamous cell lung cancer. The 
patient was referred to 18F-FDG PET/CT for diagnosis and staging. PET/CT demonstrated the primary malign tumor in the inferior lobe of the right lung 
3.4x4.1 cm size with intense 18F-FDG uptake (dash arrow). In addition to the metastatic lesion at the second metacarpal region of the left hand, PET/
CT showed metastases in the right hand thumb region (arrow head) and left lobe of the liver (arrow) with intense 18F-FDG uptake. The accumulation 
on the right foot ankle was related to the injection site. Acrometastasis is the first sign of cancer in approximately 25% of cases and is a common 
finding in diffuse metastatic disease . Early diagnosis enables early treatment and positively affects the patient’s quality of life (1). Acrometastasis as 
the first manifestation of an occult neoplasm, can be mistaken for more common benign lesions, resulting in inappropriate management (2). Main 
symptoms are heat, redness, swelling, tenderness, and intermittent pain in the extremity (3,4). Osteomyelitis, gouty arthritis, pyogenic granuloma, 
tuberculous dactylitis, and primary skin malignancies should be considered in the differential diagnosis. acrometastasis is most commonly caused by 
lung, kidney, breast and colon cancers, in turn (4). The mean survival time of patients with acrometastasis is 7 months, reflecting a poor prognosis (4). 
Since acrometastases are rare, no standard treatment protocol has yet been established. Because the prognosis is poor, treatment is planned palliative; 
such as ideal tumor resection, preservation of hand functions, elimination of pain and rapid recovery (5).
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Öz
Ekstramedüller plazmositom (EMP), plazma hücrelerinin kemik iliği dışında anormal proliferasyonu sonucu meydana gelir. Meme plazmositomu 
nadir görülür. Radyolojik olarak memenin benign ve malign lezyonlarıyla karışabilmektedir. Memede EMP tanısını koyabilmek önemlidir, çünkü 
diğer lezyonlarla tedavi stratejisi farklıdır ve multipl miyelom (MM) relapsının tanınıp erken tedavisine olanak sağlar. Bu yazıda 65 yaşında MM tanılı 
hastanın meme lezyonuyla prezente olduğu EMP olgusunun görüntüleme ve klinikopatolojik bulguları sunulmuştur.
Anahtar kelimeler: PET/BT, plazmositom, meme, ultrasonografi, mamografi

Abstract
Extramedullary plasmacytoma (EMP) occurs as a result of abnormal proliferation of plasma cells outside the bone marrow. Breast plasmacytomas 
are rare. Radiologically, they can be confused with benign and malignant lesions of the breast. It is important to be able to diagnose EMP in the 
breast since the treatment strategy is different from that of other lesions and allows for the diagnosis and early treatment of multiple myeloma 
(MM) relapse. We report imaging and clinicopathological findings of an EMP case in which a 65-year-old patient with MM in remission presented 
with breast masses. 
Keywords: PET/CT, plasmacytoma, breast, ultrasonography, mammography
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Figure 1. A 65-year-old female patient diagnosed with multiple myeloma (MM), who was followed up in remission, was admitted to the hospital with 
a complaint of mass in the right breast. In the mammography (A), two well-circumscribed, oval-shaped lesions with equal density to the fibro-glandular 
tissue were observed in the upper inner quadrant of the right breast. Ultrasonography (US) showed (B) a well-circumscribed markedly hypoechoic 
(pseudo-cystic appearance) 9x10 mm and 3x2 mm lesions with posterior acoustic enhancement (C). Color Doppler US showed increased vascularity in 
these lesions. US findings of breast plasmacytoma; in line with our case, are circumscribed margin, pseudo-cystic appearance and internal vascularity in 
Doppler US. Microcalcification and lymphadenopathy were not expected findings (1,2). However, the US imaging findings are variable and not specific, 
therefore, US-guided core needle breast biopsy was performed for histopathological diagnosis (3).

Figure 2. Histopathological analysis. Microscopy revealed plasma cell infiltration (A x40, B x100, hematoxylin-eosin stain). Tumor cells were positive for 
immunohistochemical CD-138 and kappa (C and D, x20). Lambda and pancytokeratin were negative (E and F, x20). The breast ductus between tumor 
cells appeared as positive (F, arrows). The pathology result was compatible with extramedullary plasmacytoma (EMP).
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Figure 3. Positron emission tomography/computed tomography (PET/CT) has been found to be useful in detecting extramedullary involvement and 
disease extension in MM (4,5). The International Myeloma Working Group recommends 18fluorine-fluorodeoxyglucose (18F-FDG)-PET combined with 
CT or magnetic resonance imaging to monitor treatment response and detect extramedullary involvement (1,2,6). In our patient, in axial CT (A, B), 
fusion PET/CT (C, D) and PET images in 18F-FDG PET/CT nodular lesions in soft tissue density in the right breast (E, F) showed 18F-FDG uptake [white 
arrow, maximum standardized uptake value (SUV

max
): 3.8; blue arrow, SUV

max
: 3.6]. In addition, in axial sections (A, B, C, D, E, F) nodular lesion in the 

right arm and pleural thickening in the posterior part of the right hemithorax showed increased activity. In PET maximum intensity projection image 
(G), 18F-FDG uptake in other areas (bilateral maxilla retrobulbar, bilateral proximal clavicular and common bone marrow) was also monitored. 18F-FDG 
PET/CT whole-body screening ensured that lesions in other areas were shown. EMP in the breast is rare, although its frequency is not clear, with 63 
cases corresponding to approximately 15 cases per year reported in 1928 and 2009 (1,3). The average incidence age is 53 and the vast majority of 
patients are women (7). Although 90% of EMP cases occur in the head and neck area, they are most commonly seen in the upper respiratory tract or 
oral cavity. It is important to distinguish breast plasmacytoma from benign and malignant breast lesions since its treatment is not surgical but through 
chemotherapy and/or local radiotherapy (2,8). Therefore, knowing the imaging features allows for accurate diagnosis and treatment.
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18F-FDG PET/BT’de Nörojenik Heterotopik Ossifikasyonun Metabolik Aktivitesi ile Kemik 
Taramasında Devam Eden Osteoblastik Aktivite Eşleşmesi

Abstract
A 54-year-old man, with previous history of neurogenic heterotopic ossification (HO) in muscles around the left hip following a spinal cord injury 
ten months earlier, was referred to our nuclear medicine center for an 18fluorine-fluorodeoxyglucose (18F-FDG) positron emission tomography/
computed tomography (PET/CT) to rule out a spondylodiscitis. No sign of spondylodiscitis was found on 18F-FDG PET/CT, but images revealed an 
increased 18F-FDG uptake in HO areas, matching with ongoing osteoblastic activity on a following bone scan. 
Keywords: Heterotopic ossification, bone scan, 18F-FDG PET/CT

Öz
On ay önce omurilik yaralanmasını takiben sol kalça çevresindeki kaslarda nörojenik heterotopik ossifikasyon (HO) öyküsü olan 54 yaşında bir 
erkek hasta, spondilodiskiti ekarte etmek için 18flor-florodeoksiglukoz (18F-FDG) pozitron emisyon tomografisi/bilgisayarlı tomografi (PET/BT) için 
nükleer tıp merkezimize sevk edildi. 18F-FDG PET/BT’de spondilodiskit belirtisi bulunmadı, ancak görüntüler, sonraki kemik taramasında devam 
eden osteoblastik aktivite ile eşleşen, HO alanlarında 18F-FDG tutulumunun arttığını ortaya koydu.
Anahtar kelimeler: Heterotopik ossifikasyon, kemik taraması, 18F-FDG PET/BT
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Figure 1. A 54-year-old man was referred to our nuclear medicine 
center for a combined 18fluorine-fluorodeoxyglucose (18F-FDG) positron 
emission tomography/computed tomography (PET/CT) to rule out 
a spondylodiscitis. He had a previous history ten months earlier of a 
thoracolumbar fracture complicated with paraplegia, treated with 
anterolateral decompression and fixation. He presented unexplained 
persistent lumbar pain and C-reactive protein level above the normal 
range after two successfully treated obstructive pyelonephritis, and a 
suspicion of spondylodiscitis was waived. The patient was known to 
present heterotopic ossification (HO) associated with the spinal cord 
injury with multiple areas of dense calcifications in the muscles around the 
left hip, as the anterior compartment of the thigh and iliopsoas muscle. 
No sign of spondylodiscitis was found on 18F-FDG PET/CT (maximum 
intensity projection 18F-FDG PET/CT image A, axial fused PET/CT image 
B), but images revealed a diffuse increased 18F-FDG uptake in a few of HO 
areas (axial and sagittal fused PET/CT images C and D).

Figure 2. A complementary 3-phase bone scan was secondly performed. 
The bone scan showed extra-osseous extensive accumulations of 
technetium-99m (Tc-99m) hydroxymethylene diphosphonate matching 
with increased 18F-FDG uptake areas. Coronal fused PET/CT image (A), 
coronal fused single photon emission computed tomography/CT images 
on soft-tissue phase (B) and on delayed phase (C), showing a matching 
tracer uptake between the two modalities in HO areas around the left 
hip (asterisks). On CT images, multiple areas of dense calcifications were 
seen (arrows, coronal CT images D, E, and F). HO is a diverse pathologic 
process, defined as the formation of extraskeletal bone in muscle and soft 
tissues, usually between the muscle and the joint capsule. The reported 
incidence of HO in patients with spinal cord injury is approximately 20% 
(1). Such development of neurogenic HO generally occurs within a few 
months after spinal cord injury and progresses over a period of years (2). 
Clinically, neurogenic HO may cause severe pain during the process of 
formation and adversely affecting quality of life (3). Three-phase bone 
scanning is a highly sensitive method for the assessment of progression, 
maturation process and extent of HO. An increased vascularity on 
angiographic flow and soft-tissue phases is the earlier sign. Then occurs 
Tc-99m methyl diphosphonate (MDP) accumulation on delayed-phase, 
which is often seen 4 to 6 weeks earlier than ossification (4). Three-
phase bone scanning could be required for the clinical management 
of HO. Indeed, conservative treatment such as medication or local 
radiotherapy could be performed over surgical excision in case of high 
Tc-99m MDP accumulation (5). 18F-FDG uptake in HO, suggestive of 
active inflammation, is known as a pitfall of 18F-FDG PET/CT imaging. 
The concern, especially in early cases is that the imaging findings on FDG 
PET/CT could mimic that of aggressive sarcomas (6,7,8). Elucidating the 
antecedent history becomes important in making the current diagnosis 
in these patients.
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Öz
Elli yaşında kadın hastaya sol meme kanseri nedeniyle modifiye radikal mastektomi sonrası 18flor-florodeoksiglukoz (18F-FDG) pozitron emisyon 
tomografisi/bilgisayarlı tomografi (PET/BT) uygulandı. PET/BT’den 10 gün önce, koronavirüs hastalığı-2019 (COVID-19) aşısı sağ deltoid kas içine 
enjekte edildi. Daha önceki PET/BT’de izlenmeyen, sağ aksilla lenf nodlarında maksimum standardize alım değeri (11,0) 18F-FDG tutulumu artışı 
gözlendi. Oval şekilli lenf nodlarının boyutu yaklaşık olarak 11x9 mm’ye kadardı; ancak önceki PET/BT’de gözlemlenenden daha büyüktü. Artan 
18F-FDG tutulumunun, COVID-19 aşısıyla ilişkili olarak lenf nodlarındaki reaktif bir değişiklik olduğunu düşünüyoruz.
Anahtar kelimeler: COVID-19, aşı, 18F-FDG PET/BT

Abstract
A 50-year-old female patient underwent 18fluorine-fluorodeoxyglucose (18F-FDG) positron emission tomography/computed tomography (PET/CT) 
following modified radical mastectomy for cancer of the left breast. Ten days before the PET/CT, the coronavirus disease-2019 (COVID-19) vaccine 
was injected intramuscularly into the right deltoid muscle. Increased 18F-FDG uptake of maximum standardized uptake value (11.0) was observed 
in the lymph nodes of the right axilla, which had not been observed in the previous PET/CT. The size of the oval-shaped lymph nodes was up to 
approximately 11×9 mm; however, it was larger than that observed on the previous PET/CT. We contemplate that the increased 18F-FDG uptake 
was a reactive change in the lymph nodes associated with the COVID-19 vaccine.
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Figure 1. 18Fluorine-fluorodeoxyglucose (18F-FDG)  positron emission 
tomography (PET) maximum intensity projection image of a 50-year-old 
female patient. 18F-FDG PET/computed tomography (CT) performed 2 
years and 10 months after surgery for cancer of the left breast shows 
several lymph nodes in the right axilla with increased 18F-FDG uptake 
(arrows) (a). Ten days before the 18F-FDG PET/CT was performed, the 
patient received the coronavirus disease-2019 (COVID-19) vaccine 
(Comirnaty, Pfizer-BioNTech), injected intramuscularly into the right 
deltoid muscle. The reactive change was considered to have been caused 
by the vaccine. No increased uptake in the axillary lymph nodes was seen 
on the 18F-FDG PET/CT performed previously (1 year and 10 months after 
surgery) (b).

Figure 2. Axial CT (a), 18F-FDG PET (b), 18F-FDG PET/CT fusion image (c) at 
the axillary level. Lymph nodes with increased 18F-FDG uptake [maximum 
standardized uptake value (SUVmax) 11.0] are seen in the right axilla 
(arrows). These lymph nodes were oval-shaped, and the hilum was seen 
in the largest of these lymph nodes. Their size was up to approximately 
11×9 mm, which was larger than that observed on the 18F-FDG PET/
CT performed a year ago. Some studies have reported that COVID-19 
vaccination increases the 18F-FDG uptake in the axillary lymph nodes on 
the vaccinated side (1,2,3,4,5,6). To date, 18F-FDG uptake in the lymph 
nodes has been reported to have a SUVmax of 4.5 and 9.4 (1,2); however, 
it was even higher in this case (SUVmax 11.0). Similar findings have been 
reported for influenza vaccinations (7,8). It is necessary to appropriately 
interpret these findings after injection of the influenza vaccine to avoid 
confusion with lymph node metastasis or lymphoproliferative diseases, 
such as malignant lymphoma. The same would also apply to the COVID-19 
vaccination. Especially when the vaccine is injected intramuscularly on the 
ipsilateral side of the cancerous breast, it might be difficult to distinguish 
the reactive changes due to vaccination from metastasis of the breast 
cancer in the 18F-FDG PET/CT images. Therefore, patients with breast 
cancer should be vaccinated in the deltoid muscle contralateral to the 
cancerous breast. In addition, when interpreting the 18F-FDG PET/CT 
findings in patients who have received the COVID-19 vaccine, it should 
be noted that vaccination might cause increased uptake in the axillary 
lymph nodes on the vaccinated side. It is expected that the chances of 
interpretation of 18F-FDG PET/CT images of patients who have been 
vaccinated against COVID-19 will increase rapidly. Hence, it is important 
to confirm the patient’s recent vaccination history, site of vaccination, 
and the period since vaccination before the examination.
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