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

Focus and Scope

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

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

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

Open Access Policy

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

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

Subscription Information

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

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

Copyight Statement

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

ABO

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

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

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

By signing this form,

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

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

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

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

Instructions for Authors

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

GENERAL INFORMATION

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

Manuscripts must be written in English and must meet the requirements of the
journal. The journal 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
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obtaining permission for publication from the patients or their parents/guardians.
If the proposed publication concerns any commercial product, the author
must include in the cover letter a statement indicating that the author(s) has
(have) no financial or other interest with the product or explaining the nature
of any relations (including consultancies) between the author(s) and editor the
manufacturer or distributor of the product.

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

MANUSCRIPT CATEGORIES

1. Original Articles

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

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

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

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

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

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

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

Note on Prior Publication

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

MANUSCRIPT SUBMISSION PROCEDURES

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

All Submissions Must Include:

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

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

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

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

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

MANUSCRIPT PREPARATION

General Format

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

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

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

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

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

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

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

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

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

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

the following:

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

office for the authors who are not Turkish speakers.

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.

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

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

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

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

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

Original Articles

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

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

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

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

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

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

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

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

abstract.

- Introduction

- Materials and Methods

- Results

- Discussion

- Study Limitations

- Conclusion

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

of the research.

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

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

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

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

describing the Uniform Requirements for Manuscripts Submitted to Biomedical

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

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

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

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

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

observations or personal communications is not permitted. Citing an abstract is

not recommended. Books: Surnames and initials of author's names, chapter title,

editor's name, book title, edition, city, publisher, date and pages.




Molecular Imaging and Radionuclide Therapy

Sample References

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

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

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

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

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

- Tables

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

- Figure Legends

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

- Figures

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

Short Communications:

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

Invited Review Articles:

- Title page (see above)

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

- Text

- Conclusion
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- 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.
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A Review of the History of Radioactive lodine Theranostics: The Origin of
Nuclear Ontology
Radyoaktif lyot Teranostiginin Kisa Hikayesi: Niikleer Ontolojinin K&kenleri

® John Dennis Ehrhardt Jr!.2, ® Seza Giileg!,2.3

IMiami Cancer Research Center, Miami, USA

2Aventura Hospital and Medical Center, Miami, USA

3Florida International University Herbert Wertheim College of Medicine, Miami, USA

Abstract

Studies on the first years of radioactive iodine (RAI) use in thyroid diseases have focused on hyperthyroidism. Saul Hertz's success with RAI in
thyrotoxicosis fueled a seamless transition to Samuel Seidlin’s investigations with RAI in thyroid cancer. These landmark events embody nuclear
ontology, a philosophical foundation for the creation and existence of radio-therapeutic principles that continue to influence dlinical practices
today. Laying this ontological foundation, Dr. Saul Hertz who is the founding director of Massachusetts General Hospital Thyroid Clinic, affiliated
with Harvard University created a framework for RAI theranostics with preclinical experiments and clinical cases from 1937 to 1942. The first
thyroid cancer treatment with RAI was applied in 1942 by Samuel Seidlin. The sensational effect of the first application was interestingly powerful
enough to overshadow scientific data. Seidlin and colleagues assembled a sixteen-patient series showcasing a unique entity: functional thyroid
metastases that respond to RAI. Other investigations at the time demonstrated that RAI had little efficacy as a therapeutic agent, mainly because
most thyroid tumors do not form colloid, and therefore cannot concentrate RAI. These findings were soon overshadowed by a mainstream article
in the October 1949 issue of Life that portrayed RAI as a lifesaving therapy for thyroid cancer. The paradigm was set, and later writings by William
H. Beierwaltes and other prominent nuclear medicine physicians established the primary goals and principles of RAI therapy. The developments
in theoretical physics and nuclear instrumentation and the scientists who made these developments in the early years contributed greatly to the
development of the concept. In the field of nuclear medicine, William H. Beierwaltes has gone down in our history as a clinical researcher with his
most important contributions. The classical paradigm that started with him has carried us to today’s molecular theranoistic viewpoint. This paper
examines controversial topics in the advent of thyroid theranostics, and applies historical significance to current discussions on the role of RAI in
thyroid cancer management. Another paradigm shift is on the horizon as thyroidology enters the age of genomics. The molecular theranostic
profiles will soon be incorporated into a dynamic clinical decision-making and management algorithm for thyroid surgery and RAI therapy. From
now on, nuclear oncology will gain a new ontological identity with molecular pathology and new theranostic expansions.

Keywords: Radioactive iodine, theranostics, nuclear oncology, Saul Hertz, Irving Ariel, Samuel Seidlin, Henry Beierwaltes, thyroid cancer, genomics

Oz

Tiroit hastaliklarinda radyoaktif iyot (RAI) kullaniminin ilk yillarina ait calismalar hipertiroidi konusunda yogunlasmistir. Saul Hertz'in tirotoksikozda RAI
ile elde ettigi basari, Samuel Seidlin’in tiroid kanseri tedavisi Gzerinde RAI arastirmalarini kolaylikla tetiklemistir. Bu déniim noktasi niteligindeki olaylar,
guintimuz klinik uygulamalarini etkileyen radyoterapétik ilkelerin olusturulmasi icin felsefi bir temel olan niikleer ontolojiyi somutlagtirmistir. Bu ontolojik
temeli atan Dr. Saul Hertz, Harvard Universitesi ile baglantili calisan Massachusetts General Hospital Tiroit Klinigi'nin kurucu direktériidir. Hertz
preklinik deneyler ve klinik olgular ile, bugtinki bilgilerimize esas teskil eden tiroid teranostik calismalarini 1937-1942 yillar arasinda gerceklestirmistir.
RAI ile tiroit kanseri tedavisi ilk kez 1942 yilinda Samuel Seidlin tarafindan uygulanmistir. ilk uygulamanin sansasyonel etkisi, ilging olarak, bilimsel
verileri golgeleyecek denli gliclli olmustur. Seidlin ve meslektaslari, benzersiz bir durumu sergileyen on alti hasta serisini bir araya getirmistir: RAl'ye
yanit veren fonksiyonel tiroit metastazlari. O zamanki diger arastirmalar, RAI'nin terapétik bir ajan olarak etkinliginin az oldugunu gostermistir, ¢linkd
cogu tiroit timorleri kolloid olusturmaz ve bu nedenle RAI'yl konsantre edemezler. Bu bulgular kisa stre sonra Life dergisinin Ekim 1949 sayisinda
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RAl'yi tiroid kanseri icin hayat kurtaran bir tedavi olarak tasvir eden ana akim bir makale tarafindan gélgede birakilmistir. Ardindan paradigma belirlenmis
ve daha sonra William H. Beierwaltes ve diger onde gelen niikleer tip doktorlarinin yazilari ile RAI tedavisinin birincil hedef ve ilkeleri belirlenmistir. Kavramin
gelismesinde, erken yillarda teorik fizik ve niikleer instrumentasyonlardaki gelismelerin ve bu gelismelere imza atan bilim adamlarinin biytk katkilar olmustur.
Nkleer tip alaninda ise en 6nemli katkilariyla William H. Beierwaltes bir klinik arastirmaci olarak tip tarihine gegmistir. Onunla baslayan klasik paradigma, bizleri
bugliniin molekdler teranostik bakis agisina kadar tasimistir. Bu makale, tiroid teranostiklerinin ortaya cikisindaki tartismali konulari incelemekte ve RAI'nin
tiroid kanseri yonetimindeki rolii konusundaki giincel tartismalarda tarihsel Gnemi vurgulamaktadir. Tiroidoloji genomik ¢agina girerken bir bagka paradigma
dontstimi ufuktadir. Molektiler teranostik profiller yakinda tiroid cerrahisi ve RAI tedavisi icin dinamik bir klinik karar verme ve yonetim algoritmasina dahil
edilecektir. Bundan bdyle molekiler patoloji ve yeni teranostik acilimlar ile, niikleer onkoloji artik yeni bir ontolojik kimlige kavusacaktir.

Anahtar kelimeler: Radyoaktif iyot, teranostik, niikleer onkoloji, Saul Hertz, Irving Ariel, Samuel Seidlin, Henry Beierwaltes, tiroid kanseri, genomik

“Today is only one day in all the days that will ever be.
But what will happen in all the other days that ever come
can depend on what you do today”.

- Ernest Hemingway

Radio-iodine Halts One Type of Cancer

On October 31, 1949, the Life Magazine ran an article
titled "Radio-iodine Halts One Type of Cancer” with the
subheading “Radioactive chemical brings about history-
making recovery of patient dying from thyroid tumors”

(1). This article (Figure 1) featured the “before and after”
photographs of Bernard Brunstein, the Brooklyn shoe
salesman who was “cured” of thyroid cancer with the
use of radioactive iodine (RAI). The “before” photograph
from the year 1942 shows him as cachectic and frail,
which is in stark contrast with the “after” photograph,
which showcases him as a healthy-appearing man with a
full face. This convincing portrayal of RAI as a miraculous
therapy for thyroid cancer left a strong impression on the
public and practicing clinicians. The article’s profound
rhetoric permeated medical teaching and influenced

~ RADIO-TODINE HALTS ONE TYPE OF GANGER

‘ Radioac’tive.chemica! brings about history-making recovery of patient dying from thyroid tumors

- The man shown in the contrasting por-
traits at right is a Brooklyn shoe salesman
named Bernard Brunstein who is destined
to become one of the most famous patients
in medical history. Brunstein is the first per-
son known to be cured (insofar as a cure can
be established by medical tests on a living
patient) of metastatic cancer, a form of the
disease m which the malignancy spreads
through the body from an original tumor.
Metastatic cancer has always been 100% fa-
tal. But Brunstein’s tumors were destroyed
in a simple, almost miraculous way: by the
drinking of four doses of radioactive iodine.
When Brunstein was admitted to New
York’s Montefiore Hospital seven years ago
he appeared to be suffering from an overactive thyroid gland rather than
from cancer. He had a very fast heart and quivering hands, and he was
weak and emaciated. But examination revealed that he had no thyroid
gland: it had been removed by surgery 19 years before when it had become
cancerous. Apparently some of the cancer cells had sloughed off, however,
and had been carried through the circulatory system to other parts of his
body: eight cancerous tumors were found growing into the patient’s lungs,
ribs, femur, spine, pelvis and skull. The tumors, composed of malignant
thyroid tissue, were secreting hormones and were otherwise behaving like
~ thyroid glands.
~ Radio-iodine was given to Brunstein on the theory that his thyroid-
- like tumors would absorb the drug just as a normal thyroid gland picks
- up ordinary iodine. If they did, they would be destroyed. For while radio-

BERNARD BRUNSTEIN IN 1942 (LEFT): AS HE LOOKS TODAY

iodine is chemically identical with ordi-
nary iodine, it gives off a powerful radia-
tion that can kill any tissue that absorbs it
in sufficient concentration. The chemical
had never been effectively used as a treat-
ment for cancer, but Brunstein agreed to
try it in the hope that it might help. It
did. Three months after he drank his first
glassful of the tasteless, colorless liquid,
his heart began to slow down and he start-
ed to put on weight: Geiger counters placed
over the tumor sites revealed that there
was a heavy concentration of radio-iodine
in these areas. After three additional doses
the tumors slowly began to diminish in size
and eventually disappeared altogether.
Last May a section of Brunstein’s skull was removed for a microscopic
examination of the site of one of his tumors. Only scar tissue and dead
cells remained, and not a single living cancer cell ‘was found (left).
From his experience with Brunstein and subsequent cases Dr. S. M.
Seidlin of Montefiore Hospital, an endocrinologist and a pioneer in radio-
therapy, has deduced that radio-iodine does not work in many ordinary
thyroid cancer cases because most of the chemical is picked up by the thy-
roid gland itself, and little of it gets to distant tumors. But if the gland is
destroyed, the medicine has a better chance of reaching the diseased areas.
Of a group of 12 patients treated by Seidlin since 1942, five appear to be
recovering and in two others the tumors have stopped growing. Of the
five who died, two had their lives prolonged several years, two were near
death when treatment was started, and one died of a different disease.

Figure 1. A popular article featuring Samuel Seidlin’s famous patient who was “cured” of thyroid cancer by radioactive iodine therapy, dated October

31, 1949 (Life Magazine)
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clinical reasoning, which soon placed RAI treatment as
the core modality for the management of “differentiated”
thyroid cancer. RAl, which is the first theranostic
radiopharmaceutical approach, has ontological origins that
date back to November 12, 1936, which forever changed
the management paradigm for thyroid diseases.

Saul Hertz, Father of Theranostics

Saul Hertz (Figure 2), Chief of the Thyroid Clinic at the
Massachusetts General Hospital (MGH), joined the Chief
of Medicine, James H. Means, for a luncheon at the
Harvard Medical School’s Vanderbilt Hall on November 12,
1936. The keynote speaker was Massachusetts Institute of
Technology (MIT)'s President Karl Compton, whose talk on
“What Physics Could do for Biology and Medicine” sparked
Hertz's creativity. From the audience, Hertz asked, “Can
iodine be made artificially radioactive?” He was already
several years deep into experiments on thyroid iodine
physiology at the MGH in his quest for a non-operative
solution to hyperthyroidism. Compton was unsure how
to answer, maybe partially because his lecture’s focus on
artificial radioisotopes came recommended last-minute by
the MIT physicist Robley Dunglison Evans. Nonetheless,
Compton jotted a reminder to himself and wrote to Hertz
a month later on December 15, 1936 (Figure 3): “To my
chagrin | have just come across the memorandum which
I made on your question about the radioactivity of iodine.
lodine can be made artificially radioactive. It has a half-
period of decay of twenty-five minutes and emits gamma
rays and beta rays (electrons) with a maximum energy of
2.1 million volts. It is probable that there are several other
periods of decay, but if so they correspond to types of
radioactivity like the one indicated, and they are not as yet
very definitely established” (2).

To this, Hertz replied 8 days later on December 23, 1936,
hinting at his hypothesis, he wrote “...hope that iodine,
which is made radioactive as you indicated will be a useful
method of therapy in cases of over-activity of the thyroid
gland”. From a historical perspective, the correspondence
between Compton and Hertz is an indisputable proof
that the idea of RAI theranostic arose from Hertz. The
Hertz family later released these letters; however, several
histories, even 215t century publications, have presented
the 1936 Vanderbilt Hall interaction in a way that credited
the Chief of Medicine J.H. Means for presenting the RAI
idea (3,4,5). We can thus be sure, beyond any reasonable
doubt, that it was Saul Hertz who posed the question first.

Hertz's RAI research work began in the early 1937. Then,
Evans was appointed to manage the physics laboratory
at MIT, where we designed for the small-scale production
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of non-cyclotron '%|. The experimental protocol followed
was the one proposed by the 1934 Nature paper article by
Fermi (6), an Italian-American physicist who later became
famous as the architect of the atomic bomb. Evans recruited
a junior faculty, the MIT nuclear physicist Arthur Roberts
to perform the grunt work of isolating '?¢l. Nearby at the
MGH, James H. Means, who had previously told Hertz
that he intended to let his contract expire at the thyroid
clinic, renewed Hertz's directorial position and charged
him with the job of overseeing all biological and medical
aspects of the radioiodine project. Under this Hertz-Roberts
collaboration, an experimental study of 48 rabbits was first
undertaken, which demonstrated that the goitrous thyroid
glands retained more RAI than the normal control glands.
They ran experiments at the MIT because the 25-minute
half-life of '28| prohibited transportation of the radionuclide
across the Charles River to the MGH. The scholars later
speculated that their original experiment produced only
0.05 miliCurie (mCi) of activity, which is extremely small
in comparison with the 100-mCi therapeutic activity that
is commonly applied presently for RAI treatments (7).
Although successful in laboratory, Hertz realized that

Figure 2. Saul Hertz, Chief of the Thyroid Clinic at the Massachusetts
General Hospital (MGH) who introduced the concept of RAI theranostics
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the small experimental yield and the short half-life of 28
made its clinical application impractical. To ramp up the
production, the MIT outlined plans to build a cyclotron
for the mass creation of radioiodine. The then President
Compton and the Hertz-Roberts laboratory manager Evans
took a day trip to Manhattan in May 1938 and secured a
$30.000 grant (equivalent of $530.000 today) from the
John and Mary Markle Foundation to fund the proposed
MIT cyclotron. Construction was arduous and MIT soon
consulted the University of California at Berkeley, where
Ernest O. Lawrence’s original cyclotron possessed novel
capabilities to create different radioisotopes, each with
longer half-lives than '28l. Building the MIT cyclotron was
believed to solve the problem of experimental yield, albeit
solutions for short half-lives remained unresolved.

Lawrence’s cyclotron had established the University
of California at Berkeley as the west coast hub for
radionuclide research. The work progress continued when
Glenn Seaborg and Jack Livingood discovered the popular
31| there in 1938 by irradiating tellurium targets (8). This
breakthrough came after a conversation between Seaborg
with fellow laboratory associate Joseph A. Hamilton, a

A OFFICE OF THE PRESIOENT-

December 15, 1336

Dr. S. Hertz
Massachusebte General Hospital i
Boston, Hass. Z

Dear Dr. Hertzy . F

. To my chagrin I have just come across the
memorandum which I made on your question about the
radioactivity of iodine.

Iodine can be made artificially radio-
active. It has a half period of decay of twenty-
five minutes and emits gamma rays and beta rays -
(electrons) with a maximum energy of 3.1 million
volts. It is probable that there are several other
periods of decay, but if so they correspond to
types of radiocactivity like the one indicated and
thay ‘are not as yet very definitely established.

Very sincerely yours

[ant T. Compion

KTC /L Presgident :

Figure 3. Massachusetts Institute of Technology (MIT) president Karl
Compton'’s letter to Saul Hertz, the undisputable proof that Hertz is the
father of Nuclear Theranostics

physician-scientist who explained that the short half-life
of 28| placed great constraints on its clinical application.
In collaboration with Livingood, Seaborg then produced
31 roughly 1 week after that his dialogue with Hamilton.
Several of the radioisotopes discovered at the Berkeley
cyclotron, including "'l, were pursued out of passion for
pure physics. Seaborg later reflected that they “usually
gave little thought to the possibility that one of the
objects of our search would have practical value. But we
were in for some surprises” (9). However, the | arge-scale
synthesis of 'l remained a problem until 1941. Seaborg
could live to see the impact of his contribution to thyroid
diseases when his mother later required RAI treatment for
hyperthyroidism (10). The fission-derived radioiodine was
made freely available in the year 1946 as a consequence of
the Manhattan project in the “secret town of Oak Ridge”
in Tennessee.

Despite all the technical hitches, the RAI research

continued to expand. Irving Ariel, a surgeon by occupation,
performed animal studies using 12.5-hour half-life I-130 at
the University of Rochester. Ariel (Figure 4) later continued
his clinical and research studies in New York's Memorial
Hospital. Ariel’s career as a “Nuclear Surgeon” flourished
n the later years, and he became best known as an

Figure 4. Irving Ariel, a New York Surgeon, who is well recognized for
his clinical and translational Nuclear Medicine research introduced I-131
to the surgical world
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innovator in the radiomicrosphere therapy (11). In fact, he
was among the first to shift to 'l when it became more
available. The Ariel group later demonstrated the clinical
importance of dose rate, which suggested that ™'l had
a higher therapeutic potential than other radioisotopes
with longer half-lives, namely the 60-day '*I (12). In
addition, Ariel spent most of his career as a clinician and a
professor of surgical oncology in New York, affiliated with
the Memorial Hospital and the Albert Einstein College of
Medicine. The surgeon was one of the founding members
of the Society of Nuclear Medicine. He also served as the
trustee of the National Society of Nuclear Medicine and
the president of the Greater New York Chapter.

At this juncture, radioiodine from the original cyclotron, for
which Lawrence later won the 1939 Nobel Prize in Physics,
became available as '**I (t, =13 days) and "' (t, =8
days), which were ready-to-ship first-class from Berkeley
to Cambridge (13). This Berkeley-MIT-MGH collaboration
continued for nearly 2 years until the MIT cyclotron opened
in 1940. Distinct from other cyclotrons, MIT devoted theirs
to biological and medical research, albeit for a profit.
Evans initially charged researchers $25 for radiotracers
from the newly minted MIT radioactivity center. He later
admitted that this became their primary revenue source,
generating over $88.000 by 1945, largely paid through
federal military research contracts at the indirect expense
of taxpayers. In contrast, Lawrence’s Nobel Prize-winning
cyclotron at Berkeley continued shipping radioisotopes
for free throughout the Second World War, supporting
biomedical research as well as the Manhattan Project
toward developing the atomic bomb (14).

Longer half-life *'l shipped to MIT throughout the years
1938-1939 allowed Hertz and Roberts to confirm radiotracer
avidity in normal rabbit thyroid and goiter. However, one
mishap occurred during these early experiments when the
amount of stable-carrier iodide was administered with the
radioiodide. The scholars never foresaw that stable iodide
would compete for thyroid uptake and thereby reduce the
radionuclide tissue penetrance. As a result, their dosage
predictions for future clinical trials were exorbitantly
high, estimated at 750 mCi for the effective treatment of
hyperthyroidism (7).

The Hertz-Roberts team was academically productive,
which was a blessing and a curse that strained relationships
with the supervisors. For instance, their 1938 manuscript
was intercepted after acceptance because they had
neglected to add the lab supervisor of Evans as a co-
author, despite the fact that he reportedly contributed
nothing to the experiments, analysis, or scientific writing
process. Evans forced Hertz to draft a letter to the editors
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requesting an amended author list (15). Their subsequent
1940 manuscript included both Evans and Means as co-
authors, with Hertz and Roberts at the helm, independently
operating their own laboratory. This glimpse of academic
hierarchy foreshadowed what was yet to come. Scholarly
disputes festered against the backdrop of rising political
concerns-the rise of the Third Reich, palpable antisemitism,
and radio broadcasts bringing battlefield scenes into
American homes-all while two of the greatest thyroid
investigators, Hertz and Roberts, were Jewish.

The War and Subsequent JAMA Controversy

Hertz and Roberts began translating knowledge from
their rabbit experiments to patients at the thyroid clinic.
Hertz treated their first patient on March 31, 1941 and
documented the process in his handwriting as “Elizabeth
D.”, with 2.1-mCi RAI. Hertz's case logs of RAIl treatments
grew steadily, with the addition of roughly 1 new patient
every month. By 1943, his series had grown to include 27
patients with hyperthyroidism who were treated solely with
RAI. His term as the director of the thyroid clinic ended
during the summer of 1942. Means, however, agreed to
pay Hertz a partial salary to continue his hyperthyroidism
research. Thus, Hertz transitioned to private practice by
opening his own Boston clinic from which he occasionally
funneled patients into his ongoing RAI case series. At this
time point, his MIT research partner Roberts was no longer
involved, as he had turned his focus to other projects in
particle physics and never returned to the thyroid subject
again.

Hertz joined the US Navy and left for active duty in April
1943. Means was floored by Hertz's abrupt departure, but
he agreed to allocate any new hyperthyroid patients to
the study and follow-up their progress. Their conceptual
understanding at that point was to attempt two rounds of
oral RAI, for which Hertz deemed 12-15 mCi an appropriate
activity. After which, patients with persistent symptoms
were referred to a surgeon for possible thyroidectomy.
Means was taken aback by Hertz's unexpected departure
and hired Earle Chapman to coordinate Hertz's enrolled
research patients at the MGH. Chapman, although he
joined the group from his private clinical practice, actually
attended the fateful lecture at the Vanderbilt Hall in
December 1936 and followed the MGH-MIT progress with
RAI through regular attendance at the weekly Thyroid
Clinic meetings.

Hertz returned home to Brookline in the early 1945 and
worked at the Chelsea Naval Hospital while attempting to
re-enter the research circles at the MGH. Collegial relations
had changed, and Hertz sensed it in the work atmosphere.
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Academic hierarchy, stained by personal ambitions and
political sentiments, were blatant now. Hertz received a
phone callin November 1945 from Morris Fishbein, the then
editor-in-chief of JAMA, who confirmed Hertz's ongoing
suspicions. Fishbein in fact explained that the thyroid clinic
had submitted a manuscript for a series of patients treated
with RAI without consulting Hertz or including him as an
author (16). JAMA initially rejected the paper for being
excessively lengthy, and Hertz requested a copy in the
interim while Chapman distilled the MGH manuscript down
to an appropriate length. Understandably frustrated, Hertz
wrote and submitted his own manuscript to JAMA with
Arthur Roberts as a co-author. JAMA ultimately published
both the articles, one by Hertz-Roberts and another by
Chapman-Evans, side-by-side in the May 11, 1946 issue
(17,18)." Both the studies reached positive findings with
RAIl in the treatment of hyperthyroidism. Moreover, there
was no patient overlap between the papers. In fact, the
patients mentioned were in correspondence with Hertz
during his active duty in the Navy, when Chapman was
“really going to town"”, were never included in Hertz's
series as promised. Chapman omitted to tell Hertz that he
had slightly altered the experimental protocol, against the
desire of Chief Means, to not administer a stable chaser
dose of iodine after giving RAI, which added novelty to his
series.

Despite the inner turmoil at the thyroid clinic, Hertz gained
national recognition in other venues. He was inducted as a
Young Turk to the American Society of Clinical Investigators
(ASCI) in 1946 for his revolutionary work in developing
the first theranostic modality in medicine: RAI treatment
for thyroid disorders. ASCI inductees were called "young
Turks” as an homage to the moniker for the members of
the Committee of Union and Progress, a Turkish liberal
reform movement in the Ottoman Empire that fought
against Abdulhamid Han, the last Ottoman sultan to rule
with absolute power. The sultan was deposed by the young
Turks in the year 1909, when the ASCI held its inaugural
meeting. The founding members based their new society
on a revolutionary approach to research that emphasized
newer physiological methods, with the hope of bringing
sweeping reforms to research, which was analogous to the
original young Turks in the Ottoman Empire (19).

Early Days of RAI in Thyroid Cancer

Success with hyperthyroidism fueled a seamless, almost
intuitive transition to the use of RAI in thyroid carcinoma.
In the recent years, the Hertz family communicated that
Saul Hertz planned to study RAIl as a therapy for thyroid
cancer treatment while at the MGH thyroid clinic (20,21).
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Indeed, Samuel Seidlin consulted Hertz in the year 1943 for
his RAI expertise when managing a patient with metastatic
thyroid cancer; this case later gained fame and was widely
publicized on the national and international stages. Hertz
articulated in 1946 that his research would focus on
“cancer of the thyroid which | believe holds the key to the
larger problem of cancer in general”, and that, after the
War, “(new) demand expected in the fields of cancer and
leukaemia for other radioactive medicines” (19).

The first research that focused on RAl in thyroid carcinoma
were clinical reports led by a Berkeley physician-scientist
Joseph G. Hamilton. A 1942 study by Hamilton's team
administered tracer radioiodine in 2 preoperative patients
undergoing thyroidectomy (22). Pathological examination
demonstrated diffused radioiodine avidity in the surgical
specimen, although they found “no significant deposition”
in malignant foci of the gland by autoradiography.

Metastatic thyroid carcinoma with avidity for radioiodine
was first reported on April 3, 1942 by a group from the
Columbia University (23). Although he was most interested
in unrelated research on spirochetes, dermatologist Albert S.
Keston was the lead author because he owned the Geiger-
Muller counter they borrowed to study the RAI uptake.
Their patient had known bone metastases and had the
status of 35-years post-thyroidectomy. Keston et al. hand-
scanned the patient together with the then radiotherapy
resident Robert P Ball on the morning of December 7,
1941; he later recalled that they learned of the attacks
at Pearl Harbor mid-examination via radio broadcast (24).
After locating a single functional metastasis in the right
distal femur, they administered a therapeutic dose of 10-
mCi RAl obtained from both the cyclotrons at Berkeley
and at MIT. A 3-week follow-up tracer study demonstrated
little uptake in the femoral lesion, hinting at a therapeutic
role of RAl in functional metastases. However, when they
later published an autopsy report for the same patient
in 1944, they noted that the bulk of metastatic tumor
burden proved to be undifferentiated tissue that “did not
concentrate radioiodine” (25).

The aforementioned experiences seemed to dispel the
possibility that RAI could “cure” thyroid cancer. However,
the discussion was far from finished as the literature
continued to evolve. On December 7, 1946, at the 5-year
anniversary of the Pearl Harbor attack, JAMA published
Samuel Seidlin’s extensive report of the first successful
“treatment” of metastatic thyroid carcinoma with RAI (26).
Seidlin (Figure 5) was an endocrinologist at Montefiore
Hospital in New York when he consulted Hertz for an RAI
advice in 1943. He subsequently followed his patient’s
progress for 3 years before releasing the groundbreaking
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Figure 5. Samuel Seidlin examining a patient with a Geiger counter
probe to detect RAI tracer uptake in metastatic thyroid lesions of the
vertebrae in correlation with a radiograph of the spine (Life Magazine)
RAI: Radioactive iodine

case. Seidlin’s coauthors in this case were Leonidas
Marinelli, a physicist at Memorial Hospital (now Memorial
Sloan-Kettering) who worked on dosimetry, and Eleanor
Oshry, an applied physicist who was also the first woman to
graduate from the Carnegie-Mellon’s engineering school.

Their landmark paper presented the extensive history of
B.B., a then 51-year-old man with metastatic thyroid cancer.
The patient underwent total thyroidectomy at the age of
30 years for a large substernal goiter that compressed his
trachea. Microscopic examination of his surgical specimen
revealed no normal structures, and the pathological
diagnosis was “malignant adenoma”. Postoperatively,
despite complete excision of the gland, B.B. did not
become hypothyroid as was expected. In fact, he lived on
for 15 years as a strong, healthy man before developing
any classic symptoms of hyperthyroidism. His conditions
of weight loss, palpitations, and anxiety progressively
worsened until he was brought to surgical attention in
November 1939 with a basal metabolic rate of +40 and a
pulsatile tumor at the level of the twelfth thoracic vertebra.
Accordingly, he underwent laminectomy at T12 and L1
for excisional biopsy, which revealed metastatic thyroid
carcinoma. His postoperative course was complicated
by thyroid storm, which in turn prompted his return for
surgical neck exploration a few weeks later that turned out
unremarkable.

B.B.'s condition worsened until his admission at the
Montefiore Hospital on April 20, 1942, when he presented
as a “small, emaciated, poorly developed man” standing
at 4-feet, 10-inches tall and weighing 84 pounds. Seidlin’s
clinical team treated B.B. with daily doses of 1-6-mL Lugol’s
aqueous iodine for nearly 10 months to inhibit iodine
organification through the Wolff-Chaikoff effect, thereby
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downregulating thyroid hormone production from his
metastases. B.B. showed symptomatic relief at first, but, by
January 1943, his condition worsened.

Seidlin consulted Saul Hertz soon after this incidence
to discuss the possibility of using RAI to manage B.B.'s
functional metastases. Hertz agreed with the management,
and Seidlin only needed a contact for the supply of RAI. His
decision to call Robey Evans at MIT was based solely on the
fact that it was cheaper to call Massachusetts from New York
than to connect with Berkeley, California. If that were not
a factor, based on Hertz's past professional disagreements
with Evans, he would have probably recommended that
Seidlin send his RAI inquiry elsewhere. Marshall Brucer,
the past-president of the Society of Nuclear Medicine and
cogent medical historian, later recalled an anecdote about
Seidlin’s initial phone call with Evans, as follows:

Seidlin: “"How much does it (RAI) cost?”

Evans: “Eighteen-hundred dollars an hour”.

Seidlin: (not expecting such a high price): “Send me some”.
Evans: “How many miliCuries do you want?”

Seidlin: “Send me a whole hour’s worth”.

When Brucer (27) wrote his 1966 Vignettes in Nuclear
Medicine, he called this historic phone transaction “the
beginning of radioisotope dosimetry”. The decision-
making underlying their negotiation was driven by financial
considerations more than scientific evidence. Seidlin later
admitted that neither he nor his patient had $1.800
and that he did not understand what Evans meant by
“miliCuries”. Eighteen-hundred dollars was possibly the
operating price for the MIT cyclotron, and not the price for
a therapeutic dose of RAI. Nevertheless, at this moment,
Seidlin was a determined physician hoping to acquire a
promising experimental therapy for his patient.

RAI shipments began arriving at the Montefiore Hospital
from MIT, and Seidlin administered the first tracer dose
to B.B. on March 11, 1943. Geiger-Miiller counter hand-
scanning confirmed all known metastases and revealed
2 new lesions: one focus was in the skull and another in
the ischium. The first therapeutic RAI dose administered
on May 11, 1943 contained 17 mCi of 12.6-h ° with
<0.5 mg of carrier iodine. Over the following 22 months,
B.B. received a total of 16 therapeutic doses, of both ™I
and 7, the largest dose being 55.4 mCi, and the final
dose was administered on March 6, 1945. The cumulative
quantity of RAI administered throughout his clinical course
totaled 268.8 mdCi.

Urinary RAI excretion was tracked, and the specimens
were often held for reclamation. Owing to the exorbitant
cost of cyclotron-generated radionuclide, the Montefiore
team extracted and recycled RAI from B.B.'s urine to re-
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administer by the oral route. On one such occasion, after
administering the largest 55.4-mCi dose, they recovered
20.1-mCi from the urine and reused the rapidly decaying
RAI. Although the laboratory assistants at Montefiore
conducted the frugal practice of recycling RAI from urine
for economic reasons, this practice later formed the
basis for groundbreaking original research. One notable
Montefiore laboratory assistant named Rosalyn Yalow
translated the practice to albumin and insulin as well, and
later won the 1977 Nobel Prize in Physiology or Medicine
for her discovery of radioimmunoassay (28).

Seidlin’s (26) team noted marked clinical improvement
in the early stages that steadily improved with successive
treatments. B.B. gained weight and reached an equilibrium
at 106 pounds by April 1944, occasionally commenting that
he was “getting fat”. His bone pain drastically improved,
he no longer had palpitations, and his basal metabolic rate
dropped to -27. Seidlin’s clinic at the Montefiore Hospital
followed B.B.'s case and were amazed by his subjectively
well constitution, which seemed to represent that he was
“cured” from metastatic thyroid carcinoma.

B.B. dropped his anonymity in 1949, coming out as Bernard
Brunstein in the popular weekly Life Magazine. Seidlin
organized this opportunity for the humble Brooklyn shoe
salesman to share his story. The inspiring account portrayed
Brunstein as having experienced near-death from metastatic
cancer before he was recovered with the “atomic cocktail”
regimen. The cover photo for the October 31, 1949 issue
featured Princess Margaret, the younger sister of Queen
Elizabeth Il. The thyroid cancer article spanned 3 pages
and included several photographs to accompany the 5
paragraphs of text. No authors were listed for the piece.
The second-to-last sentence of this article mentioned that
Seidlin had performed RAI treatment on 12 patients since
1942, 5 of whom “appear to be recovering”, presumably
from their hyperthyroid state. Only 2 patients from that
case series had tumors that appeared to stop growing.

RAI was brought to national attention and was presented
as a cure for metastatic thyroid cancer based on the
clinical improvement in just 1 patient. Life Magazine was
arguably one of the most influential and widely-read
weekly publication at the time. They covered all-important
social topics ranging from World War Il to U.S. presidential
elections and served as a platform for famous authors,
debuting important literature like Ernest Hemingway's
Old Man and the Sea. While Seidlin's famous patient did
improve clinically with respect to hyperthyroidism, Life
somewhat misrepresented the claim that Seidlin “cured”
metastatic thyroid carcinoma. In fact, only a little more than
2 years after this popular article, Brunstein reportedly died
in 1952 from autopsy-proven anaplastic carcinoma (29).
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Edward Siegel (30), the Physicist-in-Charge for Seidlin’s
laboratory during 1949-1952, later wrote his recollection
of the famous case. He described an interaction in which
Seidlin  became “frustrated and disappointed” when
Brunstein initially failed to meet with the photographers
from Life, saying to his patient, “Is this how you show
your gratitude? After all, | cured you of cancer”. Brunstein
replied, “Dr. Seidlin, you are supposed to be a smart man;
if | had cancer five years ago, you know I'd be dead now!”
(31). Essentially, even the patient himself believed that he
was cured of something other than cancer, namely his
hyperthyroidism.

Despite his interactions with the popular media, Seidlin
himself was somewhat skeptical of having truly cured
cancer. When examining the original December 7, 1946
JAMA case report, he wrote, “In spite of remarkable clinical
improvement, it cannot be concluded that the functioning
tumors have been completely destroyed, because recent
tracer studies, although showing a marked increase in
excretion, still show localization of RAI in these lesions”
(26).

The Harvard Crimson ran a headline in May 1949 titled
"Hertz to Use Nuclear Fission in Cure for Cancer”. On
closer examination, the article discussed how “it has been
demonstrated that the majority of cancerous thyroids
do not take up the RAI” (32). Saul Hertz published a
comprehensive chapter in January 1950, 2 months after
the popular Life article. His commentary on RAI in thyroid
carcinoma was captured best by the following statement:
“On the whole the results of RAI treatment in cancer
of the thyroid, while promising, have not indicated any
great percentage of cures in the short time in which
the procedure has been used” (33). He was well-aware
of Seidlin’s patient and followed Brunstein’s treatment
progress. Hertz recounted the case and added, “of course,
it will take a number of years to demonstrate many such
cases as this original one” (33).

Building the Classic Age

Seidlin’s “radioablation” of thyroid cancer raised an
important question about what is the appetite of thyroid
tumors for RAI? A relevant autoradiography study appeared
in the January 1950 issue of Cancer by a Sloan-Kettering
group led by Fitzgerald et al. (34) Their paper discussed
original research on the concentration of ™'l in 100
consecutive cases of thyroid carcinoma, demonstrating
that only 47 of the 100 patients had carcinoma with
concentrated "*'l (34). From the 100 patients, they studied
258 total lesions, and found that 47% had concentrated
311, With respect to papillary thyroid carcinoma, the most
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common type, only 26% of the tumors demonstrated '3'l
uptake. The possibility that a tumor would concentrate
radioiodine correlated with those follicular lesions that
make functional colloid. This interesting research did not
go unnoticed.

Beierwaltes et al. (35), one of the most pre-eminent
nuclear medicine pioneer, cited the Fitzgerald paper in his
authoritative 1957 book Clinical Use of Radioisotopes,
stating that “less than 50 per cent of carcinomas of the
thyroid have been demonstrated to pick up measurable
amounts of RAI”. In several ways, Seidlin et al. (26) and
Beierwaltes et al. (35) carried forward the foundation
laid by Hertz with RAI in hyperthyroidism and built a
conceptual basis for RAI in thyroid cancer. The rationale
for applying RAI in thyroid cancer was clearly stated in
1957, in that “it is advisable to administer RAI to finish the
job the surgeon started”. The purpose of RAIl in thyroid
cancer was to completely ablate the normal thyroid tissues
to make surveillance easier. If any tumor remains in situ
after surgical thyroidectomy that is amenable to RAI, it is an
added benefit, but not the primary purpose. In fact, small
clusters of thyroid remnant are a normal post-operative
product of ligating vascular pedicles at the thyroid poles
(36). Beierwaltes (35) (Figure 6) reflected on the role of
RAl in thyroid cancer in his autobiography Love of Life: “We
were the first to insist on a total surgical thyroidectomy as
the first step in treating all patients with thyroid cancer. The
second step was to keep the patient off thyroid hormone
for six weeks. The third step was to do a radio-iodine scan
of the neck and whole body to look for thyroid remnant
or metastasis. Then we gradually found that the usual
effective dose of radio-iodine treatment was (1) 150 mCi
to ablate the thyroid remnant; (2) 175 mCi for regional
node metastasis; (3) 200 mCi for spreads outside the neck”
(37). Beierwaltes provided the original framework, but the
methodology for RAI ablation in cancer became morphed
in subsequent decades and continues to remain debatable
until date.

Leaning into the Age of Genomics

Molecular theranostics is the new paradigm in thyroid
cancer risk stratification. More refined classification
schemes based on genomics and their downstream
phenotypic expressions are currently being formulated.
Genomics with molecular pathology and molecular imaging
reflect the true biological nature of different cancer types
that are currently defined by the conventional morphologic
features. The tumor differentiation/de-differentiation
and clinical behavior for each individual cancer are now
definable by molecular markers in addition to the standard
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Figure 6. William Henry Beierwaltes, the pioneer nuclear medicine
physician, 1955 (U.S. National Library of Medicine)
morpho-pathology. In 2014, the first comprehensive
study on genomic characterization of thyroid cancer was
published, which involved compiling of large data on the
morphological and molecular features of papillary thyroid
cancer (38). This work marked the beginning of a new
paradigm for thyroid cancer diagnosis and management.
First and foremost, this study identified pathways of
thyroid cancer oncophysiology and their impact on iodine
metabolism. Correlations between morphology and
driver genetic mutations as well as thyroid differentiation
score were first clearly described in a systematic fashion
with this study. It is clearly evident that the conventional
postoperative risk stratification criteria were to vacate their
roles in molecular diagnostics and in the state-of-the-art RAI
theranostics. This new paradigm promises to resolve the
long-winded equipoise and facilitate research in optimal
care of thyroid cancer patients.

Epilogue

Nuclear Oncology has an inspiring and thought-provoking
history. This article is a tale of its "Ontology”, the core
philosophy behind the concept of theranostics. Thyroidology
has evolved into a new paradigm with advances in genomics
and molecular medicine. The molecular theranostic profiles
are expected to be incorporated into dynamic clinical
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decision-making and management algorithms for thyroid
surgery and RAI therapy remaining faithful to the ontology
of nuclear oncology.
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Abstract

Obijectives: In this study, we aimed to investigate whether Ga-68 prostate-specific membrane antigen positron emission tomography/computed
tomography (PSMA PET/CT) scanning is adequate to predict intermediate risk, high risk, or oligometastatic prostate cancer (PCa) as an initial
staging modality.

Methods: The Ga-68 PSMA PET/CT scan images of 50 PCa patients pathologically proven by transrectal ultrasound guided biopsy were evaluated
retrospectively. The association of standard uptake value maximum (SUV,__) value of the area with the highest PSMA expression within the
primary tumor with the risk groups and metastatic burden is investigated.

Results: The SUV__ value was 6.18 in oligometastatic patients where it was measured as 10.93 in patients with higher metastatic burden
(p=0.037). The cutoff SUV,__ value for multiple metastases was 7.96 (p=0.047). According to the regression model, SUV__ value has a positive
influence [odds ratio (OR)=1.42], which was statistically significant (p=0.038). SUV.__ values for intermediate and high risk patients were 6.91 and
11.44, respectively (p=0.014). The cutoff SUV__ value for the high risk group was 10.55 (p=0.006). In the regression model, SUV,__ value has a
positive influence (OR=1.198), which was statistically significant (p=0.021).

Conclusion: In this paper, we demonstrated the association between SUV __ value of primary tumor and Gleason score. Our results also allowed
us to suggest that primary tumor SUV__ is a sufficiently accurate predictor of D'Amico risk groups in newly diagnosed PCa cases. Additionally,
Ga-68 PSMA PET/CT turns out to be a useful tool in determining oligometastatic PCa, which requires a different treatment approach.
Keywords: Ga-68 PSMA PET/CT, prostate cancer, oligometastasis, SUV,__
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Oz

Amagc: Calismamizda, Ga-68 prostat spesifik membran antijen pozitron emisyon-bilgisayarli tomografi (PSMA PET/BT) taramanin maksimum
standardize uptake degerini (SUV. ), baslangic evrelemede orta ve ytiksek riskli prostat kanserini (PCa) tahmin edebilir mi? Oligometastatik PCa'yi
tahmin edebilir mi? sorularina cevap aradik.

Yontem: TRUS-Bx temelinde PCa tanisi almis ve Ga-68 PSMA PET/BT tarama yapilmis 50 hastanin gorintleri retrospektif olarak incelendi. Primer
tmdrde PSMA ekspresyonunun en yiksek oldugu alanin SUV__ degeri ile risk gruplarinin ve metastaz durumunun korelasyonu yapild.
Bulgular: Oligometastatik hastalarda SUV__ ~degeri 6,18 iken, multipl metastazi olan olgularda 10,93 olarak bulundu (p=0,037). Multipl
metastaz icin cutoff SUV . dederi 7,96 olarak bulundu (p=0,047). Regresyon modelinde, SUV, . ‘nin katkisi pozitif yonlii [goreceli olasiliklar orani
(OR)=1,42] ve anlamli bulundu (p=0,038). Orta risk grubunda SUV,_, degeri 6,91 iken, yliksek risk grubunda 11,44 olarak bulundu (p=0,014).
Yuksek risk grubu icin cut-off SUV__ _degeri 10,55 olarak bulundu (p=0,006). Regresyon modelinde, SUV__ 'nin katkis pozitif yonli (OR=1,198)
ve anlamli bulundu (p=0,021).
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Sonug: Bu calisma ile yeni tani almis PCa’da primer tm'nin SUV

maks

degerinin, Gleason skoru ile korele oldugunu gosterdik. SUV,

‘nin, D'’Amico

maks

risk siniflamasina gore orta ve yiksek riskli PCa’si ylksek dogrulukla tahmin edebilecegini distinlyoruz. SUV_ 'nin tedavi yaklasimi agisindan
Onem arz eden oligometastatik PCa’sl yiiksek dogrulukla tahmin edebilecegini diistiniyoruz.

Anahtar kelimeler: Ga-68 PSMA PET/BT, prostat kanseri, oligometastaz, SUV

Introduction

Prostate cancer (PCa) is the second most frequent cancer
in men and the cause of 5.2% of all cancerrelated
deaths (1). Prostate-specific antigen (PSA), digital rectal
examination, Gleason score (GS), and specific imaging
modalities are the most widely used parameters for initial
clinical staging. These specific imaging tools are transrectal
ultrasound (TRUS), multiparametric magnetic resonance
imaging, thoracoabdominal computed tomography (CT),
and bone scan (2). The goal of clinical staging in PCa is to
determine the burden of disease and predict the prognosis
via pretreatment clinical parameters to direct the patient
for the most appropriate treatment plan. Procedures
to be chosen for staging are specified according to risk
stratification. The most widely used risk grouping for PCa is
the one defined by D’Amico (3).

Ga-68 prostate-specific membrane antigen positron
emission/CT (PSMA PET) scanning in PCa is found to have
a higher sensitivity and specificity in distant lymph node
metastasis and bone metastasis according to conventional
imaging modalities (4). PSMA is a type Il transmembrane
glycoprotein consisting of 750 amino acids (5). It shows
little or no expression in normal prostate cells, whereas it is
significantly expressed in prostate carcinoma or metastasis
(6). Besides, although it does not enter the circulation,
PSMA is an ideal molecular target for nuclear medicine
procedures with Ga-68 PSMA PET/CT (7).

As determining oligometastatic patients became crucial
in terms of individualizing treatment strategy, PSMA PET/
CT became increasingly used as initial staging modality.
Hellman and Weichselbaum (8) first suggested the
definition of the term “oligometastasis-oligometastatic” in
1995 that means “low burden metastatic patients whose
prognostic features are between localized and metastatic
disease”. However, a consensus was not constituted on the
final definition of oligometastatic disease. Some authors
use only the number of metastases, whereas others
consider both the number and localization (9).

The Chemo-Hormonal Therapy Versus Androgen Ablation
Randomized Trial for Extensive Disease (CHAARTED)
study suggested the widely accepted definition in the
literature. Patients were stratified as high-volume disease
in the presence of visceral metastases or four bone lesions
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with at least one beyond the vertebral bodies and pelvis
and low-volume disease if out of high-volume definition
(10). Radical treatment strategies such as surgery or
stereotactic radiotherapy may be appropriate alternatives
for a limited number of metastatic lesions that are so-called
oligometastatic (11). Several studies reported increased
overall survival with radical treatment approaches in
oligometastatic PCa patients. Therefore, differentiating
oligometastatic from multimetastatic disease during initial
staging is important.

In this study, we aimed to investigate whether Ga-68 PSMA
PET/CT scanning is adequate to predict the risk group or
metastatic burden in PCa as an initial staging modality.

Materials and Methods

Patients

Images of 50 PCa patients who were diagnosed with 12-
24 core TRUS-biopsy were retrospectively investigated. The
patients had suspicious metastatic lesions in the bone scan
or other conventional imaging techniques and underwent
Ga-68 PSMA PET/CT for initial staging. Patients who
underwent transurethral resection or radical prostatectomy
were excluded.

The Scientific Research Ethics Committee of Medical
Faculty of the Sileyman Demirel University (desicion no:
177, 21.05.2019) approved the study. All procedures
were performed in terms of the ethical standards of the
institutional research committee in alliance with the 1964
Helsinki Declaration and its later amendments. Informed
consent was waived owing to the retrospective nature of the
study. Pretreatment PSA values of patients were obtained
from their electronical charts, and time between PSA test
and Ga-68 PSMA PET/CT was maximum of 45 days. Biopsy
specimens were reported according to the GS system and
Gleason grade system suggested by The International
Society of Urological Pathology in 2014 (12): Grade group
1 (GS =6), Grade group 2 (GS 3+4=7), grade group 3
(GS4+3=7), Grade group 4 (GS 4+4=8.3+5=8.5+3=8),
and grade group 5 (GS 9-10). Consequently, patients
were stratified according to D’Amico risk grouping, which
classified Gleason grade groups 2 and 3 as intermediate risk
group and Gleason grade groups 4 and 5 as high risk group
(3). Gleason grade group 1, which is the low risk group,
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was excluded in these two groups. Patients were then
divided into three groups: non-metastatic, oligometastatic,
and multimetastatic. Three or less metastatic lesions none
or only one of them out of pelvis or vertebra was accepted
as oligometastasis as in CHAARTED trial (10). Four or more
bone metastasis and lymph node metastasis were included
in the multiple metastatic group. None of the patients had
visceral metastasis.

Image Acquisition and Analysis

Images were gathered via Philips Time of Flight PET/
CT camera. PET/CT images were obtained 60 min after
intravenous injection of 111-185 MBq (3-5 mCi) Ga-
68 PSMA ligand. A low-dose CT scan was performed
before PSMA PET/CT for attenuation correction and
anatomic localization purposes and, consequently, a 3-min
caudocranial PET emission scanning in the supine position.
CT data were used for attenuation correction, and image
reconstruction was done via the standard recursive
algorithm. Transaxial, coronal, and sagittal plans were
reformed. Maximum intensity projection images were also
obtained. Two experienced nuclear medicine specialists
evaluated the PET/CT fusion images. (The interrater
agreement was high, and 1CC=0.926). The highest
standard uptake value maximum (SUV,__) value calculated
from the whole prostate tissue is accepted as the highest
region of PSMA expression, and it was recorded. Whole
body scan was reviewed, especially for bony structure and
abdominopelvic lymph nodes. The number and localization
of PSMA-expressing bony structures and lymph nodes
were also recorded.

Statistical Analysis

The statistical analysis was performed using SPSS 20.0
(IBM Inc., Chicago, IL, USA) software. Descriptive statistics
were presented as frequency (percent ratio) for categorical
variables and median; interquartile range for numeric
variables. Normal distribution evaluation of PSA and SUV __
values were analyzed by Kolmogorov-Smirnov test, and
both variables revealed non-parametric results. Therefore,
the comparisons were performed by Mann-Whitney U and
Kruskal-Wallis tests. Post-hoc analysis of significant results
is shown in the tables by superscript letters. Receiver
operating characteristic (ROC) analysis was performed for
SUV__ values to calculate the diagnostic ratios. All tests
are presented as two sided with 95% confidence intervals
and relevant p values (p<0.05). The association between
SUV__ values of primary tumor and these two risk groups
is statistically analyzed, and logistic regression analysis was
also performed. Subgroups of intermediate risk (Gleason
grades 2 and 3) were additionally analyzed with each
SUV__ values of the primary tumor in terms of association.

The power analysis was not performed because of the small
study sample size. In the SUV__ comparisons according to
grade categories, power and partial eta square values were
0.853 and 0.200, respectively. Therefore, it appeared that
the sample size was sufficient, and 20% of the variance
according to categories was clarified.

Results

Fifty patients were enrolled to our study. The median age
was67.50(12.25) years. When categorized, the distribution
of age ranges was <55 (4%), 55-65 (40%), 65-75 (34%),
and >75 (22%) years. More than half (58%) of patients
were metastatic. Lymph node metastasis was found in
34% of patients, bone metastasis 40%, and both 16%.
Of patients, 1 (2%), 9 (18%), 11 (22%), 15 (30%), and
14 (28%) were reported as grade groups 1, 2, 3, 4, and 5
respectively. No statistically significant difference was found
between the Gleason grade groups. According to D’Amico
risk classification, 20 (40%) patients were intermediate
risk, whereas 29 (58%) were in the high risk group. Seven
(14%) patients were found to be oligometastatic, and
multiple bone and lymph node metastases were seen in
13 (26%) and 9 (18%) patients, respectively. Patients were
also divided into nonmetastatic (42%), oligometastatic
(14%), and multimetastatic (44%) groups.

Demographic features of patients are shown in Table 1.

SUV__ values in patients with positive biopsy ratio of
>50% were higher, but the difference was nonsignificant.
When three PSA groups (<10, 10-20, and >20 ng/mL) were
analyzed, SUV,__ values increased with higher PSA values,
and this difference was statistically significant (p=0.011). No
statistically significant difference was found between the
SUV__ values of metastatic and non-metastatic patients.
The median SUV,__ value was 10.93 (14.94) and 6.18
(2.49) in multiple metastatic and oligometastatic groups,
respectively, which is statistically significant (p=0.037). In
intermediate and high risk patients, the SUV,__ values were
6.91 (3.54) and 11.44 (14.83), respectively, which was
also statistically significant (p=0.014). The difference in
the SUV,__ values between grade groups 2 and 3 was not
statistically significant (p=0.056). SUV__ values in patients
with vesicula seminalis invasion were significantly higher
(p=0.001; Table 1).

Although SUV__ values in oligometastatic and multiple
metastatic cases were significantly different, ROC analysis
was performed. Area under the curve was significant
0.753 (p=0.047), and the cut-off value for SUV__ was
7.96 (Figure 1). The sensitivity and specificity of this cut-off
value for predicting multiple metastases were 68.18% and
85.71%, respectively. The positive predictive value (PPV)
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was high as 93.75%, whereas the negative predictive value
(NPV) was only 46.15% (Table 2).

ROC analysis was also performed for the risk groups.
Area under the curve was statistically significant at 0.727
(p=0.006). The cut-off value for SUV__ was 10.55 (Figure
2). The specificity and PPV of this cut-off value for predicting
high risk group was 90.00%. The sensitivity and NPV were
similar and found to be 62.07% (Table 3).

PSA values were not significantly different between age
groups. In contrast, it was significantly higher in patients
with positive biopsy ratio of >50% (p=0.002). In patients
with lymph node metastasis, the PSA value was significantly
higher than patients in the non-metastatic group (p<0.001).
The difference was also statistically significant between the
oligometastatic and multiple metastatic group (p=0.015),
which is higher in multiple metastatic patients. No significant
difference was found between the PSA values of D'Amico
risk groups. However, it was significantly higher in patients
with vesicula seminalis invasion (p=0.006; Table 1)

ROC Curve
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00
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1 - Specificity

Figure 1. Receiver operating characteristic curve of standard uptake
value on oligometastasis and multimetastasis
ROC: Receiver operating characteristic, AUC: Area under the curve

Table 1. SUV__ and PSA according to some characteristics of patients
Characteristics PSA SUv__
Median (IQR) p Median (IQR) p

BX ratio (%) <50 7.01 (7.44) 0.002* 7.61(7.38) 0.136
>50 21.36 (34.38) 10.55 (14.73)

PSA groups (ng/mL) <10 5.18 (4.66)*° <0.001* 5.97 (5.85)* 0.011*
10-20 11.87 (4.24)< 10.72 (13.02)
>20 41.72 (63.16)°< 10.93 (14.08)°

Grades 1 14.79 0.091 11.91 0.056
2 5.75(10.86) 7.45 (4.15)
3 12.05 (27.35) 6.38 (2.66)
4 9.50 (44.76) 12.14 (12.97)
5 16.45 (37.07) 11.37 (14.89)

Metastasis None 10.14 (8.59) 0.089 8.19(9.72) 0.426
Exist 20.05 (41.56) 8.46 (8.12)

Bone metastasis None 11.44 (16.34) 0.593 10.58 (10.67) 0.406
Exist 11.23 (49.01) 7.43 (7.22)

Oligometastasis None 10.14 (8.59) 0.015* 8.19(9.72) 0.037*
Oligo metastatic 9.50 (9.09)? 6.18 (2.49)
Multiple metastatic | 26.07 (52.61)? 10.93 (14.94)

Grade Intermediate risk 9.49 (17.67) 0.120 6.91 (3.54) 0.014*
High risk 12.98 (40.22) 11.44 (14.83)

Vesicula seminalis None 10.21 (9.56) 0.006* 7.49 (5.97) 0.001*
Exist 29.44 (80.65) 14.28 (15.00)

*Significant at 0.05 level, ° The same superscript letter denotes the significant pairwise comparisons, SUV, _ : Standard uptake value maximum, PSA: Prostate-specific antigen,

IQR: Interquartile range, BX: Biopsy
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Univariate logistic regression model was performed
between oligometastatic and multiple metastatic patients.
PSA and SUV__ were the variables to be specified as
factors. Oligometastasis is investigated as a reference
category. Goodness of fit results for this model were found
to be significant and acceptable (-2LL=21.406; Hosmer
& Lemeshow X?=7.207 (p=0.514). The explanatory ratio
of these factors to the multiple metastasis category was
sufficiently high (Nagelkerke R?=0.459). The contribution of
SUVmax to the model was positive [odds ratio (OR=1.42)
and significant (p=0.038; Table 4).

Univariate logistic regression model was also used between
D'Amico risk groups. PSA, SUV__, and age were the
variables to be specified as factors. The intermediate risk
group was the reference category. Goodness of fit results
for this model were found significant (-2LL=51.698; Hosmer
& Lemeshow X?=4.491 (p=0.810), and the explanatory
ratio was R?=0.347. Contribution of SUV__ to the model
was positive (OR=1.198) and significant (p=0.021; Table 4).

Discussion

Low burden metastatic PCa is considered to have a different
behavioral pattern compared with high burden multiple
metastatic counterparts. Although some reports have
shown an outcome improvement with radical strategies,
optimal treatment approach is still a matter of debate.
Moreover, it is a controversy whether it is appropriate to
perform aggressive modalities such as surgery or high-
dose radiotherapy for both metastasis and primary lesions
(13). Considering these discussions to constitute the most
appropriate individual approach for low metastatic burden
disease, we searched for an answer whether Ga-68 PSMA
PET/CT scanning is adequate to predict intermediate

risk, high risk, or oligometastatic PCa as an initial staging
modality in this study (Figure 3).

According to our results, median SUV__ values in
oligometastatic and multiple metastatic patients were 6.18
and 10.93, respectively, and this was statistically significant
(p=0.037). Further ROC analysis revealed a cut-off value of
7.96 for SUV__, and values higher than this predicted high
burden disease with a sensitivity, specificity, PPV, and NPV
of 68.18%, 85.71%, 93.75%, and 46.15%, respectively.
To our knowledge, this is the first study to investigate
the SUV__ value in Ga-68 PSMA PET/CT in staging and
determining the disease burden (oligometastatic or
multimetastatic) for PCa patients.
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Figure 2. Receiver operating characteristic curve of standard uptake
value on intermediate and high risk groups
ROC: Receiver operating characteristic, AUC: Area under the curve

Table 2. ROC analysis results and diagnostic ratios between oligometastatic and multiple metastatic groups

% (95% Cl)
AUC P Cut-off Sensitivity Specificity PPV NPV
SuvV__ | 0.753 0.047* | 7.96 68.18 85.71 93.75 46.15
(0.565-0.942) (45.13-86.14) (42.1399.94) | (70.50-98.95) (30.23-62.91)

*Significant at 0.05 level, ROC: Receiver operating characteristics, Cl: Confidence interval, SUV,__: Standard uptake value maximum, AUC: Area under the curve, PPV: Positive

predictive value, NPV: Negative predictive value

Table 3. ROC analysis results and diagnostic ratios between intermediate and high risk groups

% (95% Cl)
AUC p Cut-off Sensitivity Specificity PPV NPV
SUV__ 0.727 0.006* 10.55 62.07 90.00 90.00 62.07
(0.587-0.867) (42.26:79.31) (68.30-98.77) (70.1097.19) (50.11-72.72)

*Significant at 0.05 level, ROC: Receiver operating characteristics, Cl: Confidence interval, SUV, _: Standard uptake value maximum, AUC: Area under the curve, PPV: Positive

predictive value, NPV: Negative predictive value
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Table 4. Predictive model of factors affecting metastasis
and risk groups

Model 1. Oligometastatic® and multiple metastatic groups

2LL=21.406

Nagelkerke
R? = 0.459

Hosmer & Lemeshow X?=7.207
(p=0.514)

Factors Beta p OR

PSA 0.075 |0.120 1.078
Suv__ 0.412 |0.038* | 1.420
Model 2. Intermediate risk* and high risk
-2L1=51.698

95% Cl
0.981-1.186
1.240-1.676

Nagelkerke
R?=0.347

Hosmer & Lemeshow
X?=4.491 (p=0.810)

1.013 0.982-1.044
1.198 1.028-1.397

PSA 0.013
Y 0.181

max

0.420
0.021*

fReference category, *Significant at 0.05 level, log likelihood, -2LL=2, SUV __:
Standard uptake value maximum, PSA: Prostate-specific antigen

unit

Figure 3. The prostate-specific membrane antigen positron emission
(Ga-68 PSMA PET) image of 67 years old prostate carcinoma patient
(A), transraxial PET/computed tomography (CT) image of Ga-68 PSMA
expressing primary tumor in right lobe apex (B), transraxial PET/CT fusion
image (C), sagittal plan PET/CT image of metastatic lesion in the lumbar
4t spine expressing Ga-68 PSMA (D)

PSMA: Prostate-specific membrane antigen, PET: Positron emission tomography,
CT: Computed tomography

Currently, D'Amico risk group is still the main clinical
feature directing treatment decision. Therefore, some
studies investigated the association of SUV__ with these
risk groups. An example of these studies is published
by Uprimny et al. (14). The authors found mean SUV__
values in intermediate and high risk groups as 8.25 and
20.5, respectively, in their 82-patient sample, which was
statistically significant (p<0.001). In another study by
Sachpekidis et al. (15) in 24 patients, SUV__ values of

low and intermediate risk groups were significantly lower
compared with that of high risk group in concordance with
our study. Likewise, Demirci et al. (16) also found that high
risk group had significantly higher SUV__ value (p<0.001).

In our study, median SUV__ values of intermediate and
high risk groups were 6.91 and 11.44, respectively, which
were statistically significant (p=0.014), in accordance with
previous reports. Related SUV__ cut-off value calculated
via ROC analysis was 10.55. The specificity and PPV were
90%, and sensitivity and NPV were both 62.07% for the
predicting risk group. Demirci et al. (16) found SUV __ cut-
off value as 9.1 for high risk group, which is close to ours.
The difference between SUV__ values of Gleason grade
groups 2 and 3 was not statistically significant (medians
7.45 and 6.38, respectively) in the same line with the results
of several previous studies (14,15). However, Demirci et
al. (16) reported significant difference between SUV__
values of grades 2 and 3 subgroups. This discordance may
be attributed involvement of post radical prostatectomy
specimens rather than biopsy when the contradiction
between GS reported with biopsy and prostatectomy is
considered (17).

max

As a secondary aim, SUV__ values were investigated
according to three PSA subgroups. SUV__ values increased
with increasing PSA, and the difference was found to be
statistically significant (p<0.001). Reports addressing the
same issue (14,15) also found that primary tumor SUV _

value was significantly higher in patients with PSA =10 ng/

mL.
Study Limitations

Our study has limitations specific to the retrospective design.
Although this study was conducted in a small environment
in a restricted time, a small sample size fulfilling the
inclusion criteria was enrolled. As a last limitation, the GSs
were not verified with radical prostatectomy specimens,
although it was not available for all patients.

Conclusion

Eventually, this study is rewardable in particularly two main
aspects. First, we have shown that primary tumor SUV__
value in initial Ga-68 PSMA PET/CT would predict the
D’Amico risk group with high accuracy, which is to date
the main directory of treatment algorithm. Second, to our
concern, our study is the first to prove the high accuracy
of SUV__ and determine a cutoff value for predicting
oligometastatic and multimetastatic PCa. In the era of
radical approaches for oligometastatic disease, this is crucial
for individualizing treatment approach. Further studies with
large samples addressing the prognostic value of SUV_
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on differentiating oligometastatic and multimetastatic PCa,
and its prognostic roles are warranted.
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Metabolic Characterization of Anterior Mediastinal Masses by '®F-FDG PET/CT
"8F-FDG PET/BT ile Anterior Mediastinal Kitlelerin Metabolik Karakterizasyonu
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Abstract

Obijectives: To evaluate the role of "®F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) for the diagnosis
of anterior mediastinal masses.

Methods: The oncological '®F-FDG PET/CT images of 41 patients (17 women, 24 men; age: 16-83 years, mean age: 50.5+19.5 years) who
attended the nuclear medicine department between November 2016 and September 2017 were retrospectively evaluated for the metabolic
characterization of their anterior mediastinal masses.

Results: Based on our results, the lesions of 4 patients were benign [maximum standard uptake value (SUV, ) <3] and that of 2 patients
were non-tumoral (i.e., tuberculosis and sarcoidosis). The mean dimensions and the SUV__ levels of the malignant lesions were 6.4+3.7 cm
and 11.949.6, respectively. The pathological results for the malign tumors were thymus tumors (n=8), lymphoma (n=8), lung cancer (n=11),
carcinoid metastasis (n=2), thyroid carcinoma (n=2), germ cell carcinoma (n=1), schwannoma (n=1), and sarcoma (n=1). The degree of '®F-FDG
accumulation could precisely identify the malign and benign tumors.

Conclusion: Thus, contrary to the known causes, it is possible that anterior mediastinal masses originate from structures other than the anterior
mediastinal structures. In this study, the lymphoma and lung carcinoma pathology were more frequent than thymic lesions.

Keywords: Anterior mediastinum, mass, '®F-FDG, PET/CT

Oz

Amagc: Bu calismada anterior mediastinal kitlelerin karakterizasyonunda '®F-florodeoksiglukoz (FDG) pozitron emisyon tomografi/bilgisayarli
tomografinin (PET/BT) rolt degerlendirilecektir.

Yontem: Anterior mediastinal kitle tanisiyla niikleer tip bolimune Kasim 2016-Eylil 2017 tarihleri arasinda metabolik karakterizasyon amaciyla
basvuran hastalarin onkolojik '®F-FDG PET/BT goruntuleri geriye doniik olarak degerlendirildi. Kirk bir hasta (17 kadin, 24 erkek; 16-83, ortalama
yas: 50,5+19,5) calismaya dahil edildi.

Bulgular: Calismaya dahil edilen hastalardan iki hastanin lezyonu benign olarak tanimlandi [maksimum standart alim degeri (SUV_ ) <3] ve ikisinin
patolojisi timar disi lezyonlard (tliberkiiloz ve sarkoidoz). Malignite tanisi konulan hastalarin kitlelerinin ortalama boyutu ve SUV__ degerleri
sirasiyla; 6,4+3,7 cm ve 11,9+9,6 idi. Malign timérlerin patolojik tanilari; timik tumorler (n=8), lenfoma (n=8), akciger kanseri (n=11), karsinoid
metastazi (n=2), tiroid karsinomu (n=2), germ hucreli timér (n=1), schwannoma (n=1) ve sarkom (n=1) idi.

Sonug: Bilinen nedenlerin aksine anterior mediastinal kitlelerin patoloji sonuglari anterior mediastinal yapilarin timarlerinin veya karsinomlarinin
disindaki patolojilerden kaynaklanabilir. Bu seride timik timérlere gore lenfoma ve akciger karsinomu daha sik rastlanan patolojilerdi.
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Introduction

Several causes of anterior mediastinal masses, either
benign or malignant, have been reported. In fact, it has
been reported that anatomic structures in the anterior
mediastinum either enlarge or become malignant or
metastasize from another tumor. Several studies have also
evaluated thymus enlargement as a differential diagnosis
of anterior mediastinal masses (1). In addition, numerous
cases have been reported related to the origin of anterior
mediastinal masses in the literature (1). The other reasons
of development of anterior mediastinal mass are benign
enlargement of anatomic structures involving or invading
the mediastinum (2,3).

It has been previously documented that the
8F-fluorodeoxyglucose (FDG) positron emission
tomography/computed tomography (PET/CT) is an

accurate modality in the staging and restaging of anterior
mediastinal tumors. In fact, a recent study suggested
that the diagnostic power of ®F-FDG PET/CT for anterior
mediastinal mass is high, but its negative predictive value
is higher (4). Another small series of study determined
the cut-off level for the determination of malignancy in
anterior mediastinal mass (5). The present study aimed
to evaluate the pathological outcomes of adult patients
presenting with anterior mediastinal mass in conjunction
with the "8F-FDG PET/CT findings.

Materials and Methods

Patients

The following were the patient inclusion criteria: age of
16-85 years and presenting with anterior mediastinal mass
without histopathological diagnosis.

Informed consents were obtained from the patients for
conducting PET/CT examinations.

The following were the patient exclusion criteria:
pregnancy and lactation, age <16 or >85 years, presenting
with another malign tumor elsewhere, and those with
contraindication for PET/CT examinations.

The study was approved by the Local Ethics Committee and
conducted according to the revised Helsinki Declaration,
2010. Mersin University Rectorate Clinical Research Ethics
Committee (date: 05/10/2017, no: 2017/285).

The PET/CT images of 41 patients (17 women, 24 men, age:
16-83 years, mean age: 50.5+19.5 years) who were referred
to the nuclear medicine department with the diagnosis of
anterior mediastinal mass by a previous CT examination
conducted between November 2016 and September 2017
were obtained. The data were retrospectively evaluated

by 2 experienced nuclear medicine physicians without
any knowledge of the final diagnosis of the patients.
The PET/CT study was not performed for patients with
anamnesis of pregnancy and lactation and for those with
contraindication for the examination. In addition, we did
not prefer pediatric patients with interfering problems
that involved the anterior mediastinum frequently (such as
physiological thymus activity) and elder patients (age: >85
years) because they probably could not be operated.

PET/CT Examinations

The patients were prepared for the examination by ensuring
at least 6 h of fasting and decreased physical activities
since at least 24 h prior to the examination. The patients
were first injected with the radiopharmaceutical agent
[mean 370 MBq (10 mCi), according to the body weight]
via the venous line 60 min before the imaging. Imaging was
performed by using a PET/CT scanner (discovery PET/CT
610; GE, US) with a low-dose CT scan (130 kV, 50 mAs, 1.5
pitch, 5-mm thickness, 70-cm field of view) for attenuation
correction without intravenous contrast administration
via oral contrast administration from the skull base to the
upper thigh region with the acquisition time of 3 min/
bed position and the matrix size of 256x256. Attenuation-
corrected PET images were then reconstructed by using
an iterative reconstruction algorithm, VUE point HD with 3
iterations and 32 subsets.

Diagnostic Criteria

The images were evaluated with respect to the metabolic
characteristics of the anterior mediastinal lesions
[maximum standard uptake value (SUV__ )] levels obtained
from the workstation (Mac iOs, Osirix MD programme).
The SUV__ levels were retrieved by the circular region
of interest covering the most active portions of the
lesions in addition to the CT characteristics of the lesions
and the dissemination to other structures (metastatic
dissemination, lymphadenopathies elsewhere in the body,
and other possible malignant primary sites). The anterior
mediastinal mass lesions were determined to be benign in
case of a single site with low uptake of "*F-FDG (SUV __ <3).

Interventions and Histopathological Analysis

Surgical procedures were decided with reference to the
PET/CT imaging and suspected malignancy. The types
of surgical procedures conducted (such as thoracotomy,
minithoracotomy sternotomy procedures, or biopsy)
for each patient are summarized in Table 1. The final
pathological outcomes obtained from the specimens
of surgery including hematoxylene and eosine or
immunohistochemistry (in case it was necessary) staining
procedures were analyzed by an experienced pathology
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physician, and the results of the PET/CT and pathology
were compared.

Statistical Analysis

The statistical analysis was performed by using a package
program (MedCalc®v10.3.0). The receiver operating curve
(ROC) analysis was performed in order to determine the
power of the SUV__ parameter to differentiate between
the benign and malignant lesions.

Results

Of the 41 study participants, 37 underwent different
surgeries based on their imaging findings (Table 1). The
pathological results including those of 2 patients with the
diagnosis of granulomatous diseases (Figure 1) are listed
in Table 1. A total of 4 patients were considered to be
benign based on their PET/CT imaging, these patients did
not undergo any surgical procedure and were also out of
the follow-up program (Figure 2). In this series, 10 patients
were diagnosed with lymphoma, while 2 were diagnosed
with neuroendocrine tumor metastases with a relatively
low '"F-FDG uptake. One of the patients had immature
teratoma with a significantly high metabolic activity (Figure
3). The patient diagnosed with differentiated thyroid
carcinoma also showed high '®F-FDG affinity; however,
those with medullary thyroid carcinoma showed a relatively
low uptake. Unexpected results, such as lung carcinoma,
were recorded in the study group as well (Figure 4).

The distribution of the pathological results and the SUV
levels of the lesions are summarized in Table 1. The
"BE-FDG avid lesions outside of the anterior mediastinum
of the patients are listed under Table 1. Thirteen patients
underwent follow-up '"F-FDG PET/CT imaging (mean
7.4+5.2 month), while 3 patients died within 1 month
of PET/CT examination during the disease course. The
progression of the disease was noted in 4 patients, with
partial response in 2 and complete metabolic response in
5. One patient was diagnosed with interfering infection
and 2 with recurrent mediastinal lesion.

The cutoff SUV__ level during the determination of
malignant and benign tumors was 6.04 as per the ROC
curves, and, with this cut-off value, the sensitivity and
specificity of the diagnostic modality was 74% and 80%,
respectively (Figure 5). The SUV __ level was found to be
significantly (p=0.05) successful in the determination of
malignant lesions, while this level in patients with thymoma
was 3-5.95. The SUV__ levels of thymic carcinoma was
significantly higher than those of thymoma lesions (3-
19,39).

Discussion

The benign anterior mediastinal masses may be benign
metastasizing leiomyoma, inflammatory endobronchial
pseudotumor, physiological thymus activity, or rebound
thymus activity (1). The benign metastasizing leiomyoma is
arare tumor of the middle-age women occurring years after
hysterectomy (6). Inflammatory pseudotumor is a benign
lesion of children or young adults that may be associated
with trauma, paraneoplastic syndrome, or inflammatory
reactions (7). It is therefore important to discriminate the
thymus uptake or thymic rebound from the pathological
uptake in PET/CT among young people and children (1).
Unfortunately, patients with benign lesions in this case
series were also out of the follow-up and did not want to
undergo an operation.

Although some pitfalls and false-positive results are
associated with the '8F-FDG uptake of the surrounding
tissues (8), the "®F-FDG PET/CT remains the most important
modality in the preoperative evaluation of anterior
mediastinal lesions. In this case series, only a limited
number of patients showed false-positive results, including
sarcoidosis (Figure 1) and tuberculosis. Granulomatous
infections frequently interfere with malignant tumor
metastasis or primary tumors, especially for PET/CT
examinations in endemic countries and provides false-
positive results. However, the ratio of false-positive results
of patients with granulomatous diseases was found to be
in an acceptable range in this study.

The most common tumors of the anterior mediastinum
are thymic tumors “thymoma” in adults, and previous
studies have demonstrated a close correlation between
the World Health Organization and Mosaka stage of the
thymic tumors and SUV__ levels (9). This study group
included only 3 patients with thymoma, which is rarer than
expected, while the SUV__ levels of these patients were in
an acceptable range. The thymic carcinoma group showed
higher SUV__ levels, as expected, than the thymoma
group. CT or magnetic resonance showed extension and
invasion into the adjacent mediastinal structures of the
thymic tumors (9). The '®F-FDG PET/CT may differentiate
the subgroup of thymic epithelial tumors such as thymoma,
thymic carcinoma, and carcinoid tumors and accurately
stage these tumors (10). Complete surgical removal of
the thymic tumors with the involved adjacent structures
is hence the popular treatment modality (11). A special
subgroup of thymic tumors is the cystic thymus tumor that
is characterized by multiple cysts (12). The ®F-FDG PET/
CT imaging may demonstrate an increased uptake in the
cystic thymomas related to the septum or margins of the
tumor (12). The SUV__ cutoff level for malignant and
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Table 1. The "®F-FDG PET/CT imaging, pathology results, and biopsy/surgery sites of the patients

No SUV | Other hypermetabolic lesions | Surgery Pathology Follow-up
in PET/CT
1 5.73 | Pleura Biopsy mediastinum Metastasis of thymic carcinoma | Progression in 1 year
2 7.56 | Disseminated lymphadenopathy | Biopsy nasopharynx Hodgkin lymphoma
3 442 |- Excision of mass Schwannoma
4 4.6 Lung tumor, pleura, lymph nodes | Broncoscopic biopsy NSCLC
5 10.35 | Cervical lymph nodes Cervical node biopsy | Hodgkin lymphoma Partial response in 4
months
6 17.19 | Disseminated lymph nodes Inguinal node biopsy | Nonhodgkin lymphoma
3.17 | Lung Lung wedge Neuroendocrine tumor met
8 5.52 | Mediastinal, axillary, cervical Axillary node biopsy Neuroendocrine tumor met Thymic rebound in 10
nodes months
9 21.69 | Liver, femur met FNAB of liver Lung adenocancer met
10 19.89 | Cervical lymph nodes Cervical node biopsy | Thymus carcinoma met Residual thymus
11 14.15 | Lung, spleen uptake, cervical Cervical node biopsy | NSCLC Died in 10 days
12 12.68 | Lung, bone, liver met FNAB of liver Lung adenocarcinoma met Died in 1 month
13 8.18 | Cervical lymph nodes Cervical node biopsy | Thymus carcinoma met
14**** 1 12.29 | Lung, liver, bone met Cervical node biopsy | Small cell lung cancer met
15 10.24 | Mediastinal cervical lymph nodes | Cervical node biopsy | Hodgkin lymphoma
16 10.64 | - Bone marrow biopsy | Hodgkin lymphoma Complete response in 1
year
17%** 13.68 | - Thymus biopsy Immature teratoma Abdominal progress in 7
months
18 13.8 |- Mediastinal tru-cut Nonhodgkin lymphoma
biopsy
19* 15.6 | Cervical lymph nodes Cervical node biopsy | Sarcoidosis
20 3.69 | Lung Lung wedge Medullary thyroid carcinoma Metabolic and Ga-68
progression
21 17.2 | Cervical, axillary, liver, bone Axillary biopsy Burkitt lymphoma
22 12.5 | Cervical, spleen, bone marrow, Cervical node biopsy | Hodgkin lymphoma
bone
23 6.04 | Abdominal, mesentary, colon Mediastinal biopsy Tuberculosis
24 11.8 | Bone Mediastinal biopsy Neuroendocrine carcinoma met | Partial response in 3
months
25 3.3 Cervical lymph node Mediastinal tumor Thymoma type AB
excision
26 11.16 | Cervical lymph node Mediastinal biopsy Hodgkin lymphoma Nearly complete response
in 3 months
27 27.43 | Lung, surrenal Mediastinal biopsy Lung adenocarcinoma met Nearly complete response
in 3 months
28 45 - Mediastinal tumor Thymoma type AB Suspicious anterior
excision mediastinal lesion in 5
months
29 56.5 |- Thyroidectomy Folliculary, Papillary carcinoma
30 3 - Mediastinal biopsy Thymic carcinoma Died in 10 days
31 10.9 | Lung, bone Broncoscopic biopsy NSCLC
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32 3.3 Cervical, abdominal lymph nodes, | Cervical lymph node Lung adenocarcinoma met.
lung
33 11.72 | Cervical lymph node Cervical node biopsy | Small cell lung cancer Progression in 2 months
34 143 |- Pericardial biopsy Undifferentiated carcinoma Complete remission in 20
months
35 595 |- Mediastinal tumor Thymoma type B1
excision
36 10.94 | - Mediastinal tumor Undifferentiated carcinoma
excision
37 12.93 | - Paraphayngeal biopsy | Squamous cell carcinoma met

*Patient indicated in Figure 1, ***Figure 3, ****Figure 4, '®F-FDG: '®F-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, NSCLC: Non-small
cell lung cancer, FNAB: Fine needle aspiration biopsy, met: Metastasis, SUV: Standardized uptake value

Figure 1a

Figure I

2

&

K

Figure 1. A 39-year-old woman with pathological diagnosis of sarcoidosis was evaluated. Her histological sections revealed well-defined, small, non-
necrotizing granulomas composed of epithelioid cells with scattered (a) Langhans giant cells in the lymph node. Necrosis was absent. Granuloma was
noted at higher power. Non-necrotizing granulomas composed of epithelioid cells with scattered Langhans giant cells (H&E, x40). (b) Langhans giant
cells can be observed in the middle area. These cells are presenting with mediastinal multiple lymph nodes with significantly increased "®F-FDG affinity
(H&E, x200), as demonstrated by the (c) multiple intensity projection image of '®F-FDG PET/CT

H&E: Haemotoxylin and eosin, '8F-FDG: ®F-fluorodeoxyglucose

benign thymomas have not been determined, although
the previous reports accepted the 4.5-6.3 levels (13). The
SUV__ cut-off value for the determination of the benign
and malignant lesions by "®F-FDG PET/CT was 6.04 in this
study by the ROC analysis. We noted that the diagnostic
sensitivity and specificity of the test was acceptably high
with this determined cut-off level.

Another problem with the anterior mediastinum is the
physiological uptake related to thymus and a phenomenon
called the “thymic rebound” that occurs especially in
the pediatric age. Thymic rebound refers to the thymus
regression during and enlargement after the completion of

chemotherapy (1). A previous related study concluded that
the SUV__ cut-off level of 3.1 may accurately differentiate
thymic rebound from lymphoma recurrence (1). Another
study about benign and malignant anterior mediastinal
mass indicated the cut-off level of 3 (5). Other malignant
tumors of anterior mediastinum include lymphoproliferative
diseases such as lymphoma, neuroendocrine tumors, and
mesenchymal tumors. The most important change in the
patients’ management was observed in the lymphoma
group since the biopsy sites were altered due to the PET
results. In a case series on patients with lymphoma, it was
suggested that mild "8F-FDG accumulating lesions in the
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Figure 2. The '®F-FDG PET/CT images of a 56-year-old man with anterior mediastinal mass in the transaxial projection of fusion, PET, and CT with low
®F-FDG uptake who was out of the follow-up program without any pathological outcome
8F-FDG: "8F-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography

Figure 3. Heterogeneous uptake with increased "8F-FDG accumulation in large anterior mediastinal mass, which was immature teratoma, as shown by
the transaxial, coronal, and sagittal plane CT, fusion, and PET images
8F-FDG: "8F-fluorodeoxyglucose, PET: Positron emission tomography, CT: Computed tomography

Figure 4. Transaxial fusion, PET, and CT images of anterior mediastinal conglomerated hypermetabolic mass lesion diagnosed as small cell lung
carcinoma
PET: Positron emission tomography, CT: Computed tomography
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Figure 5. ROC analysis of sensitivity and specificity of the "F-FDG PET/CT according to the SUV__ cut-off value (6.04). Graphical demonstration of

ROC curves
ROC: Receiver operating curve, '8F-FDG: "®F-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, SUV
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anterior mediastinal region may indicate benign lesions
like thymic hyperplasia even in lymphoma patients (14).
However, in the case of the presence of diagnostic criteria
indicating malignancy in lymphoma patients, secondary
malignant tumors of the anterior mediastinum have been
indicated in previous case reports (15).

Study Limitations

The study limitations include the retrospective design that
limits the patient selection. In addition, relatively small
number of patients could be included since the main
subject of the study considered specific patient population.

Conclusion

This study thus demonstrated that adult patients, especially,
may have several unexpected other primary malignancies,
especially lung cancer (30%). No study has so far reported
the pathological outcomes of anterior mediastinal mass in
comparison with the "8F-FDG PET/CT imaging results. We
demonstrated that '8F-FDG PET/CT is an essential imaging
modality for the characterization of anterior mediastinal
mass. This modality may change the patients’ management
by determines other possible biopsy sites.
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Abstract

Objectives: Several studies demonstrate the relationship between coronary artery disease and inflammatory parameters. Nevertheless, there is
paucity of data regarding the role of high sensitivity (hs)-C-reactive protein (CRP) to albumin ratio (CAR) in patients with ischemia on gated single
photon emission tomography (SPECT) myocardial perfusion imaging (MPI). This study was aimed at demonstrating the relationship between CAR
and the occurrence of ischemia on gated SPECT MPI.

Methods: \We retrospectively evaluated 2.048 referred patients for gated SPECT MPI from a cardiology outpatient clinic between October 2017
and June 2019. After applying exclusion criteria and measuring serum CRP and albumin levels, we included 126 patients in the study. We then
classified subjects into different groups according to the absence or presence of ischemia on gated SPECT MPI.

Results: According to laboratory findings, hs-CRP and CAR were significantly higher in the ischemia group, while the serum albumin was significantly
lower in ischemia group (p<0.05 for each). The independent predictors of presence of ischemia in multivariate analysis were hypertension and
CAR (CAR; odds ratio: 5.720, 95% confidence interval: 2.697-12.133, p<0.001). The optimal value of CAR for presence of ischemia was 0.96 with
76% sensitivity and 71% specificity.

Conclusion: We found CAR values as a predictor for ischemia before MPI.

Keywords: Myocardial perfusion scintigraphy, stable coronary artery disease, C-reactive protein/albumin ratio

Oz

Amag: Bircok calismada, koroner arter hastaligi ile enflamatuvar parametreler arasinda iliski bulundugu gosterilmistir. Bununla birlikte, tek foton
emisyon tomografisi (SPECT) miyokard perflizyon goriintilemesinde (MPI) iskemi bulunan hastalardaki C-reaktif proteinin (CRP)/albtimin oraninin
(CAR) roli ile ilgili yeterli veri bulunmamaktadir. Bu calismada, SPECT MPI'da CAR ve iskemi varligi arasindaki iliskiyi arastirmayi amacladik.
Yontem: Ekim 2017 ve Haziran 2019 tarihleri arasinda kardiyoloji polikliniginden yonlendirilerek SPECT MPI yapilan 2,048 hasta retrospektif olarak
degerlendirildi. Tarama poptilasyonu degerlendirildiginde serum CRP ve albimin duizeyleri lclilen ve dislama olcttlerini karsilamayan 126 hasta
calisma grubunu olusturdu. SPECT MPI'da iskemi varligi ve yokluguna gore hastalar iki gruba ayrilarak veriler degerlendirildi.

Bulgular: Laboratuvar bulgular agisindan degerlendirildiginde iskemi bulunan grupta CRP ve CAR anlamli olarak daha yiksek iken, bu grupta serum
albtmini anlamli olarak daha distik bulundu (her biri icin p<0,05). Cok degiskenli analizde, iskemi varliginin bagimsiz prediktorleri hipertansiyon
ve CAR idi (CAR; goreceli olasiliklar orani: 5,720,%95 Cl: 2,697-12,133, p<0,001). iskemi varligi icin en uygun CAR degeri %76 hassasiyet ve %71
Ozgullik ile 0,96 olarak bulunmustur.
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Sonug: Calismamiz miyokard iskemisi ve CAR degerleri arasindaki iliskiyi arastiran ilk calisma olarak degerlidir. Miyokard perfiizyon sintigrafisi

Oncesi bakilan CAR degerleri iskemi icin prediktor olarak bulundu.

Anahtar kelimeler: Miyokard perfiizyon sintigrafisi, kararli koroner arter hastaligi, C-reaktif protein/albimin orani

Introduction

In daily practice, many patients with chest pain and
similar cardiac complaints are evaluated in outpatient
clinics. Appropriate patients are oriented to perform
stress electrocardiography, stress echocardiography, or
gated single photon emission computed tomography
(SPECT) myocardial perfusion imaging (MPI) to investigate
myocardial ischemia. In addition, MPI is known to evaluate
the prevalence and severity of myocardial ischemia (1,2).

Inflammatory process has an important role in
atherosclerosis, plaque development, and plaque
progression. High-sensitivity C-reactive protein (hs-CRP),
neutrophile count, lymphocyte count, monocyte count,
and albumin are the most studied and clinically evaluated
inflammatory markers (3,4). Inflammatory markers can
be used to determine patients’ risk and improving their
clinical outcomes. Published studies on the prevention of
cardiovascular diseases (CVD) highlight the availability of
hs-CRP levels for determining risk stratification in selected
patients (5). Adverse cardiovascular outcomes and
prevalence of atherosclerosis have a significant association
with elevated CRP levels (6). There is also an association
with coronary artery disease (CAD) and other acute phase
reactants like albumin. The fact that CRP and albumin are
easily accessible markers in daily practice increases the
frequency of using these markers. The CRP to albumin ratio
(CAR) is a new marker, which is calculated by the ratio of
these acute phase reactants. CAR is thought to be better
at predicting inflammatory events (7,8,9). This study was
aimed to investigate the predictability of ischemia from
inflammatory markers, before performing MPI in stable
CAD patients.

Materials and Methods

We retrospectively evaluated 2048 patients referred
for gated SPECT MPI from a cardiology outpatient clinic
between October 2017 and June 2019. Out of these,
we enrolled patients with serum CRP and albumin
levels measured one day before MPI. After applying
exclusion criteria, we included 146 patients in the study.
We contacted patients through telephone to obtain
cardiovascular risk factors and diseases that might affect
acute phase reactants. We further excluded participants
having a history of CAD (with revascularization), chronic

kidney disease (estimated glomerular filtration rate <60
mL/dk), hepatic disease (aspartate aminotransferase,
alanine aminotransferase two-fold above normal limits),
history of cancer or systemic inflammatory disease, patients
taking statins, anti-inflammatory drugs, or antibiotic
medications within one week from the study. Finally, we
had 126 eligible patients for the analysis (Figure 1). The
nuclear medicine department and myocardial perfusion
studies (MPS) reports confirmed that all patients had taken
dipyridamole or adenosine as a pharmacological stressor.
We obtained a written patient informed consent. The Local
Ethics Committee approval from istanbul Training and
Research Hospital with decision number 1.935 was taken
for the present study.

Myocardial Perfusion Imaging

We performed a two-day stress/rest imaging protocol
using Technetium 99-m methoxy-isobutylisonitrile (Tc-99m
MIBI) in order to evaluate myocardial perfusion. During
peak exercise, we injected radiopharmaceutical agents on
modified Bruce protocol or at peak hyperemia. For stress
imaging, we used dipyridamole (0.142 mg/kg/min) or
adenosine (0.28 mg/min) infusion as a radiopharmaceutical
agent. Imaging began 30-45 min after injecting 15-20 mCi
Tc-99m MIBI. We injected a similar dose for rest imaging if
there was any suspected perfusion defect on stress images.

SPECT Imaging Protocol

We obtained all images over a 180° angle orbit from
right anterior oblique, 45° angle to left posterior oblique,
45° angle using a dual-head y-camera (General Electric
Optima NM/CT 640, GE Healthcare, Wauwatosa, WI,
USA) equipped with ultra-high resolution collimator, 64x64
matrix, an elliptic orbit with step and shoot acquisition at
3% intervals over 180° angle, 60 projections and 9-13 s per
projection using a 20% energy window centered on the
140 keV photopeak of Tc-99m. The patients lay in supine
position on the surface with their arms raised straight
above the head. Image sets obtained by SPECT analysis
were reconstructed on a dedicated workstation (Xeleris,
GE Healthcare, Haifa, Israel) using WBR and Evolution for
Cardiac recommended manufacturer relative risk and noise
reduction parameters, with and without CT based AC (12
iterations and 10 subsets). At the end of each acquisition,
a single low-dose CT scan (100 keV; 1.0 mA; 0.2-0.3 mS)
of the chest was performed to obtain attenuation maps
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Group 1 (n:42)
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Group 2 (n:84)
Ischemia -

Figure 1. Study population flow chart

CRP: C-reactive protein, MPI: Myocardial perfusion imaging, eGFR: Glomerular filtration rate

automatically applied by the processing software in order
to correct the emission data. The MPI dataset was carefully
re-matched with the CT attenuation map to produce the
attenuation corrected images.

Laboratory Measurements

We performed routine blood chemistry measurements
including hs-CRP (mg/L) in the morning. In addition,
we measured albumin and hs-CRP levels using Roche
Diagnostics Cobas 8000 analyzer. We deduced the CAR
(mg/g) value by dividing hs-CRP level to albumin level, and
results were obtained from the same blood samples.

Statistical Analysis

We performed overall analysis using Statistical Package for
Social Sciences (SPSS statistical version 17.0 Inc, Chicago,
IL). We described continuous variables as mean + standard
deviation or median values, while categorical variables as
frequencies and percentages (%). We verified the normality

of continuous variables using Kolmogorov-Smirnov
statistics. Meanwhile, we performed Mann-Whitney U test
and independent t-test to evaluate parametric variables. \We
used y2-test or Fisher's Exact test to evaluate categorical
variables. Statistical significance was set at p<0.05. The
variables that showed marginal association in univariate
analysis were moved to multivariate logistic regression
analyzes. We performed multivariate logistic regression
analyzes to obtain independent predictors of ischemia in
MPI. The receiver operating characteristics curve analysis
was used for calculating the CAR value that predicts
presence of ischemia with the best possible specificity and
sensitivity.

Results

All participants in the study underwent gated SPECT MPI.
The mean age of participants was 59.8+11.3 years and 56
patients (44%) were male. The subjects were classified into
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groups according to the absence or presence of ischemia
on gated SPECT MPI. Table 1 shows the demographic
characteristics of all the study population. The frequencies
of diabetes mellitus and history of hypertension were
significantly more frequent in patients with ischemia

Table 1. Baseline demographic characteristics findings of
all patients

Presence Absence of | p value

of ischemia | ischemia

(n=42) (n=84)
Gender, male (%) 22 (52.4) 34 (40.5) 0.206
Age 60.5+11.1 59.4+11.9 0.812
Use of smoking (%) 19 (45.2) 35 (41.7) 0.703
Hypertension (%) 24 (57.1) 23 (27.4) 0.001
Diabetes mellitus (%) 22 (52.4) 28 (33.3) 0.040
Dyslipidemia 8(19.0) 14 (16.7) 0.741
Nominal variables presented as frequency (%)
Table 2. Laboratory findings of all patients

Presence Absence of | p value

of ischemia | ischemia

(n=42) (n=84)
White blood cell count 8.20+2.02 7.90+2.00 0.501
(cells/pl)
Neutrophil (cells/uL) 4.59+1.62 4.37+£1.63 0.478
Lymphocyte (cells/pL) 2.55+0.87 2.46+0.80 0.566
Monocyte (cells/uL) 0.64+0.26 1.26+5.71 0.318
Neutrophil-to- 1.98+0.91 1.95+1.01 0.864
lymphocyte ratio
Platelet count (cells/uL) | 274.0+91.9 269.2+84.6 | 0.774
Hemoglobin (g/dL) 12.86+1.90 13.3+1.68 0.134
Creatinine (mg/dL) 0.87+0.27 0.80+0.29 0.265
Blood urea nitrogen 40.3+16.4 35.8£14.5 0.174
(mg/dL)
CRP mg/L 5.83+3.06 3.10+2.13 <0.001
Serum albumin, g/L 4.02+0.57 4.22+0.49 0.038
CAR, mg/g 1.48+0.81 0.73+0.47 <0.001
Continuous variable are presented as mean + SD
CAR: Creactive protein/albumin ratio, CRP: C-reactive protein, SD: Standard
deviation

(p<0.05 for each). Based on laboratory findings (Table 2),
hs-CRP and CAR were significantly higher in the ischemia
group, but serum albumin was significantly lower in this
group (p<0.05 for each). Other laboratory findings were
not different between the groups. Hypertension, diabetes
mellitus, and CAR were the predictors of presence of
ischemia in univariate analysis (Table 3). From multivariate
regression analysis using a model adjusted for the
aforementioned parameters, hypertension [odds ratio
(OR): 4.012, 95% confidence interval (Cl): 1.580-10.118,
and p=0.003] and CAR (OR: 5.720, 95% Cl: 2.697-12.133,
and p<0.001) were independently correlated with the
presence of ischemia. The area under curve of CAR for
gated SPECT MPI in the ischemia group was 0.77 (0.67-
0.87 95% Cl, p<0.001) (Figure 2). Moreover, the optimal
value of CAR in the group with the presence of ischemia
was 0.96 (sensitivity=76%; specificity=71%).

ROC Curve
10
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> 06
=
=
c
[}
P oaH
02
- UC of CAR for ischemia:0.77;%95 CI:0.67 - 0.87;p<0.001
00 02 04 06 03 10
1 - Specificity

Figure 2. ROC curve analysis
ROC: Receiver operating characteristics, AUC: Area under curve, CAR: CAR:
C-reactive protein/albumin ratio, Cl: Confidence interval

Table 3. Uni-multivariable logistic regression analysis for presence of ischemia

Univariate Multivariate

OR 95% ClI p value OR 95% ClI p value
Hypertension 3.836 1.626-7.690 0.001 4.012 1.580-10.118 0.003
Diabetes mellitus 2.200 1.032-4.688 0.041
CAR 6.235 2.989-13.006 <0.001 5.720 2.697-12.133 <0.001

CAR: Creactive protein/albumin ratio, OR: Odds ratio, CI: Confidence interval
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Discussion

In this study, we evaluated the association between CAR
and MPI detected ischemia in patients with stable CAD.
Among various inflammatory parameters, CAR showed
the best capability to discriminate myocardial ischemia
detected by MPI. This association was independent of
other predictors.

Hs-CRP is considered to be an independent cardiovascular
event marker used in cardiovascular risk classification, and
in some scores like Reynolds score, hs-CRP is present (3,10).
Redberg et al. (6) hypothesized that hs-CRP is both an
inflammatory marker and a predictor of an increased risk
of CVD. As a result, there is a clear relationship between
increased hs-CRP levels and higher CV risk (11,12).

There is an ongoing debate on whether hs-CRP is an indicator
of inflammation or whether it contributes to the development
of atherosclerosis (6). In atherosclerotic plaques, elevated
hs-CRP levels were associated with increased number of
monocytes, increased vascular endothelial plasminogen
activator inhibitor-1 expression, and reduced low density
lipoprotein uptake by tissue macrophages. The hs-CRP is
a known cause of oxidative stress, resulting in remodeling
of the vascular wall through angiotensin activity increase.
It also activates the prothrombotic states in blood. There
is evidence that demonstrates the presence of abundant
CRP in atherosclerotic lesions and also defines CRP as
the trigger for various pathogenic pathways causing
atherogenic events (13). Plasma level of hs-CRP is known
to increase with the complexity of CAD (5). Hs-CRP can be
used as a predictor of CVD, ischemic stroke, and myocardial
infarction (14). Increased CRP at admission in patients with
unstable angina or non-ST-segment myocardial infarction is
associated with increased 14-day mortality, even in patients
with a negative rapid cardiac troponin test (15). In other
studies with stable CAD patients treated with PCI, CRP
independently associated with an increased risk of 1-year
mortality (16). In STEMI patients, CAR was found to be
effective as prognostic marker for in-hospital and long-
term all-cause mortality (17). As already known, our study
determined the relationship between CRP and myocardial
ischemia.

Albumin is known as an acute phase marker with reduced
levels in cases of infection and chronic inflammation. Low
albumin levels are known to have prognostic significance
in cases such as acute coronary syndrome, heart failure,
and stable coronary heart disease (18). Hypoalbuminemia
is also known as an independent prognostic indicator in
many CVDs (19). In our study, low albumin levels were
associated with ischemia.

It is well-known that inflammatory reactions take place in
all stages of myocardial ischemia. In ischemic myocardial
tissue, pro-inflammatory chemokines are strongly secreted
thereby activating leukocytes leading to leukocyte
migration to the inflammation area. A growing set of
clinical evidence suggests that neutrophil-to-lymphocyte
ratio (NLR), CRR albumin, and lymphocyte are easily
accessible and cheap markers to assess inflammation,
especially in acute coronary syndromes (20). NLR was found
as an independent predictor for acute and stable CAD in
some studies (21,22). In a study where CAR values were
compared with other inflammatory parameters, CAR was
found to be a better predictor than other parameters for
significant CAD in patients with stable CAD (23). Despite
previous studies, NLR was not associated with myocardial
ischemia in our study.

Several reports show that the severity and extent of
myocardial ischemia can be determined accurately using
SPECT MPI; they have also highlighted the prognostic value
of this method. Spectral perfusion screening has been
reported to have lower CRP levels in patients with normal
myocardial functions than with myocardial ischemia (24).

The CAR is a marker that is calculated by the ratio of these
acute phase markers; and is believed to be more sensitive
in predicting inflammatory events. In some CVD (such as
stable angina pectoris and acute coronary syndromes),
CAR values were higher than in control groups and disease
severity was associated with CAR values (7,8,9). In our
study, ischemia group in MPS had significantly higher CAR
values than those without ischemia.

Although CRP and albumin are both acute phase markers,
there is experimental evidence that demonstrates the
presence of CRP in atherosclerotic lesions. The exertion
and measurable values of these markers vary slightly in
patients with ischemia due to myocardial ischemia in daily
life efforts. Our study is a novel one which investigates the
relationship between myocardial ischemia and CAR values.
Therefore, CAR values at any time in patients with stable
CAD may be predictive for ischemia detection in outpatient
clinics.

Study Limitations

Owing to the retrospective nature of this study, we could
not assess myocardial viability by MPI, and hence could
determine the ischemia percentage from MPI reports.

Conclusion

CAR is an independent variable in detecting myocardial
ischemia in stable CAD patients. CAR values can be used
to predict the presence of ischemia prior to invasive
procedures in daily in daily practice.
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Abstract

Objectives: Gallium-67 (Ga-67) imaging is affected by collimator penetration and scatter components owing to the high-energy (HE) gamma-
ray emissions. The characterization of penetration and scatter distribution is essential for the optimization of low-energy high-resolution (LEHR),
medium energy (ME), and HE collimators and for the development of an effective correction technique. We compared the image quality that can
be achieved by 3 collimators for different energy windows using the SIMIND Monte Carlo code.

Methods: Simulation experiments were conducted for LEHR, ME, and HE collimators for Ga-67 point source placed at 12-cm distance from
the detector surface using the Monte Carlo SIMIND simulation code. Their spectra point spread functions as well as the original, penetration,
scattering, and X-rays curves were drawn and analyzed. The parameters fullwidth at half maximum and fullwidth at tenth maximum were also
investigated.

Results: The original, penetration, and scatter curves within 10% for LEHR were 34.46%, 33.52%, 17.29%, and 14.72%, respectively. Similarly,
the original, penetration, scatter, and X-rays within 10% for ME and HE were 83.06%, 10.25%, 6.69%, and 0% and 81.44%, 11.51%, 7.05%,
and 0%, respectively. The trade-off between spatial resolution and sensitivity was achieved by using the ME collimator at 185 photopeak of Ga-67.
Conclusion: The Monte Carlo simulation outcomes can be applied for optimal collimator designing and for the development of new correction
method in Ga-67 imaging.

Keywords: Ga-67 imaging, primary photons (original), penetration, scatter, SIMIND, sensitivity

Oz

Amagc: Galyum-67 (Ga-67) gorlntileme, yiksek enerjili gama isini emisyonlari nedeniyle kolimator penetrasyonundan ve sacilma bilesenlerinden
etkilenir. Penetrasyon ve sacilma dagiliminin karakterizasyonu diistik enerjili yiiksek ¢ozinarltkli (LEHR), orta enerijili (ME) ve yiksek enerjili (HE)
kolimatérlerin optimizasyonu ve dizeltme yonteminin gelistirilmesi icin Gnemlidir. Bu calisma, SIMIND Monte Carlo kodunu kullanarak farkli enerji
pencereleri icin g kolimator ile elde edilebilen goriintu kalitesinin karsilastirimasini amaglamaktadir.

Yontem: Dedektor yiizeyinden 12 cm uzaga yerlestirilen Ga-67 nokta kaynagi ile LEHR, ME ve HE kolimatorleri icin Monte Carlo SIMIND similasyon
kodu kullanilarak simtlasyon yapildi. Spektrumlari yayilma fonksiyonlarina isaret ediyordu ve ayrica orijinal, penetrasyon, sagiima ve X-sinlari egrileri
cizilerek analiz edildi. Yari maksimumdaki tam genislik ve 1/10 maksimumdaki tam genislik arastirildi.

Bulgular: LEHR icin %10 icindeki orijinal, penetrasyon, saciima ve Xdsinlari sirasiyla %34,46, %33,52, %17,29 ve %14,72 idi. ME icin %10 icindeki
orijinal, penetrasyon, sacilma ve X-sinlari sirasiyla %83,06, %10,25, %6,69 ve %0 idi. HE icin %10 icindeki orijinal, penetrasyon, sagilma ve X-sinlari
sirasiyla %81,44, %11,51, %7,05 ve %0 idi. Uzamsal ¢oztnUrlik ve duyarlilik arasindaki denge, Ga-67'nin 185 fotopikli ME kolimatérd kullanilarak
elde edildi.

Sonug: Monte Carlo similasyon sonuglar, Ga-67 goriintilemede optimum kolimator tasarimi ve yeni diizeltme yonteminin gelistirilmesi icin
kullanilabilir.

Anahtar kelimeler: Ga-67 goriintuleme, primer fotonlar (orijinal), penetrasyon, sagiima, SIMIND, duyarlilik
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Introduction

Gallium-67 (Ga-67) disintegrates by electron capture to
stable zinc 67 with a radioactive half-life of 3.26 days,
and it has less costly imaging requirements. Despite that
"8F-fluorodeoxyglucose positron emission tomography is
currently used for the diagnosis of non-Hodgkin’s lymphoma,
Ga-67 scintigraphy remains useful during the early period
of treatment (1,2,3). The decay scheme of Ga-67 involves
multiple emission energies with photopeak energies at 93,
185, and 300 keV. Therefore, the contributions of some
photons are included in lower photopeak energy window.
In addition, lead X-rays produced in the collimator can also
be detected in the 93-keV photopeak energy windows. This
contribution degrades the image quality and the quantitative
accuracy, especially, when imaging with a low-energy
collimator (4,5). All photons detected with the collimator
were grouped into 3 categories as follows: original photons
(i.e., photons detected on the detector without any scatter
or penetration), penetration photons (those that passed
through septa without attenuation), and scatter photons
(those that scattered at least once in the septa) (6,7).
Only the first photons provide correct information. Image
quality is essentially affected by the penetration and scatter
components of the collimator, particularly in high-energy
imaging. The scattered photons depend on the photons
energy, object study, and collimator design. Gamma-
camera cannot classify the image-forming photons into
original, penetrated, or scattered photons. The knowledge
of penetration and scatter distribution is essential for the
optimization of collimator design and for the development
of a correction method (7,8). The typical energy resolution
of Nal (Tl) has a full-width at half maximum (FWHM) of
approximately 10% at 140 keV. Therefore, the contribution
of scatter within the photopeak energy windows is huge
(9). Accordingly, several compensation scatter methods
have been proposed, for example, the triple-energy window
method and the Compton window subtraction method
(10,11). Therefore, the Monte Carlo simulation technique
(12,13,14,15,16,17,18) separates the original, penetration,
and scatter contribution inside the photopeak window. In
this study, we compared the simulated energy spectra in
Ga-67 imaging for different parallel-hole collimators for the
Siemens Symbia gamma-camera (Table 1). The resolution
and sensitivity (cps/MBq) were accordingly evaluated. We
also estimated and compared the original, penetration,
and scatter contribution inside the 20% and 10% energy
windows around the 93, 185, and 300 keV photopeaks.
Through this work, we aimed to determine the optimal
energy window and collimators design [low-energy high-

resolution (LEHR), medium energy (ME), and high energy
(HE)] in Ga-67 imaging.

Materials and Methods

No statistical analysis was performed, and the study has no
evident limitations.

Our study did not involve any patients.

All procedures performed in the experiments involving
human participants were in accordance with the ethical
standards of the institutional and/or national research
committee and with the 1964 Helsinki Declaration and its
later amendments or other comparable ethical standards.

We used the SIMIND Monte Carlo simulation code (version
6.1) to simulate a point source of Ga-67 isotope (Table
2) of dimension 0.1x0.1x0.1 cm?® located at the center
of a cylindrical water phantom of dimension 16x22x22
cm?® and placed at 12 cm from the detector surface. In
this simulation, we modeled the Siemens Medical System
Symbia equipped by the following 3 collimators: LEHR, ME,
and HE (Tables 1, 2) (19). A detector of 59.1x44.5-cm? area
and 0.95-cm Nal (Tl) crystal thickness was used.

The detector was characterized by an intrinsic spatial
resolution of 0.34 ¢cm and an energy resolution of 8.80%
at 140 keV. The photomultiplier tube (PM) back-scatter
material with a thickness of 10 cm was used to simulate
the backscattering of photons from the light guides and
PM.

We included the contribution of lead X-rays scatter photons
inside the collimator lead. The aluminum cover material
thickness was 0.1 cm. The pixel size in the simulated
planar images was 0.34 cm and 128x128 matrix size. We
imported the binary image to the ImageJ software created
by SIMIND. At the end of each simulation, SIMIND provided
the value of original, penetration, and scatter photons as
well as the efficiency, sensitivity, FWHM, and full-width at
tenth maximum (FWTM) in separate files. Table 3 shows
the abundance of Ga-67 as a function of energy, which is
extremely useful in the selection of appropriate collimator.

Table 1. Specifications of the Siemens SYMBIA SPECT
scanner

Characteristics Value

Detector material Nal (TI)

Crystal dimensions (cm) 59.1x44.5x0.95

Number of photomultiplier tubes 59

Diagonal FOV (cm) 63.5

SPECT: Single photon emission tomography
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Results

Figure 1 depicts the simulated energy spectra of a Ga-
67 point source in water placed at 12-cm distance away
from the detector surface. All energy spectra include both
scattered and unscattered photons. The energies displayed
in Figure 1 represent the energies of the main emission
peaks of the isotope. The spectra characteristics help
explain the choice of collimator type for imaging. The total
number of photons detected with the collimators were
degraded widely relative to that without the collimators.
The peaks was detected in the energy region of 70-86-
keV for each collimator, which matched the characteristic
X-rays of lead produced by the photoelectric effect of HE
photons. According to the contribution of penetration and
scatter components in the projection data, the shape of
Compton edge and Compton region were found to be
different among the 3 collimators. In addition, as it can be
seen, the contribution of septal penetration and scatter in
the HE and ME were less than those in the LEHR.

Table 4 depicts the energy windows used for each
collimator. The results of the simulation are detailed in
Table 5. We evaluated the original, septal penetration,
and scatter components in parallel-hole collimators LEHR,
ME, and HE for Ga-67 point source using the Monte Carlo
simulation program.

Figure 2 illustrates the comparison of the proportion of
penetration (photons that penetrated the collimator),
scatter (those that scattered in the collimator), and original
(those that were detected on the detector without any
scatter or penetration) inside the 20% and 10% energy
windows around the 93-, 185-, and 300-keV photopeaks in
the LEHR, ME, and HE collimators, respectively.

The point spread functions (PSF) were studied for Ga-
67 imaging. A point source of 0.1-mm diameter was
acquired with different collimators. The PSF obtained for
all collimators are represented in Figure 3. The curves of

Ga-67 with the ME and HE collimators demonstrate the
effects of the septal that lowers the resolution. LEHR offers
a poorer resolution than the HE and ME collimators within
20% and 10% windows (20,21,22) owing to the septal
penetration and the scattering effects.

The indices of resolution used were FWHM to measure the
collimator’s spatial resolution, and the FWTM was used
as an index of septal penetration and Compton scattering
within the collimator. In order to quantify the resolution,
FWHM and FWTM were computed on the PSE The results
for both FWHM and FWTM and the relevant sensitivities
(Cps/MBq) are given in Table 6. These parameters were
compared within the 20% and 10% energy windows. It
can be seen from the table that, for each collimator, the
FWTM increased with the width of the energy windows,
especially for the LEHR and ME collimators, while, the
FWHM remained approximately the same (21,22,23). On
the other hand, the sensitivity decreased when the width
of the energy window decreased, which was an extremely
sharp transition for LEHR. Figure 4 depicts the images of Ga-

Without collimator LEHR

Cps/MBgq/keV
Cps/MBq/keV

Energy (keV) Energy(keV)

Cps/MBqg/keV

Cps/MBq/keV

?x
m

Energy(keV) Energy(keV)

Figure 1. Comparison of the total simulated spectrum among the 3
different collimators for Ga-67 imaging

Ga-67: Gallium-67, LEHR: Low-energy high-resolution, ME: Medium energy, HE:
High energy

Table 2. Collimators data of the Siemens SYMBIA systems during simulation
Imaging system Collimators | Diameter (cm) Septa (cm) Length (cm) Hole shape | Collimator type
LEHR 0.111 0.016 2.405 Hexagonal Parallel hole
Siemens SYMBIA ME 0.294 0.114 4.064 Hexagonal Parallel hole
HE 0.400 0.200 5.970 Hexagonal Parallel hole
LEHR: Low-energy high-resolution, ME: Medium energy, HE: High energy
Table 3. Energies and intensities of gamma rays emitted from the Ga-67 source
Energy (keV) 91.26 93.30 184.57 208.93 300.23 393.52 494.14 | 703.11 | 794.4 | 887.67
Abundance (%) 3.09 38.1 20.96 2.37 16.6 4.59 0.06 0.01 0.05 0.14
Ga-67: Gallium-67
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Table 4. Acquisition energy windows used in the
simulation
Photopeak window (keV) Photopeak Collimators
93 keV LEHR
10% 185 keV ME
300 keV HE
93 keV LEHR
20% 185 keV ME
300 keV HE
LEHR: Low-energy high-resolution, ME: Medium energy, HE: High energy
= Geometric(%) u Penetration(%) m Geometric(%) = Penetration(%)
Scatter(%) xerays(% Scatter(%) xerays(%)

)
10%

1 1 |. |.

Figure 2. Comparison among the original, penetration, scatter, and
X-rays for LEHR, ME, and HE collimators
LEHR: Low-energy high-resolution, ME: Medium energy, HE: High energy

Table 5. The result of the simulation performed in the study

Energy Collimators | Original | Penetration | Scatter | X-rays
windows (%) (%) (%) (%)
LEHR 34.46 33.52 17.29 (14.72
10% ME 83.06 10.25 6.69 0
HE 81.44 11.51 7.05 0
LEHR 25.94 34.7 19.31 |20.05
20% ME 79.98 12.03 8 0
HE 79 11.8 9.2 0

LEHR: Low-energy high-resolution, ME: Medium energy, HE: High energy

Table 6. Calculated FWHM and FWTM and sensitivities
within the 20% and 10% energy windows for LEHR, ME,
and HE collimators

Energy Collimators | FWHM | FWTM | Sensitivity
windows (mm) (mm) (Cps/MBq)
LEHR 3.47 33.12 21.11
10% ME 5.04 10.09 12.8
HE 5.53 10.26 5.82
LEHR 3.88 52.05 42.37
20% ME 5.20 15.67 19.40
HE 5.64 11.87 7.41

FWHM: Full-width at half maximum, FWTM: Full-width at tenth maximum, LEHR:
Low-energy high-resolution, ME: Medium energy, HE: High energy
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Figure 3. Comparison of PSF among the 3 different collimators for the
Ga-67 point source inside the 20% and 10% energy windows with HE,
ME, and LEHR collimators

PSF: Point spread functions, Ga-67: Gallium-67, LEHR: Low-energy high-resolution,
ME: Medium energy, HE: High energy

HE10 HE20 LEHR10

LEHR20

ME10 ME20

Figure 4. Images of the Ga-67 point sources created at the end of each
simulation with LEHR, ME, and HE collimators within the 10% and 20%
energy windows

Ga-67: Gallium-67, LEHR: Low-energy high-resolution, ME: Medium energy, HE:
High energy

67 point sources obtained from the simulation performed

with different collimators.

Discussion

The Monte Carlo simulation SIMIND code was used to store
the history of the detected events, which was otherwise
not possible with the experimental data. However, to
compare i.e., equal acquisition time were employed. The
collimator-detector response (CDR) of the single photon
emission tomography imaging system depends on the
following 4 components: the intrinsic response and the
response of the detector and the original, penetration,
and scatter distribution inside the collimator. Therefore,
the characterization of this components helps compensate
the CDR, which has a significant effect on accurate
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quantification (20). As the Ga-67 radionuclide emits
multiple-energy rays, a large scattered event is detected
within the photopeak energy windows; this event degrades
significant contrast and lesion detection (9).

The low original component in LEHR collimator may be
attributed to the high level of penetration, scattering,
and X-rays effects. This component is large for ME and
HE collimators. The original component (primary photons)
decreased with an increase in the photopeak window,
especially for the LEHR collimator. Penetration and scatter
component increased with an increase in the photopeak
window, demonstrating smooth increase in all collimators.
In addition, the X-rays component showed a slow increase
with an increase in the photopeak window in the LEHR
collimators. Although the number of detected photons
from the main energy peak (93 keV) was high for LEHR,
it is important to consider that a large amount from this
peak was detected after septal penetration. The indices of
resolution used were FWHM to measure the collimator’s
spatial resolution, while FWTM served as an index of septal
penetration and Compton scattering within the collimator.
In order to quantify the resolution, FWHM and FWTM
were computed on the PSF

The presence of a high level of penetrated and scattered
photons from the LEHR collimator degrades spatial
resolution, contrast, and quantification (20,21,22,23,24).
Table 6 depicts that the use of LEHR collimator with Ga-67
imaging resulted in the most degraded spatial resolution,
while the use of an HE collimator in Ga-67 imaging
resulted in the loss of sensitivity and spatial resolutions
(25). Data presented in Table 5 signify that the trade-off
between the sensitivity and spatial resolution achieved
with the ME collimator occurred when the photopeak was
centered over the 185-keV photopeak with the use of 10%
photopeak. We hence recommend Ga-67 imaging with a
single peak around the 185-keV peak considering the high
relative intensity of the 185-keV gamma peak (30%) and
the high absorption efficiency of this photopeak within the
Nal (Tl) crystal.

The fogginess in these images increased with an increase
in the energy window, especially for LEHR. This observation
can be attributed to the HE photons detected inside the
energy window. Therefore, the LEHR collimators became
virtually transparent, which was evident from the calculated
value of high septa penetration and scattering obtained
from the simulation experiments (Table 5).

Conclusion

We studied the LEHR, ME, and HE collimator in the Ga-67
imaging. Based on our results, we noted loss in sensitivity

and spatial resolution by the HE collimator, as the LEHR
collimator allows poorer spatial resolution. On the other
hand, the trade-off between resolution and sensitivity was
achieved with an ME collimator in the 10% energy window
with a single peak at 185 keV. We believe that our results
would facilitate the designing of optimal collimator and
the development of a new correction method in Ga-67
imaging.
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Red Marrow Absorbed Dose Calculation in Thyroid Cancer Patient Using a
Simplified Excel Spreadsheet

Tiroid Kanseri Hastasinda Basitlestirilmis Bir Excel Elektronik Tablosu Kullanilarak Kirmizi lligin
Absorbe Ettigi Dozun Hesaplamasi
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Abstract

Objectives: Absorbed dose to red marrow (D, ) can be calculated using blood dosimetry. However, this method is laborious and invasive.
Therefore, image-based dosimetry is the method of choice. Nonetheless, the commercial software is expensive. The goal of this work was to
develop a simplified excel spreadsheet for image-based radioiodine red marrow dosimetry.

Methods: The serial whole-body images (acquired at 2", 6%, 24, 48", and 72" hours) of 29 patients from the routine pretherapeutic dosimetry
protocol were retrospectively reanalyzed. The commercial OLINDA/EXM image-based dosimetry software was used to calculate the whole-body
time-integrated activity coefficient (TIAC, ;) and D, [in terms of absorbed dose coefficient (d, )]. For the simplified excel spreadsheet, the whole-
body count was obtained from the vendorsupplied software. Then, the TIAC,, was computed by a fitting time-activity curve using an Excel
function. S factor was taken from other publications and scaled according to the patientspecific mass. A comparison of the TIAC, and d_ from
both methods was done using a non-inferiority test using a paired t-test or the Wilcoxon signed-rank test.

Results: The TIAC, , showed no significant difference between both methods (p=0.243). The calculated D, from a simplified Excel spreadsheet
was assumed to be statistically non-inferior to the commercial OLINDA/EXM image-based dosimetry software with the non-inferiority margin of
0.02 (p<0.05).

Conclusion: The dose assessment from a simplified Excel spreadsheet is feasible and relatively low cost compared to the commercial OLINDA/
EXM image-based dosimetry software.

Keywords: Red marrow absorbed dose, image-based dosimetry, radioiodine therapy, internal dosimetry

Oz

Amag: Kirmizi iligin absorbe ettigi doz (D, ) kan dozimetresi kullanilarak hesaplanabilir. Ancak tam kan yontemi zahmetli ve invaziftir. Bu nedenle,
gorlintl bazl dozimetri tercih edilen yontemdir. Bununla birlikte, ticari yazilm pahalidir. Bu calismanin amaci, gériinti tabanli radyoiyot kirmizi ilik
dozimetrisi icin basitlestirilmis bir excel elektronik tablosu gelistirmektir.

Yontem: Yirmi dokuz hastanin rutin tedavi 6ncesi dozimetri protokoltindeki seri tiim viicut goriintlleri (2, 6, 24, 48 ve 72. saatlerde elde edilen)
retrospektif olarak yeniden analiz edilmistir. Rutin olarak, ticari OLINDA/EXM gérlntu tabanli dozimetri yaziimi, tim vicut zamana entegre
edilmis aktivite katsayisi (TIAC, ;) ve D, [absorbe edilen doz katsayisi (d )] hesabi icin kullanildi. Basitlestirilmis bir Excel elektronik tablosu icin,
tlm viicut sayisi satici tarafindan saglanan yazilimdan elde edilmistir. Daha sonra TIAC,,, Ex;el islevi kullanilarak olusturulan zaman-aktivite egrisi
ile hesapland. S faktorl diger yayinlardan alinarak hastaya 6zel kitleye gore Slceklendirildi. Iki yontem ile elde edilen TIAC,, ve d  degerlerinin
karsilastirmasi, bagimli rneklem t-testi veya Wilcoxon isaretli siralar testine dayali bir non-inferiority test kullanilarak analiz edildi.

Bulgular: TIAC, , iki yontem arasinda anlamli bir fark géstermedi (eslestirilmis Grneklem t-testi ile p degeri 0,243). Basitlestirilmis bir Excel elektronik
tablosundan hesaplanan d_degderinin, 0,02lik non-inferiority payi ile ticari OLINDA/EXM goriinti tabanli dozimetri yazilimi ile hesaplanan
degerden istatistiksel olarak non-inferior oldugu gériimustur (Wilcoxon isaretli siralar testi ile p degeri <0,05).
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Songprakhon et al. Excel Spreadsheet for Red Marrow Dose

Sonug: Basitlestirilmis bir Excel elektronik tablosundan doz degerlendirmesi yapilabilir ve ticari OLINDA/EXM gortiintii tabanli dozimetri yazilimina

kiyasla nispeten distk maliyetlidir.

Anahtar kelimeler: Kirmizi iligin absorbe ettigi doz, gorlintliye dayall dozimetri, radyoiyot tedavisi, internal dozimetri

Introduction

The red marrow is considered as one of the critical organs in
radioiodine treatment (*'I-sodium iodide) of differentiated
thyroid cancer (DTC). In radioiodine treatment, the
absorbed dose to the blood as a surrogate for red marrow
is often kept below 2 Gy to avoid hematological toxicity.
This safety limit has been defined by blood dosimetry from
blood sampling since the original work of Benua et al. (1)
in 1962. Such a limit is still widely accepted, even though
many new approaches have been introduced to calculate
the red marrow absorbed dose such as external whole-
body counting using a gamma probe and quantitative
imaging using serials of whole-body scans obtained from
nuclear medicine imaging modality (2,3,4).

Currently, quantitative imaging is the method of choice
due to its non-invasive procedures excluding serial blood
collections. Several commercial dosimetry softwares
include the function to calculate the time-integrated activity
coefficient (TIAC) and absorbed dose in organs using
either serial planar whole-body scans or single photon
emission computed tomography (SPECT) acquisitions (3,4).
However, the image-based commercial dosimetry software
is expensive, limiting its use in routine clinical practice. The
objectives of this study were to develop a simplified excel
spreadsheet for an image-based radioiodine bone marrow
dosimetry and to compare the results of this spreadsheet
with the commercial OLINDA/EXM image-based dosimetry
software.

Materials and Methods

Patient Data Selection

Twenty-nine DTC patients who participated in the routine
pretherapeutic dosimetry protocol between May 2017
to March 2019 for radioiodine treatment at the Surin
Hospital (Surin Province, Thailand) were included in this
retrospective study. Five patients were male and 24 were
female. The mean age was 48.8 years (range: 19.0-76.0
years) at the time of the treatment. Ethics Committee
Approval was obtained from the Ethical Review Board of
the Surin Hospital with the approval number: 12/2562 and
date: 9™ April 2019.

The inclusion criteria for this routine pretherapeutic
dosimetry protocol were DTC patients who had a near-total

or total thyroidectomy, with withdrawn thyroid hormone
for 4-6 weeks, low iodine diet intake, and serum thyroid-
stimulating hormone >30 mIU/L before administration of
radioiodine.

Dosimetry and Imaging Protocol

The pretherapeutic dosimetry protocol at the Surin Hospital
was performed following European Association of Nuclear
Medicine (EANM) standard operational procedures (3).
Radioiodine ranging from 74 to 185 MBqwas administered to
patients. The whole-body data in this protocol were obtained
from anterior and posterior conjugate views acquired at
2m, 6, 24h 48" and 72™ hours postadministration. The
gamma camera used for imaging was Symbia T16 SPECT/
CT (Siemens Medical Solutions USA) and equipped with
parallel-hole high energy collimators, using a 10% energy
window set at 364 keV. The table speed for the whole-body
images was 8 cm/min and the latter were acquired using a
256x1024 matrix. These protocol settings were applied to
all patients and time points.

The Commercial OLINDA/EXM Image-based Dosimetry
Software

In the pretherapeutic dosimetry protocol, the whole-body
calculations were performed using a commercial HERMES
OLINDA/EXM image-based dosimetry software (HERMES
Medical Solution, Stockholm, Sweden). This software is
the OLINDA/EXM version 1.1.

In this commercial software, the whole-body region of
interest (ROI) in the anterior image was automatically
mirrored and copied to the posterior image. The whole-
body ROIs that had been defined in one of the whole-body
scans were automatically copied to all other timepoints
belonging to the same patient. Examples of image data
and whole-body ROl are demonstrated in Figure 1a.

In OLINDA/EXM image-based dosimetry software, the
activity in the images is converted from the counts
using either standard activity or equipment detection
efficiency. In this work, the camera detection efficiency
was investigated and used for activity determination for
all patients. Then, a bi-exponential function was fitted to
the data. Consequently, the whole-body time-activity curve
whole-body (TAC,,) was generated. An example of TAC,,
is shown in Figure 1b.
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Figure 1. a) Sample screenshot of the image data and whole-body ROI of the commercial OLINDA/EXM image-based dosimetry software. b) The

bi-exponential fit of the TAC

ROI: Region of interest, TAC: Time-activity curve, OLINDA/EXM: Organ Level Internal Dose Assessmant/Expanential Medelling

The whole-body TIAC, (formally called residence time)
is calculated from the area under TAC, .. The exponential
extrapolation with a numerical trapezoidal integration is
employed in this OLINDA/EXM image-based dosimetry
software. In this software, D was calculated in terms
of the absorbed dose coefficient (d ) (mGy/MBq). This
commercial software uses the medical internal radiation
dose schema and the Cristy and Eckerman (C&E) phantoms
(5). In our work, doses were scaled using the patient-
specific mass at the time of radioiodine treatment.

A Simplified Excel Spreadsheet

The serial whole-body images of 29 DTC patients were
reanalyzed using the vendor-supplied Syngo software
(Siemens Medical Solutions, USA) as illustrated in Figure
2a. Data were exported to an Excel spreadsheet (Microsoft
Corp., Redmond, WA). For background correction, the
average activity in the whole-body background ROIs (BKG_)
was subtracted from the average activity in the whole-body
ROI' (WB_ ) and multiplied by the number of pixels in the
whole-body image (N, ) as illustrated in equation (1).

WBnet=NV\/B X (WBaV_BKGav)
Then, the whole-body geometric mean (WB_ ) was

calculated from the whole-body net anterior (WBMBM)) and
whole-body net posterior ( WB_ as shown in equation

(2).

equation (1)

et(post))

equation (2)
WBGM= ‘\/WBnet(ant) x WB

net(post)

In the excel spreadsheet, the equipment efficiency was
also used to determine the activity similar to the OLINDA/
EXM image-based software. Then, the whole-body
activity of each time point was computed to the fraction

of administered activity (FAA) using a mono-exponential
function in MS Excel [as illustrated in equation (3)].
FAA(t) = At) = A x e equation (3)

A

0
Where, FAA(t) is the fraction of administered activity (A))
as a function of time t and A and A are fit constants. The
TIAC,,, (as shown in Figure 2b) in this spreadsheet were
calculated by integrating the equation (3) from zero to
infinity as shown in the following equation (3, 4).

TIACWBf(;°= FAA(t)dt equation (4)

As recommended in the EANM guideline for bone marrow
and whole-body dosimetry in radioiodine therapy for
thyroid cancer, the contributors to D, were the activity in
the extracellular fluid (ECF) (D, _..) and the remainder of
the body (RoB) (D as illustrated in equation (4,5).

Drm=D +D

rm<—ECF

rm<—RoB)
meros  €Quation (5)

The contribution from the activity in the ECF is also
called the blood method and assumes that the activity
distribution in ECF is equal to the activity distribution in
the plasma. However, the completed blood method is
laborious, invasive, and resource consuming. Many groups
have published using this method to avoid blood sampling
(2,6,7,8).

In this spreadsheet, the method introduced by Thomas
et al. (2) was used to estimate the blood TIAC (TIAC, )
assuming that 14% of the TIAC,, can be attributed to
blood as shown in equation (6). Thereby, the D, .can be
calculated by the activity concentration in blood and the
red marrow ECF fraction (RMECFF) as shown in equation

(7). The RMECFF was 0.19, based on Sgouros studied using
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Figure 2. a) The whole-body ROI from the vendor-supplied Syngo software. b) The TIAC,, from a simplified eExcel spreadsheet

ROI: Region of interest, TIAC, ,: Whole-body time-integrated activity coefficient

a theoretical investigation of radiolabeled monoclonal
antibodies (9). For D__ .., the patientspecific bone
marrow mass is not necessary as it is canceled out when
the S value is scaled (2). For the S value for red marrow to
red marrow, the C&E phantoms were also used (10).

TIAC,, = 0.14 x TIAC,, equation (6)

blood

D, . = A, ¥ 0.19 xm

rm<ECF

equation (7)

rm,phantom

The remainder of the body TIAC (TIAC, ;) can be calculated
as the difference between the TIAC, ,and the other source
organs which is only in this case. in this spreadsheet was
calculated by subtracting the TIAC,_, from the TIAC, as
shown in equation (8). S value for the remainder of the
body to red marrow was taken from the C&E phantoms
(Simeros, phantom). In this case, there were only two source
organs. The patient-specific S value for the remainder of
the body to red marrow (S, _. . pat‘.em) was calculated using
a linear scaling as recommended in the EANM guideline
[illustrated in equation (9)] (4).

rm<rm,phantom

Drm<—RoB=[AOX(TIACWB_TIACb\ood)] % Srm&RoB, patient equatlon (8)

. =[S . m\NB,phan(om
rm<—RoB,patient rm<-WB,phantom -

m,,, Phantom-m

RM, phantom

m m
rm<rm,phantom . rm,phantom ] \WB,phantom

equation (9)

m

WB, phantom—mrm, phantom mWB, patient

Where, m m an dm _are the red
rm,phantom WB,phantom WB,patient
marrow mass, the whole-body mass of the C&E phantoms,

and the whole-body mass of the patient respectively (10).

In the same manner, d,m was computed from the D,.
normalized by administered activity A,. The unit of d_is
mGy/Mbg.

Statistical Analysis

SPSS version 20 (IBM Inc., NY, USA) was used for statistical
analysis. The TIAC,, and the D, calculated from the
commercial OLINDA/EXM image-based dosimetry software
and a simplified excel spreadsheet were expressed as mean
+ standard deviation (SD). A comparison of the TIAC,,
and the d_ from both methods was statistically assessed
using a non-inferiority test based on the paired t-test when
normality was assumed or the Wilcoxon signed-rank test
for the case of non-normality (11). Pearson’s correlation
was also used to study the correlation between both
methods (12).

Results

This retrospective study included 29 patients who
participated in the pretherapeutic dosimetry protocol for
radioiodine therapy. In this work, the TIAC,,and the d
were reanalyzed using a simplified excel spreadsheet. The
mean (+ SD) and range (minimum-maximum) of the TIAC, .
andthed aresummarizedinTable 1. The calculated TIAC,,
showed no statistically significant difference between the
two methods (p value 0.243 using a two-sided paired t-test
because normality was assumed). The Pearson correlation
coefficient was 0.851 (p value <0.001) (Figure 3).

The calculated d_ from the commercial OLINDA/EXM
image-based dosimetry software was 0.0653+0.0233 mGy/
MBq (range: 0.0268 to 0.1280 mGy/MBq). After reanalysis
with a simplified excel spreadsheet, the mean (+ SD) of
the d_ was 0.0798+0.0220 mGy/MBq (range: 0.0356 to
0.1433 mGy/MBq). For D, , the statistical results showed
that the calculated d_ from a simplified excel spreadsheet
was statistically non-inferior to that from the commercial
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Table 1. The mean (mean * SD) and range (minimum - maximum) of the TIAC . in hours and d__ in mGy/MBq calculated
from the commercial OLINDA/EXM image-based dosimetry software and a simplified excel spreadsheet

Dosimetric parameter
dosimetry software

The commercial OLINDA/EXM image-based

A simplified excel preadsheet

Mean = SD Range

Mean = SD Range

TIAC,, () 24.42+8.71

9.61-46.03

23.28+5.00 13.24-31.49

0.0653+0.0233

d_(mGy/MBq)

rm

0.0268-0.1280

0.0798+0.0220 0.0356-0.1433

Expanential Medelling

SD: Standard deviation, TIAC,,: Whole-body time-integrated activity coefficient, d,_: Absorbed dose coefficient, OLINDA/EXM: Organ Level Internal Dose Assessmant/
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Figure 3. Correlation of the TIAC,, calculated from a simplified Excel
excel spreadsheet and the commercial OLINDA/EXM image-based
dosimetry software

TIAC,,: Whole-body time-integrated activity coefficient

OLINDA/EXM image-based dosimetry software with a non-
inferiority margin of 0.02 (p value <0.05 using the Wilcoxon
signed-rank test because non-normality was assumed). The
non-inferiority margin of 0.02 was set based on SD of d__
from the commercial OLINDA/EXM image-based dosimetry
software that was used in the pretherapeutic dosimetry
protocol. Pearson’s correlation coefficient was 0.737 (p
value <0.001) as illustrated in Figure 4.

Discussion

Image-based red marrow dosimetry calculation in
radioiodine therapy is performed to maximize the radiation
dose to remnant thyroid or metastasis CT while considering
the patient’s safety by minimizing bone marrow toxicity.
The primary parameter requested for internal dosimetry
is often the TIAC (13). In this study, the calculated from
a simplified excel spreadsheet was slightly shorter than
that using the commercial OLINDA/EXM image-based
dosimetry software. The mean percentage difference in
TIAC,,, between both methods was 0.41%. Many factors
affect TIAC estimation such as counts-to-activity conversion
method, ROl delineation, background correction, and
method of fit and integration of TAC.

Figure 4. Correlation of the d_ calculated from a simplified Excel excel
spreadsheet and the commercial OLINDA/EXM image-based dosimetry
software

d,: Absorbed dose coefficient

In this study, the counts-to-activity conversion was similar
using equipment efficiency for both methods. For ROI
delineations, there were drastic differences between
the commercial OLINDA/EXM image-based dosimetry
software and a simplified excel spreadsheet. As regards
illustration, the commercial OLINDA/EXM image-based
dosimetry software has an advanced option to draw and
automatically copy ROIs from the initial whole-body to all
the otherimages belonging to the same patient. In contrast,
the ROI in a simplified Excel spreadsheet was manually
drawn using the vendor-supplied software. Many studies
have reported that ROI delineation was one of the critical
uncertainty factors for dose calculation in nuclear medicine
(14,15,16). For the fit and integration method, a simplified
excel spreadsheet was used; the mono-exponential fit
(also called single exponential function) in MS Excel. The
commercial OLINDA/EXM image-based dosimetry software
was fitted using a bi-exponential fit function. According
to the EANM guideline for pretherapeutic dosimetry in
DTC, the bi-exponential fitting is suggested to determine
the (3). Many simplified approaches have been developed
and illustrate that the simple mono-exponential could be
used in routine practice (17,18). However, errors of the
mono-exponential might be higher since such a fitting
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does not reflect realistic kinetics in the uptake and long-
term retention phase of radioiodine kinetics (17). The most
desirable next step is to include the bi-exponential fit in
our excel spreadsheet to improve the accuracy of TIAC.
Comparison of the presented in this work with other
publications is tabulated in Table 2.

Table 2. Comparison of the TIAC, of DTC patients in this
study with previous studies

This value was based on the SD of d_from the commercial
OLINDA/EXM  image-based dosimetry software and
other published works (as illustrated in Table 3). The non-
inferiority test showed that a simplified Excel spreadsheet
software was no worse than the commercial OLINDA/
EXM image-based dosimetry software at the non-inferiority
margin.

For comparison, the mean values of d_ calculated from

thyroid cancer, SD: Standard deviation, OLINDA/EXM: Organ Level Internal Dose
Assessmant/Expanential Medelling

It was found that most publications reported a large SD
in the TIAC,,, like our findings. The possible explanations
for high SD for TIAC,, in radioiodine treatment might
be related to the disease characteristic of ablation in
DTC patients such as metastasis, iodine intake/uptake,
hormonal level, age of the treated patient.

As previously explained, the d_is the ratio between the
bone marrow absorbed dose and administered activity.
In this study, the difference in the d_ from a simplified
excel spreadsheet and the commercial OLINDA/EXM
image-based dosimetry software was -26.98%. Many
factors affect d_, including the phantom and S factor.
In our study, both methods used the C&E phantoms, but
different versions. The simplified excel spreadsheet used
the C&E phantoms from the study of Stabin et al. (19) in
1995 whereas, the commercial OLINDA/EXM image-based
dosimetry software used the newer version from the study
of Stabin et al. (5) in 2003. The latter version used the
bone marrow specific absorbed fraction from the EGS4
Monte Carlo code.

Statistical comparison of the d  from both methods was
analyzed using a non-inferiority test. Generally, this test is
used to assess that a new drug or new treatment is not
worse than the main comparator drug or a reference
treatment by more than a non-inferiority margin (11,20).
In this study, the non-inferiority margin of 0.02 was set.

both methods were compared with the values reported by

TIAC,, (h) mean .

+£SD other groups as demonstrated in Table 3.
Previous studies
Hanscheid (29) (2006) 24.10+7.80 Table 3. Comparison of the d_ of DTC patients in this
Willegaignon et al. (25) (2012) 25.77+6.98 ST [REIONE B [

d Gy/MB

Willegaignon et al. (23) (2016) 29.18+18.14 ni'éér::)gln a)
Present study Previous studies
A simplified excel spreadsheet 23.2845.00 Traino et al. (21) (2007) 0.0739+0.0217
The commercial OLINDA/EXM image-based 24.42+8.71
dosimetry software Miranti et al. (22) (2015) 0.0845+0.0385
TIAC,;; Whole-body time-integrated activity coefficient, DTC: Differentiated Willegaignon et al. (23) (2016) 0.0660+0.0550

Alan Selcuk et al. (24) (2018) 0.1079+0.0319

Present study

0.0798+0.0220
0.0653+0.0233

A simplified excel spreadsheet

The commercial OLINDA/EXM image-based
dosimetry software

d,_: Absorbed dose coefficient, DTC: Differentiated thyroid cancer, SD: Standard
deviation

In this study, the mean and SD of d_ from the simplified
excel spreadsheet was 0.0798+0.0220 mGy/MBg. Traino
etal. (21) and Miranti et al. (22) calculated the d _using the
reference data from the RADAR website with an estimated
d, 0f0.0739+0.0217 mGy/MBg and 0.0845+0.0385 mGy/
MBq, respectively. Willegaignon et al.(23) also computed
the d_ from whole-body images using the OLINDA/EXM
software with a mean of 0.0660+0.0550 mGy/MBq.
Similarly, the d_ calculated by Alan Selcuk et al. (24) using
the same software was 0.1079+0.0319 mGy/MBq.

From these results, the reference phantom and S factor
value greatly impacted the d . This is coherent with many
studies and the difference in the dosimetry can be greater
than 150% when using different phantoms and S factors
(25,26,27,28). Hence, the selection of phantom is an
important factor in the dosimetry calculation. Although
the d  results showed some differences between both the
software, the clinical outcome is still difficult to prove at
this stage.
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Study Limitations

The small number of patients and the heterogeneity of the
stages of the disease (local or distant metastasis) in the
patient group might have biased the outcome of this study.

Conclusion

The TIAC,, calculated from a simplified excel spreadsheet
was not statistically different from that of the software. The
calculated d_ using the simplified excel was non-inferior to
that calculated by the software with an acceptable margin.

It can be concluded that a simplified excel spreadsheet can
be used to calculate the d_in radioiodine therapy of DTC
patients. The dose assessment using this method is feasible
and relatively low cost compared to the commercial
OLINDA/EXM image-based dosimetry software. Hence, the
simplified Excel spreadsheet should increase the number
of dosimetry studies in low or middle-income countries,
though it requires further validation with more patients.
Also, a method for improving TAC integration and the
updated phantom for S-factor should be further considered.
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Mickey Mouse Sign on Bone Scan in the Monostotic Form of Paget’s Disease
Mimicking Osseous Metastasis
Metastazi Taklit Eden Monostotik Tip Paget Hastaligi'nda Mickey Mouse Isareti
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Abstract

Paget's disease is a chronic benign bone disease characterized by excessive and abnormal bone remodeling. Monostotic Paget's disease accounts
for only 20% of the cases, and the monostotic form involving the vertebra with the Mickey Mouse sign is very rare. Herein, we report a case of
suspected bony metastasis in the second lumbar vertebra that was diagnosed as Paget's disease because of the Mickey Mouse sign on bone
scintigraphy, and the diagnosis was confirmed by biopsy. Therefore, bone scintigraphy may provide a positive contribution to the diagnosis, and
may help to avoid unnecessary biopsy in cases with specific signs and patterns.

Keywords: Paget's disease, monostotic Paget's disease, spine, Mickey Mouse sign, technetium 99m-methylene diphosphonate bone scintigraphy,
SPECT/CT

Oz

Paget, asir ve anormal kemik yapimi ve yikimi ile karakterize kronik, iyi huylu bir kemik hastaligidir. Monostotik Paget hastaligi, sadece olgularin
%20'sini olusturmakla kalmaz; Mickey Mouse bulgusu olan, vertebra tutulumu ile giden monostotik formu daha da nadirdir. Sundugumuz olguda,
ikinci lumbar vertebrada metastaz sliphesi ile arastirilan hastada; kemik sintigrafisinde Mickey Mouse isareti goriilmesi Uzerine Paget hastaligi
tanisi kondu ve tani biyopsiyle dogrulandi. Bu olguda gortilmektedir ki; kemik sintigrafisi taniya olumlu katkida bulunur ve belirli belirti ve paternler
gorilmesi sayesinde gereksiz biyopsileri dnleyebilir.

Anahtar kelimeler: Paget hastaligi, monostotik Paget hastaligi, vertebra, Mickey Mouse isareti, teknesyum 99m-metilen difosfonat kemik
sintigrafisi, SPECT/BT
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Figure 1. A 62-year-old woman who presented with a two-year history of low back pain was referred for bone scintigraphy. Technetium 99m-methylene
diphosphonate [Tc-99m methyl diphosphonate (MDP)] whole body bone scan revealed an intensely increased uptake throughout the whole second
lumbar vertebra (L-2), involving the body, posterior elements, and spinous process (A). The simultaneously performed three-phase bone scintigraphy
demonstrated increased blood flow and local hyperemia on the respective dynamic blood flow and static blood pool images that accompanied the
increased uptake involving the L-2 vertebra (B). The single photon emission computerized tomography/computed tomography (SPECT/CT) hybrid
imaging revealed vertebral expansion with diffuse sclerosis involving the body and posterior vertebral arch of the second lumbar vertebra, correlating
with the diffuse and intense Tc-99m MDP uptake in the entire vertebra (C).

Paget’s disease of bone (PD), which is a chronic benign bone disease characterized by excessive and abnormal bone remodeling, has three phases: the
early lytic phase, the second mixed phase, and the final sclerotic phase. The pelvis is the most commonly affected bone, followed by the spine, skull,
femur, scapula, tibia, and humerus. Pagetic lesions are commonly (approximately 70-80% of the cases) multiple (polyostotic) lesions (1).

Bone scintigraphy is useful not only to survey the entire skeleton for PD, but also to screen for complications like fracture and malignant transformation,
and to monitor the response to therapy. The monostotic form of PD, as in this case, is not common and may lead to a misdiagnosis with a variety
of metabolic and neoplastic diseases (2). Vertebral neoplasia (including metastases) may involve both the vertebral body and partially the posterior
vertebral arch. However, the spinous process is spared in most of these cases.

Multimodality imaging using s SPECT/CT integrates different techniques to make a correct diagnosis, and avoids unnecessary biopsy. The advantages of
bone SPECT/CT imaging are as follows: it may be performed on the same day after the bone scan and it provides anatomical detail and morphological
information (3,4,5).

The “Mickey Mouse” or “Mouse Face” sign, which typically shows an upside-down triangle consisting of three foci of intense radiopharmaceutical
uptake, and corresponding to the involvement of the pedicles and spinous process, is a specific and rare pattern of Paget’s disease.

This sign was originally described by Van Heerden (6). Subsequently, Kim et al. (7) reported this “Mouse Face” appearance of the vertebrae as a specific
finding of bone PD. Additionally, Rotés-Sala et al. (8) described the “clover sign,” where the vertebral pedicles and spinous process are affected.

The recognition of typical patterns like the “Mickey Mouse sign” in this case, together with the increased blood flow and hyperemia on the three-phase
bone scintigraphy and using the multimodality imaging (SPECT/CT in our case) to demonstrate the accompanying vertebral expansion, and sclerosis
increases the specificity and diagnostic accuracy of bone scan in the identification of PD
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Figure 2. T2-weighted lumbar magnetic resonance imaging (MRI) images depicted diffuse heterogeneous density changes (A) and contrast-enhanced
T1-weighted MRI images showed contrast enhancement involving the body of the second lumbar vertebra that was extending to the posterior

elements, and reported as suspicion for osseous metastasis (B)
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Comparative Findings Between ®Ga-PSMA and '|F-FDG PET/CT for

Hepatocellular Carcinoma
Hepatoseltler Karsinomda ®Ga-PSMA ve '8F-FDG PET/BT ile Karsilastirmali Bulgular
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Abstract

We have reported here the case of a 69-year-old man who presented with spinal cord compression due to bone metastases as the first manifestation
of hepatocellular carcinoma (HCC). For the initial staging, the patient underwent ®F-fluorodeoxyglucose (FDG) positron emission tomography/
computerized tomography (PET/CT) imaging, which demonstrated mild '®F-FDG uptake in the multiple expansile osteolytic bone lesions, but no
remarkable atypical '®F-FDG uptake in the liver lesion on low-doses CT. An additional PET/CT scan was performed to evaluate the prostate-specific
membrane antigen (PSMA) expression, which has recently been reported to be a potential biological marker in a variety of tumors including HCC.
High PSMA uptake was recorded in both the metastatic bone lesions and the primary liver lesion/tumor by the #Ga-PSMA PET/CT.

Keywords: Hepatocellular carcinoma, bone metastases, PET/CT, ®Ga-PSMA, '8F-FDG

Oz

Hepatoseliler karsinomun (HSK) ilk belirtisi olarak, kemik metastazinin neden oldugu spinal kord kompresyonu ile basvuran 69 yasinda bir erkek
hastayl tanimladik. Baslangic evreleme icin, hastaya '®F-florodeoksiglukoz (FDG) pozitron emisyon tomografisi/bilgisayarli tomografi (PET/BT)
goruntileme yapildi. Gorlintiileme ¢ok sayida ekspansil osteolitik kemik lezyonlarinda hafif '®F-FDG tutulumu gosterdi ve distik doz BT'deki
karaciger lezyonunda kayda deger atipik '8F-FDG tutulumu gostermedi. HSK'da dahil olmak tizere cesitli timorlerde potansiyel bir biyolojik marker
oldugu bildirilen prostat spesifik membran antijen (PSMA) ekspresyonunu degerlendirmek icin ek bir PET/BT gériintlleme yapildi. Hem metastatik
kemik lezyonlarinda hem de primer karaciger lezyonunda/timériinde yiksek PSMA tutulumu *®Ga-PSMA PET/BT ile saptandi.
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Figure 1. The case patient was a 69-year-old man who presented with the complaint of back pain. His magnetic resonance imaging revealed multiple
metastatic lesions of the thoracic vertebral with spinal cord compression and bilateral iliac bones. Excisional biopsy of the T2-3 vertebral lesion due to
spinal cord compression was also performed. Histopathological examination demonstrated metastatic malign tumor, which was consistent with the
signs of hepatocellular carcinoma (HCC) metastases. The patient accordingly underwent '8F- fluorodeoxyglucose (FDG) positron emission tomography/
computerized tomography (PET/CT) imaging for initial staging. The scan MIP (A), transaxial PET (B, E, H, K), CT (C, F, I, L), and fused (D, G, J, M)
images revealed mild uptake [maximum standardized uptake value (SUV,__ )= 4.8] in the multiple osteolytic bone lesions in the thoracal vertebra, iliac
bones, and sacroiliac joints, most of which also showed remarkable soft tissue components. On the other hand, no significant atypical uptake was
noted in the primary liver tumor in the corresponding low-dose CT
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Figure 2. As an alternative PET/CT imaging, ®Ga-prostate-specific membrane antigen (PSMA) PET/CT was performed the same day. Corresponding to
the lesions in '8F-FDG PET, %Ga-PSMA PET/CT MIP (A), transaxial PET (B, E, H, K), CT (C, F, I, L), and fused (D, G, J, M) images demonstrated high
PSMA expression in the metastatic bone lesions (SUV__=23.9) and in the primary liver tumor (SUV__=12.1). No other findings showed metastatic
disease elsewhere in the body.

PET/CT imaging with "®F-FDG has low diagnostic accuracy in assessing HCC patients because of its low metabolism (1). %Ga-PSMA PET/CT is a new
diagnostic technique to image recurrent prostate cancer (2). However, increased PSMA expression has been reported for different non-prostate
malignancies, including HCC (3,4,5,6,7,8). There are only a few published documents on the merits of PSMA-PET for HCC (3,4,5,6,7,8). In fact, a few
case reports and only 2 studies involving a small sample size has been reported in the recent past. In one of these studies, ®Ga-PSMA was reported to
be superior relative to ®F-FDG for imaging HCC patients (7). However, in another study on advanced HCC patients, the PSMA expression was detected
by %8Ga-PSMA PET, but it was not superior to that by "®F-FDG PET (8). In the current case, %Ga-PSMA uptake was extremely high as compared to
'8F-FDG uptake for bone metastases, and without '8F-FDG uptake in the primary tumor. Therefore, it is suggested that PET imaging with ®Ga-PSMA is
helpful in HCC patients with low FDG affinity. Moreover, we believe that the existence of PSMA expression may act as a guide for radioligand therapy
targeting PSMA in the future
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Unforeseen COVID-19 on Oncologic Bone Scan with SPECT/CT in a High

Prevalence Area

COVID-19'un Yaygin Gortldugu Bir Bolgede SPECT/BT ile Onkolojik Kemik Taramasinda
Beklenmedik Sekilde COVID-19 Bulgulan
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Abstract

A 65-year-old woman with known diabetes and hypertension underwent a technetium methylene diphosphonate (Tc:99m MDP) bone scan with
single photon emission computed tomography/computed tomography (SPECT/CT) for shoulder pain. She was initially treated for breast cancer
and later for hepatocellular carcinoma. SPECT/CT showed MDP nonavid and scattered pulmonary ground-glass opacities bilaterally along with
rounded nodular densities. Another 56-year-old patient who was newly diagnosed with right breast invasive ductal carcinoma underwent a bone
scan with SPECT/CT, which revealed bilateral pulmonary infiltrates. Both patients later tested positive for Coronavirus Disease-2019 (COVID-19).
Therefore, nuclear physicians should be watchful of findings related to COVID-19 on SPECT/CT thorax as this is becoming the new normal.

Keywords: Bone scan, single photon emission computed tomography/computed tomography, SARS-CoV-2, COVID-19

Oz

Altmis bes yasinda, diyabetik ve hipertansif oldugu bilinen kadin hastaya omuz agrisi icin tek foton emisyonlu bilgisayarli tomografi/bilgisayarli
tomografi (SPECT/BT) ile teknesyum metilen difosfonat (T:99m MDP) kemik taramasi yapildi. Hasta baslangicta meme kanseri ve daha sonra
hepatoselliler karsinom tedavisi gérmuistl. SPECT/BT; MDP tutmayan, iki yanli, daginik pulmoner buzlu cam opasiteleri ve yuvarlak nodtler
dansiteler gosterdi. Bagka bir 56 yasinda yeni teshis edilmis sag memede invaziv duktal karsinomu olan hastada, SPECT/BT ile kemik taramasi
bilateral pulmoner infiltrasyonlari ortaya cikardi. Bu hastalarin her ikisinde de daha sonra Koronavirlis Hastaligi-2019 (COVID-19) testi pozitif
saptandi. Bu nedenle, niikleer tip hekimleri SPECT/BT'de COVID-19'un toraks bulgularina dikkat etmelidir ¢linkii bu onlar icin yeni normal haline
gelmistir.

Anahtar kelimeler: Kemik taramasi, tek foton emisyonlu bilgisayarli tomografi/bilgisayarli tomografi, SARS-CoV-2, COVID-19
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Figure 1A, B, C, D, E, F, G. No evidence of osteoblastic metastases was seen on the whole-body planar bone scintigraphy anterior image (A) of a
65-year-old woman who had previously undergone modified radical mastectomy and chemotherapy for breast cancer. Spigelian hernia was noted on
the right side of the abdomen (black arrow). Some heterogeneity was visible in the sacroiliac joints, which is likely to be degenerative in nature. No
abnormal uptake was observed in the right shoulder. The uptake in the right anterior costochondral junction corresponded to an arthritic change on
single photon emission computed tomography/computed tomography (SPECT/CT) (F: blue arrow head). Axial images of low-dose CT of correlative
SPECT/CT (B, C, D) showed scattered and predominantly peripheral ground-glass opacities (GGO) in both lungs (blue box) and a couple of scattered
rounded nodular densities (green arrow). Fused SPECT/CT image (E) revealed a calcified site of prior transarterial chemoembolization which was
performed for treating second primary hepatocellular carcinoma (blue arrow).

In the coronal CT (F) and fuzed SPECT/CT (G) images of another 56-year-old patient, pulmonary infiltrates were observed in the bilateral upper lung
lobes (red arrows); the largest consolidative area was in the right upper lobe. The scan was acquired as part of the staging workup related to breast
carcinoma.

Detailed history of the patients revealed the absence of coughing, shortness of breath, fever, myalgia, diarrhea, or vomiting. Besides, there was no
history of contact with a suspected or confirmed case of severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2). Objectively, they were afebrile
and normotensive; oxygen saturation was 98% on room air.

In view of the current Coronavirus Disease-2019 (COVID-19) pandemic, suspicion of the disease was raised despite the negative history owing
to preexisting comorbidities, GGO, and pulmonary infiltrates on SPECT/CT. One study established that up to 97% of the confirmed COVID-19
patients exhibited GGO on CT irrespective of the severity of the disease (1). Therefore, the patients’ nasopharyngeal swabs were subjected to reverse
transcriptase-polymerase chain reaction (RT-PCR), which turned out to be positive for SARS-CoV-2 infection 24 hours later. Hence, the patients were
advised self-isolation, and they continued to be asymptomatic.

COVID-19 is a rapidly emerging disease with over 9,373,719 patients affected worldwide (2) and continues to be a public health challenge. Ever since
the initial cases were reported in December 2019 (3), there have been variable presentations with poor prognosis in certain age groups. Thus, a high
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index of suspicion is required for its diagnosis, especially in asymptomatic patients. To curtail the spread of the pandemic, early recognition and isolation
of the affected people are of paramount importance. In such a scenario, hybrid imaging is playing a central role in flagging potential COVID-19 patients
with incidental lung findings on positron emission tomography/CT (PET/CT) and SPECT/CT. The benefit of PET/CT has been documented in literature
(4,5). However, there have been only a few reported incidental cases on SPECT/CT (6). In the constantly changing situation in our country that has a
current tally of 188,925 (7) confirmed COVID-19 cases, most of the patients are asymptomatic. Hence, there is a high chance of these patients getting
missed out on hybrid imaging performed for other unrelated causes. Therefore, nuclear medicine physicians should be aware of the COVID-19 related
findings on thorax CT and inform the referring clinician if suspicious GGO are detected (8). Although RT-PCR is currently considered the gold standard
for the diagnosis of the disease, some studies have highlighted the importance of combining the results with imaging, laboratory, and clinical findings.
This approach is essential since many patients present with either nil or variable symptoms and might have a negative RT-PCR test (9)
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Lung Perfusion Imaging with Technetium-99m Macroaggregated Albumin
should be Combined with Contrast-enhanced Echocardiography for the
Diagnosis of Hepatopulmonary Syndrome

Hepatopulmoner Sendrom Tanisi igin  Teknesyum-99m Makroagregasyonlu Albimin ile
Akciger Perflzyon Gérintiilemesi Kontrastli Ekokardiyografi ile Birlestiriimelidir
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Dear Editor, by 0.13, although the brain is presumed to receive 13%
of the cardiac output (2). Moreover, both LPS and CEE

We have read with greatinterest the recent article by Alipour . : . )
g yAIp procedures were not described in sufficient detail.

et al. (1) regarding the diagnosis of hepatopulmonary
syndrome (HPS) with right-to-left (R-L) shunt in cirrhotic Apart from the patients’ characteristics, the diagnostic
patients using the technetium-99m macroaggregated accuracy of LPS for identifying IPVDs can be affected
albumin (Tc-99m MAA) lung perfusion scintigraphy (LPS). by procedures and protocols. It should be noted that
The authors have found that LPS was more sensitive than ~ quantification with a technique that uses only brain
contrast-enhanced echocardiography (CEE) for detecting ~ uptake underestimates SF (2). In a recent prospective
intrapulmonary vascular dilatations (IPVDs) and concluded study, Zhao et al. (2) compared the whole-body uptake
that Tc:99m MAA LPS can be used complementarily with and brain uptake techniques for calculating R-L shunt
other diagnostic methods in the assessment of HPS (1). in 69 patients who received Tc-99m MAA in an upright
However, we have some concerns regarding this work. position to maximize the degree of R-L shunt. The study
The authors appraised the shunt fraction (SF) by using the demonstrated that the whole-body uptake technique has
formula SF=(geometric mean of brain counts)/(geometric a higher diagnostic accuracy than the brain uptake (74%
mean of brain countstgeometric mean of lung counts), versus 59%, respectively) for detecting IPVDs in HPS (2).
without dividing the geometric mean of brain counts Furthermore, to the best of our knowledge, in all studies
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assessing patients with HPS, the diagnosis of IPVDs was
based only on strict numerical values as expressed by the
quantitative analysis, and no qualitative assessment of LPS
was made. In a retrospective cohort study, 126 patients
with a clinical suspicion of intracardiac R-L shunt underwent
LPS (3). A visual scan interpretation demonstrated that the
absence of brain parenchymal accumulation of Tc-99m
MAA in a static image excluded the R-L shunt, and the
specificity of a positive result was 100% (3). Quantitative
brain imaging is characterized by a very high specificity and
is extremely useful in patients with HPS and concomitant
pulmonary diseases (30% of cases), severe and very severe
HPS according to the arterial blood-gas analysis (PaO,
<60 mmHg), and nondiagnostic CEE (approximately 7%)
(2,4,5). Alternatively, although CEE is deemed as a sensitive
screening test, it lacks specificity, as many cirrhotic patients
with positive results on CEE have normal arterial blood-gas
analysis and thus, by definition, have no HPS (4). Thus,
differences in sensitivity and specificity for CEE and LPS
show that these modalities should be combined to get the
most of their characteristics for assessing HPS. Additionally,
we should bear in mind that both LPS and transthoracic
CEE cannot distinguish IPVDs from other anatomical
intrapulmonary shunts, such as pulmonary arteriovenous
malformations or intracardiac shunts (5). A standardized
and optimized Tc-99m MAA LPS protocol, implementing
methods of both quantitative and qualitative evaluations
and interpretations, is essential for improving the diagnostic
accuracy of HPS.
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