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

Focus and Scope

Molecular Imaging and Radionuclide Therapy (Mol Imaging Radionucl Ther, MIRT)
is a double-blind peer-review journal published in English language. It publishes
original research articles, reviews, editorials, short communications, letters,
consensus statements, guidelines and case reports with a literature review on the
topic, interesting images 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.

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.

This journal is licensed under a Creative Commons 3.0 International License.

Permission Requests

Permission required for use any published under CC-BY-NC license with commercial
purposes (selling, etc.) to protect copyright owner and author rights). 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.

Instructions for Authors

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

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

Material Disclaimer

Scientific and legal responsibilities pertaining to the papers belong to the authors.
Contents of the manuscripts and accuracy of references are also the author's
responsibility. The Turkish Society of Nuclear Medicine, the Editor, the Editorial
Board or the publisher do not accept any responsibility for opinions expressed in
articles.

Financial expenses of the journal are covered by Turkish Society of Nuclear
Medicine.
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Molecular Imaging and Radionuclide Therapy (Mol Imaging Radionucl Ther, MIRT)
publishes original research articles, short communications, 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). The journal is printed on
an acid-free paper.

Molecular Imaging and Radionuclide Therapy does not charge any article
submission or processing fees.

GENERAL INFORMATION

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

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

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

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

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

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

Subjects must be identified only by number or letter, not by initials or names.
Photographs of patients’ faces should be included only if scientifically relevant.
Authors must obtain written consent from the patient for use of such photographs.

INSTRUCTIO THORS

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

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

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

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

MANUSCRIPT SUBMISSION PROCEDURES

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

All Submissions Must Include:

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

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

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

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

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

MANUSCRIPT PREPARATION

General Format

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

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

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

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

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

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

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

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

INSTRUCTIO THORS

® 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:

e Full title (in English and in Turkish). Turkish title will be provided by the editorial

office for the authors who are not Turkish speakers.

e Authors' names and institutions.

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

e At least three and maximum eight keywords. (in English and in Turkish). Do

not use abbreviations in the keywords. Turkish keywords will be provided by the

editorial office for the authors who are not Turkish speakers. If you are not a

native Turkish speaker, please reenter your English keywords to the area provided

for the Turkish keywords. English keywords should be provided from http://www.

nlm.nih.gov/mesh (Medical Subject Headings) while Turkish keywords should be

provided from http://www.bilimterimleri.com.

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

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

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

Original Articles

Authors are required to state in their manuscripts that ethical approval from an

appropriate committee and informed consents of the patients were obtained.
Original Articles should be submitted with a structured abstract of no more than

250 words. All information reported in the abstract must appear in the manuscript.

The abstract should not include references. Please use complete sentences for all

sections of the abstract. Structured abstract should include background, objective,

methods, results and conclusions. Turkish abstract will be provided by the editorial

office for the authors who are not Turkish speakers. If you are not a native Turkish

speaker, please reenter your English abstract to the area provided for the Turkish

abstract.

- Introduction

- Materials and Methods

- Results

- Discussion

- Study Limitations

- Conclusion

May be given for contributors who are not listed as authors, or for grant support

of the research.

References should be cited in numerical order (in parentheses) in the text and

listed in the same numerical order at the end of the manuscript on a separate page

or pages. The author is responsible for the accuracy of references. Examples of

the reference style are given below. Further examples will be found in the articles

describing the Uniform Requirements for Manuscripts Submitted to Biomedical

Journals (Ann Intern Med.1988; 208:258-265, Br Med J. 1988; 296:401-405).

The titles of journals should be abbreviated according to the style used in the

Index Medicus. Journal Articles and Abstracts: Surnames and initials of author's

name, title of the article, journal name, date, volume number, and pages. All

authors should be listed regardless of number. The citation of unpublished papers,

observations or personal communications is not permitted. Citing an abstract is
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not recommended. Books: Surnames and initials of author's names, chapter title,
editor's name, book title, edition, city, publisher, date and pages.

Sample References

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

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

Article in a journal published ahead of print: Ludbrook J. Musculovenous pumps
in the human lower limb. Am Heart J 2009;00:1-6. (accessed 20 February 2009).

Lang TF, Duryea J. Peripheral Bone Mineral Assessment of the Axial Skeleton:
Technical Aspects. In: Orwoll ES, Bliziotes M (eds). Osteoporosis: Pathophsiology
and Clinical Management. New Jersey, Humana Pres Inc, 2003;83-104.

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

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

- Tables

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

- Figure Legends

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

- Figures

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

Short Communications:

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

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.

INSTRUCTIO
- Text
- Conclusion
- Acknowledgements (if any)
- References
Editorial:

- Title page (see above)

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

- Text

- References

Case Report and Literature Review

- Title page (see above)

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

- Case report

- Literature Review and Discussion

- References

Interesting Image:

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

Title Page: (see Original article section)

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

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

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

Letters to the Editor:

- Title page (see above)

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

- References no more than five.

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

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

Archiving

The editorial office will retain all manuscripts and related documentation
(correspondence, reviews, etc.) for 12 months following the date of publication
or rejection.

Submission Preparation Checklist

As part of the submission process, authors are required to check off their
submission's compliance with all of the following items, and submissions may be
returned to authors that do not adhere to these guidelines.

1. The submission has not been previously published, nor is it before another journal
for consideration (or an explanation has been provided in Comments to the Editor).
2. The submission file is in Microsoft Word, RTF, or WordPerfect document file
format. The text is double-spaced; uses a 12-point font; employs italics, rather
than underlining (except with URL addresses); and the location for all illustrations,
figures, and tables should be marked within the text at the appropriate points.

3. Where available, URLs for the references will be provided.

4. All authors should be listed in the references, regardless of the number.

5. The text adheres to the stylistic and bibliographic requirements outlined in the
Author Guidelines, which is found in About the Journal.

6. English keywords should be provided from http://www.nIm.nih.gov/mesh(Medical
Subject Headings), while Turkish keywords should be provided fromhttp://www.
bilimterimleri.com

7. The title page should be a separate document from the main text and should
be uploaded separately.

8. The "Affirmation of Originality and Assignment of Copyright/The Disclosure
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Diferansiye Tiroid Karsinomlu Hastalarda Beklenmeyen Yanlig Pozitif I-13 1 Tutulumu
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2Ege University Faculty of Medicine, Department of Radiology, [zmir, Turkey

Abstract

Objective: Radioiodine is the most specific radionuclide for differentiated thyroid carcinoma (DTC) imaging. Despite its high
specificity and sensitivity, false-positive I-131 uptake could be seen on whole body scan (WBS) that may lead to misdiagnosis
and unnecessary radioiodine treatment. In this study, we aimed to present the I-131 WBS and concomitant single photon
emission computed tomography/computed tomography (SPECT/CT) images of unexpected false-positive radioiodine uptake
along with the patients’ clinical outcomes and the contribution of SPECT/CT imaging.

Methods: I-131 WBSs of 1507 patients with DTC were retrospectively reviewed, and anticipated I-131 uptakes (like in breasts
or thymus) were excluded from the study. The unexpected false-positive I-131 uptakes with concomitant SPECT/CT imaging
were included in the study.

Results: Twenty-one patients had 23 unexpected I-131 uptakes on WBS and concomitant SPECT/CT imaging. The vast
majority (87%) of these cases were seen on post-therapeutic 131 WBS. Most of the false-positive 131 uptakes could be
explained by SPECT/CT and radiologic findings, and were secondary to non-thyroid conditions (bronchiectasis, lung infection,
subcutaneous injection into gluteal fatty tissue, aortic calcification, benign bone cyst, vertebral hemangioma, recent non-
thyroid surgical procedure site, rotator cuff injury, mature cystic teratoma and ovarian follicle cyst). However, the possible
reasons of 9 false-positive I-131 uptakes could not be explained by radiologic findings.

Conclusion: We suggest that false-positive 1-131 uptake and its underlying mechanisms (inflammation, trapping, increased
perfusion, etc.) must be kept in mind in patients with thyroid cancer and unexpected findings must be considered together
with serum thyroglobulin levels, SPECT/CT and radiologic findings in order to avoid misdiagnosis and unnecessary radioiodine
treatment.

Keywords: I-131, radioiodine, scintigraphy, SPECT/CT, thyroid, cancer

Oz

Amac: Radyoaktif iyot diferansiye tiroid karsinomu (DTK) gorlntllemesinde kullanilan en yiksek 6zgullige sahip
radyonUkliddir. Duyarlilik ve 6zgilligu yiksek olmakla birlikte I-131 tiim viicut tarama sintigrafisinde (TVTS) yanlis pozitif 1-131
tutulumu gorulebilmekte ve bu durum tanisal glcliklere ve gereksiz tedavi uygulanmasina neden olabilmektedir. Bu calismada
[-131 TVTS'de izlenen beklenmedik yanlis pozitif 1-131 tutulumlarina ait TVTS ve tek foton emisyon bilgisayarli tomografisi/
bilgisayarli tomografi (SPECT/BT) gorintileme bulgulari ile hastalarin klinik sonuglarinin ve SPECT/BT gériintilemenin
katkisinin sunulmasi amaclanmistir.

Yontem: Klinigimizde takipli 1507 DTK tanili hastaya ait I-131 TVTS'leri retrospektif olarak incelendi ve alisilagelmis yanlis
pozitif I-131 tutulumlari (timds, meme gibi) calisma disinda birakildi. Es zamanli SPECT/BT gériintleri olan ve beklenen alanlar
disinda izlenen yanlis pozitif 131 tutulumlari calismaya dahil edildi.
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Bulgular: Yirmi bir hastada 23 adet es zamanli SPECT/BT ile lokalize edilen, beklenmedik yanlis pozitif I-131 tutulumu saptandi.
Bulgularin buyik cogunlugu (%87) postterapdtik TVTS'de izlendi. Yanlis pozitif tutulumlarin cogunun es zamanli SPECT/BT
ve radyolojik bulgular ile tiroid disi nedenlere (bronsektazi, akciger enfeksiyonu, gluteal yagl dokuya subkutan enjeksiyon,
aort kalsifikasyonu, benign kemik kisti, vertebral hemanjiom, yakin zamanli tiroid disi cerrahi girisim, rotator kilif yaralanmasi,
matur kistik teratom ve overde follikll kisti) bagl oldugu anlasildi. Dokuz hastada ise yanlis pozitif iyot tutulumu radyolojik

gorlntileme bulgulari ile agiklanamadi.

Sonug: Tiroid kanserli hastalarda yanlis pozitif 1131 tutulumunun izlenebilecedi ve altta yatan mekanizmalari (enflamasyon,
kanlanma artisi, kistik lezyonda tutulum vb.) akilda tutularak, beklenmeyen I-131 tutulumlarinin serum tiroglobulin dizeyi,
SPECT/BT ve radyolojik verilerle birlikte degerlendirilerek gereksiz tedavilerin 6niine gecilmesi gerektigi sonucuna variimistir.

Anahtar kelimeler: I-131, radyoaktif iyot, sintigrafi, SPECT/BT, tiroid, kanser

Introduction

Differentiated thyroid carcinoma (DTC), including papillary
and follicular thyroid cancer, represents over 90% of all
thyroid cancer cases (1). The primary treatment of choice in
DTC s surgery (1,2). DTC patients, except microcarcinomas
with no extension beyond the thyroid capsule and without
lymph node or distant metastasis, receive radioiodine
treatment after surgery (3). Radioiodine is the most specific
(>90%) radionuclide for DTC imaging (3). Post-therapeutic
I-131 whole body scan (WBS) is used for restaging while
diagnosticl-131WBSisused for the follow-up of DTC patients.
Despite its high specificity and sensitivity, false-positive
I-131 uptake could be seen on I-131 WBS (4,5,6,7,8,9,10).
Functional (residual or metastatic) thyroid tissue is not
the only tissue that accumulates radioiodine, but also
salivary glands, liver, breasts and thymus could accumulate
radioiodine. Also, gastrointestinal and urinary system can
be visualized in radioiodine scans due to iodine excretion.
In addition to these organs and systems, unexpected and
false-positive radioiodine accumulation could be seen
on |-131 WBS which might lead to misdiagnosis and
unnecessary radioiodine treatment (8,9). Further imaging
modalities are usually required to explain the unexpected
I-131 uptake, but it is difficult to guide further examinations
due to the absence of anatomical location data on planar
imaging protocols. In such cases, single photon emission
computed tomography/computed tomography (SPECT/
CT) hybrid imaging is a very useful modality to determine
the exact anatomic localization of the I-131 avid foci that
was detected on I-131 WBS. CT component of the hybrid
imaging not only improves attenuation correction, but
also improves the planar data interpretation by offering
the opportunity to differentiate between abnormal and
physiologic structures, and sometimes low dose CT images
help to diagnose the underlying pathology.

In this study, we aimed to present the imaging findings
[I-131 WBS, SPECT/CT, magnetic resonance imaging
(MRI), etc.], and clinical outcomes of patients as well as
the contribution of SPECT/CT imaging in unexpected false-
positive 1-131 accumulation, and to discuss the underlying
etiology of these cases.

Materials and Methods

Patients

From May 2012 to April 2015, 1507 DTC patients’
radioiodine  scans were retrospectively  reviewed.
Radioiodine contaminations and expected physiologic I-131
uptakes like in the breasts or thymus were excluded from
the study. Concomitant SPECT/CT imaging was performed
to determine the exact anatomical localization of the
I-131 avid foci on WBS and to exclude contaminations and
expected physiologic 1-131 uptakes. The unexpected |-131
uptakes on WBS were determined as false-positive for DTC;
if non-thyroid pathologies were demonstrated by SPECT/CT
and/or radiologic imaging, or no anatomic pathologies were
detected by concomitant SPECT/CT or further radiologic
imagings with low serum thyroglobulin (Tg) levels and
negative follow-up diagnostic -131 scans. According to
these parameters, 21 patients with 23 unexpected false-
positive I-13 uptakes were included in the study.

Follow-up Protocol

In order to prevent thyroid remnants from stunning,
diagnostic I-131 WBSs were not performed before the
administration of therapeutic dose. Radioiodine therapy
was performed according to the guideline for radioiodine
therapy of DTC (11). In the presence of abnormal findings
on post-therapeutic or diagnostic I-131 WBS, concomitant
SPECT/CT imaging was performed. Afterwards, further
diagnostic investigations were performed in patients with
abnormal laboratory or imaging findings and in patients
with persistent disease, repetitive radioiodine therapies
were administered at least 3 months after I-131 WABS.

Imaging Protocol

Planar -131 WBS was performed in both anterior and
posterior projections using dual-head gamma-camera
(Infinia Hawkeye 4®, GE Healthcare) with high-energy,
parallel-hole collimators. Continuous acquisition mode
was used at a table speed of 8 cm/min with a 1,024x256
matrix. The photopeak was 364 keV with a £10% window.
Additional images were required in case of unexpected
iodine uptakes or accumulations that give an impression
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of physiologic uptake (scanning after drinking a glass of
water to wash out physiologic uptake in the esophagus) or
contamination (scanning after removing the contamination
and taking off the stained clothes). Additional spot views
are performed using a 256x256 matrix for 5 min/view.

Imaging with SPECT/CT requires a long scanning time.
Therefore, in our department SPECT/CT (Infinia Hawkeye
4® GE Healthcare) is not performed routinely. SPECT/CT
imaging is performed for specific sites which are determined
by a nuclear medicine physician based on the WBS and
additional spot images. Emission SPECT images are
acquired with a matrix size of 128x128, and the photopeak
was 364 keV with a £10% window. A total image of 60
frames is acquired over 360° with an acquisition time of 40
s/frame, angular step of 6, and zooming factor of 1. After
SPECT acquisition, a CT scan is acquired for attenuation
correction with a low-dose, 4-slice helical CT scanner.
The CT parameters are 140 kV and 2.5 mAs. The images
are reconstructed with conventional iterative algorithm,
ordered subset expectation maximization and fused with
CT images by using software (Xeleris®, GE Healthcare) for
multiplanar reformatted image display.

Results

Twenty-one patients with 23 unexpected false-positive
I-131 uptakes were reviewed. The vast majority (87%) of
unexpected findings were seen in post-therapeutic I-131
WABS after first ablation treatment, while the rest (13%)
were seen on diagnostic WBSs.

The study included 21 patients with a median age of 58
(range 28-77 years) and a female/male ratio of 2.5:1.
Nineteen patients had papillary thyroid carcinoma while
2 patients had follicular thyroid carcinoma. The histologic
subtypes of papillary thyroid carcinoma were conventional
in 10 (48%), follicular variant in 8 (38%) patients and 1
(5%) patient had oncocytic variant of papillary thyroid
carcinoma.

Out of the 23 unexpected findings, the number of lesions
located in the cranial, thoracic, abdominal and pelvic regions
were 1, 15, 1 and 6, respectively. One of the patients had
false-positive I-131 uptakes in both the thoracic and pelvic
regions. Also, one patient had 2 false-positive uptakes in the
thoracic region, one of them in the lung and the other on
the rib. The locations and possible etiologies of unexpected
false-positive iodine uptakes are listed in Table 1.

Evaluation of the unexpected uptakes in the thoracic
region (n=15), which was the most common region of
false-positive I-131 uptakes in our study, revealed that 14 of
them were focal uptakes while one was a mild and diffuse
uptake like a thick band in the lung. On SPECT/CT images,
5, 2,2, 1and 5 of the false-positive uptakes in the thoracic
region were located in the lung parenchyma, vascular
structures, inflamed soft tissue, anterior mediastinum and
bones, respectively.

Serum Tg levels of the patients with unexpected |-131
uptakes in the lung parenchyma were low (0.3-19 ng/mL) in
terms of lung metastasis. In two patients with focal activity
accumulation in the lung parenchyma, it was remarkable
that on CT images there were findings concordant with
bronchiectasis on the same area of I-131 uptake on SPECT/
CT images (Figure 1). In 2 cases, no pathology was detected
that could explain the I-131 uptake in the lungs. In one
case, while there was a mild and diffuse I-131 uptake that
was shaped like a thick band on the left lung in SPECT/CT
images, no pathologic finding was found on this area on
CT images (Figure 2). On inquiry, the patient had a history
of using antibiotics due to lung infection approximately
one month ago. The radioiodine uptake was thought to be
secondary to the previous lung infection.

The concomitant SPECT/CTimaging of five of the unexpected
[-131 uptakes in the thoracic region demonstrated that
I-131 involvements were localized to the bone. Serum Tg
levels of these patients were low (0.3-11.9 ng/mL) for bone
metastasis. In 4 cases, the activity accumulations were
located to the ribs. However, no etiology that could cause
I-131 involvement was deterrmined. Focal I-131 uptake
of one case was located to the clavicle. This patient has
been reported as a case-report earlier, in whom the focal
I-131 uptake corresponded to a hypodense area in the left
clavicle on CT images (4). An MRI revealed that the finding
belonged to a benign lesion, a simple bone cyst.

One patient was treated with high dose I-131 because
of multiple lung metastases with a serum Tg level of 279
ng/mL. On post-therapeutic I-131 WBS, besides the lung
metastases, an intense I-131 uptake was determined at
the posterior upper zone of the right hemi-thorax (Figure
3). SPECT/CT images demonstrated that the uptake
was adjacent to the right scapula, and localized to skin/
subcutaneous soft tissue. Moreover, surgical sutures were
present in this area. It was understood that the patient
had an operation due to a soft tissue lesion adjacent to
the scapula before radioactive iodine (RAI) treatment, the
pathology report of thatlesion was interpreted as spindle-cell
mesenchymal tumor. Following the second RAI treatment,
the patient had no pathologic findings on I-131 WBSs and
no clinical complaints. At the end of 3-years of follow-up
period, the patient still has a mildly elevated serum Tg level
(7.5 ng/mL) with thyroid-stimulating hormone stimulation.

Serum Tg levels of other 4 unexpected focal I-131 uptakes
in the thoracic region were between 0.2 and 8 ng/mL. On
SPECT/CT images, 2 of these 4 patients had focal I-131
uptake that was in accordance with aortic wall calcification
and one patient had focal I-131 uptake in the anterior
mediastinum without any density change on CT images.
The other patient had an I-131 accumulation on the left
shoulder on planar WBS that was adjacent to the left
humeral head on SPECT/CT images. On inquiry, it was
learned that the patient had a history of rotator cuff tear of
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the left shoulder. It was thought that the I-131 uptake was
secondary to this condition.

When the unexpected uptakes in the pelvic region (n=6),
which was the second most common region of false-positive
I-131 uptakes in our study, were further evaluated, it was
remarkable that all unexpected findings were identified on
post-therapeutic scans with low serum Tg levels (0.2-4.6
ng/dL).

On SPECT/CT images, the |-131 uptakes of 2 patients
correlated to the ovaries. One of these patients was operated
due to an ovarian-origin lesion and was diagnosed with
mature cystic teratoma without thyroid tissue. This patient
has been presented as a case report earlier (5). In the other
case with I-131 uptake in the ovary, an ovarian hypo-dense
cystic area was monitored on SPECT/CT images (Figure 4).
Pelvic ultrasound (USG) demonstrated no pathology except
a follicle cyst and it was thought that the I-131 uptake in
the ovary was secondary to this cystic lesion.

Focal activity accumulation was observed in the pelvic region
in 3 patients on posterior image of post-therapeutic I-131
WABS (Figure 5). It was hard to distinguish those activities
from urinary contamination, so additional planar spot
images were obtained. If the pelvic uptakes were persistent
then concomitant SPECT/CT imaging was performed. On
SPECT/CT images, it was found that the uptakes were
localized to gluteal adipose tissue and it was evident that
they matched with old injection sites in subcutaneous fatty
tissue on CT images. On inquiry, all 3 cases had a history of
gluteal injections within the last 2 months. Therefore, no
further examination was required for these patients.

On post-therapeutic I-131 WBS, a patient had focal I-131
uptakes in the left hemithorax and posterior pelvic region.
The patient’s serum Tg level was low (3.7 ng/dL) for
metastasis. The thoracic radioiodine uptake corresponded
to the rib, and no pathologic finding was found on
CT images. The uptake in the posterior pelvic region
corresponded to the fifth lumbar vertebra on SPECT/CT.

Table 1. Localization sites and possible etiologies of false positive I-131 uptakes

Patient 1-131 WBS (post- SPECT/CT  Localization of unusual Tg* Follow-up Etiology

no therapeutic/diagnostic) region 1-131 uptake (ng/mL) Tg** (ng/mL)

1 Post-therapeutic Thoracic Soft tissue 3.2 <0.2 Rotator cuff injury

2 Post-therapeutic Thoracic Soft tissue 279 7.5 Inflammation after surgery
3 Post-therapeutic Thoracic Vascular structure 8 <0.2 Aortic calcification

4 Post-therapeutic Thoracic Vascular structure 1.4 <0.2 Aortic calcification

5 Post-therapeutic Thoracic Mediastinum 0.2 <0.2 Undetermined

6 Post-therapeutic Thoracic Lung 0.3 <0.2 Bronchiectasis

7 Post-therapeutic Thoracic Lung 10 <0.2 Bronchiectasis

8 Post-therapeutic Thoracic Lung 8 0.7 Lung infection

9 Post-therapeutic Thoracic Lung 19 1.9 Undetermined

10 Diagnostic Thoracic Lung 0.3 <0.2 Undetermined

10 Diagnostic Thoracic Bone-rib 0.3 <0.2 Undetermined

11 Post-therapeutic Thoracic Bone-rib 11.9 1.0 Undetermined

12 Post-therapeutic Thoracic Bone-rib 3.4 <0.2 Undetermined

13 Post-therapeutic Thoracic Bone-clavicle 2.4 <0.2 Benign bone cyst

14 Post-therapeutic Thoracic Bone-rib 3.7 0.3 Undetermined

14 Post-therapeutic Pelvic Bone-vertebrae 3.7 0.3 Vertebral hemangioma

15 Post-therapeutic Pelvic Soft tissue 0.2 <0.2 Subcutaneous injection site
16 Post-therapeutic Pelvic Ovary 1.4 <0.2 Mature cystic teratoma

17 Post-therapeutic Pelvic Ovary 7.2 <0.2 Follicle cyst

18 Post-therapeutic Pelvic Soft tissue 2.2 <0.2 Subcutaneous injection site
19 Post-therapeutic Pelvic Soft tissue 0.6 <0.2 Subcutaneous injection site
20 Post-therapeutic Abdominal  Soft tissue 5.2 <0.2 Undetermined

21 Diagnostic Head Bone-calvarium 0.5 0.2 Undetermined

*Serum thyroglobulin level at false positive uptake on I-131 WBS, **Serum thyroglobulin level at follow-up 1-131 whole body scan.
WBS: Whole body scan, SPECT/CT: Single photon emission computed tomography/computed tomography, Tg: Thyroglobulin
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On MRI images there was a hyper-intense lesion on T1 and
T2-weighted sequences in accordance with hemangioma in
the fifth lumbar vertebra.

In a patient with a focal I-131 uptake on the right abdominal

region, the uptake was found to correlate with soft tissue
at the intercostal area adjacent to the liver on SPECT/CT

Figure 1. There was I-131 uptake at the lower zone of the right hemithorax
on the anterior image of post-therapeutic 1-131 whole body scan (A,
arrow). The focal activity accumulation in the lung parenchyma on fused
single photon emission computed tomography/computed tomography
(CT) image (B), and findings on CT images (C, D) were concordant with
bronchiectasis. The diagnostic 131 scan (E) did not reveal any pathologic
uptake and the serum thyroglobulin level was low (<0.2 ng/mL)

S
Ty

CT Transaxials

Figure 2. A mild diffuse 1-131 uptake at the lower zone of the left
hemithorax (arrow) was seen on posterior image of post-therapeutic
[-131 whole body scan (A) in addition to residual thyroid tissue. The
uptake in the left lung parenchyma was shaped like a thick band that
could be compatible with the trajectory of a previous lung infection that
was detected on fused single photon emission computed tomography/
computed tomography images (B), and no pathologic finding was found
on this area on computed tomography images (C). On diagnostic 1-131
scan (D) there wasn't any pathologic uptake and the serum thyroglobulin
level was low (0.7 ng/mL)

images. However, no etiology that can explain I-131 uptake
could be detected by abdominal CT or USG.

During diagnostic I-131 WBS of one patient, focal activity
accumulation was identified in the cranium on posterior
planar image. On SPECT/CT, an activity was detected at
the right parieto-occipital area. There wasn't any density
change on CT images. No etiology could be found by 2
cranial MRs obtained with an interval of 6 months.

-

Fused Coronals

Figure 3. An intense |-131 uptake was identified at the upper zone of
the right hemithorax (arrow) on posterior image of post-therapeutic I-131
whole body scan (A) in addition to lung metastasis. On axial computed
tomography (CT) (B) and fused single photon emission computed
tomography (SPECT)/CT images (C), the finding was adjacent to the right
scapula, and localized to the skin/subcutaneous soft tissue. In addition,
on coronal CT (D) and SPECT/CT images (E) surgical sutures related to
a non-thyroidal soft tissue excision prior to radioiodine treatment were
detected. On follow-up 1-131 scan (F) there wasn't any pathologic uptake
but the patient still had a mildly elevated serum thyroglobulin level (7.5
ng/mL) with thyroid-stimulating hormone stimulation

CT Transaxials

Figure 4. On anteriorimage of post-therapeutic 131 whole body scan (A),
in addition to residual thyroid tissue, there was a focal I-131 accumulation
over the left side of the bladder (arrow). Fused single photon emission
computed tomography/computed tomography (CT) image (B) showed
that the 1131 uptake was localized to the left ovary and a hypodense
cystic area in the left ovary was identified on CT image (C). The follow-
up diagnostic I-131 scan (D) was normal and the thyroglobulin level was
undetectable (<0.2 ng/mL)
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Tg values were determined during follow-up diagnostic
[-131 WBS in all cases, and varied between <0.2 and 1.9
ng/mL except the case with lung metastasis (stimulated Tg:
7.5 ng/mL, unstimulated Tg <0.2 ng/mL). There was no
pathologic finding on diagnostic I-131 WBSs, and patients
are being followed-up for 1-3 years as disease-free. All of
the patients’ unstimulated Tg levels remain low (0.2 ng/
mL).

A

CT Transaxials

1258.60 P

Fused Transaxials

Figure 5. On posterior image of post-therapeutic -131 whole body
scan (A), in addition to residual thyroid tissue, there was a mild focal
[-131 accumulation in the pelvic region (arrow). On axial computed
tomography (CT) (B) and fused single photon emission computed
tomography (SPECT)/CT (C) images, it was clear that the activity was
located in the posterior gluteal soft tissue and there were density changes
in the fatty tissue due to previous subcutaneous injections. The follow-up
diagnostic 131 scan (D) was normal and the thyroglobulin level was
undetectable (<0.2 ng/mL)

Discussion

Sodium iodide symporter expression is one of the well-
known mechanisms that is responsible for RAI uptake in
tissues. The physiologic I-131 uptake in the thymus, breast,
salivary gland and gastrointestinal system in addition to
the thyroid tissue is explained with this mechanism. In
addition, false-positive uptake might be encountered in
I-131 WBSs by mechanisms such as metabolism of -131-
labeled thyroid hormones (liver uptake), retention and
contamination of physiologic secretions and body fluids
containing radioiodine (saliva, tears, sweat, urine, blood,
exudate, transudate, gastric and mucosal secretions, etc.),
uptake and retention of radioiodine in inflamed tissues.
Nevertheless, mechanism of the uptake of activity observed
in a group of patients is not completely understood yet
(8,9).

Increased perfusion and vasodilation, and enhanced
capillary permeability in pulmonary infections are suggested
to cause |-131 accumulation (8). Although rare, false-
positive I-131 uptake secondary to active or inactive lung

infections has been reported in the literature (12,13). Also,
in this study, an accumulation of activity that was attributed
to infection was observed in a patient with a previous
history of lung infection.

Accumulation of bronchial secretions in bronchiectasis
causes -131 uptake (8). Focal I-131 accumulations that might
be confused with lung metastasis due to bronchiectasis had
been reported in the literature (14,15). Also, observation
of activity accumulation in the bronchiectasis area in 2
patients in this study supports this finding.

To identify the exact localization of an uptake site on
planar I-131 WBS is difficult due to the lack of anatomic
landmarks. SPECT/CT, the hybrid imaging modality that
combines SPECT scan with CT scan, is very useful to
determine the exact anatomic location of the I-131 avid
foci that is detected on I-131 WBS. Further imaging
modalities are usually required to explain unexpected I-131
uptakes. CT component of the hybrid imaging improves the
planar data interpretation by offering the opportunity to
differentiate between abnormal and physiologic structures.
Sometimes low dose CT component of SPECT/CT imaging
helps to diagnose the underlying pathology. Maruoka et
al. (16) reported that the interpretation was altered to be
physiologic or benign uptake in 38% of patients with the
addition of SPECT/CT. Also SPECT/CT imaging helps for
choosing the optimal imaging modality (USG, MRI, contrast
enhanced CT, etc.) if the CT component fails to determine
the underlying etiology of an uptake site.

Three patients with I-131 uptake in the gluteal fatty tissue
had a recent history of gluteal injection. This finding was
thought to be secondary to the probable inflammation due
to injection into the fatty tissue instead of the intramuscular
area. False-positive I-131 uptake has been reported in
the literature in the gluteal fatty tissue secondary to a
granuloma due to foreign material (17).

Post-therapeutic imaging of the patient with a history of
partial rotator cuff tear, and of the patient who received
RAI following a previously performed surgery for a skin
lesion suggested that transudate and inflammation that
were produced due to tissue injury might be the possible
etiology of the false-positive radioiodine uptake.

The etiology of focal I-131 uptake in the area of an aortic
wall calcification is not entirely known. A false-positive
uptake of 1-131 has been reported in a case with aortic
aneurysm in the literature (18). The aorta diameter was
normal in the case presented herein, and this finding was
thought to be secondary to atherosclerosis and a possible
inflamed plaque corresponding to this area.

The incidence of vertebral hemangiomas is reported
as approximately 11%, more frequently in the thoracic
vertebrae in autopsy series. In this present study, the
I-131 uptake in the lumbar vertebrae on SPECT/CT
images in one case was compatible with a hemangioma
as detected by MRI. The I-131 uptake in hemangiomas is
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attributed to intravascular blood pooling and enhanced
capillary permeability. A thoracic focal activity uptake in the
posterior planar image secondary to a hemangioma has
been previously reported in the literature (19).

In our study, ovarian I-131 accumulation was observed in
2 patients. One of them was diagnosed with mature cystic
teratoma and has been previously reported as a case report
(5). The other patient had no pathology except an ovarian
follicle cyst. Functional follicle cysts have been reported
to demonstrate 1-131 accumulation in the literature (20).
Also, there are several studies published in the literature
reporting false-positive 1131 accumulation in  cystic
structures (7,8,21,22). Radioiodine enters cysts by passive
diffusion and is trapped in the cyst (8). In this paper, a case
with I-131 accumulation due to a benign bone cyst in the
clavicle is also included, who has been previously reported
(4).

In this study, the possible etiology of 9 false-positive 1-131
uptakes in 8 patients remained unclear. 1-131 uptakes
in the remaining patients were mostly associated with
inflammation. The radioiodine uptakes in the undetermined
group were thought to be secondary to inflammation that
could not be demonstrated by radiologic findings. This
might be explained by recovery of the possible temporary
and mild inflammation within the time period between
radioiodine uptake and further radiologic examination (<4
weeks).

Evaluation of false-positive uptake in the neck area
is important since it may be confused with residual
thyroid tissue or metastatic lymph nodes. However, the
contribution of adequate patient history (presence of
metastatic disease, serum Tg values, findings of previous
imaging studies and etc.) obtained from the clinician
is very helpful on the evaluation of I-131 WBSs. SPECT/
CT examination has significant importance to prevent
unnecessary examinations and treatment, if available for
the evaluation of unexpected radioiodine uptake.

The importance of prevention of unnecessary treatments
has also been emphasized in the literature, by taking false-
positive uptake rates and laboratory findings (Tg), clinical
and imaging data into consideration in addition to I-131
W8S findings of a particular patient (6,14,23).

Conclusion

Unexpected radioiodine uptake secondary to various extra-
thyroidal reasons (inflammation, increased blood supply,
trapping in the cystic lesion, etc.) should be kept in mind
while interpreting I-131 WBSs, especially in post-therapeutic
scans due to the higher dose applied. In patients with
notably discordant clinical and laboratory data, accurate
localization of radioiodine uptake is important. At this
point, SPECT/CT imaging is the method of choice to both
localize the unexpected foci and aid differential diagnosis.
It is concluded that the unexpected finding should be

enlightened by using different imaging models (MRI, USG,
etc.) according to the specifications of the tissue thus
preventing unnecessary treatment.
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8F-FDG PET/CT in Patients with Parenchymal Changes Attributed to
Radiation Pneumonitis

Radyasyon Pnémonisine Bagli Parankimal Degisiklikleri Olan Hastalarda '8F-FDG PET/BT
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Abstract

Objectives: Radiation pneumonitis (RP) can be an adverse complication of radiotherapy (RT) and can limit the application of
the already planned radiation dose. It is often associated with RT of lung carcinoma and is occasionally caused by radiation
therapy of breast carcinoma and lymphomas located in the mediastinum. Positron emission tomography/computed
tomography (PET/CT) emerges lately as a prospective modality for early diagnostics of RP. The aim of this study was to
summarize the initial data from diagnostic application of PET/CT in patients suspicious of RP and to derive criteria, which can
help differentiate RP from early recurrence of the disease and/or residual tumor.

Methods: The current study included 23 patients who had metabolic (PET) and anatomical (CT) changes consistent with RP.
We additionally defined metabolic activity (SUV__ ) in the lung parenchyma of 20 patients without RT.

Results: All patients had increased metabolic activity in the lung parenchyma involved in the irradiated area with a mean
SUV__ 3.45 (ranging between 1 and 7.1). The control group had a physiological background metabolic activity-SUV__ 0.61
+/-0.11.

Conclusion: Metabolic changes in patients suspicious of RP involved diffusely increased metabolic activity coinciding with the
anatomical changes in the irradiated area. Three out of 23 patients had a proven recurrence of the primary neoplastic process
in the irradiated area. The metabolic changes in those patients involved an increase in metabolic activity at follow-up or lack of
tendency towards normalization after chemotherapy, which implied the existence of viable tumor cells. Our initial experience
in the diagnostic application of ®F-FDG PET/CT in patients suspicious of RP allows us to summarize the following: PET/CT is
a reliable imaging modality in the diagnostics of RP. Through its sequential use, we can differentiate inflammatory changes
related to RP from early recurrence of the primary neoplastic process.

Keywords: '8F-FDG PET/CT, radiation pneumonitis, radiotherapy, hybrid imaging

Oz

Amag: Radyasyon pnémonisi (RP) radyoterapinin (RT) yan etkisi olarak gérulebilir ve planlanmis olan radyasyon dozunun
uygulanmasini engelleyebilir. Siklikla akciger karsinomu icin uygulanan RT'ye baglidir ancak meme kanseri ve mediastinal
lenfoma icin uygulanan RT ile de olusabilir. Son zamanlarda pozitron emisyon tomografi/bilgisayarll tomografi (PET/BT),
RP'nin erken tanisi icin kullanilmaktadir. Bu calismanin amaci RP stiphesi olan hastalarda tanisal PET/BT uygulamasinin ilk
verilerini 6zetlemek ve RP'yi erken nliks ve/veya rezidi timdrden ayirt etmede kullanilabilecek kriterler olusturmaktir.
Yontem: Bu calismaya RP ile uyumlu metabolik (PET) ve anatomik (BT) degisiklikleri olan 23 hasta dahil edilmistir. Buna ek
olarak RT almamis 20 hastanin akciger parankiminde metabolik aktiviteyi (SUV, _ ) degerlendirdik.
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Bulgular: Tim hastalarda radyasyon uygulanmis alanlarda akciger parankiminde metabolik aktivite artmisti (ortalama SUV.__

X

3,45, aralik 1-7,1). Kontrol grubunda fizyolojik metabolik aktivite mevcuttu (SUV__ 0,61 +/-0,11).

Sonug: RP stiphesi olan hastalardaki metabolik degisiklikler anatomik olarak radyasyon uygulanmis alanlara denk gelen diffiiz
artmis metabolik aktiviteyi icermekteydi. Yirmi U¢ hastanin tclinde bu bdlgede primer neoplastik stirecin kanrtlanmis niksu
vardi. Bu hastalardaki metabolik degisiklikler arasinda, canli timdr hicrelerinin varligini ima eder sekilde, takip slrecinde
metabolik aktivitede artis ya da kemoterapi sonrasi normale dénme egiliminin olmamasi bulundu. RP stiphesi olan hastalarda
'8F-FDG PET/BT'nin tanisal uygulamasinda ilk deneyimlerimiz dogrultusunda PET/BT’nin RP tanisinda guvenilir bir gérlintileme
yontemi oldugu sonucuna vardik. Strekli kullanimi ile RP'ye bagli enflamatuvar degisiklikleri primer neoplastik siirecin erken

nlkstinden ayirt edebiliriz.

Anahtar kelimeler: "®F-FDGPET/BT, radyasyon pndmonisi, radyoterapi, hibrid gériintlileme

Introduction

Radiation pneumonitis (RP) is an unfavorable complication
that sometimes limits the course of radiotherapy (RT). It
is most commonly associated with radiation therapy for
lung cancer, and less frequently with other tumors such
as breast cancer and mediastinal lymphoma, respectively
in about 5-50%, 5-10%, and 1-5% of the cases (1,2). RP
is an inflammatory reaction in the affected area of the
pulmonary parenchyma. The acute stage is observed
most frequently from 6 to 12 weeks after RT and
symptoms include cough, shortness of breath, fever and
changes in pulmonary function (3,4,5,6,7). Its chronic
form occurs most often in the span of 6 to 12 months
and can last up to 2 years after RT, a process associated
with the development of fibrosis (8,9,10,11,12,13,14,15).
Frequency and severity depend on a number of parameters,
such as age, irradiated area, radiotherapeutic regimen,
administered cumulative dose - most often at values
above 20 Gray and almost always at doses above 40 Gray,
as well as previous or concomitant chemotherapy. All of
the above mentioned factors may increase drastically
the effect of RT (4,11,12,15,16,17,18,19,20). Changes,
attributed to RP and visualized by computed tomography
(CT), are also divided into early and late ones, respectively,
acute inflammatory reactions including matt glass type/
infiltrative parenchymal changes and late or chronic ones
(most of the cases) resulting in fibrosis (21,22). The loss of
local pulmonary blood perfusion, characteristic of RP can
be visualized and quantified by conventional scintigraphy,
but this method lacks sufficient specificity (23).

"8F-FDG positron emission tomography (PET)/CT, a more
recent and promising approach for early diagnostics and
monitoring of patients with RP offers a possibility for
visualization of metabolic changes. Since they appear
earlier than anatomical ones, detected by CT, it de facto
improves the diagnostic algorithm (24,25).

The aim of this study is to summarize our initial data on
the use of "™F-FDG PET/CT in the diagnostics of patients
with parenchymal changes attributed to RP and to derive
criteria for its differentiation from early recurrence, residual
tumor tissue and/or metastatic lesions, thus helping us to
discriminate better between inflammatory and neoplastic
processes.

Materials and Methods

This retrospective study includes 23 (n=23) patients who
underwent RT in the thoracic area involving the parenchyma
of the lung, and showed computer-tomographic data of RP
between 2012 to 2016 in two university hospitals located
in Sofia, Bulgaria. Their age range was 42-80 years (mean
62 and median 61 years). A control group comprised of
23 patients without pulmonary disease and/or neoplastic
processin the thoracicarea who did not undergo RT, was also
evaluated. Of the patients with parenchymal and metabolic
changes, 19 were women and 4 were men. Seven of them
had lung cancer, 3 had Hodgkin's lymphoma, 12 had breast
carcinoma, and 1 had carcinoma of the submandibular gland
and mediastinal lymphatic metastases. In 13/23 patients,
serial PET/CT (pre-and post-RT) studies were performed-in
9 of the patients before and up to 6 months after RT and
in 4 of the patients before and after 6 months post-RT. The
remaining 10 patients underwent a single ®F-FDG PET/CT
study up to- or over 6 months after completion of RT. The
total radiation dose administered in patients suspected of
RP varied between 20-60 Gray. 19/23 of the patients had
chemotherapy prior to or concomitant with RT-the type of
which depended on the histology, location and stage of the
disease. 16/23 of the patients underwent 3D conformal
RT (linear accelerator), 1 underwent intensity modulated
radiation therapy (IMRT) linear accelerator and the
remaining 6 patients underwent 2D conformal RT (using a
Co-60 source)-data is summarized in Table 1. ®F-FDG PET/
CT studies were conducted according to the European
Association of Nuclear Medicine guidelines and included a
whole body PET and CT scan performed approximately 60
minutes after intravenous injection of "®F-FDG with activity
of up to 3 MBq/kg per patient. The CT part of the study
was conducted on a 16 slice computer tomography. The
quantitative accumulation of ®F-FDG was measured with
the standardized accumulation ratio of SUV_ .

Declaration of informed consent was signed by all patients
stating that they give their full consent for their data to be
used in scientific publications-above all it is a retrospective
study of procedures already approved and executed.

Informed consent was obtained from each patient prior to
PET/CT scanning procedure. The written document stated
that the patient agrees her or his personal information as
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well as results from the scanning procedure be used in
scientific studies and surveys.

Results

All 23 patients had increased metabolic activity in the
lung parenchyma involved in the RT field with a mean
metabolic activity of SUV__ of 3.36 (+/- 1.7). Patients from
the control group had physiological background metabolic
activity with a mean SUV__ of 0.61 (+/- 0.07). In 16/23
of the patients (70%), CT changes included limited areas
of consolidated lung tissue (interpreted as fibrosis). In the
remaining 7/23 patients (30%) infiltrative and/or matt glass
type changes were observed. Infiltrative/matt glass type
CT changes were also characterized by a higher metabolic
activity seen on the PET study, and were observed in
patients studied up to 6 months after RT (Figure 1A, 1B).
In 3/23 of the patients followed up serially with PET/CT

after RT and chemotherapy, the higher metabolic activity
persisted. Mean SUV__ remained at a mean value of 3.5
(+/- 0.8), and did not decrease (showed no trend towards
decrease) to the background metabolic activity of the
controls. Subsequently, those 3 cases were diagnosed with
recurrence (Figure 2A, 2B).

Discussion

According to recent studies, RP is becoming less and less
frequent, mainly due to technological advances in RT and
the increasing knowledge of its etiology (26,27). However,
it still remains as a complication that may interfere with
quality of life in cancer patients. More importantly, it can
limit the application of the proper radio-therapeutic dose
(28). Early and adequate diagnostics with '®F-FDG PET/
CT hybrid imaging allows eventual modification of the RT

Table 1. Includes patients’ age, sex, primary malignancy, area involved in radiotherapy, fraction, cumulative dose, radiation

techniques used

Number Patient Diagnosis Area involved Fraction/ Total/ Radiation
Gray Gray technique
1 M, 80  Lung carcinoma Lymph nodes-tracheal bifurcation 2 60 3D conformal
2 F 54 Breast carcinoma Left supraclavicular region, left breast 2 60 3D conformal
3 M, 58  Hodgkin lymphoma Mediastinal lymph nodes 1.8 30.6 3D conformal
4 F74 Breast carcinoma Thoracic wall, left breast, supraclavicular 2 50 2D conformal Co-60
region, left axilla
5 F 42 Breast carcinoma Right breast, parasternal, supraclavicular and 2 50 2D conformal Co-60
axillary region
6 F 57 Breast carcinoma Left thoracic wall, left supraclavicular region 2 50 3D conformal
7 E72 Breast carcinoma Left thoracic wall 2 50 2D conformal Co-60
8 £ 45 Lung carcinoma Right thoracic wall 2 60 IMRT
9 £73 Breast carcinoma Right thoracic wall 2 50 3D conformal
10 £ 59 Lung carcinoma Left lung 3 30 2D conformal Co-60
11 £ 77 Breast carcinoma Right thoracic wall 2 50 2D conformal Co-60
12 £ 58 Breast carcinoma Right thoracic wall 2 50 2D conformal Co-60
13 M, 64 Carcinoma of Mediastinal lymph nodes 2 50 3D conformal
submandibular gland
14 F 67 Breast carcinoma Left breast 2 50 3D conformal
15 F 65 Lung carcinoma Mediastinum 3 30 3D conformal
16 F 56 Breast carcinoma Right thoracic wall 2 50 3D conformal
17 F 46 Hodgkin lymphoma Mediastinum 2 20 3D conformal
18 £ 55 Hodgkin lymphoma Mediastinum 2 30 3D conformal
19 F 63 Lung carcinoma Lung 2 60 3D conformal
20 F 64 Lung carcinoma Lung 2 60 3D conformal
21 £ 57 Breast carcinoma Right breast 2 50 3D conformal
22 F 61 Breast carcinoma bilateral ~ Right supraclavicular region 2 50 3D conformal
23 £72 Lung carcinoma Mediastinum 2 60 3D conformal

F: Female, M: Male
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Figure 1. A) Metabolically active parenchymal changes located in
the upper left lobe of the lung apex-the study was conducted up to
6 months after completion of radiotherapy (upper row). B) Follow-
up study conducted 6 months after completion of radiotherapy-no
significantly increased metabolic activity in the lung parenchyma along

with anatomical changes that almost completely resolved-evidence of the
inflammatory nature of the changes (bottom line)

protocol and, if necessary, initiation of an adequate therapy,
in order to prevent chronic disease. On the other hand, this
method also allows for visualization of early recurrence an