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Dr. A. Cahid Civelek Exemplifies the Act of Integrating Patient
Care, Staff Education, Research, and Global Knowledge Sharing

Dr. A. Cahid Civelek, Hasta Bakimi, Personel Egitimi, Arastirma ve Kuresel Bilgi
Paylasimini Bir Araya Getirme Basarisi Gosteren Ornek Bir Akademisyendir

©® Hong Zhang

Zhejiang University School of Medicine, The Second Affiliated Hospital of Zhejiang University School of Medicine, Clinic of Nuclear

Medicine, Hangzhou, China

Keywords: Dr. A. Cahid Civelek, nuclear medicine, clinical innovation, global collaboration
Anahtar kelimeler: Dr. A. Cahid Civelek, ntkleer tip, klinik yenilik, kiresel is birligi

Among the many bright and successful academic
physicians, some stand out for their deep commitment
to teaching and sharing their knowledge, experience,
and unique skills with others, locally and internationally.
These individuals dedicate their academic time, energy,
and efforts to this purpose without expecting anything in
return. Their only reward is the satisfaction of witnessing
their learners and mentees thrive in their academic careers.

| am pleased to introduce A. Cahid Civelek Doctor of
Medicine (MD), a colleague, friend, and close supporter
of Chinese nuclear medicine who is a professor in the
Department of Radiology and Radiological Science of
the Johns Hopkins University School of Medicine (Figure
1). Cahid’s distinguished nuclear medicine and medical
education career began in January 1982 when he joined
Johns Hopkins as a Nuclear Medicine resident (1,2).

Since 2003, Dr. Civelek has served as a full professor
of nuclear medicine at various institutions. Dr. Civelek

is recognized for his accomplishments as a clinician-
researcher and clinician-educator.

Dr. Civelek is an internationally recognized expert
and educator in nuclear cardiology, nuclear oncology,
theranostics, and general nuclear medicine. His scholarship
in these areas has been achieved through peer-reviewed
publications and numerous presentations in international
settings.

Introduction

Dr. Civelek earned his medical degree at the istanbul
University School of Medicine and completed his nuclear
medicine residency at Hacettepe University Medical Center
in Ankara. He joined Johns Hopkins to pursue a research
fellowship funded by a scholarship he received from
the International Atomic Energy Agency (IAEA, Vienna,
Austria). After completing training and fellowship in 1984,
Dr. Civelek was recruited to the full-time faculty in nuclear
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Clinic of Nuclear Medicine, Hangzhou, China
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medicine at Johns Hopkins. He was promoted to Associate
Professor in 1995 and remained at Hopkins until 2003 (1).

During his early career at Johns Hopkins, Dr. Civelek laid
a solid professional foundation through outstanding
contributions to clinical and research programs. He
subsequently assumed key leadership roles, including
the Director of Nuclear Cardiology, Program Director of
the Nuclear Medicine Residency Program, and Medical
Director of the Nuclear Medicine Technologist Program,
while also serving as an Interim Clinical Director. Before his
appointment as Professor and Director of Nuclear Medicine
and positron emission tomography (PET) at the University
of Louisville in 2008, Dr. Civelek had served as a Professor
and Director of Nuclear Medicine in Saint Louis University
Medical School Hospital.

Dr. Civelek held the position of Clinical Director for the
Nuclear Medicine Division at the NIH Clinical Center and
subsequently advanced to the role of Deputy Director.
Before that, he spent two years at the Department of
Radiology and Imaging Sciences at the NIH Clinical Center,
specifically in the section of body magnetic resonance
imaging (MRI) and MRI-PET. During this time, he also held a
visiting faculty position at the Department of Radiology at
Johns Hopkins School of Medicine. In January 2018, he was
recruited to Johns Hopkins full-time back.

He is a fellow of the American College of Nuclear Medicine,
a fellow and founding member of the American Society of
Nuclear Cardiology, and a fellow of The American College
of Angiology.

Dr. Civelek has mentored numerous physicians in nuclear
medicine across the U.S. and internationally, with trainees
specializing in both nuclear cardiology and nuclear oncology.
As a world-renowned expert in Nuclear Medicine, he has
been invited to deliver lectures at medical centers on
nuclear medicine, focused on nuclear cardiology, nuclear
oncology-theranostics/PET/CT, and PET-MRI.

Dr. Civelek is dedicated to advancing the development of
nuclear medicine, cardiology, and oncology. He focuses
on pioneering new tumor-targeting radiopharmaceuticals
for imaging and therapy, while advocating for high-quality
clinical trials and enhancing patient care and safety
standards.

He is a devoted patient advocate. He is committed to
improving the efficiency of clinical operations and, notably,
patient safety. As in his previous practices, he has been
improving and implementing new patient safety measures
(3). For example, the patient dose reduction program
he applied has resulted in nearly a 50% reduction in the
injected radiotracer doses and (computed tomography) CT
doses, without compromising diagnostic accuracy (4,5).

Research Scholarship and Accomplishments

As a junior faculty member, Dr. Civelek became interested
in nuclear cardiology. At that time, the standard of care
for nuclear cardiac stress testing involved planar nuclear
imaging. A significant improvement in accuracy came with
the introduction of single photon emission computed
tomography (SPECT), which produced cross-sectional
images analogous to the more familiar X-ray CT. When the
second SPECT machine in the United States was installed
at Johns Hopkins, Dr. Civelek took the opportunity to
become an expert in the installation and running of SPECT
for clinical applications in nuclear cardiology, participating
in some of the earliest work in cardiac SPECT (6,7) and
describing specific imaging signs for more accurate
diagnosis of coronary artery disease (8).

Early SPECT machines were developed primarily for
myocardial imaging, but Dr. Civelek felt such a technological
advance should also be used in other clinical problems.
One such area is minimally invasive parathyroid surgery
for primary hyperparathyroidism, where success demands
accurate preoperative localization of a parathyroid
adenoma; scintigraphy is the most common localization
method. Starting with his clinical observations, Dr. Civelek
demonstrated in a large prospective study that a single-
phase delayed SPECT study was more accurate than dual-
phase planar imaging and equivalent to dual-phase SPECT.
This study streamlined the parathyroid imaging protocol
and led to a highly cited publication (9).

Since those early cardiac SPECT days, Dr. Civelek’s career
has continued to evolve successfully alongside the
inevitable technological advances in nuclear medicine.
These changes shifted his interest from nuclear cardiology
to nuclear oncology, the latter involving PET cancer
detection and, more recently, the combination of PET with
CT or MRI (PET/CT and PET-MR, respectively) (10). During
these changes, Dr. Civelek has maintained his practice of
drawing from clinical practice to find practical applications
of new radiotracers and imaging protocols. For example,
he has investigated new PET/CT radiotracers to image non-
small cell lung cancer (11,12), the simultaneous injection
of two tumor-seeking radiotracers (13), and the utilization
of ®Ga-DOTATATE to detect pheochromocytoma and
paraganglioma (14). Dr. Civelek’s work with ®Ga-DOTATATE
exemplifies his quick adaptation to innovations in the field,
since it is one of the more recent clinical PET radiotracers
approved for nuclear oncology.

Clinical Practice Scholarship and Accomplishments

Dr. Civelek is a busy clinical nuclear medicine physician who
spends 80 to 90% of his time providing patient care in
all stations of nuclear medicine, including general nuclear
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medicine, nuclear cardiology, PET/CT, nuclear oncology, and
theragnostics. Despite his accomplishments in research
and education, he considers himself to be foremost a
clinician with the ultimate responsibility of providing high-
quality, expert clinical care. Even as a junior faculty member
at Johns Hopkins, he became the “go-to” for nuclear
cardiology. He received specific referrals from established
Hopkins physicians to perform nuclear cardiac stress tests
on their patients and themselves when necessary.

In keeping with his clinical emphasis, he is an expert and
“go-to” person for troubleshooting patient-related clinical
problems. Dr. Civelek’s willingness to address whatever
problems arise is reflected by the diverse topics of some of
his publications and invited talks. His emphasis on providing
high-quality care has led him to be recruited to lead
nuclear medicine divisions at three different institutions
the University of Saint Louis, the University of Louisville,
and the National Institutes of Health Clinical Center in
Bethesda.

Education Scholarship and Accomplishments

Dr. Civelek sees the education of nuclear medicine trainees
as an integral part of clinical practice, and he continues to
devote significant time and effort to supervising residents
and fellows daily. His broad and deep knowledge of all
aspects of nuclear medicine is respected and appreciated
by trainees, advisees, and his clinical colleagues. These
traits and his clinical emphasis make him the ideal person
to be the Director of our nuclear medicine residency and
PET/CT fellowship programs.

Figure 1. Professor Dr. A. Cahid Civelek
The use of the images was made with the explicit consent of Dr. A. Cahid
Civelek

While his educational influence starts with those around
him, his efforts receive attention from a broader audience.
For example, in the early days of SPECT, his troubleshooting
skills led him to travel to institutions around the United
States of America to help install their new SPECT gamma
camera equipment.

Reputation and Recognition

Dr. Civelek’s scholarship, clinical skills, and educational
acumen have been recognized nationally and internationally.
His initial interest and expertise in nuclear cardiology led
him to be one of the founding members of the American
Society of Nuclear Cardiology, the primary organization
for this subspecialty. He has also been asked to serve on
multiple committees associated with the Society of Nuclear
Medicine and Molecular Imaging, the world’s primary
organization for nuclear medicine. He has served on many
editorial boards and has received multiple editorial awards
for his peer-review contributions.

However, Dr. Civelek’s most significant impact has been
his educational outreach on the international stage, which
includes Turkiye his native country and especially China.
His regular trips to China include Nanjing University, one
of the nine elite universities in China’s C9 “lvy” League
(Figure 2). The invitation eventually grew to a regular string
of invitations, leading to a “tour” of multiple academic
venues in China. In 2012, Dr. Civelek assisted in revising

Figure 2. Nanjing 2013: From left to right: Professor Drs. Xiao-Feng Li,
Xiu Jie Liu, A. Cahid Civelek, Jixiao Ma. At the front of the Nanjing Hotel
The use of the images was made with the explicit consent of Dr. A. Cahid
Civelek
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the primary nuclear medicine textbook in the Chinese
language, funded by the International Atomic Energy
Agency. Recognizing his contributions, he was asked
to coauthor the textbook’s foreword. Also, in 2012, Dr.
Civelek was appointed a member of the Advisory Board
of the Center of Excellence in Medical Molecular Imaging
of Zhejiang Province. This center is part of the Institute
of Nuclear Medicine and Molecular Imaging of Zhejiang
University (another “C9" university), one of the few
leading institutes of molecular imaging in China. In 2016,
Nanjing University recognized his academic influence by
conferring the title of Visiting Professor (Figure 3). Unlike
the term “visiting professor” in the United States of
America, which implies a temporary interaction, the title of
Visiting Professor at Nanjing University is permanent, akin
to an honorary faculty appointment. It requires submitting
academic credentials and requesting recommendation
letters from academic referees.

Dr. Civelek has made significant accomplishments in clinical
nuclear medicine, including extensive scholarship and
recognition for international educational outreach.

He played a pivotal role in helping implement and
strengthen China’s global scientific collaboration in nuclear
medicine and molecular imaging. (15).

Dr. Civelek was first introduced to Chinese Medicine and
culture when he met Dr. Xiu Jie Liu, MD, and Dr. Jiang,
at Johns Hopkins Nuclear Medicine in 1982 during
their training. His friendship with Dr. Liu was deep and
uninterrupted until Dr. Liu's passing on January 1, 2023,
due to complications associated with COVID-19.
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Figure 3. A commemorative photograph capturing Dr. A. C. Civelek
during the official ceremony in November 26, 2016 at Nanjing University
Medical School, Nanjing, China, where he was formally awarded the title
of professor.

Dr. Civelek alongside the university's dignitaries, including the Dean and
President of Nanjing University Medical School

The use of the images was made with the explicit consent of Dr. A. Cahid
Civelek
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In October 1985, Dr. Civelek made his first visit to China.
During his stay, he delivered lectures on SPECT Myocardial
perfusion imaging (MPI) at the FuWai Hospital of the
Chinese Academy of Medical Sciences, the world’s largest
center for cardiovascular diseases. After spending a few
days in Beijing, he visited the second affiliated hospital of
China Medical University in Shenyang. He spent two weeks
helping Dr. Zhuguo Pei (who passed away several years
ago), his colleagues, and their technical staff in establishing
their SPECT MPI program. During his stay, Dr. Civelek
delivered multiple daily lectures and guided the staff on
nuclear cardiology imaging and its potential pitfalls.

Dr. Civelek became a mentor to Dr. Feng Wang and later
a colleague after being introduced by Drs. Liu and Jixiao
Ma. He continued to collaborate and support Dr. E Wang
and his department through lectures, short visits to his
department, and mentoring several graduate students
from Nanjing University Hospital.

Over the years, Dr. Civelek has visited many university
hospitals in China, delivering numerous lectures, and, at
times, even visiting multiple cities during a single trip.

Dr. Civelek also developed a long-lasting collaboration and
friendship with Professor Mei Tian and Hong Zhang, who
are leaders at Zhejiang University, Hangzhou. He joined and
contributed to their international scientific meetings (Figure
4) by delivering lectures at many HIMIC conferences, most
recently HIMIC-2024 (16). In 2024, Professors Feng Wang
and Civelek at Nanjing University received the Foreign
Researcher Award from the Chinese government.

Figure 4. Hangzhou International Molecular Imaging (HIMIC2024):

First Row from left to right: Prof. Koji Murakami, Keigo Endo, Heinrich
Schelbert, Mei Tian, Yasuyoshi Watanabe, Mijin Yun. Second Row from
left to right: Prof. Markus Schwaiger, Arturo Chiti, Cahid Civelek, Charles
Manning, Ulaner Gary, Nagara Tamaki, Hong Zhang. At the front of
Moganshan Li Shan Yun Ju Hotel

The use of the images was made with the explicit consent of Dr. A. Cahid
Civelek
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Dr. A. Cahid Civelek is a beacon of excellence, seamlessly
blending patient care, staff education, groundbreaking
clinical research, and a commitment to sharing knowledge
globally.
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Performance of ®®Ga-PSMA PET/CT in Metastatic Prostate Cancers
at the Time of Diagnosis and Correlation with Obesity

Tani Aninda Metastatik Prostat Kanserlerinde ®Ga- PSMA PET/BT'nin Performansi ve
Obezite ile Korelasyonu
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Abstract

Objective: The aim of this study was to evaluate the relationship between Galium-68 prostate-specific membrane antigen positron emission
tomography combined with computed tomography (*Ga-PSMA PET/CT) quantitative parameters and patient obesity, prostate-specific antigen
(PSA) levels, and metastasis type in prostate cancer.

Methods: In the present study, we included 112 patients diagnosed with prostate cancer between 2020 and 2024. These patients underwent
%Ga-PSMA PET/CT imaging for staging purposes, with locoregional or distant metastasis detected in the imaging results.

Results: No significant correlation was observed between body mass index (BMI) classification and prostate gland maximum standard uptake
values (SUV.__ ), metabolic tumor volume (MTV), total lesion glycolysis (TLG), standardized uptake value lean (SUL), or SUV_ _ values. A weak
inverse correlation was found between BMI and PSA levels (p=0.08, r=-0.248), with PSA values decreasing as patient weight increased. The
presence of locoregional disease or distant metastasis was not significantly associated with prostate gland SUV__, MTV, TLG, SUV__ . or
SUL values (p=0.25; 0.667; 0.667; 0.244; 0.126, respectively). However, a significant association was detected between PSA levels and distant
metastases or locoregional disease (p=0.02), with higher PSA values observed in patients with distant metastases compared to those with
locoregional disease. Additionally, significant correlations were found between the D’Amico risk classification and the prostate gland SUV__, TLG,
SUL, and SUV__values (p=0.035, 0.037, 0.012, 0.028, respectively).

Conclusion: PSA levels may assist in estimating whether metastases are local or distant. However, due to the weak inverse correlation between
BMI and PSA, it is important that low PSA levels may not necessarily indicate localized disease during clinical evaluation.

Keywords: Prostate cancer, ®Ga-PSMA PET/CT, PSA, BMI, D'Amico risk classification

max’

Oz
Amag: Bu calismanin amaci prostat kanserlerinde Gallium-68 prostat spesifik membran antijeni pozitron emisyon tomografisi/bilgisayarli tomografi
(®8Ga-PSMA PET/BT) kantitatif degerleri ile, hastanin obezitesi, prostat spesifik antijen (PSA) degerleri ve metastaz tipi iliskisini degerlendirmekti.

Yontem: Bu calismaya 2020-2024 tarihleri arasinda prostat kanseri tanisi almis ve evreleme amaciyla %Ga-PSMA PET/BT goriintllemesi yapilan ve
gorintilemede lokorejyonel veya uzak metastaz tespit edilen 112 hasta dahil edildi.
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Oz

Bulgular: Hastalarin beden kitle indeks siniflamasi ile prostat bezimaksimum standart tutulum degeri (SUV. ), metabolik timér hacmi (MTV),
toplam lezyon glikolizi (TLG), standardize edilmis alim degeri (SUL) ve SUV __ - degerleri arasinda anlamli iliski bulunamadi. Hastalarin viicut
kitle indeksi (VKI) ile PSA degeri arasinda VKi vardi (p=0,08, r=0,248). Hastalarda kilo arttikca PSA degerlerinde azalma tespit edildi. Hastalarin
lokorejyonel hastaligi ya da uzak metastazi olmasinin, prostat bezi SUV,__, MTV, TLG, SUV__ve SUL degerleri ile anlaml bir iliskisi bulunamadi
(p=0,25, p=0,667, p=0,244 p=0,126, p=0,057). Bununla birlikte, hastalarin uzak metastaz olmasi veya lokorejyonel hastaligi olmasi ile PSA degerleri
arasinda anlamli bir iliski vardi (p=0,02). Uzak metastazi olan hastada lokorejyonel hastaliga gore PSA degerleri daha yiiksek bulundu. D'Amico risk
siniflamasi ile, prostat bezi SUV__, TLG, SUL ve SUV__ arasinda da anlaml iliki vardi (p=0,035, p=0,037, p=0,12, p=0,028).

Sonug: PSA degerleri metastazlarin lokal mi yoksa uzak mi oldugunu tahmin etmemize yardimai olabilir. Ancak VKi ile PSA iizerinde diistik diizeyde
ters korelasyon olmasi sebebiyle, distik PSA diizeylerinin obez hastalarda lokal hastalik ile sinir olmayabilecegi klinik degerlendirmede mutlaka géz

mean
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oniinde bulundurmaliyiz.

Anahtar kelimeler: Prostat kanseri, ®Ga-PSMA PET/BT, PSA, BMI, D’Amico risk siniflamasi

Introduction

Prostate cancer is the second most common cancer among
men and the second leading cause of cancer-related
mortality (1). Although it is often curable, the presence of
metastasis at the time of diagnosis or during the course of
treatment significantly worsens both treatment response
and prognosis (2). Consequently, the identification
of metastasis at diagnosis and staging has become a
critical factor in determining treatment strategies for
prostate cancer. Transrectal ultrasound, thoracoabdominal
computed tomography (CT), multiparametric magnetic
resonance imaging, and bone scintigraphy are commonly
employed for initial clinical staging. The primary aim of
clinical staging in prostate cancer is to assess the disease
burden and to guide the selection of the most appropriate
treatment plan for each patient.

For many years, clinical staging systems based on prostate-
specific antigen (PSA) levels, Gleason score, and radiological
imaging systems have been used to guide treatment
planning. However, Gallium-68 (*®Ga) prostate specific
membrane antigen (PSMA) positron emission tomography/
CT (PET/CT) has emerged as the most reliable method
for staging, particularly in detecting distant metastases.
This nuclear medicine imaging modality is especially
recommended for patients with intermediate- to high-
risk prostate cancer. PSMA is a transmembrane protein
consisting of 750 amino acids, significantly expressed
in prostate cancer and metastases (3). As a result, it is
frequently utilized in imaging for the detection of both
primary tumors and metastatic lesions in prostate cancer.

This study aimed to evaluate the effectiveness of ®Ga-
PSMA PET/CT in detecting primary tumors and metastatic
lesions in patients with metastatic prostate cancer and to
investigate its correlation with obesity.

Materials and Methods

In this study, 112 patients diagnosed with prostate cancer
between 2020 and 2024 who underwent %8Ga-PSMA PET/
CT imaging for staging purposes and in whom locoregional
or distant metastasis was detected on imaging were
included. Patients with no metastasis detected on %Ga-
PSMA PET/CT were excluded from the study. All patients
underwent biopsy from all quadrants of the prostate
gland, and patients who had not received any treatment
(hormonotherapy, radiotherapy, chemotherapy) or surgery
were included in the imaging study. PSA values in the last
month were recorded.

%Ga-PSMA PET/CT images were evaluated by 2 experienced
nuclear medicine specialists and %Ga-PSMA PET/CT data
were recorded. Informed consent forms were obtained
from the patients.

The Faculty of Medicine Dean’s Office at Tokat
Gaziosmanpasa University and The University's Ethics
Committee approved our study on (number: 831116987-
522, date: 12.09.2024).

%8Ga-PSMA PET/CT Imaging Protocol

During the %8Ga-PSMA PET/CT examinations, patients were
administered an average of 111-185 Megabecquerel (3-5
mCi) of %8Ga-PSMA. The examination included a low-dose
CT scan, followed by a PET scan conducted 45-60 minutes
after the injection, taking about 10 minutes in total. The CT
data were used for anatomical correlation and attenuation
correction, while the PET scans were employed to compute
the maximum standardized uptake values (SUV__ ).

The SUV,__ was calculated by drawing regions of interest
from the whole prostate tissue and metastatic tissue, which
were considered to have the highest PSMA expression,
and this value was recorded. Semi-automatic volumetric
quantification of individual lesions and each patient was
performed using a volume measurement software named
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positron emission tomography volume computer assisted
reading, which can measure metabolic tumor volume
(MTV) as well as the SUV__ or SUV__ . Total lesion

glycolysis (TLG) is a quantitative value obtained from the
product of SUV__ and MTV.

The images were evaluated by two experienced nuclear
medicine specialists.

Statistical Analysis

SPSS version 24 software was used for statistical analysis.
The median value was used to express descriptive
guantitative data, while percentages were used to express
qualitative data. Fisher's exact test and chi-square test
were used to compare variables. Analytical techniques
(Kolmogorov-Smirnov/Shapiro-Wilk  tests) and  visual
methods (histograms and probability graphs) were used to
assess whether the variables showed a normal distribution.
Descriptive analyses were performed using the median and
interquartile range for non-normally distributed variables.
When analyzing data that was not normally distributed, the
Mann-Whitney U test was employed. While investigating
the associations between non-normally distributed and/
or ordinal variables, the correlation coefficients and
their significance were calculated using the Spearman’s
correlation coefficient test. A p-value of less than 0.05 was
considered to indicate a statistically significant result.

Prostate Biopsy Protocol

All patients were started on antibiotics for prophylaxis one
day before the procedure. On the day before the biopsy,
500 mg of ciprofloxacin was administered orally in the
morning and evening. Antibiotics were continued in the
morning and evening for 3 days after the procedure. The
day before the biopsy, rectal cleansing was achieved using
an enema. A 12-quadrant biopsy was taken from the
prostate gland. The biopsy needle and automatic biopsy
gun used were Angiotech Tru-Core | (Florida, USA).

Results

The study included 112 patients, with a mean age of 70.5
years (range: 31-85 years). The mean PSA level was 46.35
ng/dL, which ranged from 2.15 to 5000 ng/dL. Among the
patients, 13 (11.6%) had a Gleason score of 6, 27 (24.1%)
of 7, 32 (28.6%) of 8, 25 (22.3%) of 9, and 15 (13.4%) of
10. For ISUP scoring, 13 patients (11.6%) had a score of 6,
6 patients (5.4%) hadscore of 7 (3+4), 22 patients (19.6%)
had score of 7 (4+3), 31 patients (27.7%) had score of 8,
and 40 patients (35.7%) had a score of 9-10.

According to the D'Amico risk classification, the number of
low-risk patients was 3 (2.7%) medium-risk patients was 6
(5.4%) high-risk patients was 103 (92%).

According to body mass index (BMI), 1 patient (0.9%) was
underweight, 35 patients (31.3%) were normal-weight, 49
patients (43.8%) were overweight, 22 patients (19.6%) were
obese, and 5 patients (4.5%) were severely obese. The PSA
value of the only underweight patient was 149 ng/dL. The
mean PSA value of 35 normal-weight patients was 100 ng/
dl. 49 overweight patients had a mean PSA value of 45.9 ng/
mL. The 22 obese patients had a mean PSA value of 19.93
ng/dL, and 5 extremely obese patients had a mean PSA value
of 82.6 ng/dL. A low correlation was observed between PSA
values and BMI in the patients (p=0.08, r=-0.248).

The SUV__ for the prostate gland was 38.9 in the only
underweight patient. Among 35 normal-weight patients,
the median SUV__ value was 16.2 (ranging from 3.9 to
55.8). For the 49 overweight patients, the median SUV__

was 15.4 (with a range of 1 to 123).

The 22 obese patients exhibited a median SUV__ value of
12.75 (ranging from 3.9 to 40.5), while the 5 extremely
obese patients had a median SUV__ value of 40.2 (ranging
from 8.7 to 55.6). No significant correlation was observed
between the SUV__ value of the prostate gland and
BMI (p=0.128) (Table 1). There was also no significant
correlation between prostate gland MTV, TLG, SUL, and

X

SUV__ (p=0.363, p=0.558, p=0.247, p=0.085).

Table 1. Relationship between BMI and prostate gland SUV__ and PSA value

BMI p-value

Underweight Normal Overweight | Obese Extremely obese

<18.5 18.5-24.9 25-29.9 30-34.9 35-39.9
Prostate gland SUV__ 389 16.2 15.4 12.75 40.2 -0.128
(median) (min-max) ’ (3.9-55.8) (1-123) (3.9-40.5) (8.7-55.6) p=o-
PSA value p=0.008
ng/dL 149 ng/dL 100 ng/dL | 45.9 ng/dL 19.93 ng/dL | 82.6 ng/dL 1=.0.248
BMI: Body mass index, SUV,__: Maximum standard uptake values, PSA: Prostate-specific antigen
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There was no correlation between BMI and D'Amico
classification. Of the 3 low-risk patients, 1 (33.3%) was
obese and 2 (66.7%) were overweight. Of the 6 patients
with medium risk, 2 (33.3%) were normal weight, 2
(33.3%) were overweight, and 2 (33.3%) were obese. Of
103 high-risk patients, 1 (1%) was underweight, 33 (32%)
were normal weight, 45 (43.7%) were overweight, 19
(18.4%) were obese, and 5 (4.9%) were extremely obese
(p=0.467) (Table 2).

A correlation was observed between D’Amico risk groups
and prostate SUV__ values (p=0.035). In the low-risk group,
the median SUV__ value of the prostate gland was 6.8
(ranging from 6.4 to 8.7), while in the medium-risk group,
it was 6.2 (ranging from 3.9 to 34.8), and in the high-risk
group, it was 16.6 (ranging from 1 to 123). The SUV__
values of the prostate gland were elevated in the high-risk
group. There were also significant associations between
D’Amico risk classification and prostate gland TLG, SUL and
SUV___ (p=0.037, p=0.012, p=0.028). However, there was
no significant association between prostate gland MTV
value and D’Amico classification (p=0.366).

Seventy-six patients with distant metastases had a mean
PSA level of 63 ng/dL (range: 2.15-5000 ng/dL). No
significant correlation was observed between PSA value
and prostate gland SUV__, MTV, TLG, SUL, and SUV___
(p=0.881, p=0.602, p=0.630, p=0.995, p=0.875). Thirty-
six patients with locoregional metastases had a mean PSA
value of 31.15 ng/mL (range: 3-495 ng/mL). The PSA value
was significantly higher for patients with distant metastasis
compared to patients with locoregional metastasis only
(p=0.02).

Thirty-six patients (32.1%) had locoregional metastases
while 76 patients (67.9%) had distant metastases.
Thirty-eight patients (33.9%) had only bone metastases.
Fourteen patients (12.5%) had bone and distant lymph
node metastases. There were 4 patients (3.6%) with solid
organ metastases only. There were 6 patients (5.4%) with
both bone and solid organ metastases. One patient (0.9%
of the cohort) had solid organ and distant lymph node
metastasis. Six patients (5.4%) had only distant metastasis

to lymph nodes. Five patients (4.5%) had bone, distant
lymph node, and solid organ metastases.

According to D'Amico’s classification, 31 out of 36
patients (86.1%) with locoregional disease were classified
as high-risk, 2 patients (5.6%), were classified as low-risk,
and 3 patients (8.3%), were categorized as intermediate-
risk. Among the 76 patients with distant metastasis, 72
patients (94.8%) were classified as high-risk, 3 patients
(3.9%) as intermediate-risk, and 1 patient (1.3%) as
low-risk. Of the 38 patients with only bone metastases,
37 patients (97.4%) were in the high-risk group, and 1
patient (2.6%) was in the low-risk group. No patients
were classified within the intermediate-risk group. All
14 patients with both bone and distant lymph node
metastases were classified as high-risk, as were all 4
patients with only solid organ metastases. Among the 6
patients with both bone and solid organ metastases, 5
patients (83.3%) were in the high-risk group, 1 patient
(16.7%) was in the intermediate-risk group, and none
were classified as low-risk. Only 1 patient with both solid
organ and distant lymph node metastasis was classified as
high-risk. Of the 8 patients with only distant lymph node
metastasis, 6 (75%) were in the high-risk group, and 2
(25%) were in the intermediate-risk group. No significant
correlation was observed between D'Amico risk groups
and metastasis localization (p=0.452).

Furthermore, no significant correlation was observed
between D’Amico classification and the presence of distant
metastasis or locoregional disease (p=0.257). The presence
of locoregional disease or distant metastasis was not
significantly associated with prostate gland SUV__, MTV, TLG,
suv,__ and SUL values (p=0.25, p=0.667, p=0.667, p=0.244,
p=0.126, p=0.057). However, a significant correlation was
observed between the presence of distant metastasis or
locoregional disease and PSA levels (p=0.02). The average
PSA value for the 76 patients with distant metastasis was
63 ng/mL (range: 2.15-5000 ng/mL), whereas the average
PSA value for the 36 patients with locoregional disease was
31.15 ng/mL (range: 3-495 ng/mL).

Table 2. Relationship between BMI and D’Amico risk classifications
BMI p-value
D’Amico Underweight Normal Overweight Obese Extremely obese
risk classifications <18.5 18.5-24.9 25-29.9 30-34.9 35-39.9
Low-risk 0 (0%) 0 (0%) 2 (66.7%) 1(33.3%) 0 (0%) p=0.467
Medium-risk 0 (0%) 2 (33.3%) 2 (33.3%) 2 (33.3%) 0 (0%)
High-risk 1(1%) 33 (32%) 45 (43.7%) 19 (18.4%) 5 (4.9%)
BMI: Body mass index
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Discussion

The D’Amico classification is the most widely used system
for assessing metastatic risk in prostate cancer. ®#Ga-
PSMA PET/CT is the most sensitive imaging modality for
staging prostate cancer, especially in patients classified as
intermediate to high risk. The majority of our patients were
classified as high-risk all of whom exhibited metastases on
%Ga-PSMA PET/CT. Although not statistically significant,
metastases were detected in 3 patients classified as the
low-risk group and 6 patients in the intermediate-risk group;
however, not all patients in these groups were metastatic.
No significant correlation was observed between metastasis
location and the D’Amico risk classification. However, a
significant correlation was observed between D'Amico risk
classification and the SUV__ values of the prostate gland.
Significant associations were also observed between the
D'Amico risk classification and TLG, SUV___, and SUL
values. As the risk classification increased, PSMA uptake
in the prostate gland correspondingly increased. Our
literature review revealed that similar studies investigating
the relationship between the D’ Amico risk classification and
prostate gland SUV__ values in prostate cancer patients
have likewise reported significant findings. Significant
associations were also observed between the D'Amico risk
classification and TLG, SUV,___, and SUL values. In the same
study, a significant relationship was reported between
the D'Amico risk classification and both SUV __ and MTV.
However, in our study, no significant correlation was found
between the D’Amico classification and MTV (4).

For instance, Koerber et al. (5), in a study involving
104 patients, demonstrated that PSMA uptake levels
increased with higher D’ Amico risk classifications. Similarly,
Ekmekcioglu et al. (6) and Liu et al. (7) reported findings
consistent with ours, showing increased PSMA uptake
levels in the prostate gland in patients in the high-risk
group.

No significant correlation was observed between PSA
values and quantitative PET/CT measurements of the
prostate gland in our study. However, Jafari et al. (8)
reported a significant correlation between PSA levels and
all PET/CT parameters. This discrepancy may be attributed
to all patients in our study having metastatic disease.

No significant correlation was observed between the
presence of distant metastasis or locoregional disease
and prostate gland SUV__ values. However, the general
trend of higher SUV__ values in high-risk patients suggests
that an increased SUV__ may be associated with a
greater likelihood of metastasis. However, no significant
correlation was found between SUV__ values and the

X

presence of local versus distant metastases. Similarly, no
significant associations were observed between other
PET/CT parameters and either local or distant metastasis.
Our literature review did not reveal any previous studies
specifically addressing this topic. Therefore, we believe
that the findings of our study provide valuable and novel
insights.

However, we observed a significant association between
PSA levels and the presence of distant metastasis or
locoregional disease. Blackwell et al. (9) demonstrated
that preoperative serum PSA values had predictive value
for determining tumour burden and stage. Another study
reported that the probability of lymph node involvement
is less than 1% n patients with PSA levels below 20 ng/
mL, suggesting that radiological imaging for staging could
be minimized in this group (10). In our study, all patients
were metastatic, with a median PSA level of 31.15 ng/dL
in patients with locoregional metastasis and 63 ng/dL in
those with distant metastasis.

The majority of our patients being overweight and obese
suggested that obesity was associated with prostate
cancer. However, no significant correlation was observed
between BMI and prostate gland PET/CT values. According
to a meta-analysis study, obesity was associated with
an increased risk of prostate cancer in Europe (11).
Several large cohort studies also observed a stronger
association between increasing BMI and prostate cancer
risk (12,13,14). However, some studies did not find an
association between BMI and certain health outcomes
related to obesity (15,16). Considering these contradictory
results, a recent meta-analysis revealed that prostate cancer
was weakly associated with an increased risk related to
obesity (11). In addition, since our study included patients
with locally advanced and distant metastases, and the
majority of them were overweight, we think that obesity
may contribute to the aggressiveness of prostate cancer.
The mechanisms showing that obesity causes aggressive
prostate cancer were described in Allot et al.’s (17). They
suggested that low PSA levels, resulting from hemodilution
due to increased blood volume in obese men, may delay or
prevent prostate biopsy, potentially leading to the diagnosis
of more aggressive prostate cancer (18). Additionally, the
difficulty of performing digital rectal examination and the
increased prostate volume in obese men may contribute to
delayed cancer detection during biopsy (19,20).

Obese men had significantly lower PSA values compared
to lean, and normal-weight men. Consistent with our
findings, Vidal et al. (21) also reported lower PSA levels
in obese and overweight patients compared with normal-
weight patients. Other studies have indicated that obesity
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is associated with reduced PSA levels, which may in turn
decrease the rate of cancer detection (22,23). Further
research is warranted to better understand this relationship.

Study Limitation

The limited number of patients and the retrospective
nature of the study are among the limitations of our
study. In addition, not all metastases could be confirmed
histopathologically.

Conclusion

There are numerous treatment options for prostate cancer,
with staging being the most critical factor in determining
effective management. Consequently, the detection and
localization of metastases are of paramount importance.
In our study, we would like to emphasize that metastasis
is present in a large proportion of patients in the high-
risk class in the D'Amico risk classification. However,
considering the possibility of distant metastasis in the low-
and intermediate-risk class, ®Ga-PSMA PET/CT may also be
recommended in the staging of these patients. We would
like to emphasize that although PSA values carry important
information about the stage of the disease, they may not
reflect the reality in overweight or obese patients and
should be taken into consideration in clinical evaluation.
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Investigation of the Partial Volume Effect in Pre-Dosimetry of Liver
Tumors for ™Y Radioembolization: A Phantom Study

%Y Radyoembolizasyon Tedavisinde Karaciger Timérleri Pre-Dozimetri'de Kismi Hacim
Etkisinin Incelenmesi: Bir Fantom Calismasi
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Abstract

Obijectives: Yttrium-90 (*°Y) radioembolization has become increasingly important in the treatment of liver tumors. This study aims to experimentally
determine the extent to which small liver tumors are affected by the partial volume effect (PVE) in single photon emission computed tomography/
computed tomography (SPECT/CT) scintigraphy using technetium-99m-macroaggregated albumin (Tc99m-MAA), and to investigate the impact
of PVE on tumor dosimetry and image quality.

Methods: In this experimental study, a custom-designed liver phantom containing four tumor mimics with diameters of 1 cm, 2 cm, 3 cm, and 5
cm was used. The tumor and liver parenchyma volumes were filled with Tc:99m at a ratio of 4.86: 1. The phantom was imaged in a water tank
using SPECT/CT according to standard clinical protocols. Volumetric regions of interest were drawn for each lesion and tumor volumes, contrast
values (C), contrast to noise ratios (CNR), and absorbed tumor doses were calculated from the counts obtained. Since this study does not involve
live subjects and was conducted solely on a phantom model, ethical approval, informed consent, and consent forms are not required for this study.
Results: Tumor diameters measured on SPECT/CT images matched those obtained from both CT images and the actual dimensions. The contrast
values calculated from the SPECT/CT images for lesions with diameters of 2 cm and 5 cm were 2.03 and 3.89, respectively. Similarly, the
corresponding CNR values were 8.64 and 21.07. Tumor-to-normal tissue ratios were 2.03 and 3.89 for the 2 cm and 5 cm lesions, respectively.
For the 2 cm lesion, the actual and SPECT/CT-derived absorbed doses were 15.3 Gy and 7.87 Gy, respectively. For the 5 cm lesion, these values
were 15.4 Gy and 13.38 Gy, respectively. The absorbed tumor doses significantly decreased as tumor diameter decreased due to the influence
of PVE.

Conclusion: Tumors smaller than 2 cm in diameter were markedly affected by the PVE. Considering the influence of PVE, or applying appropriate
corrections in dosimetric calculations, is of critical importance for improving the accuracy of dosimetry results.
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Oz

Amag: Karaciger timorlerine yonelik ittriyum-90 (*°Y) radyoembolizasyon tedavisinin dnemi giderek artmaktadir. Bu calismanin amaci, teknesyum-
99m-makroagregat albimin (Tc-99m-MAA) kullanilarak yapilan tek foton emisyonlu tomografi/bilgisayarli tomografi (SPECT/BT) sintigrafisinde
kiictik karaciger timarlerinin kismi hacim etkisinden (PVE) etkilenme diizeylerinin deneysel olarak belirlenmesi ve PVE'nin timor dozlari ile gérantl
kalitesi tizerindeki etkisinin arastirimasidir.

Yontem: Bu deneysel calismada, caplari 1 cm, 2 cm, 3 cm ve 5 cm olan dort taklit tumor iceren 6zel tasarlanmis bir karaciger fantomu kullanild.
Timor/karaciger parankim dokusunu temsil eden hacimler Tc-99m ile 4,86/1 oraninda dolduruldu. Fantom, rutin klinik protokollere uygun olarak
bir su tanki icinde SPECT/BT ile goriintulendi. Lezyonlardan hacimsel ilgi alanlari cizilerek elde edilen sayimlardan lezyon hacimleri, kontrastlar (C),
kontrast/gUr(ltl oranlar (CNR) ve timaor dozlar hesaplandi.

Bulgular: SPECT/BT gortintilerinde timor caplari, BT gorintulerinden olclildi ve gercek degerlerle ayni dlculerde bulundu. 2 cm ve 5 cm capli
lezyonlar icin SPECT/BT goriintulerinden hesaplanan kontrast degerleri sirasiyla 2,03 ve 3,89 bulundu. Benzer sekilde CNR degerleri sirasiyla 8,64
ve 21,07 bulundu. Timaér/normal doku (oranlari 2 cm ve 5 cm capli lezyonlar icin sirasiyla 2,03 ve 3,89 bulundu.

2 cm capli lezyon icin reel ve SPECT/BT'den hesaplanan absorbe dozlar sirasiyla 15,3 Gy ve 7,87 Gy bulundu. 5 cm capli lezyon icin reel ve SPECT/
BT'den hesaplanan absorbe dozlar sirasiyla 15,4 Gy ve 13,38 Gy bulundu. PVE'ye bagli olarak timér capi azaldik¢a timdr dozlarinin da dnemli
oranda azaldigi belirlendi.

Sonug: Capl 3 cm’den kiclk olan timdrler PVE" den belirgin sekilde etkilenmistir. Dozimetri hesaplamalarinda PVE etkisinin g6z onlinde

Dilaver Akar et al. Investigation of the Partial Volume Effect

bulundurulmasi veya gerekli diizeltmelerin uygulanmasi, dozimetri sonuglarinin dogrulugunu artirmak agisindan biyik énem tasimaktadir.
Anahtar kelimeler: *°Y mikroembolizasyon tedavisi, Tc99m-MAA dozimetrisi, kismi hacim etkisi, timaor gorintileme, goriintd kalitesi

Introduction

Yttrium-90 (°°Y) transarterial radioembolization is an
important treatment option for liver malignancies, including
hepatocellular carcinoma and liver metastases originating
from colorectal cancer (1,2,3). Primary and secondary
liver tumors (Tm) that are not amenable to surgery can
be treated through the transarterial administration of
%Y-labeled microspheres. While 80-100% of liver Tm are
supplied arterially via the hepatic artery, 60-70% of the
normal liver parenchyma receives blood from the portal
vein. When microspheres are administered via catheter
into the hepatic artery, they predominantly accumulate
in the peripheral areas of the tumor regions with higher
perfusion thus theoretically enabling the delivery of high
radiation doses to the tumor while sparing the normal
parenchymal tissue.

to treatment, technetium-99m-macroaggregated
albumin  (Tc-99m-MAA), is administered by the
interventional radiology department to predict the
biodistribution of **Y microspheres. Following angiography,
hepatic artery perfusion scintigraphy is performed to
assess any extrahepatic leakage of the radiotracer and
to evaluate the distribution of radioactivity within the
tumor (4,5). The T¢-99m-MAA photon emission computed
tomography/computed tomography (SPECT/CT) scan,
performed intra-arterially prior to #*Y microsphere therapy,
is used to determine the hepatopulmonary shunt fraction
and to exclude potential reflux of radioactive material
into the bowel, stomach, or pancreas (6). The distribution
of microspheres in the capillary bed as seen on Tc-99m
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SPECT/CT imaging closely resembles the distribution of
%Y microspheres during actual treatment; therefore, this
imaging method is used in dosimetric studies (7).

Partial volume effect (PVE) is a phenomenon that arises
when small lesions appear larger and with lower activity
on scintigraphy due to the limited spatial resolution of the
imaging system. If the imaged object or region is smaller
than twice the full width at half maximum (FWHM) in the x,
y, and z axes of the system, the activity within the lesion will
be underestimated and its visual clarity diminished (8). PVE
is a complex process influenced by several factors, including
tumor size and shape, background activity in surrounding
tissues, the spatial resolution of the imaging system, voxel
size, and imaging modality. One of the primary causes
of blurring in three-dimensional imaging is limited spatial
resolution. Signal intensity within voxels represents tissue
properties. Even when the spatial resolution of the imaging
system is optimal, PVE may occur if lesion size is small.
Additionally, smaller voxel sizes contribute to an increase
in PVE (9).

The aim of this study is to: identify the perfused regions and
their activity distribution in SPECT/CT scintigraphy using Tc-
99m-MAA; experimentally determine the degree to which
small liver Tm are affected by PVE; and investigate the
impact of PVE on tumor dosimetry and image quality (1Q).

Materials and Methods

This study was conducted at the Department of Nuclear
Medicine, istanbul University-Cerrahpasa Faculty of
Medicine. The liver phantom used in the study was
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designed based on the model described by Yeyin et al.
(10). Additionally, lesions specific to this study were added
to the phantom (Figure 1).

Liver Phantom and Water Tank

The model designed for this study consists of two main
components: the liver and the water tank. The materials
used in the phantom were selected in collaboration with
the Department of Chemical Engineering. The liver was
produced using a 3D printer and additive manufacturing
technique (Fused Deposition Modeling), with a filament
material called polylactic acid (PLA), which has a density of
1.24 g/cm3. Both the outer wall of the liver parenchyma
and the outer shells of the simulated Tm were made of
PLA, each with a thickness of 1.5 mm. The dimensions of
the liver phantom are 112 mm x 191 mm, and its empty
weight is 350 grams. The diameters of the four simulated
lesions in the phantom are 1 ¢cm, 2 cm, 3 cm, and 5
cm, with internal volumes that need checking against
spherical volume calculations for consistency. The volume
representing the liver parenchyma is 615 cm3. The second
component of the phantom set, the water tank, has a
depth of 20 cm and dimensions of 25 x 30 cm. The water
tank and its mounting apparatus are made of Plexiglas,
with no metal components used. The water filled in the
tank simulates the photon scattering environment that
may arise from organs and tissues other than the liver.

Phantom Operating Principle and Functionality

Our model includes four separate cylindrical tumor cavities
within the liver phantom. These Tm can be filled with
Tc-99m at either the same or different concentrations.

Figure 1. 3D image of the liver phantom and the fixation feet inside the
water tank

Additionally, the cavity representing the liver parenchyma
can be filled with a radioactive substance through a
separate cap. After the phantoms are placed in the tank,
they are fixed with plastic screws. Once the tank is filled
with water, it can be positioned for imaging.

Imaging Protocol

SPECT/CT imaging was performed using a Siemens Symbia
T16 SPECT/CT device equipped with a low-energy high-
resolution collimator and dual detectors (Figure 2). After the
Tm and all the compartments representing liver parenchymal
tissue were filled with Tc-99m at a concentration of 2.13 uCi/
mL, SPECT/CT imaging was performed. The routine clinical
protocol was used for imaging. Low-dose CT scanning was
performed with 120 kV and 100 mAs. The parameters
used for SPECT/CT imaging were 140 keV, 15% dual-energy
window, 128 x 128 matrix, 40 projections per scan, non-
circular continuous orbit, and 20 seconds exposure time
per SPECT projection. SPECT/CT data were reconstructed
using the ordered subsets expectation maximization (3D)
method with eight iterations and eight subsets. A 6 mm
Gaussian filter was used for scatter correction based on the
dual-energy window and attenuation correction based on
CT data.

Figure 2. Position of the liver phantom in the SPECT/CT device within
the water tank
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SPECT/CT Image Quality Quantification

To assess SPECT/CT 1Q volumetric regions of interest (VOIs)
were drawn on the SPECT/CT images. Based on the counts
within the VOIs, tumor-to-normal tissue ratio (T/N), contrast
(C), and contrast-to-noise ratio (CNR) were calculated (11).

__ NI-Nbg

C= e (1)

NI = Counts within the lesion VOI, Nbg = Counts within the
background

C
CNR= ﬁ (2)

C: Contrast, COV: The coefficient of variation is given by

cov= 2%
Nbg

obg is the standard deviation of the background VOI.

Organ and Tumor Doses

Based on the activity amounts of the Tc-99m radioisotope
filled into the phantom, the actual doses for both the
tumor and the liver were calculated and considered as
reference doses. The internal volumes of the phantom
were assumed to correspond to the volume of the Tc-99m
solution within the phantom. In the dosimetric calculations
based on SPECT/CT images, the masses of organs and Tm
were determined from CT-derived volume measurements.

The administered activity (A) was calculated using Equation
3, and the absorbed dose (D) was calculated using Equation
4(12).

A (GBq)Total =A (GBq)Normal liver tissue A (GBq)Tumor (3)

A (GBq) ... The amount of activity filled into the
phantom’s simulated lesions and the compartments
representing the liver parenchymal tissue.

49.38 Agorar (1-LSF)

D (Gy)Tumor = 1 T (4)
T(MNormal liver tissuey MTumor
N

: Tumor dose

D (Gy)Tumor'
LSF: Lung shunt fraction (assumed to be zero), T/N: Tumor-

to-normal tissue activity ratio, m: Mass (kg)

Results

Following the filling of all compartments representing
Tm and normal liver parenchyma with Tc-99m at a
concentration of 2.13 uCi/mL, SPECT/CT imaging was
performed. In the scintigraphic cross-sectional images
obtained after scanning, the outer boundaries of the
lesions were clearly visible (Figure 3). The actual tm of 1
cm, 2 ¢m, 3 cm, and 5 cm were found to match with the
tms measured on SPECT/CT images. For CNR calculation,
12 equally sized VOIs were drawn from the SPECT/CT and
Planar images shown in Figure 3. The significance between
VOI counts was compared using the Mann-Whitney U test.
A significant difference was found between the two VOI
groups at p=0.015.

The contrast and CNR values calculated from the SPECT/
CT images are presented in Table 1. The T/N activity ratios
and tumor doses are shown in Table 2. Based on the actual
Tc-99m activity values administered to the phantom, the

Figure 3. SPECT/CT fusion VOI images showing the CT image of the lesions (A). In the planar image, the numbers inside the ROIs represent the lesion
diameters (B)
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T/N ratio was kept constant at 4.86:1. However, it was
observed that the T/N ratios increased with increasing
tumor diameter (tm) in the SPECT/CT images. The tumor
volumes calculated from the SPECT/CT images were found
to be 16 cm3, 20 cm3, 30 cm3, and 205 cm3. The correlation
between tumor volumes and tumor doses is presented in
Figure 4.

The correlation between the tumor doses calculated from
SPECT/CT images and the CNR values is shown in Figure 5.
It was observed that CNR values increased with increasing
tumor dose. However, for the tumor with a volume
of 30 cm3, the increase in CNR value appeared to be
disproportionate compared to the others. The correlation
between the tumor doses and contrast values calculated

from the SPECT/CT images is presented in Figure 6. It was
determined that contrast values also increased with tumor
dose, and that there was a strong correlation between
them.

Discussion

In this study, PVE investigation was conducted using
a specially designed liver phantom that included four
simulated Tm with diameters of 1 cm, 2 cm, 3 c¢m, and
5 cm, as well as a separate compartment representing
normal liver parenchyma. In scintigraphic imaging, PVE is
a well-known phenomenon that particularly affects the
visibility of small-volume lesions and leads to significant
errors in dosimetric calculations based on scintigraphic

Table 1. Contrast, CNR, and noise values calculated from SPECT/CT

Tumor diameter (cm) Contrast (SPECT/CT) CNR (SPECT/CT)
1 1.64 5.5

2 2.03 8.64

3 2.24 9

5 3.89 21.07

CNR: Contrast to noise ratio, SPECT/CT: Single photon emission computed tomography/computed tomograp

Table 2. Lesion diameter, scintigraphic T/N ratios, and calculated tumor doses in the actual T/N (4.86/1)

Tumor diameter T/N (SPECT/CT) Actual doses calculated from | Tumor dose calculated from Tumor dose decreas
(cm) phantom activites (Gy) SPECT/CT (Gy) rates (%)
1 1.65 14.9 6.04 59.3
2 2.03 15.3 7.87 48.6
3 2.24 16.3 9.66 40.8
5 3.89 15.4 13.38 7.97
SPECT/CT: Single photon emission computed tomography/computed tomograp, T/N: Tumor-to-normal tissue ratio,
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Figure 6. Tumor dose-contrast correlation in SPECT/CT

images (13,14,15). This study found that Tm with diameters
<3 cm were significantly affected by PVE, and the impact
of PVE diminished as tumor size increased.

In recent years, Y microsphere therapy has become a widely
used, effective, and safe radionuclide therapy option for
primary and metastatic liver Tm. The success of this therapy
depends on accurate calculation, of tumor dose, which is
determined by various parameters. Prior to administration
of °°Y microspheres to the patient, dosimetry is performed
using Tc-99m-MAA with SPECT/CT imaging. When dosimetric
calculations rely solely on SPECT images, the regions of
interest VOIs may appear larger than their actual size due to
radiotracer spill-out (16,17). PVE in SPECT imaging arises from
the system's limited spatial resolution. It is also influenced by
whether corrections such as reconstruction algorithms and
collimator-detector response have been applied. PVE includes
both partial volume loss and spillover from neighboring
regions, and particularly for structures smaller than 2-3 times
of the system’s FWHM (18).

Recently, 3D-printed phantoms made of PLA material have
been used. It has been reported that PLA phantoms can be
filled with Tc-99m and lutetium-177 radionuclides, which
are mixed with water, allowing the acquisition of their
scintigraphic images. These images can then be analyzed
for scatter and photon attenuation effects (19).

Studies on PVE correction in scintigraphic imaging have
shown that restoration filters based on frequency-distance
relationships or approaches using spatial resolution
modeling depending on distance in iterative reconstruction
can reduce PVE; however, complete recovery of activity is
not always achievable (20,21).

Factors degrading 1Q and reducing the absorbed dose
to lesions have been analyzed by Pacilio et al. (21) using
Monte Carlo simulations. PVE was identified as one of
the most significant degrading effects in scintigraphic
images, with activity loss exceeding 20% in 1.8 cm lesions.

It was reported that lesions smaller than 2 ¢cm should be
excluded from voxel-based dosimetry because accurate
corrections cannot be performed (22). Cheng et al. (23)
reported that PVE can significantly impact the accuracy
of voxel-based dosimetry due to high noise in the images,
and recommended increasing the number of iterations
and subsets in image reconstruction. Additionally, they
noted that high activity concentration may partially
correct PVE. It has also been reported that pre- or post-
filtering reduces spatial resolution and increases PVE,
therefore, image filtering is not recommended (8).

In studies related to PVE and scintigraphic 1Q, it has been
reported that contrast and CNR values, which are methods
used to evaluate 1Q, are affected by PVE (24). A more
detrimental effect than bias caused by PVE is the significant
variability PVE introduces in lesion uptake. This variability
can lead to substantial differences in measured tumor
uptake, depending on tumor characteristics (e.g., size and
shape), technical specifications of the tomography (e.g.,
spatial resolution), processing methods (e.g., reconstruction
algorithms), and measurement procedures. Moreover, this
variability hinders the feasibility of meta-analyses based on
published data, posing substantial challenges for future
clinical studies (25).

Kerckhaert et al. (26) evaluated 1Q using an NEMA 1Q
phantom with Tc:99m-MAA and reported CNR values of
7.26 and 10.3 for 10 mm and 37 mm diameter lesions,
respectively. In our study, tumor doses showed good
correlation with tumor volumes (R2=0.7267). Similarly,
strong correlations were observed between tumor dose
and CNR (R2=0.8), and tumor dose and contrast (R2=0.94).
For lesions with diameters of 2 cm and 5 cm, contrast and
CNR values were found to be 2.03 and 3.89, respectively.
These results indicate a 1.9-fold improvement in contrast
and a 2.43-fold improvement in CNR, respectively, in the 5
cm lesion. The actual and SPECT/CT-derived absorbed doses
for the 2 cm lesion were 15.3 Gy and 7.87 Gy while for the
5 c¢m lesion, they were 15.4 Gy and 13.38 Gy, respectively.
These findings highlight that the error due to PVE in dose
estimation decreases with increasing lesion size.

Roesink JM et al. (27) who studied the effect of PVE on
tumor dose, reported that tumor doses decreased as PVE
increased. Consistently, in this study, it was observed that
the T/N ratios decreased with decreasing tumor size on
SPECT/CT images, likely due to the effect of partial volume
effect PVE.

Study Limitations

This study presents data for a single model device. It does
not include data from other brands or models of gamma
cameras
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Conclusion

To significantly reduce the bias caused by the partial volume
effect, simple but imperfect correction methods currently
being utilized. Until a widely accepted correction technique
is routinely implemented, great care should be taken to
standardize the acquisition, processing, and analysis of
imaging data. In this context, it was concluded that Tms
smaller than 2 cm are significantly affected by PVE, and
applying necessary corrections in dosimetric calculations will
have a decisive impact on the accuracy of dosimetric results.
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The PSMA-PET Conundrum: A Survey of UK Prostate Cancer
Surgeons and Their Use of PSMA-PET Prior to Radical
Prostatectomy

PSMA-PET Bilmecesi: Birlesik Krallik'taki Prostat Kanseri Cerrahlari ve Radikal
Prostatektomi Oncesi PSMA-PET Kullanimlari Uzerine Bir Anket
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Abstract

Obijectives: Prostate-specific membrane antigen-positron emission tomography (PSMA-PET) has significantly improved sensitivity and specificity for
detecting metastatic disease in prostate cancer compared to traditional computed tomography and bone scans. It is now recommended by the
European Association of Urology for staging intermediate and high-risk disease, however, there are no recommendations on its incorporation into
practice due to lack of long-term survival data. We aimed to identify the current use of PSMA-PET in high-volume prostate cancer centres to see
whether there is standardisation in its use and interpretation prior to robotic-assisted laparoscopic prostatectomy (RALP).

Methods: An anonymised SurveyMonkey® was sent to multiple high-volume surgeons across the United States (UK), with all questions optional.
Participants were asked about their personal practices for PSMA-PET staging, for both intermediate and high-risk disease, and how it would
change their management if considering RALP.

Results: Thirty-one participants responded across 17 different UK centres. 11/31 (35%) used PSMA-PET a lone as primary staging for high-risk
prostate cancer, with 6/30 (20%) using it for intermediate staging as well. Of the 23 surgeons that routinely perform lymph node dissection (LND)
in high-risk cases, 13/23 (57%) would obviate performing it if the PSMA was negative. If a patient was found to have positive nodes on PSMA-PET,
12/31 (39%) surgeons will still offer RALP. Individual answers also varied within same centres.

Conclusion: The current interpretation of PSMA-PET for staging and treatment before RALP varies widely amongst surgeons, particularly regarding
LND. A national consensus statement is needed to help standardise treatment practice for patients until robust long-term survival data exists.
Keywords: Prostate, PSMA, nuclear

0z
Amagc: Prostat spesifik membran antijen-pozitron emisyon tomografisi (PSMA-PET), prostat kanserinde metastatik hastaligi tespit etmede

geleneksel bilgisayarli tomografi ve kemik taramalarina kiyasla duyarliigi ve 6zgilligi énemli élctide artirmistir. Su anda Avrupa Uroloji Dernegi
tarafindan orta ve yiiksek riskli hastaliklarin evrelemesi icin énerilmektedir, ancak uzun dénem sagkalim verilerinin eksikligi nedeniyle uygulamaya
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dahil edilmesine dair bir éneri bulunmamaktadir. Robotik yardimli laparoskopik prostatektomi (RALP) 6ncesinde kullaniminda ve yorumlanmasinda
standardizasyon olup olmadigini gérmek icin ytiksek hacimli prostat kanseri merkezlerinde PSMA-PET'in mevcut kullanimini belirlemeyi amacladik.
Yontem: Birlesik Krallk (UK) genelindeki bircok ylksek hacimli merkezde calisan cerrahlara, tim sorularin istege baglh olarak dolduruldugu
anonim bir SurveyMonkey® anketi génderildi. Katilimailara, hem orta hem de yuksek riskli hastaliklar icin PSMA-PET evrelemesi konusundaki kisisel
uygulamalari ve RALP distindltrse tedavilerini nasil degistirecegi soruldu.

Bulgular: On yedi farkli UK merkezinden 31 katilimcr yanit verdi. Otuz bir katiimadan 11'i (%35) ylksek riskli prostat kanseri icin birincil evreleme
olarak yalnizca PSMA-PET'i kullanirken, 30°unun 6'si (%20) orta riskli evreleme icin de PSMA-PET'i kullandigini belirtti. Yiksek riskli olgularda rutin
olarak lenf nodu diseksiyonu (LND) uygulayan 23 cerrahin 13’ (%57), PSMA negatifse bunu yapmaktan kaginacagini belirtti. Bir hastada PSMA-
PET'te pozitif noddller bulunursa, 31 cerrahtan 12'si (%39) yine de RALP 6nerecegini belirtti. Bireysel yanitlar da ayni merkezler arasinda farklilik
gosterdi.

Sonug: Robotik yardimli RALP dncesi evreleme ve tedavi icin PSMA-PET'in mevcut yorumu, ézellikle LND konusunda, cerrahlar arasinda buytk
Olcude farklilik géstermektedir. Saglam uzun vadeli sagkalim verileri elde edilene kadar hastalar icin tedavi uygulamalarinin standartlastirimasina
yardimal olmak amaciyla ulusal bir mutabakat beyanina ihtiyag duyulmaktadir.

Karanjia et al. PSMA-PET Prior to RALP: A Survey

Anahtar kelimeler: Prostat, PSMA, nikleer

Introduction

Accurate staging of prostate cancer is paramount to
informed decision-making prior to offering radical treatment.
Until 2024, European Association of Urology (EAU)
recommended conventional staging for both intermediate
and high-risk patients using cross-sectional abdominopelvic
imaging and nuclear medicine bone scans (1). However,
this imaging lacks sensitivity and specificity for diagnosing
extra-prostatic disease, even in high-risk cases. Prostate-
specific membrane antigen positron emission tomography
(PSMA-PET) as an alternative staging modality has gained
popularity in recent years, due to its increased diagnostic
accuracy and reduced number of equivocal findings (2).
In 2023, the National Comprehensive Cancer Network
updated its guidelines to recommend the use of PSMA-PET
as first-line imaging for primary staging of prostate cancer
(3,4). In 2024, EAU endorsed its use, where available, for
primary staging of both intermediate and high-risk disease
(1). However, solely based on PSMA-PET, they could not
offer a clear recommendation on its interpretation and
on the application regarding radical treatment, including
robotic-assisted laparoscopic prostatectomy (RALP), due to
a lack of long-term randomized control trial (RCT) survival
data.

Amidst the prevailing uncertainty we aimed to identify
the utilization and interpretation of PSMA-PET prior to
RALP amongst different United States (UK), centres and
whether this was broadly similar or lacked standardisation.
We designed and distributed a bespoke online survey
regarding the use of PSMA-PET in primary prostate cancer
staging to various high-volume pelvic oncology surgeons
working across in the UK.

Materials and Methods

A bespoke and anonymised SurveyMonkey® was
distributed to high-volume prostate cancer surgeons across

the UK in October 2023. Participants were asked nine
questions (Table 1) about their hospital practices for PSMA-
PET staging, in both intermediate and high-risk disease, how
it would change their management if considering RALP All
questions were optional and collated anonymously.

Statistical Analysis
Statistical analysis was not required for data interpretation.

Results

Thirty-one participants responded across 17 different UK
centres (Figure 1). 18/31 (58%) worked in centres annually
performing over 200 RALPs; 30/31 (97%) performed at
least 50. There was large heterogeneity in the use of
PSMA-PET for staging: 11/31 (35%) used PSMA-PET alone
as primary staging for high-risk prostate cancer, with 6/30
(20%) using it for intermediate staging as well. For those
who used conventional staging rather than PSMA-PET,
14/31 (45%) used computed tomography (CT) and bone
scans for high-risk staging, with 6/31 (19%) used only
bone scans. In intermediate imaging, 16/30 (53%) used
bone scans only, while 8/30 (26%) used both CT and bone
scans (Figure 2).

Of the 23 surgeons that routinely perform lymph node
dissection (LND) in high-risk cases, 13/23 (57%) would
obviate performing it if the PSMA was negative. If a patient
was found to have positive nodes on PSMA-PET, 12/31
(39%) surgeons would still offer radical prostatectomy
as a treatment option and 12/29 (41%) would use the
PSMA-PET images to guide their LND (Figure 3). Individual
answers also varied within same centres. 14/31 (45%)
routinely use the Briganti nomogram to predict lymph
node involvement, and 24/31 (77%) would support the
trial with RALP and subsequent SABR for a single positive
node in the field of pelvic node extirpation.
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Table 1. Nine questions asked to high-volume RALP surgeons in the UK

offered to the node in a multimodal setting?

Question Options
Question 1 Which hospital do you work in? -
a) 0-49
b) 5099
Question 2 | Approximately how many RALPs does your hospital perform each year? c) 100-149
d) 150-199
e) 200+
a) CT and bone scan
Question 3 How do you currently stage high-risk prostate cancer in your hospital? b) Bone scan only
c) PSMA-PET only
. How do you currently stage intermediate-risk Gleason 4+3 prostate cancer in )/ (I &inel ForE Sez
Question 4 our hosoital? b) Bone scan only
y prtals c) PSMA-PET only
a) Yes - It obviates the need to perform it
. Does a negative PSMA-PET change your decision to do a lymph node 2} e - wale) sl parienm 12 elzemmes
Question 5 : e F o oA o - necessary
dissection in an otherwise high risk patient? .
¢) | do not routinely perform lymph node
dissection
: . . . . " Yes - With lymph node dissection
. Would you still perform radical prostatectomy in patients with positive nodes 2) . . .
Question 6 on PSMA-PET, and otherwise favourable factors? ?)) F\{(gfe—lglvnhout g meele elEzEson
oy . . P
Suesiion 7 If yes, do you use PSMA-PET images to help guide lymph node dissection? Zi \,\(Ieos
. Do you routinely use the Briganti nomogram to predict likelihood of lymph a) Yes
Question 8 .
node involvement? b) No
For high risk patients, with a solitary positive node in the field of pelvic nodal a) Yes
Question 9 | extirpation, would you consider a trial in which RALP is performed and SABR b) No

PSMA-PET: Prostate-specific membrane antigen-positron emission tomography, CT: Computed tomography, RALP: Robotic-assisted laparoscopic prostatectomy
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How do you stage high and intermediate risk
Gleason 4+3 prostate cancer?
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8
I 6 |

CT & Bone scan Bone scan only PSMA-PET only

60%
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40%
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20%
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X

0%
m High risk (n=31)  m Intermediate risk 4+3 (n=30)

Figure 2. Use of PSMA-PET as staging prior to RALP
PSMA-PET: Prostate-specific membrane antigen-positron emission tomography, RALP: Robotic-assisted laparoscopic prostatectomy, CT: Computed
tomography

Does a negative PSMA-PET change your decision to perform
LND in an otherwise high risk patient? (n=23)

= Yes - obviates need to
perform it

= No - would still perform if
necessary

Would you still perform RALP if positive nodes on PSMA-PET
& otherwise favourable factors? (n=31)

= Yes with LND
[ Rarely

= Never

Figure 3. Use of PSMA-PET in treatment prior to RALP
PSMA-PET: Prostate-specific membrane antigen-positron emission tomography, RALP: Robotic-assisted laparoscopic prostatectomy, LND: Lymph node
dissection
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Discussion

The role of PSMA-PET is an evolving one: only in 2024
have the EAU finally recommended the use of PSMA-PET
in staging of intermediate and high-risk prostate cancer.
However, they fall short of a recommendation regarding
treatment due to a lack of long-term survival data from
RCTs (1). This leaves clinicians in a conundrum: staging with
PSMA-PET is now recommended, but the interpretation and
application of PSMA-PET prior to treatment remain unclear.
It is therefore unsurprising to see the large heterogeneity
in our survey on the use of PSMA-PET prior to RALR This
reflects both the diagnostic uncertainty of PSMA-PET in
its ability to exclude metastatic disease and the potential
survival benefit of radical treatment based on PSMA-
PET rather than conventional staging. This subsequently
impacts several clinical decisions for surgeons prior to
RALP in particular, the clinical utility of performing LND.
EAU advise that LND in high-risk patients may be useful
for staging, although systematic reviews have shown they
are not associated with improved oncological outcomes
(5). Given its lack of therapeutic benefit and significant
associated morbidity, many clinicians are reluctant to
perform the procedure. Interestingly, approximately half
of respondents felt confident they could avoid LND if
they usually performed it, as long as the PSMA-PET was
negative. In addition, 12/31 (39%) respondents were still
happy to offer RALP with LND if a patient had positive
nodal disease detected on PSMA-PET, a response which
also does not suggest consensus. Previous studies have
suggested that PSMA-PET could be used to guide LND (6),
and several respondents perform the procedure, despite
no recommendation. Whilst there is no long-term data
to support biochemical recurrence-free survival or overall
survival benefit, there is a possibility targeted LND, using
PSMA-PET, may change this.

Study Limitations

It is worth noting, our survey was conducted in October
2023, prior to the EAU recommending PSMA-PET for
staging. It is therefore likely heterogeneity with PSMA-PET
staging may have improved as its nationwide availability
improved. At the time of writing, no recommendations on
the interpretation of PSMA-PET prior to RALP are available,
and our results are therefore likely to be representative.
Historically, PET has been a unique modality; its utilization
is dictated more by “availability” than by the pace at which
“favourable evidence” can be collated. This realization
amplifies the need for consensus among practitioners.

Conclusion

The lack of recommendations regarding interpretation
of PSMA-PET in primary staging of prostate cancer has
resulted in large heterogeneity in practice when offering
radical prostatectomy. National consensus, achieved
through expert opinion, is needed to standardise care for
patients and ensure similar practice across the UK until
robust long-term data assessing its role in prostate cancer
exist.
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A Disease Progression Predictor by Quantitative Assessment of
the Hepatic Accumulation on Postablative lodine-131 Whole-Body
Image in Differentiated Thyroid Cancer

Diferansiye Tiroid Kanserinde Postablatif lyot-131 Tiim Viicut Gériintiistinde Hepatik
Tutulumun Kantitatif Degerlendirmesiyle Hastalik llerlemesinin Ongériilmesi
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Abstract

Obijectives: A lodine-131 ("*'l) whole body scan (WBS) is performed to evaluate the treatment response after radioactive iodine (RAI) therapy.
Despite the clinical relevance of RAl-refractory differentiated thyroid cancer, a consensus on its precise definition remains lacking.

This study investigates the potential utility of hepatic 'l accumulation as an early predictor for tumor recurrence or progression after RAI
administration.

Methods: Of 814 patients receiving care at our institution, we enrolled 225 patients who exhibited no accumulation of RAI in the remnant tissues
or other lesions on 3" WBS. We quantified the hepatic uptake ratio [defined as (hepatic uptake/background uptake (H/B)] from WBS. All patients
were categorized into group A (H/B <1.5) and group B (H/B >1.5), and we assessed between-group differences. The Kaplan-Meier method and
Log-rank test were used to analyze the progression-free survival (PFS). Using the Cox proportional hazards model, we identified independent
prognostic factors from among the seven known prognostic factors, i.e., H/B, thyroglobulin, sex, age, stage, total *'l dose, and final therapeutic
dose.

Results: The 5-year and median PFS were 98.8% and 114.7 months in group A (n: 171) compared with 24.1% and 42.7% months in
group B (n: 54), respectively. Group B showed a significant correlation with poor prognosis (p<0.00001). Of the seven prognostic factors,
H/B exhibited the highest impact on patient outcomes (hazards ratio for recurrence/disease progression, 42.156; 95% confidence interval:
8.750-203.106).

Conclusion: Quantitative evaluation of hepatic uptake on 'l WBS provides a marker that may help identify patients with differentiated
thyroid cancer who are at a high risk of disease progression/recurrence immediately after RAI therapy.

Keywords: Radioactive iodine-refractory differentiated thyroid cancer, hepatic accumulation, radioactive iodine therapy, thyroglobulin,
metabolically persistent disease
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Oz

Amag: Radyoaktif iyot (RAI) tedavisinden sonra tedaviye yanrti degerlendirmek icin iyot-131 (*'l) tiim viicut taramasi (WBS) yapilir. RAi-refrakter
diferansiye tiroid kanseri klinik Gnemine ragmen, kesin tanimi konusunda bir fikir birligi hentiz yoktur.

Bu calisma, RAI uygulamasindan sonra tiimér niksU veya ilerlemesi icin erken bir tahmin edici olarak hepatik 'l tutulumunun potansiyel faydasini
arastirmaktadir.

Yéntem: Kurumumuzda tedavi géren 814 hastadan, "'l WBS'de artik dokularda veya diger lezyonlarda RAI birikimi gérillmeyen 225 hastay:
calismaya dahil ettik. Hepatik alim oranini [(hepatik alim/arka plan alimi (H/B)] WBS'den nicelendirdik. Tim hastalari grup A (H/B <1,5) ve grup B
(H/B>1,5) olarak kategorize ettik ve gruplar arasi farkliliklar degerlendirdik. Progresyonsuz sagkalimi (PFS) analiz etmek icin Kaplan-Meier yontemi
ve Log-rank testi kullanildi. Cox orantili risk modelini kullanarak, bilinen yedi prognostik faktér arasindan bagimsiz prognostik faktorleri belirledik:
H/B, tiroglobulin, cinsiyet, yas, evre, toplam 'l dozu ve son tedavi dozu.

Bulgular: Grup A'da (n: 171) 5 yillik ve ortanca PFS sirasiyla %98,8 ve 114,7 ay iken, grup B'de (n: 54) sirasiyla %24,1 ve %42,7 ay idi. Grup B, kétl
prognozla anlamli bir korelasyon gosterdi (p<0,00001). Yedi prognostik faktor arasinda H/B, hasta sonuglari Gzerinde en yiksek etkiyi gosterdi
(ntiks/hastaligin ilerlemesi icin risk orani, 42,156; %95 gliven araligi: 8,750-203,106).

Sonug: 3"l tiim viicut taramasinda karaciger tutulumunun kantitatif degerlendirmesi, RAI tedavisinden hemen sonra hastalk ilerlemesi/niiksii riski
yiksek olan diferansiye tiroid kanserli hastalarin belirlenmesine yardimci olabilecek bir belirte¢ saglar.

Anahtar kelimeler: Radyoaktif iyota-direncli diferansiye tiroid kanseri, karaciger birikimi, radyoaktif iyot tedavisi, tiroglobulin, metabolik olarak
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kalicr hastalik

Introduction

Thyroid cancer is the leading endocrine malignancy with a
growing incidence in recent years (1,2). Total thyroidectomy
is the gold standard for most patients with differentiated
thyroid cancer (DTC) (3,4,5). Radioactive iodine (RAI)
therapy is reportedly effective for patients with risk factors
for recurrence (6,7). Patients who respond to RAI therapy
exhibit excellent 10-year survival (92%) (8,9,10), compared
with patients who do not respond to RAI therapy (10-year
survival, 19%).

Although there is no standardized definition of radioactive
iodine-refractory DTC (RR-DTC) at present, a general
consensus exists that any patient with a known cancer
lesion that does not display accumulation of RAI on
lodine-131 (**'l) whole body scan (WBS), or experiences
growth of a lesion despite RAI uptake 6-12 months after
RAI therapy, is considered RR-DTC (11,12,13,14). Until
recently, limited effective treatment options were available
for patients with RR-DTC besides suppression of thyroid-
stimulating hormone. Presently, molecular-targeted therapy
for RR-DTC is initiated in patients who exhibit disease
progression within 12 months after diagnosis (15,16);
however, such an approach may delay treatment.

The metabolism of organic iodine results in its hepatic
uptake, which is captured on *'I WBS and is also considered
to show retention in thyrogenic cells. Previously, we
reported that patients who exhibit positive results on 'l
WBS have a quantitatively high hepatic uptake/background
uptake (H/B) (17). As the quantitative assessment of the
hepatic uptake on ™'l WBS could reflect cancer status,
we quantitatively assessed the hepatic uptake in patients
who exhibited negative results on ' WBS, that is, those

who had no clinically identified lesions that displayed '3'l
uptake. This study intends to ascertain whether the risk
of recurrence and disease progression can be predicted.
Accordingly, the present study seeks to identify a hepatic
uptake-based indicator on '3'l WBS for early assessment of
the likelihood of disease progression or relapse following
RAI administration.

Materials and Methods

Study Design

This study protocol adhered to the Declaration of Helsinki
and was approved by the Asahikawa Medical University
Research Ethics Committee (number: 15198, date:
09.03.2016). The requirement of informed consent
was waived by the Ethics Committees because of the
retrospective and non-invasive study design.

Study Population

Eight hundred fourteen consecutive patients were treated
at our hospital. Two experienced nuclear medicine
specialists independently evaluated that all patients enrolled
in this study did not exhibit accumulation of RAI in the
remnant tissues or other lesions on "'l WBS after 4-day-
treatment. Exclusion criteria based on previous studies (17)
were inadequate biochemical and/or imaging parameters,
presence of hepatic metastases and/or impaired liver
function, or insufficient follow-up (<6 months). All patients
had previously undergone total thyroidectomy, and were
administered RAl therapy (3.70-5.55 GBq) following a
minimum 2-week withdrawal from thyroid hormone
replacement. Patients were considered to have completed
ablation if they had no elevated thyroglobulin (Tg) levels
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and no imaging or clinical evidence suggestive of persistent
or recurrent disease during a follow-up period of at least
6 months.

Image Protocols

We acquired ' WBS images with a therapeutic radioactive
dose 4 days after the RAI administration. Imaging was
performed using a dual-head gamma camera with high-
energy, medium-sensitivity collimators. The equipment
used was Millennium VG (GE Medical Systems, Tokyo,
Japan).

In the WBS, an anterior image was acquired at a speed
of 15 ¢cm/min, using a 256 1024 matrix and a 364-keV
photopeak with a 20% window.

Region of Interest Setting and H/B Calculation

We set a region of interest (ROI) on the liver in the
WBS anterior view. To reduce variability related to bone
marrow activity among individuals, a background ROI was
first positioned in the cranial region. Two board-certified
nuclear medicine physicians then manually delineated the
liver and background ROIs based on visual assessment. The
H/B ratio defined as the hepatic accumulation divided by
background accumulation was obtained from 'l whole-
body scintigraphy. The final H/B value was calculated as
the mean of the two values independently determined by
the blinded observers. Next, computed tomography images
were also examined to support accurate ROI placement.

Previously, the receiver operating characteristic (ROC)
curve was evaluated from the H/B values of the group that
needed retreatment (abnormal accumulation in the neck
and lung metastasis in *'l WBS) and the group ascertained
to not require retreatment; the optimal cut off value
evaluated from the ROC curve was H/B =<1.5, and the
diagnostic ability of retreatment with this cut-off value was
99.4% sensitivity and 98.4% specificity (17). Thus, in this
study, we evaluated the prognosis of RR-DTC by classifying
patients, judged as accumulation-negative by "'l WABS,

based on the hepatic accumulation using this cut off value.
We divided the study population into two groups based on
our previous study: group A (H/B =1.5) and group B (H/B
>1.5), and assessed between-group differences.

Statistical Analysis

In this study, we conducted statistical analyses using
XLSTAT software (Addinsoft, Paris, France). We used the
mean values of H/B for the analyses. Using the Kaplan-
Meier method, we plotted the progression-free survival
(PFS) curves. We then compared the groups using the
Log-rank test to evaluate differences in survival outcomes.
Additionally, the Cox proportional hazards model was used
to determine independent prognostic factors among the
already known factors (H/B, Tg, sex, age, stage, total '3'
dose, and final therapeutic dose). We considered p<0.05
as statistically significant.

Results

Of 814 patients treated at our institution during the study
period, we enrolled 225 patients who tested negative for
37 on WBS and were available for follow-up. An overview
of patients’ demographics, histologic subtypes, and tumor-
node-metastasis (TNM) staging is presented in Table 1. A
study using TNM version 8 (2017) pathological classification
of thyroid tumors was performed (18). The median
duration of follow-up was 114.7 months in group A [95%
confidence interval (Cl): 112.3-117.2] and 42.7 months in
group B (95% Cl: 31.9-53.5), as shown in Figure 1. The PFS
rate at 5 years was 98.8% in group A compared to 24.1%in
group B, with a statistically significant difference (Log-rank
test, p<0.00001). Additionally, Tg, H/B, and age correlated
with an increased hazard for the PFS. The analysis of the
correlation between recurrence/disease progression and
the seven prognostic factors using the Cox proportional
hazards model revealed that H/B exhibited the highest
impact on patient outcomes (hazard ratio: 42.156, 95%
Cl: 8.750-203.106; Table 2).

Table 1. The characteristics of the study population disaggregated by the study group (n: 225)
Characteristic ?I-:?I;J Z,f‘ 5) ?'_:7; ';15:5)
Gender

Female 114 42

Male 57 12

Age (y) 58.9+14.1 61.9+13.2
Histological subtype

Papillary thyroid cancer 166 53
Follicular thyroid cancer 5 1

196



Mol Imaging Radionucl Ther 2025;34:194-201

Nakayama et al. Quantitative Assessment of the Hepatic Accumulation

Table 1. Continued

Characteristic 8_:7: Z,f\ 5) ?I-ll‘;): 21?5)
TNM stage

Stage 1 18 0

Stage 2 5 1

Stage 3 37 7

Stage 4A 74 23

Stage 4B 5 4

Stage 4C 32 19
Thyroglobulin (ng/mL) 83.5+191.6 231.5+286.5
Number of times of treatment 2.2+0.7 2.5x1.2
131] dose in final RAI therapy (mCi) 142.8+15.5 144.8+8.8

TNM: Tumor, node, and metastasis, H/B: Hepatic uptake ratio, RAl: Radioactive iodine,"'l: lodine-131

Table 2. The incidence of recurrence or metastases in relation to clinical, imaging, and biological variables

. Regression Standard Hazard 95% Cl for hazard ratio

Variable g p value .
coefficient error ratio Lower upper

TIER 255 119l 1.017 0.445 <0.03 2.765 1.157 6.610
vs. <35 ng/mL
H/B:>1.5vs. <1.5 3.741 0.802 <0.0001 42.156 8.750 203.106
Female vs. male 0.204 0.410 N.S. 1.226 0.549 2.739
Age: >55 vs. <55 1.375 0.509 <0.01 3.954 1.458 10.724
Number of times of treatment:
>4 (total 600 mCi) vs. <4 0.819 0.524 N.S. 2.269 0.812 6.342
Stage: 4C vs. 1-3, 4A and 4B 0.309 0.387 N.S. 1.362 0.638 2.908
31| dose of final RAI therapy:
150 mCi vs. <50 mCi 0.320 0.356 N.S. 1.377 0.685 2.768

H/B: Hepatic uptake ratio, Tg: Thyroglobulin, Cl: Confidence interval, RAI: Radioactive iodine, N.S.: Not significant, "'I: lodine-131

Progression-free survival

0.9 !

) mPFS.mo

95%Cl

0.8 ™

a — Group A (H/B £ 1.5)
0.7 :

-+~ Group B (H/B > 1.5)
0.6 Y

0.5 -
0.4 R

0.3 ta
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'
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0 + t t t
0 20 40 60 80

Time (months)

Figure 1. The Kaplan-Meier curves for the progression-free survival in groups A and B

Cl: Confidence interval, H/B: Hepatic uptake ratio, mPFS: Mean progression-free survival
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Discussion

Recent developments in medical technology have facilitated
a paradigm shift in the approach to cancer treatment; that
is, a shift from individual decision making by physicians
to a collaborative, multidisciplinary team approach. The
treatment of thyroid cancer is no exception. With the
advent of molecular-targeted drugs, patients with RR-DTC
who previously had limited treatment options can now
hope for better outcomes. The revised American Thyroid
Association management guidelines (2015) highlight the
significance of treatment response reclassification (19).

The SELECT and DECISION trials have already established
the efficacy of molecular-targeted drugs; however,
appropriate discretion should be exercised during the
selection of candidate patients because of various potential
adverse effects such as hypertension, hand-foot syndrome,
and bleeding. Molecular-targeted drugs are suggested for
advanced RR-DTC as well. The SELECT and DECISION trials
defined RR-DTC as cancer progression (based on imaging
findings and changes in serum levels of Tg and anti-Tg
antibody) despite treatment with RAI at a cumulative dose
of at least 22.2 GBq (600 mCi). The DECISION trial enrolled
patients with RR-DTC who exhibited cancer progression
within the past 14 months, whereas the SELECT trial
enrolled those who presented cancer progression within
the past 12 months (15-20).

Presently, there are no means available to estimate the
prognosis of patients with RR-DTC, except close monitoring
of their clinical course. Of note, not all patients with RR-DTC
experience rapid deterioration; indeed, cancer progression
is rather slow in many patients. Molecular-targeted therapy
in such patients might be more harmful than beneficial.
However, some patients have recurrent metastatic
differentiated cancer that displays rapid progression and is
eventually fatal. Hence, observation should be minimized
before starting molecular-targeted drugs in these patients.

Per the American Thyroid Association guidelines, kinase
inhibitor therapy should be considered for patients with RR-
DTC who have metastatic, rapidly progressive, symptomatic,
and/or imminently threatening disease not otherwise
amenable to local control using other approaches (19).
The National Comprehensive Cancer Network Guidelines
(version 2.2015) recommend considering lenvatinib or
sorafenib for progressive and/or symptomatic diseases
with iodine-refractory metastases, except central nervous
system metastases (21). Nevertheless, candidates should
be comprehensively counseled on the risks and benefits
of these therapies. Owing to the high frequency of
adverse events, meticulous patient selection is imperative.
Nonetheless, early detection and prompt intervention for

RR-DTC are preferable due to the substantial therapeutic
benefits of these agents (22).

The hepatic uptake on 'l WBS might reflect the thyroid
cancer status. Hepatic uptake on WBS occurs primarily
due to the uptake of thyroxin, as organic iodine is typically
metabolized in the liver, and inorganic iodine is eliminated
from the kidneys via urine. Thus, the postoperative hepatic
uptake on 'l WBS for thyroid cancer is indicative of the
possible presence of thyrogenic cells. In the literature,
the reported efficacy of the hepatic uptake exhibited
much variability, which was perhaps attributable to the
visual assessment of the hepatic uptake. Following total
thyroidectomy, any remaining thyroid tissue or DTC tissues
are key sites for iodine metabolism. A hallmark of DTC is
its ability to actively accumulate iodine for thyroid hormone
synthesis (19).

lodine metabolism begins with the transport of iodide from
the bloodstream into thyroid follicular cells. This process,
which occurs against both chemical and electrical gradients,
is mediated by the sodium-iodide symporter located on the
basolateral membrane of these cells (23). The second step
involves the synthesis and secretion of Tg. Tg molecules
contain approximately 140 tyrosine residues that act as
precursors in thyroid hormone biosynthesis. In the next
stage, iodide is enzymatically oxidised. Once inside the
follicular cells, the iodide is transported towards the apical
membrane and enters the follicular lumen. lodination of
the tyrosine residues on Tg occurs. The coupling of two
diiodotyrosine (DIT) residues yields thyroxine (T4), while
the combination of a monoiodotyrosine and a DIT yields
triiodothyronine (T3). These hormones cross the basal
membrane and enter the bloodstream. In the liver, T4
is rapidly converted to its active form, T3, by enzymatic
deiodination. (24,25). This process is referred to as
“radioactive iodide trapping” in the liver of RAI therapy-
treated patients and is assumed to be a mechanism for
hepatic accumulation (Figure 2).

Reportedly, the 'l dose exhibits a positive correlation
with the hepatic uptake grade (26,27,28,29). Typically,
the radioiodine dose is determined according to the
tumor, node, and metastasis stage. However, Jeon et al.
(7) reported that patients with distant metastases who
were administered 200 mCi exhibited low hepatic uptake,
corroborating our findings. These findings indicate that
elevated radioiodine dose does not directly correlate with
higher hepatic uptake (30).

This study suggests that elevated H/B in patients who test
negative on 'l WBS designates the presence of organic
iodine metabolized in the liver. The metabolic images of
these patients might reflect the presence of a tumor (i.e.,

198



Mol Imaging Radionucl Ther 2025;34:194-201 Nakayama et al. Quantitative Assessment of the Hepatic Accumulation

“metabolically persistent disease”) (Figure 3). Although our
study is single-center, the findings suggest that patients
with elevated H/B tend to develop recurrence or disease
progression during follow-up. Conversely, patients with low
H/B do not experience disease progression, even if they
have distant metastasis, perhaps, additional treatment is
not needed in such patients.

The use of moleculartargeted drugs might not be
practical in treatmentresistant patients, when they are
asymptomatic. However, it isimperative to initiate treatment

in a timely manner because the cancer is often quite
advanced when symptoms manifest. Perhaps H/B could
enable the identification of candidates for aggressive use
of molecular-targeted drugs, especially when the selection
of the optimal therapeutic option is not straightforward.
Of note, no additional capital investment is needed, for
the H/B assessment, because it can be ascertained with
B WBS, which is already used for assessing treatment
efficacy. Hence, no physical or financial burden exists on
patients. Perhaps clearly defining the H/B indications might
decrease medical expenses in the future.
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Study Limitations

This study has several limitations. First, this is a single-center
study. The optimized selection of the cut-off H/B could
vary for each facility. Thus, it is essential to discuss and
further clarify the optimized selection of the cut-off H/B.
Additionally, it would be crucial to provide a recommended
time window for 3" WBS after RAI therapy, and discuss the
potential impact of the time interval between 'l WBS and
RAI therapy on the results in multiple institutions. Hence,
prospective research data from various institutions are
warranted to validate the proposed idea.

Conclusion

In conclusion, this study suggests that H/B could be a
useful marker that facilitates optimal treatment decision
making and maximizes drug efficacy. Of note, H/B can
be determined at various facilities by using the existing
equipment. With the advent of molecular-targeted drugs,
multidisciplinary healthcare teams comprising surgeons,
medical oncologists, endocrinologists, and radiologists will
be needed for thyroid cancer treatment. Furthermore, the
use of H/B could help maximize the efficacy of molecular-
targeted drugs, which are speculated to be used extensively
in the near future, thereby further enhancing the outcomes
in patients with thyroid cancer.
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'8F-FDG PET/CT Parameters and Standard Uptake Values
Predicting Contralateral Lung Metastasis in Lung Cancer

Akciger Kanserinde Karsi Akciger Parankim Metastazini Ongérmeye Yarayan "*F-FDG
PET/BT Parametreleri
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Abstract

Objectives: Contralateral lung parenchymal metastasis (CLM), less common than expected in lung cancer, and its exact mechanism is still
unknown. To determine the additional value of "®F-fluorodeoxyglucose positron emission tomography/computed tomography (*#F-FDG PET/CT) in
determining CLM, its causes, and predictive factors in lung cancer.

Methods: The data were evaluated by comparing the group with CLM and the group without CLM but with distant metastasis to other organs,
two groups known as the M1 classification according to the 9™ tumor-node-metastasis classification in lung cancer. Histopathological data,
follow-up, and "®F-FDG PET/CT findings, including primary tumor lobe, segment, size, pleural effusion, additional metastasis, and their maximum
standardized uptake value (SUV,__ ) values were recorded, and survival analyses were performed.

Results: CLM developed in 125 cases. Eighty-one individuals had contralateral metastases at diagnosis, and 44 developed CLM during follow-
up. Distant metastases were present in 100 patients; there was no CLM in the control group. While there was no statistical difference between
the two groups in terms of the SUV__, mean standardized uptake, and metabolic tumor volume values, the presence of satellite nodules and
metastatic nodules in other lobes in the same lung were found to be significantly higher in the CLM group (p=0.007; p<0.001). Also, in the CLM
group, ipsilateral nodules had significantly higher SUV values than the control group (3.47 g/mL in the CLM group vs 2.81 g/mL in the control
group; p=0.046). Pleural metastasis and effusion were more common in the CLM group (p=0.003; p=0.036). The mean SUV values in pleural
metastases and pleural effusions in the CLM group were statistically significantly higher (p=0.048 and p=0.037). In statistical analyses, satellite
nodules increase the probability of CLM fourfold, while ipsilateral other lobe nodules in the same lung increase it by 5.527 times (p=0.012; R=
0.2752 and p=0.005; R=0.3672). Additionally, the absence of necrosis in the initial tumor raises the probability of metastasis to the contralateral
lung by 3.326 times during follow-up (p=0.015; R=0.2656).

Conclusion: The study emphasized the role of ipsilateral nodules, pleural effusion, and pleural metastasis in predicting CLM using '®F-FDG PET/
CT imaging.

Keywords: '8F-FDG PET/CT, lung cancer, contralateral spread, contralateral lung metastasis, pleural spread
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Oz

Amagc: Akciger kanserinde kontralateral akciger parankim metastazi (CLM), beklenenden daha az goriilmekte olup kesin mekanizmasi hala
bilinmemektedir. Bu calismada, akciger kanserinde CLM'nin belilenmesinde '®F-florodeoksiglukoz pozitron emisyon tomografisi/bilgisayarl
tomografinin ('®F-FDG PET/BT) ek degerini, nedenlerini ve prediktif faktorlerini ortaya koymak amaglandi.

Yontem: Veriler, CLM gérilen grup ile CLM olmayan ancak diger organlara uzak metastazi bulunan grup karsilastirilarak degerlendirildi. Bu iki
grup, akciger kanserinde 9. timoér-nod-metastaz siniflamasina gére M1 siniflamasi olarak tanimlanmaktadir. Histopatolojik veriler, takip bulgulari
ve primer timar lobu, segmenti, boyutu, plevral eflizyon, ek metastazlar ile maksimum standardize tutulum degeri (SUV, ) dahil olmak Uzere
'8F-FDG PET/BT bulgulan kaydedildi ve sagkalim analizleri yapildi.

Bulgular: Toplam 125 olguda CLM gelisti. Seksen bir hastada tani sirasinda kontralateral metastaz saptandi, 44 hastada ise takip sirasinda CLM
gelisti. Kontrol grubunda ise 100 hastada uzak metastaz varken CLM saptanmadi. iki grup arasinda SUV__, ortalama standardize tutulum ve
metabolik timdr hacmi degerleri acisindan istatistiksel fark bulunmazken, ayni akcigerdeki diger loblarda bulunan satellit noddller ve metastatik
noduller CLM grubunda anlamli derecede daha fazlaydi (p=0,007; p<0,001). Ayrica CLM grubunda ipsilateral noddllerin SUV degerleri, kontrol
grubuna gore anlamli derecede yuksekti (CLM grubunda 3,47 g/mL; kontrol grubunda 2,81 g/mL; p=0,046). Plevral metastaz ve plevral eflizyon
CLM grubunda daha sik gérildi (p=0,003; p=0,036). CLM grubunda plevral metastaz ve plevral eflizyonlarin ortalama SUV degerleri de istatistiksel
olarak anlamli derecede daha yliksekti (p=0,048 ve p=0,037). istatistiksel analizlerde, satellit nodiiller CLM olasiligini 4 kat artirirken, ayni akcigerin
diger lobundaki ipsilateral noduller bu olasiligi 5,527 kat artirdi (p=0,012; R=-0,2752 ve p=0,005; R=-0,3672). Ayrica, baslangi¢ timorinde nekroz
bulunmamasi, takip strecinde kontralateral akcigere metastaz gelisme olasiligini 3,326 kat artirdi (p=0,015; R=0,2656).

Sonug: Calisma, "®F-FDG PET/BT gorintlileme kullanilarak CLM éngériilmesinde ipsilateral nodiillerin, plevral eflizyonun ve plevral metastazin

Ozdemir Giinay and Ustiin. Contralateral Lung Metastasis with PET/CT

Onemini vurgulamaktadir.

Anahtar kelimeler: '8F-FDG PET/BT, akciger kanseri, kontralateral yayilim, kontralateral akciger metastazi, plevral yayilim

Introduction

Lung cancer is the second most frequent type of cancer
worldwide, behind breast cancer in terms of incidence
(1). The majority of lung cancer patients are diagnosed
with metastatic disease, which considerably affects their
prognosis. The 5-year survival rate for lung cancer is roughly
20%, indicating the percentage of patients who live at
least five years after diagnosis (2). This low survival rate
highlights the critical need for early detection and more
effective treatments, as advanced-stage disease is much
harder to treat successfully. The tumor-node-metastasis
(TNM) staging system is the most-used approach for staging
and directing treatment choices in primary lung cancer (3).

Several studies have demonstrated the advantages of
'8F-fluorodeoxyglucose positron emission tomography/
computed tomography ("®F-FDG PET/CT) over standard
conventional imaging methods in lung cancer, and the
guidelines of the National Comprehensive Cancer Network
recommend '8F-FDG PET/CT imaging for the evaluation of
patients in all stages of lung cancer (4,5). The presence of
a metastatic nodule and its location affect the patient’s
stage, while metastasis to the opposite lung, pericardium,
or pleura is considered a distant metastatic disease (6).
According to the 9 edition of the TNM classification, the
M1a category includes patients with specific characteristics
such as malignant pleural or pericardial effusion, and
contralateral lung metastasis (CLM). Survival rates decrease
significantly in cases of CLM; however, it is still better
compared to patients with distant metastases to other

organs (3,7). Early detection and precise characterization
of the metastatic pathways of CLM can result in
improved survival rates. Early detection allows for prompt
intervention, which may halt or reduce the progression
of metastatic disease. Furthermore, identifying the exact
metastatic pathways in CLM enables the development of
targeted therapies and personalized treatment regimens.

In cases of lung cancer, CLM may not exhibit distinct clinical
or radiological signs, as typically observed in metastases
to other organs. Nonetheless, evidence suggests that
surgical resection of contralateral metastatic lesions
could contribute to improved overall survival outcomes.
CLM poses significant challenges in determining optimal
treatment protocols due to its association with poor
prognosis. Consequently, early detection of CLM through
accurate imaging is crucial for guiding treatment decisions.
While conventional imaging modalities such as CT and
magnetic resonance imaging have demonstrated limited
sensitivity and specificity in identifying CLM, "®F-FDG PET/
CT has shown superior diagnostic capability (3,4,5). "8F-FDG
PET/CT not only enhances the detection of metastatic
lesions but also provides critical insights into tumor grading
and metastatic potential, making it a valuable tool in the
clinical management of lung cancer (4,5).

The aim of this study is to determine the critical "®F-FDG
PET/CT characteristics that, in the preoperative phase of
lung cancer patients, can predict CLM. In cases where
there are organ metastases outside the lung parenchyma,
these parameters would be methodically compared with

203



Ozdemir Giinay and Ustiin. Contralateral Lung Metastasis with PET/CT

Mol Imaging Radionucl Ther 2025;34:202-212

surgical and histological findings. The best cut-off levels
will be determined by examining standard uptake value
maximum (SUV__ ) values in order to improve diagnostic
precision. By evaluating 'F-FDG PET/CT's effectiveness
as a non-invasive diagnostic tool, the evaluation seeks to
enhance clinical judgment in the treatment of lung cancer.

Materials and Methods

Patients

Retrospective analysis was performed on 225 cases
between October 2015 and December 2021. Of these,
125 had been diagnosed with lung cancer and had CLM in
'"8F-FDG PET/CT imaging at diagnosis and during follow-up
(CLM group), and 100 had distant metastases, CLM during
the follow-up (control group).

Gender, age at the time of diagnosis, postoperative
histopathological data, '®F-FDG PET/CT findings including
primary tumor lobe, segment, size, tumor contours,
necrosis, pleural effusion, pleural involvement, mediastinal
invasion, thorax wall invasion, ipsilateral lung metastasis,
and additional metastasis were recorded. Patients TNM
stages were recorded based on '®F-FDG PET/CT.

We compared data from 44 patients who developed
CLM in follow up, and 100 patients who had distant
metastases (control group) to determine which factors
predict contralateral metastasis. In addition, imaging and
"8F-FDG PET/CT findings that could predict the possibility of
metastasis were analyzed in groups with and without CLM.

This study was performed in accordance with the ethical
concepts of the October 2013 Helsinki Declaration and
approved by the institutional ethical review board Ethics
Committee of Scientific Research, Dean’s Office, Faculty
of Medicine, Trakya University (number: TUTF BAEK-
2020/299, date: 24.08.2020).

Imaging and Image Analysis

All patients fasted for at least 4 hours until reaching a blood
sugar level lower than 170 mg/dL before the injection of
'F-FDG, and oral contrast was administered. Approximately
3.7 MBg/kg of ™F-FDG was injected intravenously into
the patients. After one hour, ®F-FDG PET/CT scans were
performed from the skull to the mid-thigh, 3 min per bed
position, and with iterative reconstruction using a combined
PET/CT system (Discovery STE; GE Medical Systems,
Milwaukee, WI). '8F-FDG PET/CT fusion images were created,
and axial, coronal, and sagittal images were reformatted.

'"8F-FDG PET/CT images were interpreted in PET VCAR
software (GE Healthcare) by a nuclear medicine physician
without any information about the patient.

'"8F-FDG PET/CT images showing greater FDG uptake than
normal organs or surrounding tissues were classified as
metastatic lesions. In the case of lung nodules, the CT
component was evaluated and any suspicious opacity was
determined as a possible lung metastasis. By reviewing
follow-up '8F-FDG PET/CT, CT, and magnetic resonance
images, as well as histological analysis and treatment
response, a consensus was reached on the classification of
lesions as metastatic.

The SUV__, mean standardized uptake (SUV__ ), and
metabolic tumor volume (MTV) values were calculated for
primary tumors and metastatic lesions. Regions of interest
of the lesions were reviewed using a threshold of 42% of
the tumor SUV__ or greater.

Statistical Analysis

Statistical analyses were conducted using SPSS version
25 (SPSS, Inc., Chicago, IL). Student’s t-tests were used
to analyze paired samples. Categorical variables were
compared using the x? and Fisher’s exact tests. Pearson’s
r correlation coefficient and Spearman’s rank correlation
coefficient were used to analyze the relationship between
continuous variables. One-way ANOVA or Kruskal-Wallis
tests were used to compare groups, followed by Tukey
post-hoc tests for continuous variables. All p values less
than 0.05 were considered statistically significant. Kaplan-
Meier estimations were used to create survival curves.

Results

Patient and Tumor Characteristics

The study included 225 patients undergoing '®F-FDG PET/
CT (30 females, 195 males). The mean age at the time of
diagnosis was 61.8+9.2 (38-85) years in the contralateral
lung parenchyma group (CLM group) and 671.4+8.2
(30-78) years in the control group. Histopathological
diagnoses were 57 adenocarcinomas, 50 squamous cell
carcinomas, 6 large cell carcinomas, and 12 small cell
carcinomas in the CLM group. 47 adenocarcinomas, 30
squamous carcinomas, 4 large cell carcinomas, and 19
small cell carcinomas were observed in the control group,
respectively. There was no association found between
tumor histology and CLM (p=0.156). Table 1 provides
details of patient and tumor characteristics. When patients
were staged based on "8F-FDG PET/CT findings, 43 patients
had M1a, 16 had M1b, and 66 of them had M1c disease
in the CLM group.

In a subgroup of 44 patients, who developed CLM during
follow-up, the mean age in this group was 62.4+10.2
(38-83). Nineteen adenocarcinomas, 23 squamous
cell carcinomas, 1 large cell carcinoma, and 1 small cell
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carcinoma were observed in CLM in the follow-up group.
There was no significant variance between the histological
categories in terms of the development of CLM during
follow-up (p=0.231).

Primary tumors’ locations are defined as lobes and
segments based on the CT component of "F-FDG PET/
CT. Primary tumors could not be evaluated due to prior
surgery in 7 patients in the CLM group and 8 patients
in the control group. When the location of the primary
lung tumor and metastasis to the contralateral lung
parenchyma were assessed, there was no statistically
significant correlation between tumor localization and
metastasis (p=0.314). In addition, when we differentiated
primary tumors that originated from either the lower lobe
or the upper lobe, no significant difference was found
in terms of the risk of metastasis to the opposite lung
parenchyma (0.176). Throughout the follow-up, there was
no significant correlation between tumor localization and
the development of opposite parenchymal metastases
(p=0.320 and p=0.241).

8F-FDG PET/CT Findings

The metabolic parameters of primary tumors of the 225
patients were evaluated. The mean Suv__, SUvV___, and
MTV of the primary tumors were 14.9 g/mL, 8.8 g/mL,
and 52.75 cm?, respectively. SUv__., SUv__, and MTV
of the main tumor on 'F-FDG PET/CT did not differ
significantly between the CLM group and the group that
developed metastasis during follow-up compared to the
control groups (p=0.187; p=0.167; p=0.873 in CLM group
and p=0.274; p=0.212; p=0.104 in the CLM in follow-up
group).

In the CLM group, there were 24 patients with mediastinal
invasion and 7 patients with thoracic wall invasion,
compared to 19 patients with mediastinal invasion and 4
patients with thoracic wall invasion in the control group

(p=0.545 and p=0.426). Thirty-one patients in the control
group, and 44 patients in the CLM group had necrotic
components in their primary tumors (p=0.347).

Metastatic nodules are categorized based on '®F-FDG PET/
CT as one nodule, oligo-metastatic nodules, and multiple
nodules. Thirty-three patients had a single nodule in
the contralateral lung, 63 patients had oligo-metastatic
nodules, and 29 patients had multiple contralateral nodules
in '®F-FDG PET/CT. Mean dimensions of the contralateral
nodules was 14.6£6.9 mm (2.3 to 29 mm) and mean
SUV__ of the contralateral nodules was 4.6+4.4 (min 0.4
and max 29.9 g/mL).

In the CLM group, 65 (52%) patients had satellite nodules
that were metastatic nodules in the same lobe as the
primary. Additionally, 65 (52%) patients had metastatic
nodules in the ipsilateral other lobe, with a mean dimension
of 12.2#4.3 mm and a mean SUV__ of 3.47 g/mL. In the
control group, 34 (34%) patients had satellite nodules
and 20 (20%) patients had nodules in the ipsilateral
lobe with a mean dimension of 13.9+3.4 mm, a mean
SUV__ of 2.81 g/mL. A satellite nodule and an ipsilateral
nodule were observed to be significantly more common
in the CLM group than in the control group (p=0.007 and
p<0.001, respectively). There was no difference in the
mean dimension of ipsilateral nodules between the two
groups (p=0.432), but in the CLM group, ipsilateral nodules
had significantly higher SUV values than the control group
(p=0.046).

Figure 1 shows a patient who had both an ipsilateral satellite
nodule and a metastatic nodule in the contralateral lung
at the time of diagnosis. SUV__ of the patient’s primary
lesion was 9.7 g/mlL, ipsilateral nodules SUV__ was 5.2 g/
mL, and contralateral nodules SUV__ was 3.1 g/mL.

Among the concomitant findings, pleural metastases were
found in 55 patients in the CLM group and in 25 patients

Table 1. Patients and tumor characteristics
CLM group (n: 125) Control group (n: 100)
Gender
Male 106 89
Female 19 11
Age 61.849.2 61.4+8.2
Pathology
Adenocarcinoma 57 47
Squamous cell carcinoma 50 30
Large cell carcinoma 6 4
Small cell carcinoma 12 19
CLM: Contralateral lung parenchymal metastasis
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Figure 1. (A-D) A patient who had both an ipsilateral satellite nodule and
a metastatic nodule in the contralateral lung at the MIP image (A) and
and this patient’s contralateral lung metastasis (arrows) (B-D) at the time
of diagnosis. SUV__ of the primary lesion was 9.7 g/mL

SUV . Standardized uptake value, MIP: Maximum intensity projection

in the control group (p=0.003). Pleural effusion was found
in 42 patients in the CLM group and in 21 patients in the
control group (p=0.025). The findings are summarized in
Table 2. The mean SUV values in pleural metastases in the
CLM group were 5.42 g/mL, and a statistically significant
difference was found in the mean SUV values in the non-
CLM group, with 4.17 g/mL (p=0.048). Similarly, the mean
SUV value in the CLM group with pleural effusion was
3.25 g/mL while the SUV value in the non-CLM group with
pleural effusion was 2.11g/mL. A statistically significant
difference was found (p=0.037).

When the patients were grouped according to the stages
of the mediastinal lymph nodes, there were 7 patients in
the N1 stage, 27 patients in the N2 stage and 54 patients in
the N3 stage in the CLM group, while there were 5 patients
in the N1 stage, 25 patients in the N2 stage and 47 patients
in the N3 stage in the control group. Mediastinal lymph
node positivity and stage were not significantly correlated
with CLM (p=0.547).

A total of 41 (32.8%) patients showed PET-positive bone
metastases, with an average SUV__ of 11.8+6.4. Thirty-one
(24.8%) patients had PET-positive adrenal metastasis, with
an average SUV __ of 7+4.8. A total of 18 patients (14.4%)
showed PET-positive liver metastases, with an average

their p values

Table 2. Characteristics of primary tumor, ipsilateral metastatic nodules and pleural involvement between two group and

CLM group Control group p
Mediastinal invasion NS
Negative 94 73
Positive 24 19
Thoracic wall invasion NS
Negative 111 88
Positive 7 4
Necrosis NS
Negative 74 61
Positive 44 31
Pleural metastasis 0.003*
Negative 70 75
Positive 55 25
Pleural effusion 0.025*
Negative 83 79
Positive 42 21
Ipsilateral lung metastasis
Same lobe 65 34 0.007*
Other lobe 65 30 <0.001*

*: statistically significant, CLM: Contralateral lung parenchymal metastasis, NS: Not significant
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SUV__ of 11.5¢6. Thirteen patients (10.4%) had brain
metastases, and six (4.8%) had soft tissue metastases.

When distant node metastasis was evaluated, twenty-six
(20.8%) had neck lymph node metastasis and twenty-
two (17.6%) had abdominal lymph node metastasis, with
an average SUV__ of 6.7+4.6. All these findings did not
significantly correlate with the CLM.

When the characteristics of the group that developed CLM
during follow-up were compared to the control group, no
significant difference was found between histopathological
subtypes in terms of developing CLM during follow-up
(r=0.1321, p=0.231).

Similar to the CLM group, no significant difference was
detected in terms of SUV__, SUV__ and MTV values of
the primary lesions between CLM in the follow-up group
and the control group (p=0.274; p=0.212 and p=0.104).

Among the evaluated parameters: mediastinal lymph node
metastasis stage (p=0.547), supraclavicular lymph node
metastasis (p=0.422) and metastasis to the other neck
lymph nodes (p=0.877), and presence of abdominal lymph
node metastasis (p=0.381) did not contribute significantly
to predicting contralateral lung parenchymal metastasis
during follow-up. Also, the presence of distant metastases
such as bone (p=0.858), liver (p=0.291), adrenal (p=0.264),

soft tissue (p=0.064), brain metastases (p=0.614) and their
SUV values did not contribute significantly to predicting
CLM during follow up.

The factors predicting the development of CLM in the
follow-up were as follows;

1- Satellite nodules in the same lobe raise the probability
of CLM by fourfold [p=0.012; R=-0.2752; 95% confidence
interval (Cl): 0.082-0.767].

2- Nodules in the other ipsilateral lobe raise the probability
of CLM by 5.527 times (p=0.005; R=-0.3672; 95% Cl:
0.042-0.563).

3- The absence of necrotic features in the initial tumor
increases the likelihood of metastasis to the contralateral
lung parenchyma by 3.326 times (p=0.015; R=0.2656;
95% Cl: 1.236-8.950).

There was no significant difference between the two
groups when the other associated findings were compared.
The findings are summarized in Table 3.

Overall Survival

Median follow up time was 19.9 months (minimum: 1,
maximum: 123). In the follow-up, 110 (88%) patients died
in the CLM group and 94 (94%) patients died in the control

group.

Table 3. Characteristics of primary tumor, ipsilateral metastatic nodules, pleural involvement and their p values between
CLM in follow up and control group
CLM in follow up group Control group P
Mediastinal invasion
Negative 40 73 NS
Positive 4 19
Thoracic wall invasion
Negative 44 88 NS
Positive 0 4
Necrosis 0.015*
Negative 36 61
Positive 8 31
Pleural metastasis NS
Negative 37 75
Positive 7 25
Pleural effusion NS
Negative 36 79
Positive 8 21
Ipsilateral lung metastasis
Same lobe 16 34 0.012*
Other lobe 10 30 0.005*
*: statistically significant, CLM: Contralateral lung parenchymal metastasis, NS: Not significant
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Figure 2. (A-E) Survival curves shown based on the significant predictors

When divided based on distant metastases, in the CLM
group, 43 patients were at the M1a stage, 16 patients
were at the M1b stage, and 66 patients were at the M1c
stage. In the control group, 22 patients were found in the
M1b stage and 78 patients were found in the M1c stage.

The median duration of life was 35.7 months in the M1a
group, which had only CLM. In the M1b group, which had
distant metastases to a single organ, median lifetime was
33.2 months, and in the M1c group, which had multiple
distant metastases, the median lifetime was 20.1 months.
The M1b and M1a groups did not show any significant
differences in survival (p=0.497); however, there was a
significant difference in survival between the M1a and
M1c groups (p=0.001).

When analyzed separately, the overall 1-year survival rate
was 0.65 and 5-year survival rate was 0.08 in the CLM
group. The 1-year survival rate was 0.44 and the 5-year
survival rate was 0.02 in the control group, respectively. In
terms of overall survival, there was a substantial difference
between the CLM group and the control group (p<0.001).
The average survival of patients with CLM was 28.3
months, and the control group was 15.5 months.

survey

In the CLM group, only small cell lung cancer showed
a significantly shorter survival time compared to
adenocarcinoma and squamous cell carcinoma (p=0.001).
There was no association in survival for other subtypes.

The factors significantly correlated with patient survival
include thoracic wall invasion (p=0.044, a), mediastinal
invasion (p=0.008, b), presence of necrosis in primary
tumor (p=0.001, c¢), mediastinal lymph node involvement
(p=0.030, d), and stage of distant metastasis (p=0.002,
e). In Figure 2, survival curves are shown based on the
significant predictors.

When we analyzed the association between contralateral
nodule features and survival, there was no significant
difference in surveillance regarding the number, size, or
SUV__ of contralateral parenchymal metastases (p=0.698;
p=0.447; p=0.352).

Discussion

This study aims to identify '8F-FDG PET/CT features that
predict CLM in lung cancer patients. For several years,
researchers have extensively investigated the phenomenon
of CLM lung cancer, proposing various hypotheses
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regarding its mechanisms of dissemination. Notably,
Ferguson et al. (8) reported that CLM occurs infrequently,
even in cases where there is mediastinal involvement. This
finding suggests that the pathways of metastatic spread
to the contralateral lung may differ from those to other
organs, underscoring the need for further research to
elucidate the specific biological and pathological processes
governing CLM. By accurately diagnosing the tumor grade
and contralateral development, '8F-FDG PET/CT helps
improve the clinical care for patients.

Onuigbo (9) examined the spread of lung cancer and
the mechanisms underlying CLM. The article highlights
several key factors: anatomically, both lungs share a similar
microenvironment; the contralateral lung is one of the
closest organs to the primary tumor; and the lungs receive
their blood supply directly from the aorta. Additionally, both
lungs are interconnected through venous and lymphatic
collaterals. Despite these considerations, Onuigbo (9)
proposed a novel explanation for the relatively infrequent
occurrence of metastasis to the contralateral lung: although
cancer cells do reach the opposing lung, they disappear
before they can adhere and establish a metastatic focus.

In our study, satellite nodules in the same lobe with the
primary and metastatic nodules in the ipsilateral other lobe
were frequently observed in CLM, suggesting that not
only tumor grade or burden but also specific routes might
affect metastasis to the contralateral lung. The mechanism
by which the contralateral lung is spread to could be the
reason for the frequent occurrence of CLM. This finding
may be consistent with the view stated in Onuigbo’s study
(9), that although cancer cells reach the opposite lung,
they disappear without being able to establish there. In
addition, studies on lymphatic drainage have shown that
the visceral lymphatic circulation connects the two lungs
(10). In the study we performed, SUV,__ values for satellite
nodules or nodules in the same lobe that developed CLM
were 3.47 g/mL. Quantifying SUV__ values of ipsilateral
nodules in "®F-FDG PET/CT scans may help predict CLM
by identifying high tumor burden that could metastasize
between lungs. This measurement is crucial because it
enables us to better identify the tumor’s biological behavior
and spread potential. Specifically, elevated FDG uptake
identified using "8F-FDG PET/CT indicates a more aggressive
biological behavior of the tumor or a greater number of
tumor cells disseminated through the lung lymphatics,
raising the likelihood of metastasis to the opposing lung.
Because of the useful information "F-FDG PET/CT offers
in the assessment of metastatic spread, it is an essential
tool in the clinical decision-making process and plays a
significant role in directing patient care.

Patients with lung cancer who have pleural effusion
frequently have advanced disease and a bad prognosis
(11). According to a study, 20% of cases of lung cancer
and pleural effusion are discovered at the time of diagnosis
(12). In our study, 28% of patients with lung cancer had
pleural effusions, and 66.6% of these individuals had CLM.
A meta-analysis by Treglia et al. (13) demonstrated that
'8F-FDG PET/CT has 86% sensitivity and 80% specificity in
detecting pleural abnormalities.

The diagnostic accuracy of malignant and benign pleural
effusions was evaluated by "8F-FDG PET/CT imaging, more
specifically by calculating SUV__. In the study by Simsek
et al. (14), the specificity and positive predictive value
for SUV,__ >1.3 were found to be 100%, although the
sensitivity was suboptimal. Furthermore, Nakajima et al.
(15) emphasize that cytological evaluations cannot provide
a definitive diagnosis in up to 30% of cases, and thatimaging
methods, especially '®F-FDG PET/CT, should be relied upon
for more accurate differentiation. In our investigation,
the SUV__ values of pleural effusions associated with
CLM were assessed as 3.25 g/mlL, whereas the SUV__
values of pleural effusions unassociated with CLM were
measured as 2.11 g/mL, indicating a clinically significant
difference. Furthermore, our findings contribute to the
current literature by revealing that greater SUV values of
a pleural effusion are related to an increased likelihood of
malignant pleural effusion and a higher risk of developing
CLM. These findings make an important contribution to
conventional imaging and cytological sampling procedures.

This emphasizes how crucial it is to incorporate metabolic
data into the therapeutic setting in order to improve
the precision of diagnosis. Because F-FDG PET/CT can
objectively detect metabolic activity by SUV values, it offers
a non-invasive method of evaluating tumor aggressiveness
and survival.

Pleural involvement in lung cancer has been recognized
as a substantial risk factor for CLM. It promotes tumor
cell spread through the lymphatic system and pleural
space, increasing the risk of metastasis to the opposite
lung. Lymphatic routes may allow tumor cells on the
pleural surface to spread to the contralateral lung and
diaphragm. According to studies metastasis usually starts
with ipsilateral pleural involvement, then spreads to the
contralateral pleura, and finally invades the contralateral
lung parenchyma, without any blood vessel involvement
(9,10,16,17).

In Rashidi et al.'s (18) experimental study, lung cancer
cells have been reported to migrate to the diaphragmatic
surface via lymphatic pathways in the ipsilateral lung.
Most of the cells reached the contralateral diaphragmatic
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surface, and only a small percentage proceeded through
the bronchovascular pedicle to reach the contralateral lung
parenchyma.

Several studies have shown that the presence of pleural
effusion and pleural metastases increases the incidence
of metastatic lesions in the contralateral lung parenchyma
(19,20,21,22). In our study, we found that the incidence of
metastasis in the contralateral lung parenchyma was higher
in cases with ipsilateral pleural involvement consistent with
the literature. According to these data, pleural involvement
in lung cancer patients can be regarded as a significant
indicator that worsens the prognosis of the illness and
raises the possibility of metastatic dissemination. Evidence
suggests that pleural effusion and pleural metastases
have been associated with an increased risk of metastatic
lesions in the contralateral lung parenchyma. However, the
intensity of this link differs between studies, emphasizing
the need for further research to understand the underlying
mechanisms and therapeutic implications.

The relationship between necrotic tissue and lung cancer
involves various biological mechanisms that affect tumor
behavior and treatment outcomes (23). Necrosis in tumor
cells could influence the tumor microenvironment, immune
response, and treatment efficacy, although its effect on
prognosis and therapy resultsinlung cancer is unknown (24).
Future research should look into how necrosis influences
drug delivery, immune cell infiltration, and inflammation,
potentially affecting therapeutic responses. Our study
indicated that the risk of metastasis to the contralateral
lung parenchyma increased 3.326 times during the follow-
up period in tumors without necrosis compared to primary
necrotic lung masses. This suggests that tumors with
less necrosis may have a more robust vascular network,
which may facilitate the continued growth of the tumor
and the spread of malignant cells to distant sites. The lack
of necrosis within the primary tumor may indicate that
the tumor is in a wellvascularized environment, which
supports its sustainable growth and metastasis potential.
In this context, the low amount of necrotic tissue and the
high presence of viable tissue may play a more important
role tumor grade and prognosis, and may determine the
course of the disease and response to treatment. Onuigbo
(17) explained in their study on lung cancer that the lower
incidence of metastasis to the opposite lung parenchyma
could be attributed to significant necrosis development
in tumor cells that reach the pleura of the opposite lung
through the lymphatic route. This could be because these
tumors were sensitive to factors secreted during necrosis.
As a result, the primary tumor’s sensitivity to these factors

may lead to the elimination of metastatic cells by the
contralateral lung before they can establish lesions during
their invasion of the other lung.

Apart from conventional imaging findings, '®F-FDG PET/
CT provides information about tumor biology and tumor
heterogeneity, by showing necrotic tissue. Although there
are no specific data on tumor heterogeneity in our study,
the effect of the presence of necrosis on CLM has been
clearly demonstrated. Tumor heterogeneity may have an
important role in predicting CLM, and future studies on this
subject are needed. Besides high SUV__ values in tumors,
necrotic areas may be associated with an increased risk
of metastasis, and this finding is of great importance in
evaluation both metabolic imaging and CLM.

Previous studies primarily aimed to determine whether
a nodule detected in the contralateral lung is malignant.
Two of these studies found that malignant contralateral
nodules are typically adenocarcinomas (25,26). In contrast,
Carretta et al. (27) observed no significant association
between the initial tumor histology and the presence of
metastatic nodules in the lung. Similarly, our study suggests
that histopathological subtypes did not affect CLM or the
development of metastasis during follow-up.

The lobe or segment location of original tumors did
not correlate with the location where CLM were more
frequently identified in our investigation. On the other hand,
Huang et al. (28) showed that initial tumors in the upper
lobe were associated with metastases in the upper lobe
of the contralateral lung in patients with adenocarcinoma.
Larger prospective studies are required to validate these
results, and elucidate the significance of various subtypes,
especially those that concentrate on pure histopathological
subtypes.

Sanchez de Cos Escuin et al. (29) demonstrated in a
previous study that the number of CLM, whether single or
multiple, has no effect on survival. In a study by Rami-Porta
and Eberhardt (16) that examined the IASLC database, the
researchers hypothesized that the presence of multiple
metastatic nodules may have a worse prognosis than
the presence of a single nodule, but it did not create a
statistically significant result due to the low number of
patients. In our study, no significant correlation was found
between the number of CLM and survival. There was no
association between survival and the size or SUV,__ values
of metastatic nodules in the contralateral lung. To the
best of our knowledge, this is the first study to assess the
association between the number of contralateral metastatic
lung nodules as well as their SUV__ values with survival.
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Study Limitations

As a limitation of the study, because it was conducted
retrospectively, we included patients with proven contralateral
metastases, resulting in selection bias. Not all lesions could
be correlated histopathologically as metastatic in the
contralateral lung. However, additional imaging and clinical
follow-ups aid in the characterization of the lesions. Since the
treatments received by the patients were not evaluated in this
study, data related to treatment could not be presented in
the survival analyses. Nevertheless, the strengths of the study
include the interpretation of all "®F-FDG PET/CT, imaging, and
all pathologies, at our university hospital. Further prospective
studies are needed to confirm our findings and identify
predictive factors.

Conclusion

In conclusion, the study indicated the importance of
ipsilateral nodules, pleural effusion, and pleural metastasis
in utilizing '"®F-FDG PET/CT imaging to predict CLM. These
results demonstrate the significance of '8F-FDG PET/CT
as a useful diagnostic tool for locating and evaluating
lung cancer patients’ metastatic pathways, which helps
with more precise prediction of outcomes and treatment
planning. In the management of lung cancer, more
investigation and validation of these prognostic indicators
may improve clinical expertise and patient outcomes.
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Radiation-induced Xerostomia: Evaluation with '®F-FDG PET/CT
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Abstract

Obijectives: To investigate the relationship between radiation dose, metabolic changes in the salivary glands assessed by '®F-fluorodeoxyglucose
positron emission tomography/computed tomography ("®F-FDG PET/CT), and xerostomia severity in patients with head and neck cancer following
radiotherapy (RT).

Methods: \We retrospectively analyzed 107 patients treated with intensity-modulated RT or volumetric modulated arc therapy for head and neck
malignancies. Clinical xerostomia severity was evaluated at the time of post-treatment PET/CT. Mean gland doses and dose-volume parameters
(V10-V50) were extracted from treatment plans. Metabolic changes were evaluated by *maximum standardized uptake value and *mean
standardized uptake value between pre and post treatment PET/CT scans. The relationships between clinical, dosimetric, and metabolic variables
were examined.

Results: Moderate-to-severe xerostomia occurred in 63.6% of patients. Both higher T and N stage were significantly associated with greater
xerostomia severity (p<0.05). Patients with nodal metastases on pretreatment PET/CT demonstrated a higher prevalence of xerostomia. Dose—
volume parameters (V10-V30 for parotids, V50 for submandibular glands) were significantly correlated with symptom severity. ASUV values
were significantly associated with both mean dose and dose-volume parameters, particularly in the left parotid gland, where patients receiving
>30 Gy showed markedly greater metabolic decline. Parotid glands demonstrated stronger dose-dependent metabolic changes compared with
submandibular glands, consistent with their higher radiosensitivity.

Conclusion: Despite the use of advanced RT techniques, xerostomia remains a frequent toxicity. '*F-FDG PET/CT reliably captured dose-dependent
salivary gland impairment and reflected the impact of tumor burden on toxicity risk. These findings underscore the complementary role of PET-
derived biomarkers as integrative tools for predicting salivary dysfunction beyond conventional dosimetric parameters.
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Oz

Amac: Bu calismada, bas ve boyun kanseri nedeniyle radyoterapi (RT) uygulanan hastalarda, tukrik bezlerine ait radyasyon dozu,
'8F-florodeoksiglukoz pozitron emisyon tomografisi/bilgisayarli tomografi ('8F-FDG PET/BT) ile degerlendirilen metabolik degisiklikler ve kserostomi
siddeti arasindaki iliski arastirildi.

Yontem: Bas ve boyun kanseri tanisi ile RT alan 107 hasta retrospektif olarak incelendi. Post-RT PET/BT sirasinda klinik kserostomi semptomlari
degerlendirildi. Tedavi planlarindan ortalama bez dozlar ve doz-hacim parametreleri (V10-V50) elde edildi. Pre- ve post-RT PET/BT arasindaki
Amaksimum standart tutulum degeri ve “ortalama standart tutulum degeri degerleri hesaplanarak metabolik degisiklikler degerlendirildi. Klinik,
dozimetrik ve metabolik degiskenler arasindaki iliskiler incelendi.

Bulgular: Hastalarin %63,6'sinda orta ve siddetli kserostomi saptandi. ileri T ve N evreleri kserostomi siddeti ile anlamli iliskiliydi (p<0,05). Pre-
RT PET/BT'de nodal metastazi olan hastalarda siddetli kserostomi daha sik izlendi. Parotis bezleri icin V10-V30, submandibuler bezler icin V50
parametreleri semptom siddeti ile anlamli iliskiliydi. “SUV degerleri ortalama doz ve doz-hacim parametreleri ile korelasyon gosterdi; ozellikle
sol parotiste >30 Gy alan hastalarda belirgin metabolik azalma gozlendi. Parotis bezleri, submandibuler bezlere kiyasla daha gticlii doz bagimli
metabolik degisiklikler sergiledi.

Sonug: Gelismis RT tekniklerine ragmen kserostomi sik gérdlen bir yan etki olmaya devam etmektedir. 18F-FDG PET/BT, tukriik bezlerindeki doz
bagimli fonksiyon kaybini giivenilir sekilde gosterebilmekte ve timor ylkinin toksisite riskine etkisini yansitmaktadir. Bu bulgular, PET tabanli
biyogostergelerin geleneksel dozimetrik parametrelerin 6tesinde kserostomi riskinin 6ngoriilmesinde tamamlayici rol oynayabilecegini ortaya
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koymaktadir.

Anahtar kelimeler: "®F-FDg PET/BT, bas ve boyun kanseri, radyoterapi, kserostomi

Introduction

Radiotherapy (RT) remains a fundamental treatment
method for head and neck cancers (HNC), either as a
primary treatment or in combination with chemotherapy
(CT) and/or surgery. However, radiation-induced damage
to surrounding normal tissues is a major limitation, with
xerostomia being one of the most frequent and distressing
side effects. Moreover, RT affects the composition of
saliva, resulting in a thicker and more viscous secretion (1).
Xerostomia occurs due to radiation-induced dysfunction
of the salivary glands. Despite advances in RT techniques,
radiation-induced damage to normal tissues remains a
major concern. One of the most debilitating and common
late toxicities is xerostomia, which substantially impairs
patients’ quality of life by affecting speech, mastication,
taste, oral hygiene, and overall nutritional status (2).
Stimulated salivary production is largely derived from the
parotid glands, contributing approximately 60-70% of
total saliva, whereas resting (unstimulated) salivary flow
predominantly originates from the submandibular and
sublingual glands as well as numerous minor oral salivary
glands (3). This physiological distinction underlines the
different clinical impact of radiation-induced dysfunction in
these glands.

Previous studies have shown that both the occurrence and
severity of xerostomia are closely associated with the mean
radiation dose delivered to the parotid and submandibular
glands. The parotid glands appear particularly radiosensitive
due to their predominantly serous acinar structure. Dose—
response relationships have demonstrated that when the
mean dose to the parotid glands is maintained below

approximately 26 Gy and to the submandibular glands
below approximately 40 Gy, the incidence of xerostomia
is significantly reduced. Furthermore, prospective data
indicate that, provided these thresholds are not exceeded,
a gradual recovery of salivary gland function may occur
within two years following RT. In contrast, doses beyond
these limits are often associated with persistent dysfunction
and chronic symptoms. According to the Quantitative
Analyses of Normal Tissue Effects in the Clinic (QUANTEC)
guidelines, these thresholds form the basis of widely
applied dose-volume constraints for organs at risk (OARs)
in head and neck RT (3,4,5,6).

In addition to its established role in staging and treatment
response assessment in HNC, '"F-fluorodeoxyglucose
positron emission tomography/computed tomography
("8F-FDG PET/CT) can also provide insights into radiation-
induced changes in normal tissues. PET-derived metabolic
parameters, such as maximum standardized uptake value
(SUV__) and mean standardized uptake value (SUV __ ),
may therefore serve as objective biomarkers of salivary gland
function and radiation-related injury (7). Nevertheless, the
association between metabolic changes in salivary glands,
radiation dose exposure, and clinical xerostomia symptoms
has not been fully elucidated.

The present study aimed to investigate the relationship
between radiation doses delivered to the salivary glands,
metabolic changes assessed by pre- and post-RT '8F-FDG
PET/CT parameters, and the correlation of these factors
with the severity of xerostomia symptoms in patients with
head and neck malignancies.
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Materials and Methods

Patient Selection

This retrospective study included 107 patients with
histopathologically confirmed head and neck malignancies
who underwent "®F-FDG PET/CT in our institution between
2018 and 2023 for disease staging and subsequent
treatment response evaluation after curative RT. Patients
with distant metastases at baseline, a history of another
malignancy, or prior surgical treatment for HNC were
excluded. Patients with incomplete clinical, pathological,
or imaging data were also not included in the analysis.
None of the patients received any treatment specifically
for xerostomia between the two PET/CT scans. The
study protocol was reviewed and approved by the Health
Sciences Ethics Committee of Manisa Celal Bayar University
Faculty of Medicine (number: 20.478.486/3287, date:
16.07.2025). Written informed consent was obtained
from all subjects.

PET/CT Acquisition and Image Analysis

All patients fasted for at least 4-6 hours prior to the
examination, and serum glucose levels were confirmed
to be <200 mg/dL before tracer administration. The
standard intravenous dose of 370-555 MBq (10-15 mCi)
of "®F-FDG was injected, followed by a resting period of
approximately 60 minutes in a quiet room. Imaging was
performed using a General Electric Discovery 1Q 3-Ring
hybrid PET/CT scanner (GE Healthcare, Milwaukee, USA). A
low-dose CT scan (16-slice; 120 kVp; 90 mA) was acquired
first for attenuation correction and anatomical reference.
Subsequently, PET data were obtained from the skull base
to the mid-thigh in the supine position, with an acquisition
time of 2 minutes per bed position (typically 8-10 beds per
patient). PET images were reconstructed with the Q. Clear
penalized-likelihood algorithm (B-value 500) to improve
image quality. Images were generated on a 192 x 192

matrix with a field of view of 70 cm and a slice thickness of
3.26 mm, yielding a voxel size of approximately 3.65 mm3.
Fusion PET/CT images were reviewed in axial, sagittal, and
coronal planes using maximum intensity projection and
attenuation-corrected datasets.

For quantitative analysis, regions of interest were manually
drawn over the bilateral parotid and submandibular glands
on attenuation-corrected PET/CT images. SUV__ and
SUV___ values were measured for each gland on both the
pre-RT and the post-RT PET/CT scans. The second (post-
RT) PET/CT examination was performed 3-6 months after
completion of RT. Differences between pre-RT and post-
RT values were calculated and expressed as *SUV__ and
ASUV__ . At the time of the post-RT PET/CT examination,
xerostomia-related symptoms were assessed using the
Turkish validated version of the University of Washington
Quality of Life Questionnaire version 4 (8). Based on
patient-reported responses to the xerostomia domain,
patients were categorized into three groups: no symptoms,
mild symptoms, and moderate-to-severe symptoms.

Radiotherapy and Dosimetric Evaluation

All patients received curative-intent RT using intensity-
modulated radiotherapy (IMRT) or volumetric modulated
arc therapy (VMAT) techniques delivered with an Elekta
Versa HD linear accelerator (Elekta AB, Stockholm,
Sweden), according to institutional protocols. Treatment
planning was performed on CT images, with target volumes
and OARs delineated in accordance with international
contouring guidelines (Figure 1). Dose-volume histograms
were generated for each plan (Figure 2).

For dosimetric analysis, the mean radiation doses delivered
to the bilateral parotid and submandibular glands were
recorded. In addition, volumetric parameters were
calculated to quantify the percentage of gland volume
receiving specified dose levels. For the parotid glands,

Figure 1. Representative radiotherapy planning computed tomography images of a patient with a right posterolateral oropharyngeal tumor. (A) Axial,
(B) coronal, and (C) sagittal slices demonstrate in the slices target volumes and dose distributions, with delineation of parotid and submandibular

glands as organs at risk. (D) Corresponding dose-color scale
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Figure 2. Representative dose-volume histogram from the same patient shown in Figure 1. Due to the right posterolateral location of the oropharyngeal
tumor, the right parotid gland (green line) received substantially higher radiation doses compared with the contralateral parotid gland (yellow line).

Dose-volume histograms of target volumes are also displayed for reference

DVH: Dose-volume histogram

V10, V20, and V30 were determined, representing the
proportions of gland volume exposed to =10 Gy, =20 Gy,
and =30 Gy, respectively. For the submandibular glands,
V50 was calculated as the proportion of gland volume
exposed to =50 Gy. These parameters, together with mean
gland doses, were subsequently analyzed in relation to
xerostomia severity and PET-derived metabolic changes
(*SUV__ and “SUV

mean)'
Statistical Analysis

Descriptive statistics were expressed as mean, standard
deviation, and range for continuous variables, and as
frequency and percentage for categorical variables. The
association between xerostomia severity and continuous
parameters such as age was assessed using Spearman'’s
rank correlation test. Correlations between PET/CT-derived
metabolic parameters (*SUV__, ASUV__ ) and both mean
doses and dose-volume parameters (V10, V20, V30 for
the parotid glands and V50 for the submandibular glands)
were also evaluated using Spearman’s rank correlation.
Differences in “SUV values across xerostomia severity
groups (0, 1, 2) were analyzed with the Kruskal-Wallis
test. Categorical variables, including sex, tumor stage, and
lateralization, were compared with xerostomia severity
using the chi-square test. For cut-off analysis, patients were
stratified according to a 30 Gy threshold for parotid mean
dose, and intergroup differences were assessed using the
Mann-Whitney U test. Statistical analyses were performed

using SPSS version 26.0 (IBM Corp., Armonk, NY, USA),
and a p-value <0.05 was considered statistically significant.

Results

A total of 107 patients who underwent RT for head and
neck malignancies were included in the study. The cohort
consisted of 95 men (88.8%) and 12 women (11.2%),
with a mean age of 61.3 years (range: 25-84 years).
Primary tumor sites were the larynx (n=63), nasopharynx
(n=13), oral cavity (n=11), hypopharynx (n=8), oropharynx
(n=6), paranasal sinus (n=3), and HNC of unknown primary
(n=3). In 56 patients (52.3%), the tumor was located in
the midline, while 26 patients (24.3%) had left-sided and
25 patients (23.4%) had right-sided tumors. At the time
of post-RT PET/CT imaging, xerostomia symptoms were
absent in 9 patients (8.4%), mild in 30 patients (28.0%),
and moderate-to-severe in 68 patients (63.6%) (Table 1).

Additional analyses were performed to evaluate the
association between xerostomia severity and baseline
clinical variables. Older age was significantly correlated
with higher xerostomia severity (p=-0.27, p=0.005). Sex
and tumor lateralization (right, left, or midline) were
not significantly related to xerostomia severity (p>0.05).
In contrast, both T stage and N stage were significantly
associated with xerostomia, with more advanced stages
corresponding to more moderate-to-severe symptoms
(p<0.001 and p=0.004, respectively).
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Table 1. Distribution of descriptive characteristics

Variable n (%) or mean * SD (range)
Total patients 107
Age (years) 61.3£10.9 (25-84)
s 0,
Sex Male: 95 (88.8%)

Female: 12 (11.2%)

Midline: 56 (52.3%)
Left: 26 (24.3%)
Right: 25 (23.4%)

T1: 8 (7.5%)
T2: 14 (13.1%)

Primary tumor lateralization

T stage T3: 35 (32.7%)
T4: 49 (45.8%)
NO: 46 (43.0%)
N1: 17 (15.9%)
N stage N2: 32 (29.9%)

N3: 11 (10.3%)

Right parotid: 24.8

Left parotid: 26.2

Right submandibular: 52.5
Left submandibular: 52.7

None: 9 (8.4%)
Mild: 30 (28.0%)
Moderate-to-severe: 68 (63.6%)

Mean radiation dose (Gy)

Xerostomia severity

SD: Standard deviation

A significant relationship was observed between tumor
lateralization and N stage (p=0.0046), largely driven
by the predominance of NO cases in midline tumors.
When right- and leftsided tumors were compared, no
statistically significant differences were observed in N
stage distribution (p=0.478). However, right-sided tumors
more frequently presented as NO (28.0%) compared with
left-sided tumors (19.2%), whereas higher nodal stages
were relatively more common in leftsided tumors. When
patients were stratified according to primary tumor site,
those with oropharyngeal, oral cavity, nasopharyngeal, or
hypopharyngeal cancers exhibited a markedly higher rate
of moderate-to-severe xerostomia compared with patients
with laryngeal, paranasal sinus, or HNC of unknown
primary origin (92.1% vs. 47.8%, p<0.001).

The mean radiation doses delivered to the salivary glands
were 24.8 Gy, 26.2 Gy, 52.5 Gy, and 52.7 Gy for the
right parotid, left parotid, right submandibular, and left
submandibular glands, respectively. Statistically significant
associations were observed between the mean doses to the
salivary glands and the severity of xerostomia symptoms
(p<0.05). In addition to mean gland doses, volumetric
dose parameters were also analyzed. Kruskal-Wallis tests
demonstrated that V10, V20, and V30 for both parotid
glands, as well as V50 for both submandibular glands,

were significantly associated with xerostomia severity (all
p<0.001).

Pre-treatment SUV,__ and SUV__ values of the salivary
glands showed no significant association with xerostomia
severity (all p>0.05). *SUV__ and *SUV__ values of the
parotid and submandibular glands were calculated between
pre- and post-RT PET/CT scans (Figure 3). When compared
across xerostomia severity groups, statistically significant
associations were observed only for the left parotid gland
(p=0.031 and p=0.044, respectively). In contrast, no
significant associations were found for the right parotid or
for either submandibular gland (all p>0.05).

Significant correlations were observed between 2SUV
values and radiation dose metrics of the salivary glands.
For the parotid glands, SUV__ and *SUV___demonstrated
moderate inverse correlations with both mean dose and
dose-volume parameters (V10, V20, V30), with the
strongest associations observed in the left parotid gland
(p=-0.34 to0 -0.44, p<0.05). For the submandibular glands,
weaker but statistically significant correlations were

identified between 2SUV values and V50 (p=-0.20 to -0.31,

Figure 3.Representative pre-and post-radiotherapy '®F-fluorodeoxyglucose
positron emission tomography/computed tomography images from a
patient included in the study. (A, B) Pre-treatment scans demonstrate
preserved metabolic activity in the parotid and submandibular glands.
(C, D) Follow-up scans performed 3-6 months after radiotherapy show a
marked reduction in tracer uptake within the glands, reflecting radiation-
induced functional impairment. Regions of interest (ROIs) used for
maximum standardized uptake value and mean standardized uptake
value measurements are indicated

PET: Positron emission tomography
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p<0.05). These findings indicate that larger gland volumes
exposed to higher radiation doses were associated with
greater reductions in metabolic activity. When patients were
stratified according to a 30 Gy cut-off for parotid dose-
volume parameters, statistically significant differences
were found only in the left parotid gland, where both
ASUV__ (p=0.013) and 4SUV p=0.024) showed greater

max mean (

reductions in the high-dose group.

Discussion

Despite the widespread adoption of advanced RT
techniques such as IMRT and image-guided RT, xerostomia
remains among the most common and distressing late
toxicities in patients with HNC, significantly diminishing
quality of life. Studies have consistently shown that
sparing the major salivary glands, particularly by
maintaining mean parotid doses below 26 Gy and
submandibular doses below 40-50 Gy, can effectively
reduce the incidence and severity of xerostomia, without
compromising tumor control (4,9,10,11). In line with
this evidence, the present study aimed to explore the
relationship between radiation dose to the salivary
glands, metabolic changes visualized on '"F-FDG PET/CT,
and the clinical manifestation of xerostomia in patients
treated for head and neck malignancies.

In our study cohort, 63.6% of patients developed moderate-
to-severe xerostomia following RT, despite the use of
advanced techniques such as IMRT and VMAT. This finding
underscores the persistent clinical burden of xerostomia
as a late toxicity in HNC treatment. Notably, the observed
prevalence rate is in line with previously reported data,
where the incidence of moderate-to-severe xerostomia
ranged between 40% and 70%, even in studies employing
parotid-sparing RT approaches (9, 12).

Our results demonstrated that patients with moderate-
to-severe xerostomia had significantly higher mean
radiation doses to both the parotid and submandibular
glands. This finding reinforces the well-established dose-
response relationship between salivary gland irradiation
and the development of xerostomia. Moiseenko et al. (4)
demonstrated a clear correlation between increased mean
dose and higher patient-reported xerostomia severity. Our
findings are consistent with these results and highlight the
importance of adhering to gland-specific dose constraints
during treatment planning.

The relatively high prevalence of moderate-to-severe
xerostomia in our cohort is likely attributable to the high rate
of nodal involvement as detected on pretreatment "®F-FDG
PET/CT with 60 out of 106 patients (56.6%) presenting with
nodal metastases (N1-N3). Patients with advanced N-stage

disease often require more extensive target volumes and
elective nodal irradiation, which reduces the possibility of
sparing adjacent salivary glands, particularly the parotid
and submandibular glands (13). In addition, T-stage was
significantly associated with xerostomia severity in our
cohort, with more advanced stages corresponding to more
severe symptoms. Taken together, these findings suggest
that tumor burden, reflected by both primary tumor size
and nodal involvement, plays a critical role in salivary gland
toxicity by limiting the feasibility of gland preservation
during RT.

In our cohort, older age was significantly associated
with higher xerostomia severity (p=0.005). This finding is
consistent with the results of Beetz et al. (13), who reported
that patients aged over 70 years had a substantially
increased risk of persistent xerostomia despite meeting
QUANTEC dose constraints, reflecting the limited recovery
potential of elderly salivary glands. However, Pan et al. (14)
did not identify age as a significant predictor of xerostomia
in their study, which included nasopharyngeal carcinoma
patients, where the median patient age was relatively
young (47 years). Overall, these observations suggest
that age is an important clinical factor influencing salivary
gland recovery, although its impact may vary depending on
patient demographics and tumor distribution.

When stratified by primary tumor site, the severity of
xerostomia differed markedly across subsites. Moderate-
to-severe xerostomia was observed in all patients with
oropharyngeal and oral cavity cancers (100%) and in
the majority of those with nasopharyngeal (84.6%)
and hypopharyngeal (87.5%) primaries. In contrast,
the prevalence was significantly lower in patients with
laryngeal cancers (49.2%) and in those with paranasal
sinus tumors (exact prevalence not specified, p<0.001).
These findings underscore the importance of tumor
location in determining the risk of xerostomia. Beetz
et al. (13) reported that parotid-sparing with IMRT was
considerably more difficult in oropharyngeal and oral cavity
cancers due to their proximity to the major salivary glands.
Likewise, nasopharyngeal and hypopharyngeal tumors
frequently require large bilateral nodal irradiation volumes,
further limiting the potential for gland sparing. However,
laryngeal tumors are generally located in the midline and
in a more caudal position, thereby reducing dose exposure
to the parotid and submandibular glands, and resulting in
a substantially lower prevalence of xerostomia compared
with nasopharyngeal, hypopharyngeal, oropharyngeal,
and oral cavity cancers. Overall, these findings emphasize
that anatomical and tumor-related factors, in addition to
dosimetric constraints, play a critical role in determining
the risk of radiation-induced xerostomia.
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In addition to the mean dose, our analysis demonstrated
that dose-volume parameters were also significantly
associated with xerostomia severity. Specifically, V10,
V20, and V30 for both parotid glands, as well as V50
for the submandibular glands, correlated with increased
xerostomia symptoms. This underlines the relevance of
dose-volume parameters beyond mean dose alone in
predicting xerostomia, as radiation exposure of larger
gland volumes can significantly contribute to salivary gland
dysfunction. Importantly, previous studies have shown
that sparing at least one parotid and submandibular
gland reduces the risk of xerostomia while improving both
stimulated and unstimulated salivary function (3, 4).

Van Dijk et al. (15) demonstrated that textural radiomics
features extracted from '"F-FDG PET images significantly
improved the prediction of late xerostomia, particularly one
year after RT, highlighting the value of PET-derived image
biomarkers for toxicity risk stratification. More recently, Li
et al. (16) validated such a PET-based biomarker model
in an independent cohort, confirming the independent
prognostic value of PET-derived imaging features beyond
conventional clinical and dosimetric parameters. In our
study, metabolic changes in the salivary glands were
evaluated using pretreatment and post-treatment "8F-FDG
PET/CT. SUV values showed significant correlations with
both mean gland dose and dose-volume parameters,
demonstrating that '®F-FDG PET/CT can reliably detect the
dose-dependent functional impairment of salivary glands
following RT. These findings highlight the value of PET-
based metabolic imaging as an adjunct to the conventional
dose-volume predictor.

The initial decline in salivary flow largely mirrors the
intensity of treatment delivery. Among the major salivary
glands, the parotids exhibit the highest radiosensitivity,
with flow reduction determined by both the radiation
dose and the volume of gland tissue encompassed within
the treatment field (17). In our study, the parotid glands
demonstrated stronger dose-dependent metabolic changes
compared with the submandibular glands, as reflected by
significant correlations of ASUV with both mean dose and
low-to-intermediate dose-volume parameters (V10-V30).
In contrast, correlations for the submandibular glands
were weaker and limited to higher dose exposure (V50).
This observation is consistent with the well-established
higher radiosensitivity of the parotid glands, which are
predominantly composed of serous acinar cells; whereas the
mixed serous—-mucous composition of the submandibular
glands renders them relatively more resistant to radiation-
induced injury.

In our cohort, primary tumor sites were relatively
homogeneously distributed between the right and left
sides, with more than half located in the midline. Tumor
lateralization itself was not significantly associated with
xerostomia severity. However, nodal involvement was more
frequent in left-sided tumors compared with right-sided
tumors. Specifically, rightsided tumors more frequently
presented as NO (28.0%) compared with left-sided tumors,
(19.2%), whereas higher nodal stages were more common
in left-sided tumors. This asymmetry in nodal distribution
explains the more pronounced metabolic impairment
observed in the left parotid gland, as greater nodal burden
on the left side necessitated higher radiation exposure to
the ipsilateral salivary gland. Consistent with this clinical
observation, significant PET-based metabolic changes were
also predominantly seen in the left parotid gland. Both
ASUV__and ASUV,__  were significantly associated with
xerostomia severity and demonstrated dose-response
correlations with mean dose and dose-volume parameters
(V10-V30). In contrast, the submandibular glands showed
weaker associations, which were limited to higher dose
exposure (V50). Importantly, correlation strength was
greatest in the left parotid gland, in line with its higher
radiation burden. Furthermore, patients receiving mean
parotid doses above 30 Gy, exhibited significantly greater
reductions in ASUVmax and ASUVmean in the left parotid,
supporting the concept that doses beyond the QUANTEC
threshold are linked to persistent metabolic dysfunction

3)-
Study Limitations

Our study has several limitations. First, it was a single-
institution, retrospective analysis. Second, although
'8F-FDG PET/CT provided valuable information on salivary
gland metabolism, only SUV-based parameters were
analyzed, whereas advanced textural features might have
offered additional predictive power. Finally, the relatively
short follow-up period precluded evaluation of long-term
recovery dynamics of salivary gland function beyond the
early post-treatment phase.

Conclusion

Despite widespread adoption of advanced RT techniques
such as IMRT and VMAT, xerostomia remains a common
and clinically significant late toxicity in HNC. Our findings
demonstrate that advanced T and N stage, older age,
and tumor location, particularly nasopharyngeal,
hypopharyngeal, oropharyngeal, and oral cavity cancers,
are associated with a higher risk of moderate-to-severe
xerostomia, while laryngeal tumors show substantially
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lower rates. Parotid glands exhibited greater radiosensitivity
compared with submandibular glands, and "®F-FDG PET/CT
reliably captured dose-dependent metabolic impairment,
highlighting its value as a functional biomarker
complementing conventional dose-volume metrics.

From a clinical standpoint, careful treatment planning is
especially warranted in patients with large tumors, salivary
gland-adjacent nodal metastases, and high-risk subsites,
where the risk of toxicity is greatest. These results reinforce
the need for more personalized toxicity prediction models
that go beyond dosimetric constraints alone.
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Penile Metastasis from Prostate Cancer: Detection on '8F-PSMA-1007
PET/CT

Prostat Kanserinden Kaynaklanan Penis Metastazi: '®F-PSMA-1007 PET/BT ile Saptanmasi
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Abstract

A 74-year-old man with a history of prostate cancer and rising prostate-specific antigen underwent '®F-prostate specific membrane antigen
(PSMA)-1007 positron emission tomography/computed tomography for investigation of oligometastatic disease. There was evidence of PSMA
avid local recurrence findings with pelvic and retroperitoneal nodal metastases and skeletal deposits. Although rare and could easily be mistaken
for contamination, a small penile metastasis was found. This is associated with poor prognosis and could impact further management. This case
highlights the importance of a detailed review of the penis, to ensure differentiation between urinary activity and pathological uptake.

Keywords: '®F-PSMA-1007 positron emission tomography/computed tomography, prostate cancer, penile metastasis

Oz

Prostat kanseri Gykusu olan ve prostat spesifik antijen dizeyi ylkselen 74 yasinda bir erkek hastaya, oligometastatik hastalik arastirmasi icin
'8F-prostat-spesifik membran antijeni (PSMA)-1007 pozitron emisyon tomografi/bilgisayarli tomografi uygulandi. PSMA avid lokal niks, pelvik ve
retroperitoneal nodal metastazlar ve kemik metastazlari ile uyumlu tutulumlar saptandi. Nadir gérllse ve kolayca kontaminasyonla karistirilabilse
de, kiclk bir penis metastazi tespit edildi. Bu durum kot prognozla iliskilidir ve tedaviyi etkileyebilir. Bu olgu, idrar aktivitesi ile patolojik tutulum
arasindaki ayrimi saglamak icin penisin detayl bir sekilde incelenmesinin dnemini vurgulamaktadir.

Anahtar kelimeler: '®F-PSMA-1007 pozitron emisyon tomografi/bilgisayarli tomografi, prostat kanseri, penis metastazi
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Figure 1. A 74-year-old man presents with recurrent prostate cancer and a prostate-specific antigen (PSA) level of 10 ng/mL (A) The left anterior
oblique maximal intensity projection of '®F-fluorodeoxyglucose, positron emission tomography/computed tomography (PET/CT), demonstrates
prominent heterogeneous prostatic activity with intense focal activity in the right peripheral zone. A focus of uptake in the distal penile shaft was
also seen (arrow). Axial, sagittal '®F-prostate-specific membrane antigen (PSMA)-1007 PET and sagittal fused PET/CT (B, C and D) demonstrate the
subcentimetric focus of tracer uptake in the right side of the penile shaft (arrows), which is not due to urinary contamination. Sagittal low-dose non-
contrast CT (E) does not show an appreciable soft tissue lesion. ®F-PSMA-1007 PET is fast becoming a key imaging modality in the assessment of
biochemically recurrent prostate cancer (1), which can occur in up to 27% of patients who are managed by radical prostatectomy, and up to 55% of
those managed by radiation therapy (2). A recent meta-analysis found that although the detection rate (DR) of '®F-PSMA-1007 PET is dependent on
serum PSA values, there is a good DR even at low PSA levels (0.5 ng/mL) (1). As expected, local relapse, regional lymph node, distant lymph node, and
bone metastases are the most frequent sites of metastases (1), with a significantly higher number of positive findings when compared to conventional
CT (3). Penile metastases are rare, usually presenting as part of advanced disease, and indicate poor prognosis, with half of the patients dying within
one year of diagnosis (4). The primary malignancies involved are predominantly urological (bladder and prostate cancers), but also, less commonly,
gastrointestinal and lung cancers (4). Awareness of the penis as a rare site of metastasis is important to avoid misdiagnosis with other non-malignant
conditions (5). Penile metastases can present clinically with malignant priapism and are detectable on PSMA PET/CT (6). Penile metastases from
prostate cancer have also been detected on '®F-choline PET (7,8).

To our knowledge, there has been one case report of a penile metastasis from prostate cancer detected on '8F-PSMA PET, this was a case of a solitary
penile metastasis found on baseline staging in a patient with prostate cancer and PSA>90 ng/mL (9). Our case describes an unexpected example of
a '8F-PSMA avid penile deposit, as part of multifocal recurrence of prostate cancer in a patient with suspected recurrence due to rising PSA. This is
associated with extremely poor prognosis, with an average survival of 9 months (10).
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Triple Tumors Uncovered: Insights from *Ga PSMA PET-CT
Ug Timérin Ortaya Cikarlmasi: Ga PSMA PET-BT den Elde Edilen Bilgiler
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Abstract

Galium-68 prostate-specific membrane antigen positron emission tomography combined with computed tomography (®*Ga PSMA PET-
CT) is receptor specific imaging, which has increasingly been used in the staging and restaging of prostate carcinoma (PCa). PSMA is type |l
transmembrane glycoprotein expressed in cytosol of normal prostatic tissue with 100-1000-fold over expression in PCa. It is also expressed in the
endothelium of tumor-associated neo vasculature of non-prostatic solid tumor such as transitional cell and renal cell carcinoma, hepatocellular,
thyroid, and brain cancers. \We hereby present a case where PSMA PET scan showed three tumors proved on follow up imaging.

Keywords: %Ga PSMA PET-CT, prostate carcinoma, hepatocellular carcinoma, meningioma

Oz

Galium-68 prostat spesifik membran antijeni pozitron emisyon tomografisi, bilgisayarli tomografi (*Ga PSMA PET-BT), prostat karsinomunun
evrelendirimesinde ve yeniden evrelendirimesinde giderek daha fazla kullanilan reseptdre 6zgi bir gérintileme yontemidir. PSMA, normal
prostat karsinomunda (PCa) sitozollinde eksprese edilen, PCa ise 100-1000 kat fazla eksprese edilen tip Il transmembran glikoproteindir. Ayrica,
transizyonel hiicreli ve renal hiicreli karsinom, hepatoseliler karsinom, tiroid kanseri ve beyin kanseri gibi prostat disi solid timarlerin timarle iligkili
neovaskiler endotelinde de eksprese edilir. Burada, PSMA PET taramasinin takip goriintilemesinde li¢ timar tespit edilen bir olguyu sunuyoruz.
Anahtar kelimeler: ®Ga PSMA PET-BT, prostat karsinomu, hepatosellller karsinom, menenjiyom
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Figure 1. A 63-year-old gentleman, known as a diabetic and hypertensive, presented with pain in the right flank. He also had cirrhotic liver against
background of hepatitis C virus infection. His ultrasound showed enlarged prostate gland, with prostate-specific antigen of 128 ng/mL and
histopathology showed prostatic adenocarcinoma, Gleason score 9/10, and World Health Organization group 5. His computed tomography (CT)
chest, abdomen, and pelvis, in addition to the primary prostate carcinoma (PCa) (A, B), showed coarse liver parenchyma with hypodensity in segment
VI/VII (C, D); differentials included metastasis or hepatocellular carcinoma. A *mTc MDP bone scan was negative for osteoblastic metastasis (E, F).
In view of a high Gleason score, the Galium-68 (®®Ga) prostate-specific membrane antigen (PSMA) positron emission tomography (PET)/CT findings
and the tumor board suggested a multiparametric magnetic resonance imaging. %Ga PSMA PET/CT, due to its high sensitivity and specificity, is being
increasingly used to stage PCa in intermediate - to high- and very high-risk patients when conventional imaging modalities are either negative for
distant metastases or show fewer than 5 distant lesions (1,2). PSMA is a type Il transmembrane glycoprotein with high expression in PCa and variable
expression in neovasculature of some other tumors, such as hepatocellular, lung, thyroid, and renal cell carcinomas (3-5). This allows its potential role
in the diagnosis and management of such tumors, which are typically non-avid on '"8F-fluorodeoxyglucose PET/CT (F-FDG) PET/CT which till now is
the workhorse in the world of PET/CT (6,7).
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Figure 2. Maximum intensity projection image on Galium-68 prostate-specific membrane antigen positron emission tomography combined with
computed tomography (%Ga PSMA PET/CT) (A) showed avid lesions in the brain, liver and pelvic region (red boxes). There was an enlarged PSMA-
avid prostate gland along with an avid enhancing lesion in the right frontal lobe (B, C). His brain magnetic resonance imaging (MRI) with contrast
showed an extra-axial mass in the right frontal region adjacent to the falx, suggestive of meningioma (D). In addition, increased PSMA uptake was
seen in the known hepatic lesions (E, F). He also had multiparametric MRI with contrast showing pseudocapsular enhancement and early arterial
phase enhancement within this lesion, which was highly suggestive of hepatocellular carcinoma (HCC) (G). Also, the primary prostate tumor showed
increased PSMA uptake (H-l). Therefore, he was staged as T3NOMO for prostate cancer and started on androgen deprivation therapy. Hepatobiliary
surgeons evaluated his hepatic lesion, which led to resection of segments VI and VII. Histopathology confirmed it to be well-differentiated HCC.
After 1.5 years, he received 6000 cGy of radiation in 20 fractions to the prostate gland and seminal vesicles. A few months later, he had stereotactic
radiosurgery of 2700 cGy in 3 fractions, to the right frontal lobe meningioma. In our patient, ®Ga PSMA PET/CT was of paramount importance
because it not only helped with the correct initial staging of PCa, but also detected two other tumors, i.e., HCC and meningioma. Therefore, we should
be aware of these pitfalls of ®Ga PSMA PET/CT and be careful in labeling all PSMA avid lesions metastatic because all that glitters is not gold (8).
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The Role of Bone Scintigraphy in Detection of Disseminated
Coccidioides Fungemia

Dissemine Coccidioidies Fungemisinin Saptanmasinda Kemik Sintigrafisinin Rolu

©® Turgut Bora Cengiz, ® Caroline Diane Wilson
Atrium Health Wake Forest Baptist Medical Center; Clinic of Nuclear Medicine, Winston-Salem, USA

Abstract

Although extrapulmonary Coccidioides infection is rare, it has been shown to disseminate to the skin and musculoskeletal system, with a strong
affinity for bone. We present a case of disseminated Coccidioides infection with bone scintigraphy indicating diffuse fungemia despite equivocal
serum assay, leading to appropriate antifungal therapy and a full recovery.

Keywords: Mycoses, scintigraphy, Coccidioides

0z

Akciger disi Coccidioidies enfeksiyonu nadir goriilse de, kemige giclii afinitesi ile deri ve kas-iskelet sistemine yayilabilir. Uygun antifungal tedavi
ve tam iyilesme ile sonuglanan, serum testi belirsiz olmasina ragmen kemik sintigrafisinde dissemine fungemi gosteren ve yaygin Coccidioidies
enfeksiyonu olan bir olgu sunulmustur.
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Figure 1. A 20-year-old male who had recently emigrated from
Venezuela presented to the emergency department with five days
of fever, lower abdominal pain, and diarrhea. In triage, he was
febrile at 103 degrees, tachycardic at 130 beats per minute, and had
scleral icterus. Initial laboratory tests revealed leukocytosis, anemia,
thrombocytopenia, elevated bilirubin, and elevated liver enzymes.
Initial labs indicated possible Klebsiella bacteremia. The patient was
started on broad-spectrum antibiotics, but his fever did not resolve.
Infectious disease ordered additional lab work, which revealed positive
Coccidioides immunoglobulin G; however, repeat confirmatory testing
was negative. Given negative confirmatory tests, a bone scan was ordered
for further evaluation; as Coccidioides has high affinity for bone (1,2,3).
Technetium-99m (Tc-99m) methylene diphosphonate (MDP) bone scan
showed abnormal radiotracer activity seen in the left femur, bilateral
knee joints, distal femurs, proximal tibias, bilateral humeral heads, and
bilateral femoral heads. This is concerning for osseous coccidiomycosis
with known proclivity for osteoarticular joints (3,4). While osteoarticular
Tc-99m MDP uptake is symmetric in the appendicular skeleton, left
femoral uptake is very prominent along the left femoral shaft. Bone
scintigraphy also showed areas of decreased uptake in bilateral renal
cortices, suggestive of infarcts related to septic emboli. Overall, the
patient was diagnosed with presumed osseous Coccidioidomycosis after
a bone scan. The patient’s condition improved after antifungal therapy,
leading to a full recovery at the time of discharge.

Although bone scintigraphy is not commonly used to detect fungemia,
it can serve as an adjunct imaging modality in cases of equivocal serum
assay, as certain species (i.e., Coccidioides) can cause osteoarticular Tc-
99m MDP uptake (5). This case depicts the role of bone scintigraphy in
disseminated fungemia, especially for the Coccidioides species, and can
aid in diagnosis when there is an equivocal serum antibody assay.

Figure 2. (A) A contrast enhanced computed tomography abdomen
was ordered revealing wedge-shaped regions of hypoattenuation in the
spleen and kidneys matching the pattern seen on bone scintigraphy,
confirming renal changes seen on bone scintigraphy and indicating septic
emboli.

Figure 3. A chest computed tomography (CT) was also obtained, which
showed scattered pulmonary nodules with surrounding ground glass
halos, suggestive of fungal infection.

Given bone scintigraphy and CT scan findings of diffuse fungal infection,
the patient was started on itraconazole, which was later switched to
fluconazole due to cost.
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Extensive Malignant Thrombus Revealed by '®F-FDG PET/CT in
Patient with Papillary Thyroid Cancer

Papiller Tiroid Karsinomlu Hastada '8F-FDG PET/BT ile Saptanan Yaygin Malign Trombs

©® Merve Nida Calderon Tobar, ® Liitfii Perktas, ® Hasan Onner, ® Gonca Kara Gedik

Selcuk University Faculty of Medicine, Department of Nuclear Medicine, Konya, Ttrkiye

Abstract

A 59-year-old man admitted to the hospital complained of left arm and neck pain. Magnetic resonance imaging was performed for possible cervical
discopathy. It revealed that in the C7 vertebral body, lesions with surrounding bone marrow edema were observed, which were compatible with
metastasis that caused cervical stenosis. Cervical stenosis surgery was performed, and the lesion was pathologically diagnosed as a metastasis of
thyroid carcinoma. "#F-fluorodeoxyglucose positron emission tomography/computed tomography (*®F-FDG PET/CT) scan was ordered for further
evaluation. The PET/CT images showed an increased "®F-FDG uptake from the left internal jugular vein to the right atrium. It was considered a
malignant thrombus.

Keywords: Malignant thrombus, '®F-FDG PET/CT, papillary thyroid cancer

Oz

Elli dokuz yasindaki erkek hasta hastanemize, sol kol ve boyun agrisi sikayetiyle basvurdu. Hastaya servikal diskopati &n tanisi ile manyetik rezonans
goriuntileme yapildi. C7 vertebra korpusunda servikal stenoza neden olan metastaz ile uyumlu, cevresinde kemik iligi demi bulunan kitle saptandi.
Hasta servikal stenoz nedeniyle opere edildi. Patolojik incelemede tiroid karsinomu metastazi tanisi konuldu. Daha ileri degerlendirme icin ile
'8F-florodeoksiglukoz pozitron emisyon tomografisi/bilgisayarll tomografi ('8F-FDG PET/BT) taramasi istendi. PET/BT goriintilemede sol internal
juguler venden sag atriyuma dogru uzanan "®F-FDG tutulumu, yaygin malign trombds olarak degerlendirildi.

Anahtar kelimeler: Malign trombus, '®F-FDG PET/CT, papiller tiroid kanseri
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Figure 1. A 59-year-old man, who has been operated on for cervical stenosis at the C7 vertebral level, had a lesion that was pathologically positive for
CK7, thyroglobulin, and thyroid transcription factor-1, and was diagnosed with thyroid carcinoma metastasis. Ultrasonography revealed a 44x40 mm-
sized nodular lesion with irregular borders, that was filling the left lobe of the thyroid. A tru-cut biopsy confirmed the papillary thyroid carcinoma. In
this context, ®F-fluorodeoxyglucose positron emission tomography/computed tomography ("®F-FDG PET/CT) scan was ordered for further evaluation.
Maximum intensity projection (A), transaxial (B), sagittal (C) and, coronal (D) fused PET/CT images showed intense '®F-FDG uptake in the left internal
jugular vein extending to the right atrium (SUV__ 12,21) considered as a malignant thrombus. Also, hypermetabolic nodular lesions in the left lobe of
the thyroid gland and left hilar, paraaortic, paranasal, and parailiac lymphadenopathies, were observed.

Figure 2. Dynamic contrast-enhanced computed tomography showed a massive malignant thrombus in the dilated left internal jugular vein (A)
and extending to the right atrium (B). The intense fluoro-D-glucose uptake is considered to be a malignant thrombus in correspondence with these
observations. The presence of intravascular tumor thrombus in a vessel is a significant factor that influences the stage, prognosis, and treatment and is
commonly observed in a range of malignancies, including renal cell carcinoma, Wilms tumor, adrenal cortical carcinoma, and hepatocellular carcinoma.
Thyroid carcinoma with major vascular malignant thrombosis is rare (1). Although regional cervical lymphatic metastasis is expected in papillary thyroid
carcinoma patients, the incidence of hematogenous metastasis in these patients is relatively low (2). In this case, there was a notably widespread
malignant thrombosis. There have been several reports on malignant thrombosis in major veins in follicular thyroid carcinoma (3,4). Papillary thyroid
carcinoma (5) and anaplastic carcinoma (6).
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Analysis of Imaging Findings in a Patient with Squamous Cell
Carcinoma of the External Auditory Canal Metastatic to the Dura
with Trigeminal Nerve Involvement

Trigeminal Sinir Tutulumuyla Birlikte Duraya Metastatik Dig Kulak Yolu Skuaméz Hicreli
Karsinomu Olan Bir Hastada Gérintileme Bulgulaninin Analizi
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Abstract

We report the case of a 56-year-old female recently diagnosed with well-differentiated squamous cell carcinoma of the external auditory canal. The
patient underwent an '®F-fluorodeoxyglucose positron emission tomography/computed tomography for staging assessment. This examination
revealed intense uptake in the right ear canals, tympanic cavity, eustachian canal, parapharyngeal area, and infratemporal fossa. Notably, we
identified intracranial dural metastasis, which represents an uncommon site for metastatic spread in general.

Keywords: Squamous cell carcinoma of external auditory canal, dural metastasis, '®F-fluorodeoxyglucose positron emission tomography/
computed tomography
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Bu yazida, yakin zamanda dis kulak yolunda iyi diferansiye skuamoz hiicreli karsinom tanisi alan 56 yasinda bir kadin hasta sunuldu. Hastaya
evreleme degerlendirmesi icin '®F -fluorodeoksiglukoz pozitron emisyon tomografisi/bilgisayarli tomografi cekildi. Bu incelemede sag kulak
kanallarinda, timpanik kavitede, 6staki kanalinda, parafarengeal alanda ve infratemporal fossada yogun tutulum saptandi. Ozellikle, genel olarak
metastatik yayilim icin nadir bir bolgeyi temsil eden intrakraniyal dural metastaz tespit ettik.

Anahtar kelimeler: Dis kulak yolunun skuamoz hticreli karsinomu, dural metastaz, '®F-florodeoksiglukoz pozitron emisyon tomografi/bilgisayarli
tomografi
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Figure 1. In a 56-year-old female patient diagnosed with well-differentiated squamous cell carcinoma of the external auditory canal, initial
'®F-fluorodeoxyglucose positron emission tomography/computed tomography ('®F-FDG PET/CT) images revealed a hypermetabolic mass standard
uptake value maximum (SUV,__:10.4, 40x30 mm in size) on the right side extending into the right parapharyngeal and masticator spaces and ipsilateral
infratemporal fossa (Figure 1a). Increased "®F-FDG uptake was also observed extending linearly in the right tympanic cavity, ear canals (SUV __: 8.0)
and mastoid bone (SUV,__:5.7) (Figure 1b). While intense physiological uptake by the brain presents a limitation in the evaluation of skull base lesions,
skull base invasion of the tumor was clearly visible in the posteroinferior part of the temporal lobe in this case (SUV,__ : 7.5, contralateral temporal lobe
SUV__:5.7). Involvement of the right V3 nerve through the foramen ovale in Meckel’s cavity and intracranial spread were observed (Figure 1c). There

was increased '®F-FDG uptake in a right cervical level 2, central hypometabolic peripheral hypermetabolic metastatic lymph node, 28x18 mm in size.
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Figure 2. Magnetic resonance imaging examination revealed a 39x28 mm lesion, in the right parapharyngeal and masticator area, extending
posterolaterally to the carotid sheath and posteriorly to the retropharyngeal area. The lesion appeared hypointense on T2-weighted images (Figure 2a)
and exhibited dense heterogeneous contrast enhancement on post-contrast series (Figure 2b). The lesion involved the right pterygoid and masseter
muscles, with intracranial extension via the right infratemporal fossa. Coronal T1-weighted contrast-enhanced imaging demonstrated skull base
invasion through the foramen ovale, resulting in 6.5 mm dural thickening in the posteroinferior aspect of the temporal lobe (Figure 2c). Additionally,
the lesion in the right tympanic cavity and external auditory canal (EAC) extended to the nasopharynx via the Eustachian tube, with intense T2
signal increases observed in these areas. Endoscopic nasopharyngeal examination revealed slight fullness in the right rosenmidiller fossa. Otoscopic
examination demonstrated diffuse maceration and bony erosion in the right EAC, as well as a thickened tympanic membrane. Punch biopsies were
obtained from both the nasopharynx and the right EAC.
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Figure 3. Lymphoid hyperplasia, focal squamous metaplasia/reactive cellular changes in the epithelium of the nasopharynx [Figure 3a,10x10 hematoxylin
and eosin (HE)] and well-differentiated squamous cell carcinoma of the external auditory canal (EAC-SCC) were diagnosed (Figure 3b, 10x10 HE).
Atypical squamous epithelial cells invading the subepithelial stroma of the EAC [(Figure 3¢, 20x10 PanK immunohistochemistry (IHC)], (Figure 3d,
40x10 CK5/6 IHC). The patient was classified as T4ANTMO stage, and the tumor was deemed unresectable. Consequently, chemoradiotherapy was
administered based on the decision of the multidisciplinary tumor board. Although primary malignant tumors of the EAC are rare (1), T4 stage EAC-
SCC exhibits a poor prognosis, with reported two-year survival rates for T4 stage EAC-SCC ranging from 0% to 7% (2). Due to the continuity of the
infratemporal fossa with the inferior parapharyngeal space, larger neoplasms can readily extend through the fat in the parapharyngeal space (3).
Perineural spread may occur through the foramina and fissures (4). Cross-sectional imaging modalities such as '®F-FDG PET/CT and MRI play a crucial
role in the accurate staging of EAC-SCC.
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Unveiling the Diagnostic Mystery: '®F-FDG PET and Bone Scan
Negative in Bone Metastases of Lobular Breast Cancer: A Case
Report

Tanisal Gizemin Cézilmesi: Lobuler Meme Kanseri Kemik Metastazlarinda '®F-FDG PET
ve Kemik Taramasi Negatif: Bir Olgu Sunumu
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Abstract

Identifying osseous metastases by imaging is essential and may be challenging in patients with lobular breast cancer. We present a case of a
66-year-old woman with lobular breast cancer who underwent '8F- fluorodeoxyglucose positron emission tomography/computed tomography
(FDG PET/CT) for staging purposes. '®F-FDG PET/CT reveals minimal FDG uptake in the primary tumor cells. Prominent sclerotic lesions with low
FDG avidity are seen in the spinal and pelvic bones. The subsequent Tc:99m methylene diphosphonate bone scan is unremarkable. The magnetic
resonance imaging (MRI) reveals bone metastases. MRl may be beneficial in invasive lobular carcinoma. MRI facilitates improved metastatic
evaluation, especially in bone-only and bone-predominant metastatic malignancies, when assessment with "®F-FDG PET/CT may be difficult and
constrained.

Keywords: Lobular breast cancer, '8F-FDG PET/CT, osseous metastases, MRI

Oz

Lobtler meme kanserli hastalarda kemik metastazlarinin gorintileme ile tespiti Gnemlidir ve tanisal anlamda zorlayici olabilir. Evreleme amaciyla
'8F-fluorodeoksiglukoz pozitron emisyon tomografisi/bilgisayarli tomografi (FDG PET/BT) taramasl yapilan 66 yasinda lobller meme kanserli
bir kadin olguyu sunuyoruz. '8F-FDG PET/BT, primer timor hiicrelerinde minimal FDG tutulumu gostermistir. Spinal ve pelvik kemiklerde FDG
icermeyen belirgin sklerotik lezyonlar gérilmistir. Ardindan yapilan Tc99m metilen difosfonat kemik taramasi normal saptanmistir. Manyetik
rezonans goruntileme (MRG), coklu kemik metastazlarini ortaya koymaktadir. MRG, invaziv lobiler karsinomda potansiyel olarak faydali olabilir.
MRG, 6zellikle sadece kemik ve kemik agirlikli metastatik malignitelerde, '®F-FDG PET/BT ile degerlendirmenin zor ve kisitli olabilecegi durumlarda,
metastazlarin daha iyi degerlendirilmesine yardima olur.

Anahtar kelimeler: Lobller meme kanseri, '®F-FDG PET/BT, kemik metastazlar, MRG
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Figure 1. A 66-year-old female has a documented diagnosis of locally advanced grade 2 right lobular breast cancer, which is estrogen receptor-positive;
progesterone receptor-positive; and human epidermal growth factor receptor 2-negative. "®F-fluorodeoxyglucose positron emission tomography/
computed tomography (FDG PET/CT) performed for preliminary staging. (a) Mild FDG uptake is seen in the primary tumor of the right breast.
Diffuse heterogeneous "®F-FDG uptake is seen in the skeleton, matching CT reveals ill-defined sclerotic lesions, most noticeable at the body of T12, L2
vertebrae, and bilateral iliac bones (white arrow) with no significant "8F-FDG avidity. (b) The whole body Tc-99m methylene diphosphonate bone scan

is unremarkable.
.

Figure 2. (a) The contrast-enhanced T2 images of magnetic resonance imaging (MRI) showed abnormal bone marrow signals across almost the
entire spine, ribs, shoulder blades, hips, and pelvis, suggestive of widely spread bone metastases. (b) Follow-up computed tomography (CT) imaging
demonstrates that several bony lesions have become denser (increased sclerosis), suggesting the healing response. Invasive lobular carcinoma (ILC)
accounts for a notable portion of invasive breast carcinomas, developing insidiously in roughly 10-15% of cases.

'8F-fluorodeoxyglucose positron emission tomography/CT(FDG PET) plays a meaningful role in the staging and restaging of breast cancer. However, its
sensitivity and detection rates are lower in lobular carcinoma, attributable to the lessened FDG-avidity of malignant cells (1). ILC demonstrates lower
maximum standardized uptake values standardized uptake value than invasive ductal carcinoma (IDC) on account of multiple mechanisms, such as
lower tumor cell density, reduced proliferation rates, diffuse infiltration into encompassing tissues, and diminished GLUT-1 expression (2).

In women with breast cancer, bone is the principal site of distant metastasis. It is also the primary site of metastasis in 50% of patients (3). Individuals
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diagnosed with lobular breast cancer display a greater tendency for bone metastases compared to those with ductal malignancies and more often
appear sclerotic on CT scans than those with IDC. "8F-FDG PET/CT is more sensitive in detecting lytic bone metastases in breast cancer patients, while
Tc-99m methylene diphosphonate bone scintigraphy demonstrates greater sensitivity for detecting sclerotic bone metastases. Recently, a study by
Usmani et al. (4) showed low sensitivity and precision of '8F-FDG PET/CT in identifying bone metastases in patients with lobular breast cancer. The
absence of uptake on whole body bone scan despite the presence of sclerotic lesions presents an intriguing diagnostic phenomenon. This discordance
may be attributed to several factors, including the subtle nature and small size of the sclerotic lesions, which could fall below the resolution threshold
of bone scintigraphy. Additionally, these findings might represent very early metastatic disease that is currently undetectable. Another consideration is
the possibility of low osteoblastic activity despite the sclerotic appearance on CT, suggesting a unique biological behavior of these metastatic lesions.
MRI demonstrates superior accuracy in the diagnosis of bone metastasis associated with lobular breast cancer. It detects bone metastases at an earlier
stage than other imaging techniques. It can identify subtle changes in bone marrow that may not be visible on bone scan, '®F-FDG PET or CT scans. The
rate of misdiagnosis associated with MRI in identifying bone metastasis in lobular breast cancer is comparatively low (5). In untreated patients with ILC,
non-FDG-avid sclerotic osseous metastases were found to be significantly more prevalent than in those with IDC. The diagnostic confidence is lower
in "8F-FDG PET/CT in ILC when evaluating for osseous metastases and consideration given to performing a biopsy/MRI or obtaining follow-up imaging
before excluding metastatic disease. Our case highlights the need for careful evaluation of any sclerotic lesion in lobular breast cancer patients, even if
negative on '8F-FDG PET/CT, and to consider alternative imaging modalities or more specific PET tracers such as '®F-fluoroestradiol and %8Ga-fibroblast
activation protein inhibitor-04 as alternative options for comprehensive evaluation of lobular breast cancer metastases (6,7). Furthermore, PET/MRI
emerges as a promising hybrid modality that could enhance diagnostic accuracy in such cases. This hybrid technology demonstrates higher sensitivity
for detecting bone metastases compared to PET/CT, making it particularly valuable in cases of ILC where metabolic activity is characteristically low.
The integration of PET/MRI into the diagnostic algorithm for ILC could potentially bridge the current imaging gaps, though availability and cost
considerations may influence its implementation in clinical practice.
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Gluteal Muscle Metastasis of Papillary Thyroid Cancer with
Increased Somatostatin Receptor Expression in ®*Ga-DOTATATE
PET/MRI

Papiller Tiroit Kanserinin Gluteal Kas Metastazinda Artmig Somatostatin Ekspresyonunun
%Ga-DOTATATE PET/MR G&riinttsU
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Abstract

A 56-year-old male patient underwent total thyroidectomy, and pathology revealed multicentric papillary thyroid cancer. His post-operative
stimulated thyroglobulin value was >500 ng/mL. "®F-fluorodeoxyglucose positron emission tomography (PET) computed tomography revealed
hypermetabolic metastatic pulmonary nodules, cervical, and mediastinal lymph nodes. There was also a hypermetabolic lesion in the left gluteal
muscle. Due to the patient’s history of a pilonidal cyst in the same region, the possibility of an abscess was also considered, and due to the absence
of radioactive iodine (RAI) uptake in the lesion, follow-up was deemed appropriate. During follow-up, as the patient progressed to RAl-refractory
state, ®®Ga-DOTATATE PET/magnetic resonance imaging, which was done for radionuclide therapy planning, revealed heterogeneously increased
uptake in the gluteal lesion. A subsequent biopsy confirmed the diagnosis of PTC metastasis.

Keywords: PET/MRI, FDG, %Ga, DOTATATE, thyroid cancer, muscle, metastasis

Oz

Elli alti yasinda erkek hasta total tiroidektomi sonucunda multifokal papiller tiroid kanseri (PTK) tanisi almistir. Postoperatif stimile tiroglobulin degeri
>500 ng/mL olarak lctilmus olup yapilan ®F-florodeoksiglukoz pozitron emisyon tomografisi (PET) bilgisayarli tomografi hipermetabolik metastatik
pulmoner noddiller, servikal ve mediastinal lenf nodlari saptanmistir. Ayrica sol gluteal bolgede kastahipermetabolik bir lezyon saptanmistir. Ayni
bélgede pilonidal kist dykiisti de olan hastada abse ihtimali de degerlendirilmis olup lezyonda radyoaktif iyot (RAI) tutulumu da olmamasi tizerine
takip uygun gérillmustiir. RAI refrakter duruma gecen hastaya yapilan %Ga-DOTATATE-PET/manyetik rezonans gériintiilemesinde gluteal lezyonda
heterojen artmis aktivite tutulumu goézlenmesiyle birlikte yapilan biyopsi PTK metastazi tanisini dogrulamistir.
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Figure 1. '®F-fluorodeoxyglucose-positron emission tomography (*®F-FDG PET) is beneficial in high-risk thyroid cancer patients who have increased
thyroglobulin (Tg) levels (>10 ng/mL) for both metastasis detection and prognostication (1,2,3). ®Ga-DOTATATE PET can also be performed for
metastasis detection and for '7’Lu DOTATATE treatment planning (4,5,6). While cervical lymph nodes, lungs, and bones are the most common sites of
metastasis, papillary thyroid carcinoma (PTC) can also metastasize to the brain, kidneys, liver, and adrenal glands (7). Skeletal muscle metastases are
extremely rare (8). Our patient had a bilateral total thyroidectomy operation, and the pathology result revealed multicentric (R: 1.1, 0.3, 0.2 cm; L: 7
cm) PTC (follicular, oncocytic follicular, classical variants, and diffuse sclerosing variant containing tall cell areas) and 1/1 central lymph node metastasis.
His post-operative stimulated Tg value was >500 ng/dL, and "8F-FDG PET/computed tomography was performed to detect metastasis, which revealed
cervical and mediastinal lymph nodes, and pulmonary metastases. Moreover, a 75x36x44 mm hypermetabolic lesion was detected inside the left
gluteal muscle [maximum standardized uptake value (SUV__)=40.08]. After receiving a total of 750 mCi of radioactive iodine (RAI) therapy, the
patient was considered RAl-refractory because of sustained high serum Tg levels. The gluteal lesion did not show radioiodine uptake. The patient
underwent %Ga-DOTATATE PET for radionuclide therapy planning due to a state refractory to RAI. The gluteal lesion showed increased DOTATATE
uptake (73x38x40 mm, SUV__=10.43), which increased suspicion for the lesion. A biopsy was performed to rule out a second primary malignancy,
and it confirmed thyroid cancer metastasis. Besides being extremely rare, this is the first report of a ®¥Ga-DOTATATE PET/magnetic resonance imaging
(MRI) of thyroid cancer muscle metastasis, to our knowledge. "®F-FDG PET (A), computed tomography (B), and maximum intensity projection (MIP)
(C) images of the patient showed a well-circumscribed left gluteal lesion, which had an intense FDG uptake (red arrows). ®¥Ga-DOTATATE PET (D),
T1-weighted MRI (E), and MIP (F) images showed heterogeneously increased ®Ga-DOTATATE uptake (blue arrows).
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Figure 2. Biopsy histological image. Papillary thyroid carcinoma within skeletal muscle and collagenous tissue [H&E, x40 (G) and x400 (H) magnification],
skeletal muscle tissue (blue arrow), collagenous fibrous tissue (yellow arrow), thyroid cancer cells (red arrows).

Figure 3. Post-RAI MIP images: the first 250 mCi image (1) shows thyroid bed and mediastinal lymph node uptake (black arrows). The second 250 mCi
image (J) shows a lymph node uptake (black arrow). The third 250 mCi image (K) shows a more faint lymph node uptake (black arrow). The gluteal

lesion did not show uptake.
RAl: Radioactive iodine, MIP: Maximum intensity projection
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An Interesting Case of Fornix Rupture Discovered Accidentally on
Bone Scintigraphy

Kemik Sintigrafisinde Tesad(ifen Saptanan liging Bir Forniks Riiptirti Olgusu
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Military University Hospital, Clinic of Nuclear Medicine, Rabat, Morocco

Abstract

A 62-year-old male patient, with bladder carcinoma, was referred to our institution for Technetium-99m methylene diphosphonate bone
scintigraphy to assess for bone metastasis. While the bone scan showed no abnormal uptake, extraosseous uptake was detected in the left
perirenal and pelvic regions on the whole body scan. Computed tomography showed fornix rupture and demonstrated tracer pooling in the
perirenal collection. Our diagnosis was very consistent, and oriented the therapeutic attitude towards a percutaneous drainage for the perinephric
urinary leak.

Keywords: Urinoma, bone scintigraphy, bladder carcinoma

Oz

Mesane karsinomu olan 62 yasinda bir erkek hasta, kemik metastazini degerlendirmek tzere Teknesyum-99m metilen difosfonat kemik sintigrafisi
icin kurumumuza sevk edildi. Kemik taramasinda anormal tutulum gorilmezken, tim vicut taramasinda sol perirenal ve pelvik bolgelerde
ekstraossedz tutulum tespit edildi. Bilgisayarli tomografi, forniks riiptirii ve perirenal koleksiyonda radyoaktivite birikimi gosterdi. Tanimiz oldukca
tutarliydi ve tedavi yaklasimimizi perinefrik idrar kacagi icin perkitan drenaja yonlendirdi.
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Figure 1. Urinary collecting system rupture, leading to perirenal or retroperitoneal urine extravasation, is a rare complication often associated with
urinary tract obstruction. A urinoma refers to a localized accumulation of urine in the retroperitoneum, outside the urinary tract, and typically occurs
due to injury to the urinary system wall. Ureteral obstruction caused by a bladder tumor represents a rare cause of urinoma (1). We report an
interesting case of a 62-year-old man with a history of bladder carcinoma, referred to our institution for bone scintigraphy as part of the initial staging
of his neoplastic disease. Bone scintigraphy with Technetium-99m hydroxymethylene diphosphate in planar anterior and posterior views revealed an
area of extraosseous uptake in the left perirenal and pelvic regions, likely related to fornix rupture, with no suspicious hypermetabolic foci suggestive

of bone metastasis.
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Figure 2. A history of mild abdominal pain in the left flank was reported. Our diagnosis was confirmed by an abdominopelvic computed tomography
scan, showing fornix rupture with perirenal collection consistent with perirenal leak. Next day, the therapeutic approach towards percutaneous

drainage was indicated for our patient.

Urinoma is a rare pathology linked to ureteral obstruction (commonly due to calculi) (2). It may also result from retroperitoneal fibrosis, pelvic mass,
ureteropelvic junction obstruction, and pregnancy (1). Ureteric obstruction by neoplasm is a rare cause of spontaneous urinary leak and it is not
typically detected via bone scintigraphy (3). However, the presence of radiotracer excretion outside the genitourinary tract can help in diagnosing
urinary leaks (4). Incidental findings of urinary leaks have been reported in literature with others radiotracers which are normally excreted by the
kidneys such as: Fluorine-18 fluorodeoxyglucose and iodine-123 metaiodobenzylguanidine, (5). The significance of this case lies in the unexpected

discovery of a urinary leak during oncologic evaluation via bone scintigraphy.

Ethics

Informed Consent: The institutional review board of our
institute “Med V Military Teaching Hospital” approved
this publication, and the requirement to obtain informed
consent was waived.

Footnotes

Authorship Contributions

Concept: SN.O,, A.D,, A.D,, Design: S.N.O., A.D,, A.D,, Data
Collection or Processing: S.N.O., A.D.,, A.D., Analysis or
Interpretation: S.N.O., Y.B.,, A.D,, Literature Search: S.N.O,,
O.A.S., Writing: S.N.C.

Conflict of Interest: No conflicts of interest were declared
by the authors.

Financial Disclosure: The authors declare that this study
has received no financial support.

References

1. Doehn C, Fiola L, Peter M, Jocham D. Ursachen und verlauf bei
fornixruptur [causes and course of fornix rupture]. Aktuelle Urol.
2010;41:119-121.

2. Wimpissinger F, Tirk C, Kheyfets O, Stackl W. The silence of the stones:
asymptomatic ureteral calculi. J Urol. 2007;178:1341-1344.

3. Grosse A, Grosse C. Bildgebungsmodalitdten und therapieoptionen bei
patienten mit akutem flankenschmerz [imaging modalities and therapy
options in patients with acute flank pain]. Radiologe. 2014;54:700-714.

4. Vadi SK, Dasagrandhi V, Bhattacharya A, Singh SK, Mittal BR. Incidental
detection of perinephric urinary leak on bone scintigraphy in a patient
with urinary bladder carcinoma. Indian J Nucl Med. 2018;33:68-70.

5. Banzo |, Martinez-Rodriguez |, Quirce R, Jimenez-Bonilla J, Sainz-Esteban
A, Barragdn J, Portilla-Quattocciochi H, Medina-Quiroz B Carril JM.
Incidental detection of renal transplantation urinary leakage on FDG-
PET/CT imaging for evaluation of lung metastases. Clin Nucl Med.
2009;34:924-926.

248



Interesting Image
Mol Imaging Radionucl Ther 2025,;34:249-251 DOI:10.4274/mirt.galenos.2025.03764

Rare Acute Polyarticular Gout Disease Detected with '®F-FDG
PET/CT

'F-FDG PET/BT ile Tespit Edilen Nadir Akut Poliartikiler Gut Hastaligi
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Abstract

Gout is an inflammatory arthropathy that develops due to the accumulation of monosodium urate crystals in the joints in adults. In approximately
half of the cases, it presents as monoarthritis with an acute attack involving the first metatarsophalangeal joint. The first attack is rarely polyarticular.
Herein, we present a male patient who presented with swelling and acute pain in the 5% toe but '®Ffluorodeoxyglucose positron emission
tomography/computed tomography showed symmetric polyarticular involvement which was mimicking arthritis.

Keywords: Gout disease, '®F-FDG PET/CT, arthritis

Oz

Gut, yetiskinlerde eklemlerde monosodyum Urat kristallerinin birikmesi nedeniyle gelisen bir enflamatuvar artropatidir. Olgularin yaklasik yarisinda,
birinci metatarsofalangeal eklemi iceren akut atakla monoartrit olarak ortaya cikar. ik atak nadiren poliartikilerdir. Burada, 5. ayak parmaginda
sislik ve akut agn ile basvuran ancak '®F-fluorodeoksiglukoz pozitron emisyon tomografisi/bilgisayarli tomografi'de artriti taklit eden simetrik
poliartikiler tutulum gosteren bir erkek hastayr sunuyoruz.
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Figure 1. An 84-year-old man, with a known history of hypertension, asthma, and coronary artery disease, presented to the orthopedics clinic with
complaints of acute swelling and pain in the right fifth toe. The patient had not experienced similar complaints previously. Magnetic resonance imaging
revealed T2 hyperintense nodular images on the articular surfaces of the 15t and 2™ metatarsophalangeal joints of the right foot. A hyperintense mass
was observed on imaging distal to the 2" metatarsal, extending to the phalanx, disrupting the cortex, and spreading into the soft tissue. Additionally,
a mass was detected in the distal phalanx of the 5" toe which destroys the bone cortex and extends into the soft tissue. To rule out malignancy,
'®F-fluorodeoxyglucose positron emission tomography/computed tomography (*F-FDG PET/CT) was performed (A). Significant increased '®F-FDG
uptake was detected in bilateral intertarsal, tarsometatarsal, metatarsophalangeal, and interphalangeal joints which was more pronounced on the left
side (line B, C, and D: arrows). CT images revealed destruction of the cortices of the bones adjacent to the metatarsophalangeal joint surfaces (line B, C:
arrowhead), and soft tissues around the joints (line D: asterix) While active symmetric bilateral arthritis was primarily considered, no findings suggestive

of malignancy were found in the other parts of the body.
'8F-FDG PET/CT: "8F-fluorodeoxyglucose positron emission tomography/computed tomography, MIP: Maximum intensity projection
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Figure 2. A biopsy was performed from the distal left 5" metatarsal and the right 5" interphalangeal joints (A, B, C: hematoxylin and eosin x 100).
Amorphous, pale eosinophilic material with a nodular appearance (B: star) was observed within the fibrous tissue, surrounded by palisade-arranged
histiocytes and multinucleated giant cells, (B: arrow). The biopsy result was reported as consistent with gout involvement.

'8F-fluorodeoxyglucose ("8F-FDG) is not specific to cancer. Increased "8F-FDG uptake can be detected in cells involved in inflammation due to increased
glucose metabolism (1). Therefore, '8F-FDG is an ideal biological marker for evaluating arthritic disorders (2). In gout arthritis, moderate '8F-FDG uptake
can be observed in tophi, adjacent joints, and soft tissues (2,3). "8F-FDG uptake is generally lower than that seen in malignant lesions (4). Polyarticular
involvement of gout disease is unusual. It can mimic other rheumatological arthritis or more rarely metastatic disease on "F-FDG positron emission
tomography/computed tomography (PET/CT) (1,5). Arthritic symptoms can also be caused by paraneoplastic events, such as carcinoma polyarthritis
(6). However, periarticular localization observed on CT, along with juxta-articular erosive lesions that have sclerotic and protruding borders, suggests
gout (7,8). In elderly men who undergo "®F-FDG PET/CT imaging to rule out malignancy, as in our case, focal "®F-FDG uptake due to gouty arthropathy
should be considered. There are limited data in the literature showing the benefits of functional imaging in gouty arthropathy. Excluding malignancy
and early detection of the disease with '8F-FDG PET/CT can lead to earlier treatment and improved patient outcomes.
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"8F_-FDG PET/CT Detection of Extensive Pleural Metastasis in Rare
Malignancy Thymoma

Nadir Bir Malignite Olan Timomada Yaygin Plevral Metastazin '®F-FDG PET/BT ile Tespiti

® Mehmet Oguz Kartal!, ® Berna Okudan?

IUniversity of Health Sciences Turkiye, Elazig Fethi Sekin City Hospital, Clinic of Nuclear Medicine, Elazig, Tirkiye
2Ankara Bilkent City Hospital, Clinic of Nuclear Medicine, Ankara, Tirkiye

Abstract

The majority of metastatic pleural lesions are caused by malignancies such as bronchogenic carcinoma (40%), breast cancer (20%), lymphoma
(10%), and ovarian or gastric carcinomas (5%). However, pleural metastases from thymoma are extremely rare. In this report, we present the
"®F-fluorodeoxyglucose ("8F-FDG) positron emission tomography/computed tomography (PET/CT) imaging findings of a patient with thymoma
and extensive pleural metastases. Although biopsy remains the gold standard for diagnosis, it is important to consider high grade thymoma in
the differential diagnosis, as extensive pleural involvement observed on "®F-FDG PET/CT imaging can mimic both primary and metastatic pleural
malignancies. Recognizing this possibility can assist in more accurate interpretation of imaging findings.

Keywords: Thymoma, pleura, metastasis, '8FDG, PET/CT

Oz

Metastatik plevral lezyonlarin bilytk ¢ogunlugunu bronkojenik karsinom (%40), meme kanseri (%20), lenfoma (%10), over ve gastrik kanserler
(%5) gibi malignitelerden kaynaklanmaktadir. Timomanin plevral metastazlari ise olduk¢a nadir gériilmektedir. Bu olguda yaygin plevral
metastaz saptanan timoma hastasina ait '®F-florodeoksiglukoz (®F-FDG) pozitron emisyon tomografi/bilgisayarli tomografi (PET/BT) gorintdlerini
paylasiyoruz. Her ne kadar altin standart biyopsi tanisi olsa da, yaygin plevral tutulumlarin '®F-FDG PET/CT gorintisl itibari ile primer ve metastatik
plevral maligniteleri taklit edebileceginden ayirici tanida ylksek grade timomayi hatirlamak goriintlyt daha dogru yorumlamaya yardimai olacaktir.
Anahtar kelimeler: Timoma, plevral, metastaz, '®FDG, PET/BT
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Figure 1. A 49-year-old male presented to the outpatient clinic with progressive shortness of breath and a persistent cough. Thoracic computed
tomography (CT) demonstrated multiple nodular masses, measuring up to 4 cm, involving the mediastinal, costal, and diaphragmatic pleura
(Figures A, C). Additional conglomerated nodular lesions were identified in the anterior mediastinum. Histopathological evaluation of a tru-cut
biopsy from a suspected primary pleural malignancy confirmed the presence of a malignant thymic epithelial neoplasm, consistent with thymoma.
Immunohistochemical staining showed neoplastic cells positive for TdT, PanCK, and p63, while calretinin and thyroid transcription factor-1 were
negative. Due to limited biopsy material, precise World Health Organization (WHO) subtype classification could not be performed.
'®F-fluorodeoxyglucose (*¥F-FDG) positron emission tomography (PET))/CT imaging provided further diagnostic confirmation, revealing increased
®F-FDG uptake in a soft tissue lesion located in the anterior mediastinum measuring 64 x 44 mm (Figures D, E, red arrow) with a maximum
standardized uptake value (SUV__)of 11.11. Additional elevated FDG uptake was observed in pleural masses in the left hemithorax (Figures B, D, blue
arrow) with an SUV__ of 7.99. No pleural effusion was identified, and physiological FDG distribution was noted in other regions of the body (Figure E).
Thymomas are classified into five histological subtypes (A, AB, B1, B2, and B3) based on the WHO classification. Subtypes A, AB, and B1 are
considered low risk for recurrence, whereas subtypes B2 and B3 are categorized as high-risk, with a greater propensity for metastasis and recurrence
(1). Thymomas are rare neoplasms that generally grow slowly and exhibit local spread. Common metastatic sites include the pleura, pericardium, and
diaphragm, while extrathoracic metastases are uncommon (2).

Although pleural metastases of high-risk thymoma are rare, they can mimic the imaging features of primary pleural malignancies or metastatic pleural
disease (3). Therefore, it is important to consider high-grade thymoma in the differential diagnosis when pleural involvement is observed. Careful
evaluation of the anterior mediastinum in such cases may facilitate accurate diagnosis and significantly impact treatment planning. This case highlights
the diagnostic value of "8F-FDG PET/CT and underscores its critical role in differentiating thymomas with pleural involvement (4,5).
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Comment on the Use of the ThyPRO Questionnaire in Turkish
Populations: Methodological Consideration

ThyPRO Anketinin Ttirk Popiilasyonlarinda Kullanimina lliskin Yorum: Metodolojik
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Dear Editor,

| have read with great interest the article by Afsin and
Galiskan (1) titled "Quality of Life Outcomes Following
Radioactive lodine-131 Therapy in Hyperthyroid Patients:
Insights from the Thyroid Patient-Reported Outcome
Questionnaire,” recently published in Molecular Imaging
and Radionuclide Therapy.

While the topic is undoubtedly relevant and the study
presents promising findings regarding the impact of
radioactive iodine (RAI) therapy on quality of life (Qol) in
hyperthyroid patients, | would like to raise a methodological
concern that may impact the interpretability of the results.

The authors have utilized the thyroid patient-reported outcome
(ThyPRO) questionnaire to assess QoL changes before and
after RAI therapy. However, to the best of my knowledge, no
formal validity and reliability study has yet been conducted for
the Turkish version of the ThyPRO instrument. The absence
of a culturally and linguistically validated version of the tool
may introduce bias, limit interpretability, and compromise the
internal validity of the results.

Given the importance of using psychometrically robust
instruments, especially in studies relying on patient-

reported outcomes, this issue should be acknowledged
as a limitation in the manuscript. | respectfully suggest
that future studies using the ThyPRO in Turkish-speaking
populations should ensure proper cross-cultural adaptation
and psychometric validation in accordance with established
guidelines.

Thank you for considering this comment in the spirit of
constructive academic discourse.

Sincerely,

Footnotes
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False Positive Findings of ®Ga-DOTATOC PET/CT: A Systematic
Review

%Ga-DOTATOC PET/BT'nin Yanlis Pozitif Bulgular: Sistematik Derleme
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Abstract

This systematic review aimed to explore the currently reported false positive findings of Gallium-68 (®Ga)-1, 4, 7, 10-tetraazacyclododecane-1,
4, 7, 10-+tetraacetic acid Tyr3-octreotide (**Ga-DOTATOC). PubMed, Web of Science, and Scopus databases were used to conduct a systematic
search and were updated until March 4, 2024. Three authors independently screened the titles and abstracts of the retrieved articles and selected
the articles based on the inclusion and exclusion criteria. In a qualitative analysis of 42 included research articles involving 601 patients, 219 false
positive findings were identified and categorized. Non-oncologic etiologies predominated, constituting 50.2% of pitfalls, followed by benign
oncologic (27.4%) and malignant neoplasms (22.4%). Anatomically, the abdomen was the most common site for pitfalls (30.6%), followed by
the musculoskeletal (22.4%), head and neck (20.5%), and pelvic (14.6%) regions. Chest region findings were least frequent, accounting for only
11.9%. This study elucidates potential false positive findings, predominantly occurring in the abdominal and head-neck regions—primary sites
for meningiomas and neuroendocrine tumors (NETs). Understanding these false-positive findings is crucial for accurate diagnosis. Furthermore,
recognizing these pitfalls may lead to novel applications of ®Ga-DOTATOC beyond its conventional use in evaluating NETs and meningiomas,
potentially expanding its current utility.

Keywords: %Ga-DOTATOC, SSTR, PET/CT, false positive findings, false positive uptake, diagnostic pitfalls, pitfalls, systematic review

0z

Bu sistematik derlemenin amaci, Galyum-68 (®Ga)-1, 4, 7, 10-tetraazasilododeskan-1, 4, 7, 10-tetraasetik asit Tyr3-oktreotid (®Ga-DOTATOC) ile
bildirilen yanlis pozitif bulgulari incelemektir. Sistematik tarama icin PubMed, Web of Science ve Scopus veritabanlari kullanildi ve aramalar 4 Mart
2024 tarihine kadar giincellendi. Ug yazar, elde edilen makalelerin baslik ve ézetlerini bagimsiz olarak tarayarak dahil etme ve dislama kriterlerine
gore secim yapti. Alti yiz bir hastayr kapsayan 42 arastirma makalesinin nitel analizinde 219 yanlis pozitif bulgu saptandi ve kategorize edildi.
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Al-Adhami et al. ®8Ga-DOTATOC PET/CT Pitfalls

Onkolojik olmayan etiyolojiler baskindi ve hatalarin %50,2'sini olusturdu; bunu iyi huylu onkolojik (%27,4) ve k6t huylu neoplazmlar (%22,4)
izledi. Anatomik olarak en sik hatalar karin bolgesinde (%30,6) gorildu; bunu kas-iskelet sistemi (%22,4), bas-boyun (%20,5) ve pelvik (%14,6)
bolgeler takip etti. Gogus bolgesi bulgulari en az siklikla gorildi ve yalnizca %11,9 oraninda raporlandi. Bu calisma, yanlis pozitif bulgularin
cogunlukla karin ve bas-boyun boélgelerinde ortaya ciktigini ve bunlarin menenjiyomlar ile néroendokrin timorlerin (NET’ler) primer bélgeleri
oldugunu gostermektedir. Bu yanlis pozitif bulgularin anlasilmasi, dogru tani icin kritik dneme sahiptir. Ayrica bu hatalarin taninmasi, ®Ga-
DOTATOC'un NET'ler ve menenjiyomlarin degerlendirilmesindeki geleneksel kullaniminin 6tesinde, potansiyel olarak yeni uygulama alanlarina

genisletilmesine katki saglayabilir.

Anahtar kelimeler: %Ga-DOTATOC, SSTR, PET/BT, yanlis pozitif bulgular, yanlis pozitif tutulum, tanisal tuzaklar, tuzaklar, sistematik derleme

Introduction

Gallium-68 (®8Ga)-1, 4, 7, 10-tetraazacyclododecane-1, 4,
7, 10-tetraacetic acid Tyr3-octreotide (8Ga-DOTATOC) is a
positron emission tomography (PET) imaging agent that is
expressed primarily in neuroendocrine tumor pathologies
and meningiomas and contains abundant somatostatin
receptor (SSTR) type 2 (1). In 2001, the first study on
this promising PET tracer targeting SSTRs was published,
introducing DOTATOC labeled with %Ga (2). Multiple
comparative studies have been subsequently conducted to
benchmark its reliability against the traditionally used """In-
octreotide single photon emission computed tomography
(CT) ovel SSTR imaging agent in different neuroendocrine
tumor subtypes (3,4,5). %Ga-DOTATOC has generally
demonstrated superiority to '"In-octreotide regarding
detection rate, sensitivity, and image resolution (3,4,5).

%8Ga-DOTATOC is utilized not only for imaging purposes but
also for a theranostic approach, a concept that has become
increasingly relevant in recent years (6). Radiotheranostics,
involving the use of ®Ga-DOTATOC for quantitative imaging
of tumor-related biomarkers, is considered the pinnacle of
personalized nuclear medicine (6). Initial evaluation with
%Ga-DOTATOC aids in identifying individuals suitable for
SSTR-based peptide radionuclide receptor therapy (PRRT)
(7). Patients who demonstrate positive accumulation of
the radiolabeled molecule in tumor lesions are deemed
eligible for PRRT, which involves intravenous administration
of a SSTR targeting molecule labeled with a therapeutic
radionuclide such as lutetium-177-DOTA peptides (7). The
increasing use of radiotheranostics in nuclear medicine is
currently widely recognized (6).

Although the sensitivity of %Ga-DOTATOC PET/CT
compared to that of other imaging modalities has been
well studied, the cancer specificity and positive predictive
value of ®Ga-DOTATOC-avid PET/CT findings are currently
understudied. Pitfalls have been observed to affect various
anatomic sites and are linked to various disease entities,
potentially limiting optimal diagnostic accuracy (8). With the
increasing number of SSTR PET imaging studies performed
worldwide, there are consequently many reported cases

of false-positive ®Ga-DOTATOC-avid findings, but most of
these findings have been published as case reports.

The objective of this systematic review was to explore the
currently reported false positive findings of %Ga-DOTATOC
and study their relative prevalence, aiming to provide an
up-to-date overview relevant for the interpretation of
clinical ®Ga-DOTATOC PET/CT findings.

Materials and Methods

Search Strategy

This systematic review adapted its methodology from the
guidelines of the preferred reporting items for systematic
reviews and meta-analyses (9). The study has not been
registered in PROSPERO or any other registration domains.
Three authors—DAA, ASA, and AA-l—conducted a
systematic search of PubMed, Web of Science, and Scopus-
indexed articles to identify research publications exploring
SSTR-positive  findings beyond physiologic distribution,
NETs and meningiomas using 8Ga-DOTATOC as the primary
radiotracer.

The search algorithm combined key terms of interest
and their related Medical Subject Headings terms (10).
No language or date filters were applied during the data
retrieval. The systematic literature search and extraction
methods were updated until March 4, 2024. Studies were
included if they clearly specified false positive findings
and provided patient demographics for individuals with
the pitfall of interest. All research papers, except meeting
abstracts, were considered eligible for inclusion. Preclinical,
simulation, and animal studies were excluded from the
analysis.

The same three authors reviewed the titles and abstracts
of the retrieved articles using the aforementioned search
algorithm. They applied the previously mentioned inclusion
and exclusion criteria, eliminating articles that were clearly
ineligible.

Data Extraction

This systematic review extracted comprehensive datasets
from the included studies. General extracted information
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encompassed the primary author's name, publication
year, total study sample size, study language, patient
characteristics (such as gender and age), journal name,
and article subtype. Additionally, specific qualitative data
related to false positive findings were collected, including
the name of each diagnostic pitfall, its anatomical site, and
its etiology. Microsoft Excel Version 2016 was utilized for
data organization and collection.

Assessment of Methodological Quality and Risk of
Bias

The methodological quality of the original articles included in
this systematic review, which examine the diagnostic utilities
of %Ga-DOTATOC PET/CT, was independently evaluated
utilizing the standardized Quality Assessment of Diagnostic
Accuracy Studies-2 (QUADAS-2) protocol (11). QUADAS-2
scores were analyzed to ascertain the risk of bias and the
methodological applicability of the studies (11).

For single reported instances, we employed an adapted
version of the CAse REport (CARE) scoring system to
evaluate the credibility of the presented data. This
methodology utilizes a comprehensive set of 13 parameters
outlined in the CARE checklist (12). Adapted CARE quality
assessment framework categorizes manuscripts based on
criteria adherence: high-quality papers meet at least 10
criteria, intermediate-quality 5-9, and low-quality no more
than 4 (13).

Results

Study Inclusion

Overall, 42 research articles met the eligibility criteria for the
systematic review (Figure 1A) (4,5,6,7,8,14,15,16,17,18,
19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,
36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,
53). These studies included a total of 601 patients, with
a slight male predominance, constituting approximately
54% of the total patient population. Nearly two third of
the included studies were published in journals specializing
in nuclear medicine (4,8,14,15,16,17,21,24,25,27,28,
29,31,32,33,34,35,37,38,39,43,45,46,49). The majority
of the studies were conducted in European countries,
which accounted for the correspondence in 34 studies,
representing 81% of the total. Most of the research
articles were case reports or interesting images, comprising
60% of the total publications (8,14,16,18,21,23,25,26,
29,31,32,33,34,35,37,39,40,42,43,44,46,48-50,52,53).
Original research studies followed in frequency, making
up one-third of the total publications and were mostly
retrospective in nature (4,15,17,19,20,22,24,27,28,30,
36,38,41,45,51).

Finally, a single review article was identified that showcased
a diagnostic pitfall in single reported case (Table 1) (47).

Methodological Quality

The QUADAS-2 qualitative assessment of original studies
(Figure 1B), revealed a high risk of bias and high applicability
concerns in the patient selection domain for four studies,
primarily due to small sample sizes and suboptimal
recruitment strategies (17,19,20,38). An additional study
exhibited high patient selection bias risk owing to its limited
sample size (30). Two studies demonstrated unclear biases
and applicability concerns stemming from retrospective
recruitment (27,51). One prospective study showed
unclear patient selection applicability due to its limited
sample size, potentially affecting generalizability (45). A
single study presented unclear applicability concerns due
to ambiguous blinding of readers to clinical information
(38). Furthermore, one study displayed unclear applicability
in reference standards, which were absent for a subset of
included patients (19).

Regarding case reports, two-thirds of the reported cases
demonstrated high quality according to adapted CARE
criteria, while the remaining one-third was of intermediate
quality (Figure 1C). Notably, no low-quality case reports were
observed. A more comprehensive qualitative assessment is
provided in the Supplementary Tables 1 and 2.

Overview of False Positive Findings

A total of 219 false positive findings were detected, with
the most commonly encountered finding being uptake
in the pancreatic uncinate process (23.7%), followed by
uptake in the vertebral hemangioma (15.9%), uptake in
the head and neck squamous cell carcinoma (HNSCC)
(14.1%), and non-specific uptake in the prostate (11.4%).
All other pitfalls were reported less frequently. All false
positive findings were subsequently classified based on
their anatomic location and etiology (Table 2).

Head and Neck Region

The head and neck region ranked third in terms of
frequency of false positive findings. HNSCC with avidity
for #Ga-DOTATOC was the predominant finding in this
region. It is noteworthy that malignant causes were more
common in this region, with only a small percentage
of benign oncologic conditions identified and no non-
oncologic causes noted (Table 3).

Chest Region

The chest region exhibited the lowest frequency of false
positive findings. Notably, subacute myocardial infarction
was the most commonly observed condition in this area.
Subsequently, there were five instances of immunotherapy-

258



Mol Imaging Radionucl Ther 2025;34:256-266

Al-Adhami et al. ®8Ga-DOTATOC PET/CT Pitfalls

Table 1. General characteristics of included studies

Total sample

First author, year Country Study (Gender) Age | Journal

Al-lbraheem, 2022 (16) Jordan CR 1 (1M) 64 Nuclear Medicine and Molecular Imaging
Al-lbraheem, 2016 (14) Jordan CR 1 (1M) 49 Nuklearmedizin

AHbraheem, 2011 (15) Jordan OR 43 (13M, 30F) 64 :E;;c;?ﬁsn Journal of Nuclear Medicine and Molecular
Bashir, 2021 (8) Denmark CR 15 (3M, 12F) 67 :Er:;(;?r?gan Journal of Nuclear Medicine and Molecular
HO6g, 2018 (26) Sweden CR 2 (2M) 71 Clinical Genitourinary Cancer

Khalaf, 2020 (29) Jordan CR 1 (1M) 13 Nuclear Medicine and Molecular Imaging

Johnbeck, 2017 (28) Denmark OP 59 (35M, 24F) 61 Journal of Nuclear Medicine

Lapa, 2015 (30) Germany OP 12 (7M, 5F) 52 International Journal of Cardiology

Richard, 2023 (42) France CR 1(1F) 73 Clinical Nuclear Medicine

Werner, 2016 (53) Germany CR 5 (3M, 2F) 61 Journal of Medical Imaging and Radiation Oncology
Putzer, 2009 (41) Austria OR 51 (29M, 22F) 60 Journal of Nuclear Medicine

Bollano, 2022 (18) Sweden CR 1(1M) 20 European Heart Journal

Trevisi, 2022 (50) [taly CR 1(1F) 82 Journal of Cancer Research and Therapeutics
Vandekerckhove, 2021 (52) | Belgium CR 1(1M) 66 | Acta Clinica Belgica

Ceccato, 2020 (20) [taly OR 16 (7M, 9F) 66 Endocrine Connections

Gossili, 2020 (24) Denmark OR 8 (8M) 67 Hellenic Journal of Nuclear Medicine

Lococo, 2017 (33) [taly CR 1 (1M) 77 Clinical Nuclear Medicine

Lococo, 2021 (34) [taly CR 5 (1M, 4F) 67 Clinical Nuclear Medicine

Pinot, 2021 (40) France CR 1(1M) 67 Clinical Nuclear Medicine

Umana, 2022 (51) [taly OR 67 (33M, 34F) 69 Anticancer Research

Treglia, 2014 (49) Switzerland CR 1(1F) 48 Nuclear Medicine and Molecular Imaging

Ryoo, 2020 (43) Korea CR 1(1F) 55 Nuclear Medicine and Molecular Imaging
Jacobsson, 2012 (27) Sweden OR 50 (26M, 24F) 59 Clinical Nuclear Medicine

Binse, 2016 (17) Germany OR 15 (8M, 7F) 59 Journal of Nuclear Medicine

Gilardi, 2017 (23) [taly CR 1(1F) 68 Endocrine

Peter, 2014 (39) Germany CR 1(1M) 77 Clinical Nuclear Medicine

Gabriel, 2007 (4) Austria OP 84 (48M, 36F) 58 Journal of Nuclear Medicine

Gauthé, 2018 (22) Spain OR 79 (40M, 39F) 65 European Radiology

Lorusso, 2021 (35) [taly CR 1 (1M) 58 Clinical Nuclear Medicine

Fabritius, 2021 (21) Germany CR 1(1F) 74 Clinical Nuclear Medicine

Paquet, 2018 (38) France OR 15 (10M, 5F) 53 IE#];(;?nesn Journal of Nuclear Medicine and Molecular
Schmidt, 2019 (46) USA CR 1(1M) 60 World Journal of Nuclear Medicine

Takesh, 2011 (48) Germany CR 1(1F) 59 Radiology Case Reports

Guglielmo, 2022 (25) [taly CR 1(1M) 81 Clinical Nuclear Medicine

Sharma, 2013 (47) India RA 7 (2M, 5F) 38 American Journal of Roentgenology

Boughdad, 2021 (19) Switzerland OR 11 (10M, 1F) 71 Journal for ImmunoTherapy of Cancer

Mahajan, 2019 (37) USA CR 1 (1M) 70 Clinical Nuclear Medicine

Saeed, 2022 (44) Germany CR 1(1M) 73 RoFo
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Table 1. Continued
. Total sample

First Author, Year Country Study (Gender) Age | Journal

Laurens, 2018 (31) Netherlands | CR 1 (1M) 56 Clinical Nuclear Medicine

Schartinger, 2013 (45) Austria op 15 (13M, 2F) 55 European Journal of Nuclear Medicine and Molecular
Imaging

Liberini, 2019 (32) [taly CR 1(1M) 42 Clinical Nuclear Medicine

Luboldt, 2010 (36) Germany OR 20 (20M) 67 Molecular Imaging and Biology

CR: Case reports, F: Female, M: Male, OP: Original prospective studies, OR: Original retrospective studies, RA: Review article

A B QUADAS-2
—
S online databases ("somatostatin receptor” OR "somatostatin receptors" Risk of bias
g (n=412) OR SSTR OR SSTR2) AND ("68Ga-DOTA-TOC" OR : e
£ 168Ga-DOTATOC" OR "Ga-68 DOTATOC' OR "68Ga- Patient Selection
3 DOTA-Peptide" OR  "68Ga-SSTR  PET") AND
("Incidental” OR "false-positive" OR "Radiotracer Index Test
— < Uptake" OR OR "Diagnostic pitfalls" OR "pitfall")
() Reference Standard
Records after excluding . L
. o Duplicates eliminated < o
duplicates » _ Flow and Timing
(n=196)
®» (n=216)
s o] 5 10 15
;Z l Applicability Concerns
Records underwent ERilding inciiible Teeora Patient Selection _ -
abstract screening p| Excludi g'( e_'7gs') € records
2 Full-text articles were i i 0 5 10 15
g explored for eligibility < Wl il C CARE Criteria
= (n=101) reason (n=
lHigh Quality | Intermediate Quality
)
—
v n=18
§ Eligible studies for Excluding articles due to
e qualitative nent P incomplete data n=9
(n=42) (n=59) 2
(-

Figure 1. (A) A flowchart demonstrating the process of data acquisition, duplicate removal, screening, and final inclusion. (B) Results from standardized
Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) protocol assessment. (C) Results from the adapted CAse REport (CARE) scoring
system, OR: Original retrospective studies, SSTR: Somatostatin receptor, 68GA: Gallium-68 PET: Positron emission tomography

induced myocarditis (Figure 2), and five instances of = [aple 2. Classification of false positive findings based on

a pleural solitary fibrous tumor. Furthermore, several anatomical location and underlying cause

diagnostic challenges were recorded and categorized | Region-based analysis

(Table 4). . Anatomic site EE;:?:;tgns Percentage
Abdomen and Pelvis Head and neck 45 20.5%

The abdomen and pelvis are areas in which false positive | act 26 11.9%
findings commonly occur. Together, these regions account  [Ap4omen 67 30.6%

for approximately 45% of all false positive findings. Pitfalls 55 3 14.6%

in the abdomen are more prevalent, representing 30.6%, Musculoskeletal 9 22 4%

while pelvic pitfalls make up 14.6% (Figure 3). Within the
abdomen, uptake in the pancreatic uncinate process is the

f | d pitfall 0 h Etiolo LEL LGy Percentage
most frequently encountered pitfall (23.7%). Whereas, gy observations g
pelvic pitfalls were mostly due to non-specific uptake in the

Etiology-based analysis

o oo i X Non-oncologic etiology 110 50.2%
prostate. Additional findings are detailed in Table 5. Benigh oncologic etology 50 27 4%
Malignant oncologic etiology | 49 22.4%
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Musculoskeletal Region

The musculoskeletal region is the anatomic site where
benign oncologic findings are commonly found. Among
these findings, vertebral hemangioma was the most
frequently observed entity compared to other conditions
(Table 6).

Etiology-based Analysis

Etiology-based analysis revealed that non-oncologic
etiologies predominated, constituting 50.2% of pitfalls,
Table 3. False positive findings in head and neck region
Etiology Finding Number | Percentage
HNSCC 31 68.8%
. Poorly differentiated 4 9%
Malignant thyroid cancer
z)nn=cé>l8c?g|c Papillary thyroid cancer 1 2.22%
84.5%) CNS lymphoma 1 2.22%
Intracranial metastasis 1 2.22%
from breast cancer
Vestibular schwannoma | 3 6.7%
Pituitary adenoma 1 2.2%
Benign Parotid basal cell 1 2.2%
. adenoma
oncologic
=7 0 i i
(n=7; 15.5%) | Parotid pleomorphic 1 2.2%
adenoma
Intracramal 1 2.2%
hemangioblastoma
CNS: Central nervous system, HNSCC: Head and neck squamous cell carcinoma

followed by benign oncologic etiologies (27.4%) and
malignant neoplasms (22.4%). Non-specific ®Ga-DOTATOC
uptake within the pancreatic uncinate process or prostate
was the most common cause of non-oncologic findings.
Benign oncologic findings were primarily due to vascular
tumors (n=38; 63.3% of all benign oncologic findings).
HNSCC was the most prevalent malignant oncologic
finding (n=31; 63.4% of observed malignancies). A detailed
etiology-based analysis is summarized in Supplementary
Table 3.

Discussion

A full systematic review of literature exploring false
positive findings in ®Ga-DOTATOC PET/CT imaging
is highly relevant, especially given the increased
demand and investment following its Food and Drug
Administration approval in 2019 (54,55). Understanding
the pitfalls, common findings, and physiological uptake of
®8Ga-DOTATOC is essential for accurate interpretation of
imaging results, yet these topics have not been adequately
studied. This is evident from the fact that the majority
of current literature consists merely of case reports
shared in isolated instances (8,14,16,18,21,23,25,26,29,
31,32,33,34,35,37,39,40,42,43,44,46,48,49,50,52,53).
There is also a lack of prospective original studies primarily
aimed at identifying false-positive findings (4,30,45).

Overall, 219 false positive findings were observed, with
the abdomen being the most frequent site for pitfall
occurrence. For instance, pancreatic uncinate process
uptake was the most prevalent finding in this systematic

I JiWll Grade | Myocarditis I :JGrade Il Myocarditis I (ofl Grade Il Myocarditis

Nivolumab (16 Cycles)

Atezolizumab (4 Cycles)

Pembrolizumab (2 Cycles)

Figure 2. (A-C) Fused Gallium-68 (®*Ga)-1,4,7,10-tetraazacyclododecane-1, 4,7,10-tetraacetic acid Tyr3-octreotide (®*Ga-DOTATOC) positron emission
tomography/computed tomography (PET/CT) images were performed for three cancer patients treated with immune checkpoint inhibitors. The fused
axial cardiac PET/CT views reveal (A) diffuse ventricular wall ®Ga-DOTATOC expression, or (B, C) patchy ventricular wall ®Ga-DOTATOC expression
correlating with clinically confirmed immunotherapy-induced myocarditis. All figure subpanels were reproduced from Figure 1 of previous original
research by Boughdad under the Creative Commons license (CC BY 4.0) (19)
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review, highlighting significant challenges in evaluating
primary and locoregional  gastroenteropancreatic
neuroendocrine tumors. Historically, pancreatic uncinate
process uptake in SSTR imaging was initially thought
to be solely part of physiological distribution (56).

Table 4. False positive findings in the chest region

Etiology Finding Number | Percentage
Subacgte myocardial 6 23%
infarction
Immuno’;herapy—mduced 5 19.2%
myocarditis
Acute myocarditis 3 11.5%
Cardiac sarcoidosis 2 7.6%

Non-oncologic | Acute pericarditis 1 3.9%

= s &)

=21 S0t Myocarditis post 1 3.99
COVID-19 vaccination 27
Radiotracer embolus 1 3.9%
Mediastinal o
lymphadenitis ! S
Eost—surglgal chest wall 1 3.99%
inflammation

Benign . )

oncologic Eljtiz(rj?rl solitary fibrous 5 19.2%

(n=5; 19.2%)

COVID-19: Coronavirus disease 2019

A

Figure 3. (A-C) Maximum intensity projection, axial computed
tomography (CT), and fused Gallium-68 (%Ga)-DOTATOC positron
emission tomography (PET)/CT images performed in an 82-year-old
woman with history of resected pancreatic neuroendocrine tumor. A
mildly %Ga-DOTATOC-avid focus in the proximal jejunum was detected,
ultimately diagnosed as mesenteric fibromatosis on histopathology. The
figure was reproduced from Figure 1 primary supplied by Trevisi et al.
(50) under a Creative Commons license (CC BY-NC-SA 3.0)

However, further research has linked its occurrence to
various entities such as pancreatic head polypeptide
hyperplasia, insulin resistance, and diabetes (57,58).
Current European association of nuclear medicine
guidelines advise a thorough assessment of ©Ga-
DOTATOC uptake in the uncinate pancreatic process,
emphasizing the importance of comparing PET/CT
findings with diagnostic CT images to exclude the
presence of any visually identifiable lesions that may
necessitate further examination (59). The evaluation
of conventional imaging holds significant importance
during the reporting process, and it is crucial to consider
clinical correlation with underlying chronic conditions
to recognize relevant contributing factors. Abdominal
splenule also presents a significant diagnostic challenge
and is often misattributed to lymph node metastasis
or pancreatic neoplasm (43,44,48,49,52,53). Recent
reports have marked the successful definitive diagnosis
of splenosis through the utilization of technetium-99m-
macroaggregated albumin-red blood cell or abdominal
magnetic resonance imaging (43,44).

The second most common site for false positive findings
was the musculoskeletal system, where vascular tumors,
mostly vertebral hemangiomas, predominate and can
mimic skeletal metastatic lesions, necessitating imaging
correlation for optimal diagnosis (22,23). Third, pitfalls
were found in the head and neck regions, mostly due
to tumorous etiologies. With the low physiological ®Ga-
DOTATOC uptake in the brain, %8Ga-DOTATOC might help
evaluate various neuro-oncological conditions beyond
meningiomas (60). While Schartinger et al. (45) found
#8Ga-DOTATOC expression in therapy-naive HNSCC patients,
their uptake was variable, limiting accurate evaluation.
However, this study highlighted that more than 93% of
studied HNSCC patients had positive SSTR2 expressions
on immunohistochemistry (45). Therefore, detection of
%8Ga-DOTATOC-avid focus within the head and neck region
should not be automatically attributed to NETs, as many
other etiologies can overlap when assessing this challenging
region (61).

Another area of potential interest is the thoracic cavity,
where myocardial uptake has been predominantly linked to
myocardial infarction, inflammation, and immunotherapy
adverse effects (18,19,30). Such findings have stimulated
many physicians to explore the potential utility of ®¢Ga-
DOTATOC in these vital conditions, with several clinical trials
ongoing to investigate its potential in infective endocarditis
(NCT05432427), acute myocarditis (NCT03347760), and
cardiac sarcoidosis (NCT04206163).
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Table 5. False positive findings in the abdomen and pelvis

Abdomen (n=67; 30.6%)

Etiology Finding Number Percentage
Pancreatic uncinate process 52 77.6%
Abdominal splenule 6 8.9%

Non-oncologic (n=62; 92.5%) Mesenteric lymphadenitis 2 3%
Acute gastritis 1 1.5%
Chronic pancreatitis 1 1.5%
Metastatic pancreatic lesion from RCC 2 3.0%

Malignant oncologic (n=4; 6%) Primary left RCC 1 1.5%
Abdominal leiomyosarcoma 1 1.5%

Benign oncologic (n=1; 1.5%) Mesenteric fibromatosis (desmoid tumor) 1 1.5%

Pelvis (n=32; 14.6%)

Non-oncologic (n=25; 78.1%) Non-specific prostatic uptake 25 78.1%

Malignant oncologic (n=7; 21.9%) Primary advanced prostate cancer 7 21.9%

RCC: Renal cell carcinoma

Table 6. False positive findings in the musculoskeletal

system

Musculoskeletal system (n=49; 22.4%)

Etiology Finding Number | Percentage
Vertebrall 35 71.4%
hemangioma
Tumor—lnduged 6 12.2%
osteomalacia
Solitary fibrous ) 41%

. .| tumor

Benign oncologic

(n=47; 95.9%) Capillary angioma 1 2.05%
Non—ossﬁymg 1 2.05%
fibroma
Tibial enchondroma | 1 2.05%
Spinal 9
hemangioblastoma L 205
Vertebral o

; osteophyte L 2%

Non-oncologic —

(n=2; 4.1%) Periarticular
vertebral 1 2.05%
inflammation

Within the pelvic region, non-specific prostatic uptake
was remarkably prevalent. Gossili et al. (24) reported that
4.5% of men exhibited incidental prostate ®Ga-DOTATOC
uptake during the examination of 178 male patients who
underwent 193 ®Ga-DOTATOC PET/CT studies. After
confirming that no malignancy was found in the examined
prostate in this population, the authors hypothesized that

such incidental #Ga-DOTATOC findings are best labeled as
non-specific (24). However, this evidence is singular and
requires further investigation to explore various factors
that may affect such observations. In such circumstances,
biochemical correlation can help exclude prostatic
malignancies, which can also present as false-positive
findings (36).

This study has several limitations, primarily due to the
sole reliance on qualitative assessment, while many other
important factors such as lesion uptake kinetics and lesion-
to-background ratios were not recorded and analyzed.
Such datasets were not evenly reported or addressed in
the included publications, which were mostly case reports.

Conclusion

This systematic review explores the potential false
positive findings that may arise during ®Ga-DOTATOC PET
imaging. These false positive findings are often seen in
the abdominal and head-neck regions, which are common
locations for primary meningiomas and neuroendocrine
tumor occurrences. Acknowledging these findings serves
multiple purposes. Firstly, it raises awareness about possible
locations and causes of diagnostic errors in order to
prevent misinterpretation and improve reporting. Secondly,
identifying these pitfalls may open up new possibilities
for the use of ®Ga-DOTATOC beyond its traditional role in
treating NETs and meningiomas, potentially broadening its
current applications.
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