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Role of '®F-FCH PET/CT in Detecting Recurrences of Prostate
Cancer After Curative Treatments

Kiratif Tedavilerden Sonra Prostat Kanseri Nukslerinin Tespitinde '"*F-FCH PET/BTnin
Rold

® Corinna Altini!, ® Artor Niccoli Asabella?, ® Francesco Tramacere3, ® Angela Sardaro®, ® Antonio Rosario Pisanil,
® Alessandra Castelluccia3, ® Dino Rubini!, ® Cristina Ferrari!

IUniversity of Bari Aldo Moro, School of Interdisciplinary of Medicine, Department of Nuclear Medicine, Bari, Italy

2A. Perrino Hospital, Clinic of Nuclear Medicine, Brindisi, Italy

3A. Perrino Hospital, Clinic of Radiotherapy, Brindisi, Italy

4University of Bari Aldo Moro, School of Interdisciplinary of Medicine, Department of Radiology and Radiation Oncology, Bari, Italy

Abstract

Obijectives: To evaluate the role of "®F-fluorocholine ('8F-FCH) positron emission tomography/computed tomography (PET/CT) in prostate cancer
(PC) patients with biochemical recurrence who were submitted to different curative treatments.

Methods: Seventy-five patients with PC who underwent '®F-FCH PET/CT for biochemical recurrence were retrospectively analyzed to distinguish
patients who were submitted only to prostatectomy (PR group), only to radiotherapy (RT) on prostate with curative intent (RT group), and to
both (PR + RT group). Correlations between ®F-FCH PET/CT and outcome and between prostate-specific antigen (PSA) values and sites and the
number of metastases were analyzed. The performance of '®F-FCH PET/CT in relation to the PSA value and of maximum standardized uptake value
(SUV__ ) value in relation to patient outcome were assessed by receiver operating characteristic (ROC) curves.

Results: '®F-FCH PET/CT relapses mostly involved lymph nodes, bones, and prostate bed. K-cohen test showed moderate agreement with the
outcome in the whole population and in the PR group, whereas in the RT group it was perfect and in PR + RT fair. A statistically significant
difference in PSA values was observed in the presence of lymph node metastases and with multiple metastases. ROC curves showed PSA cut-off
values of 1.96 ng/dL, 1.95, 1.81, and 2.96, respectively, in the whole population, PR, RT and PR + RT group. SUV,__ cutoff values of 3.75, 3.45,
and 4.7 were described in the whole population, PR group, and PR + RT group.

Conclusion: The study confirms that '8F-FCH PET/CT is still valid in PC patients with suspected biochemical recurrence. Therefore, we can affirm
that it still makes sense to perform it both with high PSA values and with lower values when prostate-specific membrane antigen tracers are not
available.

max)

Keywords: '8F-FCH PET/CT, prostate cancer, biochemical recurrences, radical prostatectomy, curative radiotherapy

0z
Amag: Farkli kiratif tedavilere yonlendirilmis olan biyokimyasal niikslii prostat kanseri (PK) olan hastalarda "®F-florkolin (*®F-FCH) pozitron emisyon
tomografisi/bilgisayarli tomografinin (PET/BT) rolinl degerlendirmektir.

Yontem: Biyokimyasal niiks icin ®F-FCH PET/BT uygulanan 75 PK'li hasta, yalnizca prostatektomi (PR grubu) uygulanan, yalnizca kratif amacli
prostat radyoterapisi (RT) uygulanan (RT grubu) ve her ikisi birden uygulanan hastalar (PR + RT grubu) olmak tizere Ui¢ gruba ayrilarak retrospektif
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olarak analiz edildi. "8F-FCH PET/BT ile sonlanim arasindaki korelasyon ve prostat spesifik antijen (PSA) degerleri ile metastaz bolgeleri ve sayisi
arasindaki korelasyon analiz edildi. "F-FCH PET/BT'nin PSA degerine gre performansi ve SUV__ degerinin hasta sonlanimina gére performansi

alial isletim karakteristik (ROC) egrileri ile degerlendirildi.

Bulgular: "®F-FCH PET/BT relapslari cogunlukla lenf nodlarini, kemikleri ve prostat yatagini tutuyordu. K-cohen testi tim populasyonda ve PR
grubunda sonlanimla orta derecede uyum gosterirken, RT grubunda mikemmel ve PR + RT grubunda iyi uyum gésterdi. Lenf nodu metastazi
varliginda ve coklu metastaz varliginda PSA degerlerinde istatistiksel olarak anlamli farklilik gézlendi. ROC egrileri tim populasyonda, PR, RT ve PR
+ RT gruplarinda sirasiyla 1,96 ng/dL, 1,95, 1,81 ve 2,96 PSA kesme degerlerini gosterdi. Tim poptlasyonda, PR grubunda ve PR + RT grubunda

SUV__. kesme degerleri 3,75, 3,45 ve 4,7 olarak gosterildi.

Sonug: Calisma, biyokimyasal niks stiphesi olan PK'li hastalarda '®F-FCH PET/BT'nin hala gecerli oldugunu dogrulamaktadir. '8F-FCH PET/BT'nin
kullaniminin hem yiiksek PSA degerlerinin varliginda hem de prostat spesifik membran antijeni izleyicileri mevcut olmadiginda daha dustk PSA

degerlerinin varliginda hala anlamli oldugu dogrulanmistir.

Anahtar kelimeler: "®F-FCH PET/BT, prostat kanseri, biyokimyasal niksler, radikal prostatektomi, kiratif radyoterapi

Introduction

Prostate cancer (PC) is the most frequent cancer in men and
the third leading cause of death in developed countries.
Multiple treatment options are available depending on
several factors, both patient- and disease-related. Curative
treatment options include surgery and radiation therapy. In
addition, in the modalities of surgical and radiation therapy,
the technique options vary. Because of the various aspects
that can influence the therapeutic choice, an unequivocal
estimate of the possibility of recurrence cannot be
performed (1).

In patients with PC, recurrences after radical treatment can
occur in 20-50% of patients after radical prostatectomy
(PR) and in 30-40% of patients after radiotherapy (RT) (2).

Detection and localization of all recurrences is important
for selecting the appropriate treatment. After curative
treatments, the state of the disease is monitored by
prostate-specific antigen (PSA) setting. When PSA levels
increase, there is a need to confirm the suspicion of
recurrence and to assess whether the disease is localized
or metastatic (1).

Imaging methods are needed to detect and localize
recurrences, and to conventional methods, nuclear
medicine offers numerous possibilities for restaging PC
patients. Today, with technological progress, numerous
radiopharmaceuticals have demonstrated high diagnostic
performance in PC patient management. However, their
distribution is not feasible in all nuclear medicine operative
units in western countries and even less in the remaining
ones.

Among all positron emission tomography/computed
tomography (PET/CT) whole body techniques, the use
of '®F-fluorocholine (®F-FCH) until the last decade was
celebrated as the most important and most innovative
radiopharmaceutical for the evaluation of PC patients (3).

8F-FCH is a substrate for phosphatidylcholine synthesis, a
cell membrane component with increased biosynthesis in
tumor tissues; the upregulation of choline kinase activity
induced by cancer results in higher choline uptake by
neoplastic cells. Several studies have investigated the
role of F-FCH PET/CT in the management of PC, and
the evaluation of recurrence after radical treatment has
emerged as the main clinical application (1,2).

Currently, "®F-FCH PET/CT is in the background compared
to the new radiopharmaceutical, but all advantages such
as easier production, long half-life, and easy supply are still
valid (1,3).

On the basis of these statements, the aim of this study
was to analyze the state of the art in our territorial reality
with the aim of evaluating the role of "®F-FCH PET/CT in the
detection of relapses in patients with localized PC treated
with PR and/or RT.

Materials and Methods

Seventy-five patients with a diagnosis of PC (adenocarcinoma)
who underwent "8F-FCH PET/CT for the biological suspicion
of PC relapse from October 2020 to November 2021
were included in the study. A retrospective observational
analysis was performed, and the institutional review board
did not require ethical committee approval for the review
of patient files. All patients provided written informed
consent to the use of their data for clinical research in an
anonymous form.

Fourty-one/75 patients were previously submitted only
to PR (PR group), 13/75 were submitted only to RT on
the prostate with curative intent (RT group), and 21/75
patients were submitted to both procedures with curative
intent (PR + RT group).

The inclusion criteria consisted of: histologically proven
PC, treatment with curative intent (PR and/or RT), and
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biochemical recurrence as defined by the guidelines of the
European Association of Urology (4).

Patients with distant metastases at diagnosis or with non-
diagnostic scans were excluded. The mean age of the
patients was 71 years (range 42-87 years old) and the
mean Gleason score at diagnosis was 7 (range 5-9). The
mean time between treatment and '®F-FCH PET/CT was
6 years (range 1-16 years), and the mean PSA level at the
time of '8F-FCH PET/CT was 5.85 ng/mL (range 0.02-79
ng/mL, median 1.97 ng/mL).

"SF.FCH PET/CT

'8F-FCH PET/CT preparations consisted of a 6-h fast. A
dose of approximately 3-4 MBg/kg body weight (range
240-390 MBg/kg) of "F-FCH PET/CT was intravenously
administered. All scans were obtained using a hybrid PET/CT
scanner (Discovery 710, GE, General Electrics, Milwaukee,
WI, USA). After 5 min post-injection, early ®F-FCH PET/CT
images of the pelvis were acquired targeting the prostate
area, followed by a whole-body image acquisition after 60
min, from the skull base to the proximal third of the femurs
(5-6 bed positions). A 3D acquisition mode PET scan was
performed for the same longitudinal coverage (2.5 min per
bed position). The PET data were reconstructed over a 128
matrix with a pixel size of 4.75 mm and a slice thickness
of 2 mm. The following co-registered CT parameters were
used: pitch 0.98, gantry rotation speed of 0.5 s/rot, 120
kV, and modulated tube current of 140 mA. CT images
were used for image fusion and anatomical localization
and for attenuation correction of emission data.

Image Analysis

Image analysis was performed using a dedicated
workstation (AW Server 4.7, General Electrics, Milwaukee,
WI, USA). "F-FCH PET/CT scans were independently
evaluated by two nuclear medicine physicians with at least
5 years of experience in image reading and who were
aware of clinical data. In the event of disagreement, a third
nuclear medicine physician’s opinion was reached.

Maximum intensity projection, PET, CT, and PET/CT fused
images in different planes (axial, sagittal, and coronal) were
visualized simultaneously to correctly interpret the scans.
Examinations were considered positive in the presence of
focal areas of detectable increased tracer uptake, visually
more intense than the background, not correlating with
physiological tracer uptake and inflammatory articular
processes, with or without any underlying lesion identified
on the co-registered CT (5). The semiquantitative parameter
maximum standardized uptake value (SUV ) was collected
in all visualized lesions.

max)

Validation of Results and Outcomes

All patients were followed for at least 1 year after "8F-FCH
PET/CT, and data on outcome were collected. The final
response regarding the presence of relapses was obtained
from the results of surgical procedures performed and/or
clinical instrumental follow-up.

Statistical Analysis

Analyses were performed in the entire population and
in the 3 subgroups (PR, RT and PR + RT). Quantitative
variables are expressed as mean standard deviation (SD).
Categorical variables are presented with absolute and
relative frequencies.

Chi-square and Kruskal-Wallis tests were applied to
establish if the groups were comparable. The K-cohen test
was applied for correlation between "8F-FCH PET/CT results
and outcome. The Mann-Whitney U test was used to
compare the differences between continuous non-normally
distributed variables such as PSA values and sites and the
number of metastases detected at "™F-FCH PET/CT and
patient outcome. The performance of '®F-FCH PET/CT in
relation to the PSA value was assessed using the receiving
operating characteristic (ROC) curve generated by plotting
sensitivity versus specificity. The performance of the SUV__
value in relation to the patient outcome was also assessed
using the ROC curve; a cut-off value was also identified.
Statistical significance was assumed for p-values 0.05. All
statistical analyses were performed using SPSS statistical
software, version 25 (IBM Corporation, Armonk, NY, USA).

Results

The comparison performed for the main clinical variables
among the total population and the groups showed that
there were no statistically significant differences; therefore,
the groups were comparable even if numerically different
(Table 1).

Lesions Distribution

'8F-FCH PET/CT was positive in 46/75 (61.3%) patients and
negative in 29/75 (38.7%) patients. On the 46 positive
'8F-FCH PET/CT, 6/46 (13%) showed only local recurrences,
24/46 (52.2%) showed lymph node involvement, 7/46
(15.2%) showed bone metastases, 1/46 (2.2%) showed
both local and lymphatic involvement, 5/46 (10.9%)
showed lymphatic and bone involvement, and 3/46 (6.5%)
patients showed both bones and other distant metastases
in the lung.

Considering the 41 patients in the PR group, 'F-FCH
PET/CT was positive in 24/41 (58.5%) patients, whereas
it was negative in 17/41 (41.5%) patients. On the 24
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Table 1. Characteristics of the whole population

Total PR RT PR + RT value
(n=75) (n=41) (n=13) (n=21) P
Age
Mean + SD 71+7.20 71+7.78 71+7.10 70+6.28 0.600°
Median (range) 70 (42-87) 71 (42-87) 70 (62-83) 70 (47-79) :
Gleason score, n (%)
<8 47 (63%) 28 (68%) 9 (69%) 10 (48%) 0.243"
=8 28 (37%) 13 (32%) 4 (31%) 11 (52%) :
PSA, ng/mL
Mean + SD 5.74+£12.71 4.84+12.93 4.25+3.66 8.41+15.66 0.132°
Median (range) 1.94 (0.02-79) 1.43 (0.02-79) 2.56 (0.20-10.70) 2.50 (0.20-54.20) :

“Kruskal-Wallis test; “"Chi-square test, SD: Standard deviation, PR: Prostatectomy, RT: Radiotherapy, PSA: Prostate-specific antigen

positive "8F-FCH PET/CT, 5/24 (20.8%) showed only local
recurrences, 11/24 (45.7%) showed only nodal lymph
node involvement, 1/24 (4.2%) showed only bone
metastases; 2/24 (8.4%) showed both local and lymphatic
involvement, 4/24 (16.7%) showed lymphatic and bone
involvement, and 1/24 (4.2%) patient showed local, node,
and bone metastases (Figure 1).

Considering the 13 patients in the RT group, '8F-FCH
PET/CT was positive in 10/13 (77%) patients, while it was
negative in 3/13 (23%) patients. On the 10 positive '®F-FCH
PET/CT images, 3/10 (30%) showed nodal lymph node
involvement, 5/10 (50%) bone metastases (Figure 2), 1/10
(10%) showed both local and bone involvement, and 1/10
(10%) showed both bones and lung metastases.

Figure 1. Seventy-eight years old man submitted 13 years before to PR
for PC Gleason 7. He performed "F-FCH PET/CT because of PSA levels
of 6.03 ng/dL. Axial PET (A) and fused images (B) showed local relapse
(green arrows, SUV__: 3.2) and (C, D) involvement of the right iliac
lymphnode (SUV__: 2.0, red arrows)

PR: Prostatectomy, PC: Prostate cancer, PET/CT: Positron emission tomography/
computed tomography, PSA: Prostate-specific antigen, SUV__: Maximum
standardized uptake value, '8F-FCH: "®F-fluorocholine

Considering the 21 patients in the PR + RT group, '8F-FCH
PET/CT was positive in 12/21 (57.2%) patients, whereas it
was negative in 9/21 (42.8%) patients. On the 12 positive
"8F-FCH PET/CT images, 1/12 (8.3%) showed only local
recurrences, 9/12 (75.1%) showed nodal lymph node
involvement, 1/12 (8.3%) bone metastases, and 1/12
(8.3%) patient showed both bones and distant metastases
in the lung.

The distribution of relapses in '8F-FCH PET/CT in all patients
and as a function of the treatment performed is shown in
Figure 3.

eyl

Figure 2. Sixty-four years old man submitted 6 years before to RT for
PC Gleason 7. He performed '8F-FCH PET/CT because of PSA levels of
2.56 ng/dL. MIP (A) and fused images (B, C) showed multiple bone
lesions such as in D10 vertebra (SUV__: 23.5, green arrow), D9 and D12
vertebrae (blue arrows) and left ischium (SUV__:20.1, yellow arrow)

RT: Radiotherapy, PC: Prostate cancer, PET/CT: Positron emission tomography/
computed tomography, PSA: Prostate-specific antigen, MIP: Maximum intensity
projection, SUV__: Maximum standardized uptake value, '®F-FCH: '®F-fluorocholine
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Figure 3. Distribution of relapses in "8F-FCH PET/CT in all patients and as a function of the treatment performed
PET/CT: Positron emission tomography/computed tomography, '8F-FCH: "®F-fluorocholine

Outcome

At the follow-up, 50/75 (66.7%) patients were involved by
relapses and/or metastases of PC; in the PR group, 25/41
(61%) patients, in the RT group, 10/13 (77%) patients
and in PR + RT group 15/21 (71.4%) patients. Results
concerning the agreement between '®F-FCH PET/CT and
the outcome are reported in Table 2.

PSA Level Evaluation

Considering the total population, mean PSA values were
9.34 ng/mL (range 0.36-79) in patients with positive
concordance, 1.60 ng/dL (range 0.17-5.35) in patients with
8F-FCH PET/CT positivity not confirmed at the follow-up,
1.20 (range 0.02-3.20) in patients concordant in excluding
the disease, and 1.63 (range 0.92-2.50) in patients for
whom relapses were not detected at '8F-FCH PET/CT. The
Mann-Whitney U test showed PSA levels higher in patients

with positive '®F-FCH PET/CT with difference statistical
significant (p<0.0001) also in lymph nodes (p=0.002) and
bone evaluation (p=0.007) and in patients with equal or
more than 3 lesions (p<0.0001) regardless of the site.

In the PR group, mean PSA values were 8.50 ng/mL (range
0.36-79.00) in patients with positive concordance, 1.65
ng/mL (range 0.17-5.35) in patients with "8F-FCH PET/CT
positivity not confirmed at follow-up, 1.09 ng/mL (range
0.02-3.20) in patients concordant in excluding the disease,
and 1.70 ng/mL (range 0.92-2.40) in patients for whom
relapses were not detected at "F-FCH PET/CT. The Mann-
Whitney U test showed PSA levels higher in patients
with positive "®F-FCH PET/CT with difference statistically
significant (p=0.03) also in lymph nodes (p=0.021) and
bone evaluation (p=0.038) and in patients with equal or
more than 3 lesions (p=0.040) regardless of the site.

Table 2. "®*F-FCH PET/CT and outcome agreement

Discordant Discordant
Positive Negative ("®F-FCH (relapses not
concordant concordant PET/CT positivity not | detected at "®F-FCH
confirmed) PET/CT)
K=0.538
Total (n=75) | 40 (53.4%) 19 (25.3%) 6 (8%) 10 (13.3%) (95% Cl: 0.341-0.736)
Moderate
K=0.544
PR (n=41) 20 (48.8%) 12 (29.3%) 4(9.7%) 5 (12.2%) (95% Cl: 0.282-0.806)
Moderate
RT (n=13) 10 (77%) 3 (23%) Perfect
PR 4 RT K=0.290
(=21) 10 (47.7%) 4 (19%) 2 (9.5%) 5 (23.8%) (95% Cl: -0.111-0.690)
Fair

PR: Prostatectomy, RT: Radiotherapy, PET/CT: Positron emission tomography/computed tomography, '8F-FCH: "®F-fluorocholine, ClI: Confidence interval
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In the RT group, mean PSA values were 5.26 ng/mL (range
0.84-10.70) in patients with positive concordance and 0.89
ng/mL (range 0.2-1.33) in patients with concordance after
excluding the disease. The Mann-Whitney U test showed
that PSA levels were higher in patients with positive "®F-FCH
PET/CT with difference statistical significant (p=0.028)
regardless of the sites and number of lesions.

In the PR + RT group, mean PSA values were 15.74 ng/mL
(range 1.18-54.20) in patients with positive concordance,
1.47 ng/mL (range 0.90-2.04) in patients with "®F-FCH
PET/CT positivity not confirmed at follow- up, 1.96 ng/
mL (range 0.20-2.92) in patients with concordance in
excluding the disease, and 1.54 ng/mlL (range 1.04-
2.50) in patients for whom relapses were not detected
at '8F-FCH PET/CT. The Mann-Whitney U test showed PSA
levels higher in patients with positive '®F-FCH PET/CT with
difference statistically significant (p=0.028) also in lymph
nodes (p=0.016) and in patients with equal or more than 3
lesions (p=0.020) regardless of the site.

ROC curves elaborated to identify the optimal cut-off
for predicting '®F-FCH PET/CT positivity in all the groups
analyzed are reported in Figure 4, while their results are
reported in Table 3.

SUV__ Analysis

The mean SUV,__ values in the "F-FCH PET/CT-positive
patients were as follows: in the whole population, 7.8
(range 1.6-27.1); in the PR group, 6.8 (range 3.2-16.4);
in the RT group, 9.2 (range 5.2-13.2); and in the PR + RT
group, 6.0 (range 2.0-9.7).

ROC curves elaborated to identify the optimal cut-off of
SUV__ in predicting the presence of the disease at the
outcome are reported in Figure 5, while their results are
reported in Table 4.

Discussion

Considerable progress has been made in the field of radical
treatments for locally advanced PC, and currently, there

are numerous choices that allow customizing the therapy
on the basis of the characteristics of the disease and the
patient’s needs.

Radical surgical procedures have diversified, such as RT,
for which technological advances have made it possible
to create increasingly sophisticated protocols. Advances
in external beam RT delivery techniques, such as intensity
modulated RT and volumetric arc RT, allow delivery of
the maximum dose to the target volume while sparing
surrounding healthy tissue, optimizing response to
treatment, and reducing genitourinary and intestinal
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Figure 4. ROC analysis of PSA values optimal cut-off of for predicting
'8F-FCH PET/CT positivity; A: total population; B: patients submitted only
to PR; C: patients submitted only to RT; D: patients submitted to PR + RT
ROC: Receiver operating characteristic, PET/CT: Positron emission tomography/
computed tomography, PSA: Prostate-specific antigen, PR: Prostatectomy, RT:
Radiotherapy, "8F-FCH: "®F-fluorocholine

Table 3. Results about PSA levels in predicting '®F-FCH PET/CT positivity

Cut-off Sensitivity Specificity
Total ® ® AUC =0.757
(n=75) 1985 gl ST 7ELEi 95% CI 0.651-0.864
PR ® ® AUC =0.701
(n=41) 1255 mgy il 22 ek 95% CI 0.542-0.860
RT ® . AUC =0.933
(n=13) 151 mgyfil A 1027 95% Cl 0.789- 1.000
PR + RT ® . AUC =0.787
(n=21) 2o gl T e 95% CI 0.585- 0.990
PR: Prostatectomy, RT: Radiotherapy, PSA: Prostate-specific antigen, PET/CT: Positron emission tomography/computed tomography, AUC: Area under the curve, Cl: Confidence
interval, '®F-FCH: "®F-fluorocholine
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Figure 5. ROC analysis of the SUV__ optimal cutoff in predicting the presence of the disease at the outcome; A: total population; B: patients

submitted only to PR; C: patients submitted to PR + RT

ROC: Receiver operating curve, SUV,__: Maximum standardized uptake value, PR: Prostatectomy, RT: Radiotherapy

Table 4. Results about SUV__ in predicting the presence of the disease at the outcome
Cut-off Sensitivity Specificity

Total ® ® AUC =0.908

(n=75) 275 e L (95% Cl 0.802-1.000)

PR & . AUC =0.850

(n=41) 345 A7 v (95% Cl 0.629-1.000)
AUC =0.900

= 0, 0,
PR + RT (n=21) 4.7 90% 100% (95% Cl 0.714-1.000)
PR: Prostatectomy, RT. Radiotherapy, AUC: Area under the curve, Cl: Confidence interval, SUV __: Maximum standardized uptake value

inflammation. In recent years, RT with curative intent has
expanded the fields of application, and approximately 41%
of PC patients are treated by it alone (1,6).

Recurrence after curative treatment varies according to
the procedure applied although the level of risk retains
the most important role. Disease recurrence occurs in
approximately 30% of patients who were treated for PC.
Agarwal et al. (7) analyzed the United States database of
“The Cancer of the Prostate Strategic Urological Research
Endeavour” and reported 23% rate of recurrences in
patients submitted to PR and 63% in the RT group. They
also reported that their results are in line with the literature
for the PR group (range 15-33%) and higher in the RT group
(range 37-48%) (7). This therefore makes ever present
the necessity of diagnosing the presence of relapses. Our
results showed relapses in 61% of patients in the PR group
and 77% in the RT group, while it was 66.7% in the entire
population analyzed. However, these higher results are
certainly influenced by the selection of patients who were
submitted to "®F-FCH PET/CT for biochemical recurrence.

It is well known that metabolic/functional changes
commonly precede anatomical changes; thus, PET/CT is
being increasingly used in clinical oncological settings (8).
In this regard, "®F-FCH PET/CT has emerged as a method for
disease localization in PC patients with biochemical relapse
after primary treatment. The greatest advantage of PET/CT

is that it is a whole-body, non-invasive imaging capable
of assessing disease recurrence in multiple anatomical
sites. Currently, even though prostate-specific membrane
antigen (PSMA) tracers are downsizing the importance of
the clinical use "8F-FCH PET/CT, the literature available for it
is much more abundant than for recent PSMA tracers; thus,
it is much more supported for clinical routine execution.
The more recent guidelines still propose '®F-FCH PET/CT in
patients with PC after PR and/or RT with increasing PSA
levels (9,10).

In early studies from 1998, '8F-FCH PET/CT showed several
positive detection rates (30-80% of patients) because of
the heterogeneity of the sample population recruited. In
2003, there was a boom in clinical studies in patients with
biochemical recurrences after PR and less frequently after
RT, but these studies were abandoned in the next decade
(11). The aim of this study was to evaluate the role of
"8F-FCH PET/CT in PC patients with suspected recurrences
by distinguishing them by type of treatment performed.
Our results confirm better results in the positive detection
rate of metastases in all groups analyzed, showing results
from 47.7% in patients of the PR + RT group to 77% in
patients of the RT group.

The prostate bed, lymph nodes (mostly pelvic ones), and the
skeleton are the most frequently affected sites of relapses,
relating to 34%, 66%, and 29% of PC patients, respectively.
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Local recurrences occur in 30-50% of patients after PR, but
the "8F-FCH PET/CT evaluation of the postsurgical prostatic
bed may be limited by the small size of recurrent lesions
and the presence of radioactive urine; even after RT, the
inflammatory uptake at the prostatic site can be limited. In
the case of recurrence in the prostatic bed, "®F-FCH PET/CT
reached a pooled sensitivity of 75.4% (66.9-82.6%) and
a pooled specificity of 82.0% (68.6-91.4%) (12,13,14,15).

Evangelista et al. (13), in their meta-analysis of literature
from 2000 to 2013, concluded that "®F-FCH PET/CT was
highly sensitive and specific, especially for lymph node
evaluation in PC patients with biochemical recurrence. In
lymph node metastases, "®F-FCH PET/CT showed a pooled
sensitivity of 100% (90.5-100%) and a pooled specificity
of 81.8% (48.2-97.7%); despite these data, false positives
may be possible because of inflammatory changes or
artifacts of small bowel activity (13,16,17).

Skeletal metastases are more frequent in the spine and
pelvis, and "®F-FCH PET/CT showed elevated specificity (11).

The pattern of relapse sites of '8F-FCH PET/CT observed
in this analysis was consistent with the natural spread
of the disease involving predominantly lymph nodes
followed by bones and the prostate bed, both in the whole
population and in the groups analyzed. It should be noted
that there were no discrepancies in the identification and
interpretation of bone lesions in this analysis.

In this study, only 6/75 patients resulted in false positives, 4
of them were in the PR group and 2 in the PR + RT group;
in all of these patients, single lymph nodes in the iliac or
inguinal region were indicated as sites of disease, but they
were reactive on biopsies results.

Ten/75 patients were false negative, 5 of them were in the
PR group and 5 in the PR + RT group; the patients of the PR
group had PSA values between 0.92 and 2.40 ng/dL when
they underwent '8F-FCH PET/CT, and the subsequent follow-
up showed the presence of local recurrence, whereas in
the 5 patients of the PR + RT group (PSA between 1.04
and 2.00 ng/dL), subsequent investigations showed the
presence of disease in the iliac lymph nodes.

The most effective factor that linearly influences the
sensitivity of "8F-FCH PET/CT is the PSA level.

Conventionally, increasing PSA levels are considered the
most sensitive tool for detecting PC recurrence, even if it
cannot distinguish between local and distant recurrences
(13). The definition of biochemical recurrence differs
according to the primary treatment: in patients treated
with PR, PSA levels greater than 0.2 ng/mL and rising on at
least two consecutive measurements performed 3 months
apart signify biochemical failure; in patients treated with
RT, PSA value 2 ng/mL higher than the lowest (nadir) post-

therapeutic represents biochemical failure (18,19). For this
reason, in the population analyzed, the PSA levels reported
have wide variability.

Numerous articles have shown a significant relationship
between '®8F-FCH PET/CT positive detection rate and PSA
value with a trend toward a more “systemic” disease
with increasing PSA; however, there is not a cut-off value
that can distinguish local or distant metastases (1,13).
Chondrogiannis et al. (1) reported an elevated positive
detection rate for PSA levels higher than 6 ng/mL (100%).
Giovacchini et al. (12) showed that the detection rate
reached a plateau for higher PSA values (84% for PSA >10
ng/mL), but Graziani et al. (20) in their most numerous
study showed a fair positive detection rate of about 55%
with a mean PSA of 4.9 ng/mL (7).

"8F-FCH PET/CT positive detection rate worsens for PSA
values within 1 and 2 ng/mL (about 45.9% and 54%) or
mean values around 2.0 ng/mL (67%) after PR. A low
detection rate is observed for PSA values less than 1.0
ng/mL (7%) (12,21).

Studies that performed ROC curves revealed similar results
for PSA values distinguishing positive '8F-FCH PET/CT
from negative independently by the curative treatment
performed: Giovacchini et al. (12) showed a best value
of 1.37 ng/mL in patients submitted to PR and Graziani
et al. (20) showed a value of 1.16 ng/mL in PR + RT
patients. Summarizing all these results, it can be deduced
that "F-FCH PET/CT should not be restricted to patients
with PSA >5 ng/mL; performing "8F-FCH PET/CT with PSA
levels between 1 and 2 ng/mL may imply the possibility
of false negatives; instead, for patients with PSA lower
than 1 ng/mL, the indication for ®F-FCH PET/CT should
be critically discussed in the context of multidisciplinary
tumor boards. In any case, the minimum cut-off value that
makes "8F-FCH PET/CT invalid in restaging PC patients is not
established (1,12,13,22,23).

In our analysis, a mean PSA value of 9.34 ng/dL was
observed in true positive patients even if the range was
between 0.36 and 79; this value was 8.5 ng/dL in the
patients of the PR group with the same range, whereas in
the patients of the RT group, the PSA mean value was 5.26
ng/dL and in the PR + RT group it was 15.74 ng/dL.

According to literature results in this study’s whole
population, a statistically significant difference in PSA
values emerged in the case of the presence of multiple
metastatic lesions and lymph node metastases, which
were in any case the most frequently described sites in our
population.

Despite the high mean PSA values described, the ROC
curves in our groups of patients showed cut-off values of
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1.96 ng/dL, 1.95, 1.81, and 2.96, respectively, confirming
that this interval is critical for the validity of "®F-FCH PET/CT,
regardless of population size and selection criteria.

The analysis of semi-quantitative parameters has been
addressed in numerous studies, but to date there is no
unanimous consensus except in considering SUV__ as the
most reproducible parameter.

However, considering only the literature concerning
recurrences and metastases after curative therapies, only
a few studies have collected and analyzed data concerning
SUv

Siminiak et al. (24) considered a population selected
similarly in our study, but they described SUV__ results
distinguishing patients by the sites of relapses: they reported
a mean SUV,__ of 3.0 (2.3-4-0) in 27 patients with only
local relapses and of 4.9 (3.8-8.0) in 35 patients involved
by distant metastases. Wetter et al. (25) reported a mean
SUV__ in bone lesions of 5.5 (SD =3.1) independently by
staging or restaging of PC. The analysis we report confirms
that the mean SUV,__ values are widely variable regardless
of the type of treatment received; furthermore, the ROC
curve identified values and cut-offs quite similar to those
reported in the literature and very similar in the 3 groups
analyzed (3.75 vs. 3.45 vs. 4.7).

Study Limitations

This study remains limited by its retrospective design
and small sample size; nevertheless, to the best of our
knowledge, it represents the most updated cohort of
patients selected with regard to curative treatment.
Furthermore, the limit concerning the different number
of patients in groups was excluded by the application of
statistical tests.

Conclusion

Currently not all radiopharmaceuticals for PC are available
in all territorial PET/CT reference operative units; therefore,
we consider it suitable to provide updated data on the
results of '8F-FCH PET/CT, which is currently more widely
diffused.

Our study confirms that '8F-FCH PET/CT is valid in the
evaluation of PC patients with suspected biochemical
recurrence, regardless of the treatment performed and the
PSA values, which are higher in case of multiple lesions,
independent of the sites of metastases.

Therefore, we can affirm that it still makes sense to perform
"8F-FCH PET/CT in patients with biochemical recurrence
both in the presence of high PSA values and lower values.
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Abstract

Obijectives: This retrospective study aimed to evaluate the prognostic importance of '®F-fluorodeoxyglucose ("®F-FDG)-positive pelvic lymph nodes
(LNs) and extra-pelvic disease on staging '®F-FDG positron emission tomography/computed tomography (PET/CT) in patients with bladder cancer.
Methods: Bladder cancer patients who underwent staging '®F-FDG PET/CT were included in the study. Histopathologic features of tumors,
therapy histories, presence of distinguishable tumors on CT and PET images, sizes and maximum standardized uptake value (SUV__) of primary
tumors, total numbers, sizes, and SUV__ of "®F-FDG-positive pelvic and extra-pelvic LNs, and total numbers and SUvV__ of distant metastases
(M1a/1b) were recorded. Patients were followed up until death or the last medical visit. Factors predicting overall survival were determined using
Cox regression analysis.

Results: Fifty-five patients [median age: 70 (53-84), 48 (87.3%) male, 7 (12.7%) female] with bladder cancer were included in this study. Twenty-
nine (52.7%) patients had "8F-FDG positive pelvic LNs, while 24 (43.7%) patients had '®F-FDG positive extra-pelvic disease. Patients with "®F-FDG-
positive pelvic LNs had a higher rate of extra-pelvic disease (p=0.003). The median follow-up duration was 13.5 months. The median overall survival
was 16.3 months [95% confidence interval (Cl) 8.9-23.7]. The primary tumor distinguishability on PET (p=0.011) and CT (p=0.009) images, the
presence of "®F-FDG-positive pelvic LNs (p<0.001) and '®F-FDG-positive extra-pelvic disease/distant metastases (M1a/M1b) (p<0.001), and the
number of distant metastases (p=0.034) were associated with mortality. The "F-FDG-positive extra-pelvic disease/distant metastases [p=0.029,
odds ratio: 4.15 (95% Cl 1.16-14.86)] was found to be an independent predictor of mortality in patients with bladder cancer.

Conclusion: The presence of "®F-FDG-positive extra-pelvic disease in pretreatment "®F-FDG PET/CT is an important prognostic factor in bladder
cancer patients.

Keywords: Bladder cancer, '®F-FDG PET/CT, overall survival

0z
Amagc: Bu calismanin amaci mesane kanseri hastalarinda evreleme '®fF-florodeoksiglikoz ("®F-FDG) pozitron emisyon tomografisi/bilgisayarli
tomografide (PET/BT) '8F-FDG pozitif pelvik lenf nodlarinin ve ekstra-pelvik hastaligin prognostik énemini degerlendirmektir.
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Yontem: Evreleme "8F-FDG PET/BT calismasi yapilan mesane kanseri tanili hastalar calismaya dahil edildi. Timérlerin histopatolojik 6zellikleri, BT
ve PET gériinttilerinde ayirt edilebilir timor varligi, primer timdrin boyut ve maksimum standartlastinimis tutulum degeri (SUV,__ ), "®F-FDG porzitif
pelvik ve ekstra-pelvik lenf nodlarinin sayi, boyut ve SUV, . degerleri, uzak metastaz sayisi ve SUV.__ -degerleri kaydedildi. Hastalar élime veya son
hastane vizitine kadar takip edildi. Genel sagkalimi éngdren faktorleri belirlemek amaciyla Cox regresyon analizi yapildi.

Bulgular: Elli bes [medyan yas: 70 (53-84), 48 (%87,3) erkek, 7 (%12,7) kadin] mesane kanseri tanili hasta calismaya dahil edildi. Yirmi dokuz
(%52,7) hastada "®F-FDG poxzitif pelvik lenf nodu, 24 (%43,7) hastada ekstra-pelvik hastalik mevcuttu. ®F-FDG pozitif pelvik lenf nodu olan hastalar
daha sik ekstra-pelvik hastaliga sahipti (p=0,003). Medyan izlem stiresi 13,5 ay, medyan genel sagkalim 16,3 ay [%95 giiven araligi (GA) 8,9-23,7]
bulundu. Univariant analizde PET (p=0,011) ve BT'de (p=0,009) primer timar ayirt edilebilirligi, '®F-FDG pozitif pelvik lenf nodu varligi (p<0,001),
BE-FDG pozitif ekstra-pelvik hastalik/uzak metastaz varligi (M1a/M1b) (p<0,001) ve metastaz sayisi (p=0,034) mortalite ile iliskili bulundu.
Multivariant analizde '®F-FDG pozitif ekstra-pelvik hastalik/uzak metastaz varligi [p=0,029, olasilk orani: 4,15 (%95 GA 1,16-14,86)] mesane
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kanseri hastalarinda mortaliteyi 5ngérmede bagimsiz risk faktori olarak bulundu.
Sonug: Evreleme "®F-FDG PET/BT calismasinda "8F-FDG pozitif ekstra-pelvik hastalik varligi 6nemli bir prognostik faktérdr.

Anahtar kelimeler: Mesane kanseri, '®F-FDG PET/BT, genel sagkalim

Introduction

Bladder cancer (BC) is the tenth most common cancer
and the thirteenth leading cause of cancer-related deaths
worldwide according to the World Health Organization
GLOBOCAN 2020 database (1). It is approximately 4 times
more common in men than in women (1). Tobacco smoking
is the most critical cause of BC, with an attributable risk
of approximately 50% (2). The global geographic and
temporal distribution patterns of BC reflect the prevalence
of tobacco use (1,3).

Urothelial BC is the most common histopathological
subtype. BC is a heterogeneous clinical spectrum that
includes non-muscle-invasive and muscle-invasive diseases.
Approximately 75% of patients have a non-muscle-invasive
disease confined to the bladder mucosa/submucosa,
whereas the remaining 25% have a muscle-invasive disease
at the time of diagnosis (4). Therapy management and
prognosis differ substantially from each other.

Early diagnosis and accurate staging, and individualized
treatment and follow-up, are crucial for a successful
outcome in BC (5). Computed tomography (CT) and
magnetic resonance imaging (MRI) are widely used for
local staging, imaging of lymph nodes (LNs), and distant
metastases despite some limitations. For instance, the
assessment of LN metastases in CT and MRI is based on
size; therefore, the identification of metastases in normal-
sized or minimally enlarged nodes is limited in these
imaging modalities (6). '®F-fluorodeoxyglucose ('8F-FDG)
positron emission tomography/CT (PET/CT) is widely used
for staging, restaging, and treatment response evaluation in
various cancers. Initially, its use was limited in patients with
BC due to the high urinary excretion activity of the ureters
and bladder (7). Nevertheless, several studies have shown
that PET/CT has a higher sensitivity in the determination
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of LN and distant metastases than CT and MRI, and it has
caused a therapy management alteration in 19-68% of BC
patients (8,9,10). Therefore, ®F-FDG PET/CT is increasingly
being used in clinical practice, and its exact role continues
to be evaluated (6). Recommendations of guidelines on
the use of "®F-FDG PET/CT in BC increase over time. The
National Comprehensive Cancer Network (NCCN) suggests
that "8F-FDG PET/CT may be beneficial in selected patients
with T2 (muscle-invasive disease) and in patients with
=CT3 disease (11). Moreover, PET/CT should be included
in oligometastatic disease staging when considering
radical surgery according to consensus statements of the
European Association of Urology and European Society of
Medical Oncology (12).

In the era of precision oncology, early prediction of prognosis
is important in patient management and personalized
therapy. Identification of prognostic factors for malignancies
is an important research topic in oncology. Several studies
have demonstrated various clinicopathological prognostic
factors in patients with BC. In addition to these factors, the
findings of "8F-FDG PET/CT may have prognostic importance
in terms of overall survival (OS). "8F-FDG PET/CT has been
shown to be highly sensitive in detecting extravesical
tumor deposits in BC patients. However, it is critical to
know whether the findings detected in ®F-FDG PET impact
prognosis in patients with BC. A limited number of studies
have investigated its prognostic value (13). Therefore, our
hypothesis was that the presence of "®F-FDG-positive pelvic
LNs and extra-pelvic diseases may predict patients with a
poorer OS. Treatment management and intensification can
be modified in these patients accordingly. This study aimed
to evaluate the prognostic importance of the presence
of "F-FDG-positive pelvic LNs and extra-pelvic disease on
'8F-FDG PET/CT in patients with BC.
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Materials and Methods

Patient Population

This retrospective study was approved by the University
of Health Sciences Tulrkiye, Ankara Dr. Abdurrahman
Yurtaslan Oncology Training and Research Hospital Non-
invasive Clinical Research Ethics Committee (no: 2022-
09/167, date: 22.09.2022), and the requirement for
informed consent was waived. Patients with histologically
proven BC were included in this study. Patients who
underwent a staging "®F-FDG PET/CT due to the presence
of muscle-invasive BC, high-risk histopathologic subtype,
and/or radiological equivocal findings (lung nodules, bone
lesions, etc. on CT or MR images that were evaluated as
an equivocal for metastasis by clinicians) were included
in the study. However, patients who underwent surgery
or received chemotherapy (CTx) and/or radiotherapy
(RT) before "F-FDG PET/CT imaging were excluded from
the study. Furthermore, patients with secondary primary
cancers were not included in the study.

Clinicopathological Features

Demographic characteristics were evaluated using the
hospital information system. Tumor histopathologic
subtypes and the presence of muscularis propria invasion
were recorded from pathology reports. Therapy histories
[CTx, RT, chemoradiotherapy (CRT), and surgery] after
PET/CT were recorded. Patients were followed until death
or the last medical visit. Follow-up time was calculated from
the date of PET/CT to the date of death, lost to follow-up,
or the last medical visit.

PET/CT Acquisition

All patients had fasted for at least 6 h before "F-FDG
PET/CT studies. The serum glucose levels measured at
the time of "8F-FDG injections were 150 mg/dL. "8F-FDG
was intravenously administered at a dose of 5.5 MBqg/kg
body weight. PET/CT images were obtained using a three-
dimensional Siemens Biograph True Point 6 PET/CT device
60 min after '®F-FDG injection. A PET scanner and a 3-mm
sliced multidetector CT scanner obtained simultaneous
images in the same session. Low-dose CT images without
intravenous iodinated contrast were used for attenuation
correction and anatomical correlation. If nuclear medicine
physicians required, some patients underwent dual-
phase 'F-FDG PET/CT with/without intravenous diuretic
administration. Patients who underwent dual-phase pelvic
imaging and their findings were recorded.

Image Analysis

Primary bladder tumors were assessed using PET/CT
images. The presence of irregular wall thickening or mass
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formation was accepted as a distinguishable tumor on CT
images. Primary tumors with distinguishable '®F-FDG uptake
from background activity were recorded as distinguishable
tumors on PET images. The sizes and maximum standardized
uptake value (SUV,__ ) of the primary tumors were recorded.
The patients were evaluated for a synchronous tumor in
the genitourinary tract on "F-FDG PET/CT images.

LNs with distinguishable "8F-FDG uptake from background
activity were accepted as "®F-FDG positive. The presence,
total number, and SUV__ of '®F-FDG-positive pelvic and
extra-pelvic LNs were recorded. Short-axis sizes of the
largest "8F-FDG-positive pelvic and extra-pelvic LNs were
measured.

Extra-pelvic '8F-FDG positive disease was accepted as
distant metastases. M1a is the presence of 8F-FDG positive
extra-pelvic LNs, whereas M1b is other distant metastases
according to the 8" TNM staging system (14). The locations,
total numbers, and SUV__ of distant metastases (M1a/1b)
were recorded.

Statistical Analysis

Statistical analyses were performed using SPSS software
version 21. The variables were investigated using visual
(histogram, probability plots) and analytical methods
(Kolmogorov-Smirnov/Shapiro-Wilk's  test) to determine
whether or not they are normally distributed. Descriptive
analyses were performed using frequencies for ordinal/
nominal variables, medians, minimum, and maximum
values for non-normally distributed variables, and mean
+ standard deviation for normally distributed variables.
The chisquare test was used to analyze the association
between primary tumor distinguishability on PET/CT
images, the presence and number of pelvic LNs, and the
presence of extra-pelvic "F-FDG-positive disease (MO/
M1a/M1b). The Kruskal-Wallis test was used to compare
the features of primary tumors and pelvic LNs between
the groups. Cox regression analyses were performed to
determine the predictors of mortality in univariate and
multivariate analyses. Regression analyses were performed
using forward-conditional selection. Survival analysis was
performed using the Kaplan-Meier method. An overall 5%
type-1 error level was used to infer statistical significance.

Results

Fifty-five patients with BC were included in this study. The
median age of the patients was 70 (53-84). In 55 patients,
48 (87.3%) were male and 7 (12.7%) were female. The
indication for '®F-FDG PET/CT imaging was the presence
of muscle-invasive (muscularis propria) BC in 39 (70.9%)
patients, whereas it was radiologically equivocal in 12
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(21.8%) patients. Moreover, 4 (7.3%) patients had high-
risk pathologic subtypes. Of these 4 patients, 1 had sarcoid
subtype, 2 had small cell neuroendocrine carcinoma, and 1
of whom was adenocarcinoma + small cell neuroendocrine
carcinoma.

The findings of "®F-FDG PET/CT are summarized in Table 1.
The median size of the primary tumor was 25.0 (13.0-168.0)
mm. The mean SUV__ of the primary tumor was 16.1+6.2.
The total number of patients with a distinguishable primary
tumor on CT (an irregular wall thickening or a mass
formation) was 38 (69.1%). The total number of patients
with a distinguishable primary tumor on PET images (higher
"8F-FDG uptakes from the background) was 32 (58.2%).
Eight (14.5%) patients had dual-phase pelvic PET/CT scans,
and three of them had a distinguishable primary tumor
on late-phase PET scan. Five patients had a suspicion of
synchronous tumors in the genitourinary tract on PET/CT
images.

Twenty-nine (52.7%) patients had '8F-FDG-positive pelvic
LNs, whereas 24 (43.7%) patients had 'F-FDG-positive
extra-pelvic disease (n=9 non-regional LNs, n=15 the
other distant metastases). The total number of patients

with bone, lung, and liver metastases was 9 (16.4%), 11
(20.0%), and 3 (5.4%), respectively.

There was a significant association between the presence of
'8F-FDG-positive pelvic LNs and extra-pelvic disease/distant
metastases (M1a/M1b) (p=0.003). While 5 (19.2%) of 26
patients without "®F-FDG positive pelvic LNs, 19 (65.5%) of
29 patients with '®F-FDG positive pelvic LNs had '8F-FDG-
positive extra-pelvic disease. Patients with ®F-FDG-positive
pelvic LNs had a significantly higher rate of extra-pelvic
disease.

There was no significant association between the presence
of '"®F-FDG positive extra-pelvic disease and patient age
(p=0.146), size (p=0.228) and SUV __ (p=0.520) of primary
tumor, or size (p=0.289) and SUV__ (p=0.438) of pelvic
LNs. Moreover, there was no significant difference between
the presence of '8F-FDG-positive extra-pelvic disease/
distant metastases, primary tumor distinguishability on PET
(p=0.145) and CT (p=0.225), and the number of ®F-FDG-
positive pelvic LNs (p=0.096).

The median follow-up duration was 13.5 months (3.2-
78.8, interquartile range: 23.1 months). Four patients
underwent cystectomy. The total numbers of patients who

Table 1. The findings of "®F-FDG PET/CT
Median or mean * SD
Features (min-max)
or number (%)
The median size of primary tumor (mm) 25.0 (13.0-168.0)
The mean SUV__ of primary tumor (g/dL) 16.1£6.2 (5.4-29.0)
The presence of '®F-FDG positive pelvic lymph node 29 (52.7%)
<5 19 (34.5%)
The number of "8F-FDG positive pelvic lymph node 59 2 (3.6%)
>9 8 (14.5%)
The median size of "8F-FDG positive pelvic lymph nodes (mm) 9.0 (5.042.0)
The median SUV__ of pelvic lymph nodes (g/dL) 5.4 (1.7-23.6)
<5 11 (20.0%)
The number of "®F-FDG positive extra-pelvic lymph node 59 4(7.3%)
>9 6 (10.9%)
The median size of extra-pelvic lymph nodes (mm) 9.0 (4.0-66.0)
- o ) Non-regional lymph node metastases (M1a) | 9 (16.4%)
'8F-FDG positive extra-pelvic disease/distant metastases (n=24) -
Others distant metastases (M1b) 15 (27.3%)
<5 8 (14.5%)
The number of distant metastases 59 5(9.1%)
>9 11 (20.0%)
The median SUV__ of distant metastases (g/dL) 7.0 (1.7-27.4)
SUV__: Maximum standardized uptake value, '®F-FDG: 'F-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, SD: Standard deviation,
min-max: Minimum-maximum
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received CTx, RT, and CRT were 17 (30.9%), 8 (14.6%),
18 (32.7%), respectively. Twelve (21.8%) patients have
no treatment. The patients received CTx and/or RT and/
or immunotherapy according to the clinician’s decisions. In
the follow-up, 36 (65.5%) of 55 patients died. The median
OS was 16.3 months [95% confidence interval (Cl) 8.9-
23.7]. OS was 59.7% at 1 year, 42.4% at 2 years, and
30.8% at 3 years.

The results of the univariate and multivariate analyses are
shown in Table 2. In the univariate analyses, primary tumor
distinguishability on PET (p=0.011) and CT (p=0.009)
images, the presence of '8F-FDG-positive pelvic LNs
(p<0.001) and '®F-FDG-positive extra-pelvic disease/distant
metastases (M0O/M1a/M1b) (p<0.001), and the number of
distant metastases (p=0.034) were significantly associated
with mortality. Consequently, the presence of 'F-FDG-
positive extra-pelvic disease/distant metastases [p=0.029,
odds ratio: 4.15 (95% Cl 1.16-14.86)] was found to be an

independent predictor of mortality in patients with BC in
the multivariate analysis.

The median OS was significantly lower in patients with
8F-FDG-positive extra-pelvic disease than in those without
8F-FDG-positive extra-pelvic disease (Figure 1). The median
OS of M0, M1a, and M1b patients was 32.9, 30.6, and 5.1
months, respectively (p<0.001).

Discussion

In the era of precision medicine, accurate pretreatment
staging is essential for better outcomes in patients with BC,
similar to other malignancies. Despite the initial hesitation
due to the high urinary "®F-FDG activity, '®F-FDG PET/CT
is increasingly used in clinical practice in BC patients with
growing evidence-based data (7). In this study, we found
that the presence of "8F-FDG-positive extra-pelvic disease/
distant metastases is an independent predictor of poorer
OS in patients with BC.

Table 2. The results of the univariate and multivariate analyses
E—— Univariate Multivariate

OR 95% ClI p-value OR 95% CI p-value
Patient age - - p=0.988 - - -
Patient gender - - p=0.582 - - -
High-risk pathologic subtype - - p=0.909 = = =
Muscularis propria invasion - - p=0.728 - - -
The distinguishability of primary tumor on CT 4.03 (1.41-11.51) p=0.009" - - -
The distinguishability of primary tumor on PET 2.87 (1.28-6.44) p=0.011" - - -
Primary tumor size - - p=0.242 - - -
The SUV__ of primary tumor - - p=0.369 - - -
The presence of '8F-FDG positive pelvic LN 4.00 (1.87-8.57) p<0.001" - - -
The number of '8F-FDG positive pelvic LN - - p=0.256 - - -
The size of '®F-FDG positive pelvic LN - - p=0.363 - - -
The SUV__ of "®F-FDG positive pelvic LN - - p=0.721 - - -
The number of '8F-FDG positive extra-pelvic LN - - p=0.140 - - -
The size of '8F-FDG positive extra-pelvic LN - - p=0.259 - - -
Lgetzazl'terssgtcaitc;fséiFi&D)G positive extra-pelvic disease/ ) 0<0.001" 415 | (1.1614.86) | p=0.029"
+ M1a (extra-pelvic lymph node) 1.99 (0.75-5.24) p=0.165 - - -
+ M1b (others distant metastases) 6.18 (2.70-14.14) p<0.001 - - -
The SUV__ of distant metastases - - p=0.092 - - -
The number of distant metastases - - p=0.034" - - -
Surgery - - p=0.110 - - -
CTx/RT/CRT - - p=0.288 - - -
*Statistically significant parameters. OR: Odds ratio, Cl: Confidence interval, CT: Computed tomography, PET: Positron emission tomography, SUV,__: Maximum standardized
uptake value, "8F-FDG: '8F-fluorodeoxyglucose, LN: Lymph node, CTx: Chemotherapy, RT: Radiotherapy, CRT: Chemoradiotherapy

15



Gulbahar Ates et al. '®F-FDG-PET/CT in Survival of Bladder Cancer

Mol Imaging Radionucl Ther 2024;33:11-18

Survival Functions

| FDG-positive
1,0 extrapelvic
disease/distant
metastasis (M0,
= M1a, M1b)
M0
0.8 FIMIA
‘ 1 M1b
—+M0-censored
- M1A-censored
- M1b-censored
S 0.6
2 +
=3
3
wv e
5
3 o+
0,2 JE—
0,0
T T T T T
00 20,00 40,00 60,00 80,00
time
Figure 1. Kaplan-Meier survival analysis according to the

presence of extra-pelvic "F-FDG positive disease in BC patients
'8F-FDG: "8F-fluorodeoxyglucose, BC: Bladder cancer

In this study, it was shown that patients with 8F-FDG-
positive pelvic LNs had a significantly higher rate of
"8F-FDG-positive extra-pelvic disease/distant metastases.
LN involvement in BC has a prognostic implication (15).
The presence, location, and number of involved LNs
can help predict the prognosis of patients with BC This
finding could be due to the prognostic importance of
pelvic LNs, and the presence of these might be related to
a more advanced disease. A prospective study to assess
primary lymphatic landing sites from the bladder by Roth
et al. (16) showed that the major lymphatic landing sites
are pelvic (regional and common iliac) LNs, whereas only
4% of cases showed drainage initially to more distal LNs-
para-aortic regions. All patients with para-aortic LNs had
additional LNs in the pelvis (external iliac, internal iliac,
or obturator fossa regions) (16). Based on this study, our
findings may be due to lymphatic drainage pathways for
extra-pelvic LNs (M1a) and the prognostic significance of
pelvic LNs. Considering this finding of our study, patients
with suspected pelvic LN positivity in conventional imaging
modalities should be carefully evaluated for the presence
of extra-pelvic disease in clinical practice. Consequently,
these patients may be staged by "8F-FDG PET/CT because of
their higher sensitivity in the evaluation of LNs and distant
metastases. In addition, '®F-FDG PET/CT has an advantage
in determining metastatic LNs regardless of the size.

In our study, the presence of '®F-FDG positive pelvic LNs
and "®F-FDG positive extra-pelvic disease were associated
with mortality in univariate analysis; however, only the
presence of '®F-FDG-positive extra-pelvic disease was found
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to be an independent predictor of mortality in BC patients
in multivariate analysis. The median OS was significantly
poorer in patients with 8F-FDG-positive extra-pelvic disease
than in those without "®F-FDG-positive extra-pelvic disease.
In parallel to our study, although their study designs and
patient populations were somewhat different, a study
on the prognostic value of '®F-FDG PET/CT in muscle-
invasive BC by Mertens et al. (13) found that extravesical
'"8F-FDG-positive disease was an independent indicator of
mortality in multivariate analysis. Furthermore, the studies
demonstrated that OS was significantly poorer in patients
with positive "F-FDG PET/CT than in those with negative
8E-FDG PET/CT (17,18). According to the findings, the
presence of 8F-FDG-positive disease, especially in extra-
pelvic regions, is an important prognostic factor in BC
patients. In addition, patients with '®F-FDG-positive extra-
pelvic LNs had significantly better outcomes than patients
with distant metastases, consistent with the literature
(19). Contrary to the belief in clinical practice regarding
the limitation of "®F-FDG PET in BC, it is a valuable tool
for the determination of pretreatment prognosis and
stage, especially in selected BC patients. The presence and
location of ®F-FDG-positive disease has a critical prognostic
value for patients with BC. "8F-FDG PET/CT may contribute
to treatment management and personalized therapy
decisions by early determination of extra-pelvic disease in
patients with BC.

The primary tumor distinguishability on PET and CT was
associated with mortality in patients with BC in univariate
analysis. It is known that the size of the primary tumor in BC
is a prognostic factor (20,21). Patients with larger primary
tumors might have more distinguishable tumors on PET
and/or CT; therefore, their prognosis might be poorer than
others. Moreover, aggressive tumors have a higher "8F-FDG
uptake (22,23), which may contribute to the distinction of
primary tumors from urinary activity in PET images.

In our study, there was no association between the
presence of '8F-FDG-positive extra-pelvic disease, OS, and
the sizes and SUV__ of primary tumors and pelvic LNs.
These findings might be due to various factors such as a
heterogeneous study population, difficulties such as high
bladder activity in interpretation of primary tumor and
pelvic LNs on PET/CT, and aggressive tumor behaviors
independent of tumor sizes. However, to the best of our
knowledge, metabolic prognostic factors such as SUV,__
have not been reported in BC patients (24).

Study Limitations

This study has some main limitations. First, this was a
retrospective study with a limited number of patients.
Because of the nature of the study, some clinical information
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such as clinical T-stages could not be obtained. Moreover,
our patient population was heterogeneous in terms of
clinicopathological features and therapies. Although it has
been shown that '®F-FDG PET/CT identifies more pelvic and
extra-pelvic diseases, the number of studies investigating its
prognostic value is limited. Therefore, our study has provided
valuable information. Multicenter randomized prospective
studies with more patients are needed on this topic.

Conclusion

BEFDG PET/CT is a valuable tool for staging and
determining pretreatment prognosis in selected BC
patients. The presence of '8F-FDG-positive extra-pelvic
disease in pretreatment "F-FDG PET/CT is an important
prognostic factor in BC patients.
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Abstract

Obijectives: This study aimed to evaluate the relationship between mobile phone usage and miRNA-574-5p and miRNA-30C-5p levels in patients
diagnosed with differentiated thyroid cancer (DTC).

Methods: Fifty patients diagnosed with DTC and 50 healthy volunteers were included in the study. miRNA-574-5p and miRNA-30C-5p gene
expression levels in the blood of all subjects were analyzed by real time-polymerase chain reaction, and a questionnaire including various questions
was administered to both groups.

Results: Although there was a 7.60-fold increase in miRNA-30C-5p gene expression levels in the patient group compared with the control group,
it was not found to be statistically significant. Considering the miRNA-574-5p gene expression levels, although there was a 2.96-fold increase in
the patient group compared with the control group, no significant relationship was found. In our study, 85% of our patients were using mobile
phones with internet access, whereas 98% of our healthy volunteers were using mobile phones (p<0.05). While 53.5% of the patients had their
mobile phones with them while they were sleeping, this rate was 83.7% in healthy volunteers (p<0.05). However, 93.9% of the healthy volunteers
did not have a Wi-fi device in their bedrooms, and this rate was 75% in the patient group (p<0.05).

Conclusion: Although miRNA-30C-5p and miRNA-574-5p gene expression levels were higher in patients than in healthy volunteers, the differences
were not statistically significant. Although there was no significant difference in miRNA levels, we believe that due to the higher rate of Wi-Fi device
presence in bedrooms in patients compared with healthy volunteers, the effects of electromagnetic radiation on the thyroid can be reduced by
paying attention to this simple change.
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Oz

Amag: Bizim bu calismada amacimiz, diferansiye tiroid kanseri (DTK) tanisi konulan hastalarda cep telefonu kullaniminin, miRNA-574-5p ve miRNA-
30C5p ile iliskisini degerlendirmekti.

Yontem: Calismaya DTK tanili 50 hasta ve 50 saglikli génillu dahil edildi. Tim deneklerin kanlarindaki miRNA-574-5p ve miRNA-30C-5p gen
ekspresyon seviyeleri gercek zamanli polimeraz zincir reaksiyonu yontemi ile analiz edildi ve her iki gruba cesitli sorular iceren bir anket uygulandi.
Bulgular: Kontrol grubuna gére hasta grubunda miRNA-30C-5p gen ekspresyon diizeylerinde 7,60 kat artis olmasina ragmen istatistiksel olarak
anlamli bulunmadi. miRNA-574-5p gen ekspresyon seviyelerine bakildiginda hasta grubunda kontrol grubuna gére 2,96 kat artis olmasina ragmen
anlamli bir iliski bulunmadi. Calismamizda hastalarimizin %85'i internet erisimi olan cep telefonu kullanirken, saglikli gondllilerimizin %98'i cep
telefonu kullanmaktaydi (p<0,05). Hastalarin %53,5'i uyurken cep telefonunu yaninda bulundururken, saglikli génillilerde bu oran %83,7 idi
(p<0,05). Ancak saglikli génllilerin %93,9"unun yatak odalarinda Wi-Fi cihazi bulunmadigi, hasta grubunda ise bu oranin %75 oldugu saptandi
(p<0,05).

Sonug: MRNA-30C-5p ve miRNA-574-5p gen ekspresyon seviyeleri hastalarda saglikli géndillilere gére daha yiksek olmasina ragmen istatistiksel
olarak anlamli degildi. miRNA diizeylerinde anlamli bir fark olmasa da saglikli gontillilere gére hastalarin yatak odalarinda Wi-Fi cihazi bulunma
oraninin daha ylksek olmasi nedeniyle elektromanyetik radyasyonun tiroid tzerindeki etkilerinin bu basit degisiklige dikkat edilerek azaltilabilecegini
dustintyoruz.

Anahtar kelimeler: Tiroid kanser, radyoiyot, miRNA-574-5p, miRNA-30C-5p
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Introduction

Thyroid cancer is the most common endocrine system
malignancy, and its incidence is increasing, which can
be noticed by all departments working on thyroid gland
diseases. Some authors believe that this increase is
associated with more frequent health check-ups and
increased diagnostic possibilities (1). The etiology of thyroid
cancer is currently unknown. However, obesity, smoking,
hormonal exposure, and some environmental factors may
play a role, especially in childhood exposure to ionizing
radiation (2). In addition to diagnostic technological
developments against diseases, technological developments
that cause electromagnetic radiation exposure, especially
mobile phones, have accelerated and become indispensable
in our daily lives. The increase in the incidence of thyroid
cancer and the parallel increase in mobile phone use raise
the question of whether electromagnetic radiation (EMR)
plays a role in the etiology of thyroid cancer.

Radiation is divided into two groups, ionizing and non-
ionizing radiation, according to its effects on the tissue.
lonizing radiation is also divided into two groups: photon
radiation (X and y-rays) and particulate radiation (such as
protons, neutrons, 3 and a rays). Non-ionizing radiation
consists of ultraviolet, visible light, infrared, microwaves,
and radio waves. Biological effects of radiation such as
cancer occur mainly with ionizing radiation types. Mobile
phones are also a source of non-ionizing radiation. There
is an increased risk of developing thyroid cancer in those
exposed to high-dose ionizing radiation (3). However,
the relationship between the effects of non-ionizing
EMR and cancer development has not been definitively
proven. According to the results of the INTERPHONE
study, no increase was found in the incidence of glioma,
meningioma, and acoustic neuroma in long-term mobile
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phone users (4). The thyroid gland is close to the location
where mobile phones are used and is located in the
electromagnetic field. Studies have shown that EMR
can cause thyroid dysfunction (5). Although Milham
and Morgan (6) stated that the incidence of thyroid
cancer increases in people with excessive cell phone use,
according to most studies in the literature, EMR does not
show a carcinogenic effect (7).

Exosomes are extracellular vesicles that are produced
and released by different cells, have a size of
approximately 30-100 nm, consist of proteins, DNA,
MRNAs, microRNAs (miRNAs), and lipids, and provide
intercellular communication. Because of the presence
of miRNAs located in exosome vesicles in biological
fluids, many studies have been conducted on their use
as non-invasive biomarkers in cancers (8,9). It plays
crucial roles in biological processes, including apoptosis,
proliferation, differentiation, and cell growth, with a
role in the regulation of gene expression. Each miRNA
molecule can bind to several mRNAs and different
miRNAs in the mRNA. This may be an important reason
why we see different clinical conditions in each patient,
even though they have the same tumor type. Numerous
studies are ongoing regarding the potential of miRNAs
to be used as biomarkers in oncology because of their
important role in directing mRNA and subsequent gene
expression in both normal and tumor tissues. Changes
in the regulation of MIRNAs can cause carcinogenesis
and cancer progression, and miRNA molecules function
as oncogenes in some cancers and as tumor suppressor
genes in others. For this purpose, several studies have
been conducted on different miRNA panels. For example,
it has been reported that miRNA-30 is downregulated
after EMR and activates autophagy (10). Recently, the
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issue of miRNAs associated with thyroid cancers has
also been investigated. Recently, Zhang et al. (11);
reported that miR-574-5p/FOXN3 is important in the
progression of thyroid cancers. In two other studies
conducted with the same miRNA, it was reported that
the upregulation of miRNA-574-5p was oncogenic for
thyroid cancers (12,13). In studies related to ionizing
radiation and miRNA, Li et al. (14) showed that miR-30
plays an important role in radiation-induced apoptosis by
directly targeting hematopoietic cells. According to Hao
et al. (10), the downregulation of miRNA-30 after EMR
exposure is provided by the expression modulation of
Beclin, which activates autophagy.

Our aim in this study was to evaluate the relationship
between mobile phone use and miRNA-574-5p and
miRNA-30 in patients with thyroid cancer.

Materials and Methods

Patient and Healthy Volunteer Selection

Patients diagnosed with differentiated thyroid cancer
and evaluated for radioactive iodine treatment by the
Departments of Nuclear Medicine and Endocrinology and
Metabolism were included in the study. Patients who had
received radioactive iodine treatment before and did not
agree to participate in the survey were excluded from the
study. In addition, patients with another cancer history
were not included in the study. While blood was drawn
for routine tests during hospitalization for RAI treatments,
additional blood was taken to determine miRNA-574-5p
and miRNA-30C-5p gene expression levels.

Healthy volunteers were included in the study and the
number of patients. Healthy volunteers were selected
from those who had not been diagnosed with thyroid
cancer and who had no thyroid nodules. The healthy
volunteers included in the study were selected from
people who were similar to the thyroid cancer patient
group in terms of age and gender. Before being included
in the study, neck ultrasonography was performed by
specialist physicians in the Department of Endocrinology
on all healthy volunteers. Blood was collected from
healthy volunteers who met the study criteria to
determine the gene expression levels of miRNA-574-5p
and miRNA-30C-5p.

In addition, questions related to the use of mobile phones
by patients and healthy volunteers were answered orally.

Ethical approval for this study was obtained from the
Cumhuriyet University Clinical Research Ethics Committee
(decision no: 2020-05/02, date: 21.05.2020).
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Collection of Blood Samples From the Patient and
Healthy Volunteer Groups

During the radioactive iodine treatment of the patients,
while routine blood tests (serum thyroid stimulating
hormone, thyroglobulin and anti-thyroglobulin antibody)
were performed before hospitalization, approximately
2 mL of blood was taken into Paxgene tubes, which
will provide RNA stabilization, in the same session, and
these blood were stored at -80 °C until all patients were
completed. Blood was collected from a similar number of
healthy volunteers in the same way as in the patient group
and stored.

Gene Expression Analysis Using Real Time-polymerase
Chain Reaction (RT-PCR)

RNA Isolation From Blood

RNA isolation was performed according to the
manufacturer's protocol using the RNeasy Plus mini
isolation kit.

ComplementaryDNA (cDNA) Synthesis

To determine the expression levels of miRNA-574-5p and
mMIiRNA-30C-5p by RT-PCR, cDNA synthesis from RNA was
performed in accordance with the appropriate kit protocol.

RT-PCR Analysis

RT-PCR analysis of miRNA-574-5p (YP0O2116206, A.B.T/
ABT-PRMR) and miRNA-30C-5p (YP00204783, A.B.T/ABT-
PRMR) genes was performed using the ABT 2X Q-PCR SYBR-
Green MasterMix (Without ROX) kit. All cDNA samples
were run 3 times under the same conditions. The mean of
these three measurements was used in the analyses. In the
study, the housekeeping gene glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) (PPHOO150F Qiagen) was used
as an internal control to determine the differences in
expression levels between the control and study groups.

Analysis of the RT-PCR Data

Analysis of all RT-PCR data of gene expression experiments
was performed using Rotor-gene 6000 Series Software
Version 1.7. Statistical analysis of the data with the
AACT method was performed using the software
“RT2 profiler RT-PCR Array Data Analysis version 3.5"
(http://pcrdataanalysissabiosciences.com/pcr/arrayanalysis.php).

Statistical Analysis

SPSS version 24 software was used for statistical analysis.
Descriptive quantitative data are expressed as median
values, and qualitative data are expressed as percentages.
Fisher's exact test and chisquare test were used to
compare variables. Whether the variables showed normal
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distribution was evaluated by visual (histogram and
probability graphs) and analytical methods (Kolmogorov-
Smirnov/Shapiro-Wilk tests). Descriptive analyses were
performed using median and interquartile range for non-
normally distributed variables. Student’s t-test was used
in the analysis of normally distributed data, whereas the
Mann-Whitney U test was used in the evaluation of data
that did not show normal distribution. A p-value of 0.05
was considered to indicate a statistically significant result.

Results

Similar to the literature, the frequency of female patients
was much higher, and 41 (82%) of the 50 patients included
in the study were female and 9 (18%) were male. The
median age was 47 years (range: 17-71 years) in the
patients, 46 years (range: 17-71 years) in women, and
51 years (range: 17-81 years) in men. Of the patients, 47
(94%) were papillary and 3 (6%) were follicular. The median
tumor size was 17.5 mm (range: 8-70). Of the patients, 23
(46%) were under the age of 45, and 27 (54%) were =245
years old. Tumor size was <2 cm in 30 (60%) patients, and
tumor size was greater than 2 cm in 20 (40%) patients.
While the tumor was in one focus in 22 (44%) patients,
the tumor was in 2 foci in 10 (20%) patients, the tumor
was in 3 foci in 7 patients (14%), and the tumor was in
more than 3 foci in 11 (22%) patients. All demographic
and clinicopathological data of the patients are presented
in Table 1.

When the answers given to the questionnaire in the patient
group were evaluated, seven of the patients (14%) had a
family history of thyroid cancer. A patient (railroad worker)
said he had worked in the radiation field for several years.
Except for this patient, the other patients had no history
of radiation. Seven of our patients (14%) did not have a
history of using mobile phones with internet access. Of
these 7 patients, 2 had no history of cell phone use. The
median mobile phone usage time of the patients was
10 years (range: 1-25 years), and the median daily cell
phone usage time was 3 h (range: 0.5-15 hours). While
81.4% of the patients did not use headphones during long
conversations, 83.7% did not turn off their phones while
sleeping. 53.5% of the patients had a mobile phone with
them while they were sleeping. 5 of the patients did not
have a Wi-Fi device at home. In 25.6% of the patients,
the Wi-Fi device was in the bedroom, and 90.2% of the
patients did not turn off the Wi-Fi device while they were
sleeping.

Ourstudy included 50 healthy volunteers. Of these, 33 (66%)
were female and 17 (34%) were male. The median age of
healthy volunteers was 47.5 (range: 18-66 years). When the

Table 1. Demographic and clinicopathological data of
patients

Patient characteristics n (%)
Gender
Female 41 (82)
Male 9(18)
Histopathological classification
Papillary carcinoma 47 (94)
Follicular carcinoma 3(6)
Median: 47
Age (range: 17-71)
<45 23 (46)
245 27 (54)

Median: 17.5 mm

Tumor size (range: 8-70 mm)

Number of tumor foci

1 22 (44)
2 10 (20)
3 7(14)
>3 11(22)
Presence of lymphovascular invasion

Present 8 (16)
Absent 42 (84)
Presence of perineural invasion

Present 3(6)
Absent 47 (94)
Tumor capsule invasion

Present 8 (16)
Absent 42 (84)
Thyroid capsule invasion

Present 14 (28)
Absent 36 (72)
Soft tissue invasion

Present 14 (28)
Absent 36 (72)
Thyroid parenchyma invasion

Present 4 (8)
Absent 46 (92)
Lymph node metastasis

Present 5(10)
Absent 45 (90)
Distant metastasis

Present 5(10)
Absent 45 (90)
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responses of healthy volunteers to the questionnaire were
evaluated, 9 (18%) had a family history of thyroid cancer.
None of the healthy volunteers had a history of high-dose
radiation exposure to the neck region. However, 4 patients
had a history of laser epilation in the neck area. Only 1
(2%) of the healthy volunteers had a history of using a
mobile phone with internet access. The median phone
usage time of healthy volunteers was 13 years (range:
2-23 years), and the daily median phone usage time was
4 h (range: 0.5-15 hours). Of the healthy volunteers, 86%
did not have a history of using headphones for prolonged
conversations, and 90% did not turn off their phones while
sleeping. In 83.7% of the healthy volunteers, their mobile

phone was with them while they were sleeping. 1 of the
healthy volunteers did not have a Wi-Fi device at home.
Of the healthy volunteers, 6.1% had a Wi-Fi device in the
bedroom, and 93.9% did not turn off the Wi-Fi device
while sleeping. The results of the questionnaire answers
of the patients and healthy volunteers are given in Table 2.

Statistical Analysis of RT-PCR Results

Expression levels of miRNA-30C-5p and miRNA-574-
5p genes were analyzed by RT-PCR in the differentiated
thyroid cancer patient group and healthy volunteer group.
GAPDH was used as a housekeeping gene in our study.
Normalization of the expression levels of genes was
achieved with GAPDH.

Table 2. Comparison of the survey results of patient and healthy volunteer groups

Patient Healthy volunteer

n (%) n (%) p-value
Family history of thyroid cancer
Present 7 (43.8) 9 (56.3)
Absent 43 (51.2) 41 (48.8) 0.585
High-dose radiation exposure to the neck
Present = =
Absent 50 (100) 50 (100) 0.315
Smartphone usage
Present 43 (46.7) 49 (53.3)
Absent 7 (87.5) 1(12.5) 0.027*
Phone usage time (years)
Median (range)/year 10 (1-25) 13 (2-23) 0.115
Daily usage time (hour)
Median (range)/hour 3 (0.5-15) 4 (0.5-15) 0.667
Headphone use
Present 8 (57.1) 6 (42.9)
Absent 35 (44.9) 43 (55.1) 0.397
Do you turn off the phone while sleeping?
Yes 7 (63.6) 4 (36.4)
No 36 (44.4) 45 (55.6) 0.231
Is the phone with you while you sleep?
Yes 23 (35.9) 41 (64.1)
No 20 (71.4) 8 (28.6) 0.002
Is there a Wi-Fi device in the bedroom?
Yes 11 (78.6) 3(21.4)
No 33 (41.8) 46 (58.2) 0.011*
Do you turn off the Wi-Fi device while sleeping?
Yes 4 (57.1) 3(42.9)
No 37 (44.6) 46 (55.4) 0.522

For this reason, the number of subjects was missing in some analyses

“Sign indicates p<0.05. Seven patients and one healthy volunteer did not use smartphones. In addition, 5 patients and 1 healthy volunteer did not have a Wi-Fi device at home.
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Statistical analysis of RT-PCR data was performed using
Rotor-Gene 6000 software, RT2 SYBRGreen gPCR Array
Data Analysis version 3.5. The data obtained because of the
experiment were analyzed using the AACT method in the
RT-PCR device. RT-PCR data were evaluated using Student'’s
t-test. If the fold change value (Fold change =2-AACt) is
greater than one, it means that the gene expression level
is increased, but if the fold change value is less than one,
it indicates that the gene expression level is decreased.
Fold regulation is the adaptation of fold change results
to biological systems. If the fold change value (2-AACt) is
greater than one, it is equal to the fold regulation value;
however, if the fold change value (2-AACt) is less than
one, the fold regulation value is the negative inverse of the
fold change value. Because of the analysis of the data, the
average Ct, fold change, and fold regulation values of each
gene region are shown in Table 3.

Although there was a 7.60-fold increase in miRNA-30C-
S5p gene expression levels in the patient group compared
with the healthy volunteer group, it was not found to be
statistically significant (p=0.142). Considering the miRNA-
574-5p gene expression levels, although there was a 2.96-
fold increase in the patient group compared with the
healthy volunteer group, no significant relationship was
found (p=0.464) (Table 3, Figure 1).

W MIR30c-5p
W MIR574-5p
W GAPDH

Fold Change
-

1

0
Control Group

Group 1

Figure 1. Comparison of expression levels of miRNA-30C-5p and miRNA-
574-5p genes in patient and control groups
GAPDH: Glyceraldehyde 3-phosphate dehydrogenase

*Fold change = 224V
**Fold regulation = -1/AACt

ACt tumor = Mean Ct target gene tumor - Mean Ct GAPDH
tumor

ACt control = Mean Ct target gene control - Mean Ct
GAPDH control

AACt = ACt (target gene tumor - GAPDH tumor) - ACt
(target gene control - GAPDH control)

When the histopathological data of the patients were
compared with the expression levels of miRNA-30C-5p
and miRNA-574-5p genes, thyroid cancer patients with
positive lymph node metastasis, lymphovascular invasion,
blood vessel invasion, perineural invasion, tumor capsule
invasion, surrounding soft tissue invasion, and thyroid
parenchyma invasion were compared with the negative
group. Although there were fold increases in miRNA-30C-
5p and mMIiRNA-574-5p expression levels in the positive
group, these parameters were not statistically significant
(Table 4).

“Smartphone usage”, “Do you turn off the phone while
sleeping?”, “Is the phone with you while you sleep?”, “Is
there a Wi-Fi device in the bedroom?” and “Do you turn
off the Wi-Fi device while sleeping?” questions were asked,
and the answers given to these questions were evaluated in
the patient group. In the patient group who answered yes
to the questions, when evaluated in terms of miRNA-30C-
5p and miRNA-574-5p expression levels, although there
were fold increases, no statistically significant relationship
was found. When evaluated in terms of miRNA-30C-5p and
MIRNA-574-5p expression levels in the control group with
the same questions, although there were fold increases, no
statistically significant relationship was found. When the
answers given to the same questions were evaluated by
considering the patient and control groups together, when
evaluated in terms of MIRNA-30C-5p and miRNA-574-5p
expression levels, although there were fold increases, no
statistically significant relationship was found (Table 5).

Table 3. CT, fold change, and fold regulation results of RT-PCR data from thyroid cancer and healthy volunteer groups
Genes Group Median CT Standard deviation Fold-change p-value

. Patient 21.63 1.21
mMIRNA-30C-5p Control 2269 112 7.60 0.142

. Patient 18.02 2.22
miRNA-574-5p Control 811 341 2.96 0.464

Patient 24.50 2.51

GAPDH Control 22.21 3.79 Lo e
GAPDH: Glyceraldehyde 3-phosphate dehydrogenase, RT-PCR: Real time-polymerase chain reaction, CT: Cycle threshold
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Discussion

miRNAs are a group of small, single-stranded, non-coding
RNAs approximately 22 nucleotides long. According
to various studies, irregularities in miRNAs have been
implicated in various pathological processes, including
tumorigenesis, making miRNAs a promising diagnostic and
therapeutic target in the future (15). Changes in miRNAs
cause genetic and epigenetic changes by activating
proto-oncogenes or inactivating tumor suppressor genes.
Thyroid cancers are the most common endocrine system
malignancies, and the aim of this study was to evaluate the
relationship between cell phone use and MIRNA-574-5p
and miRNA-30C-5p expression levels in patients diagnosed
with differentiated thyroid cancer.

Human miR-574-5p is encoded by miR-574 (gene ID:
693159) on human chromosome 4p14 and is produced
in a multi-step process (16). miR-574-5p is a candidate
oncogenic target for different types of cancer (17,18).
The first study investigating the relationship between this
gene expression and thyroid cancer was conducted in
2013 by Fan et al. (19). According to this in vitro study,

an inverse correlation was observed with miRNA-574-5p in
thyroid cancer cells. Zhang et al. (13) found that abnormal
upregulation of miR-574-5p had an oncogenic effect by
regulating the Wnt/p-catenin pathway by targeting quaking
proteins (QKI). According to the data of our study, miR-
574-5p gene expression levels in the differentiated thyroid
cancer patient group were found to be higher than those
in healthy volunteers, although the difference was not
statistically significant. When the patients were evaluated
according to histopathological parameters, although
there was an increase in miRNA-30C-5p and miRNA-574-
5p expression levels in those with positive lymph node
metastasis, lymphovascular invasion, blood vessel invasion,
perineural invasion, tumor capsule invasion, peripheral soft
tissue invasion, and thyroid parenchyma invasion, there
was no statistically significant relationship (Table 4).

The miRNA-30 family is known as a tumor suppressor
and plays an important role in the development of many
cancer types (20). It has been reported that miRNA-30 is
downregulated after EMR and activates autophagy (10).
Braun et al. (21) reported that miRNA-30 can reduce
the invasive potential of anaplastic thyroid carcinoma

Table 4. Comparison of the expression levels of miRNA-30C-5p and miRNA-574-5p genes in patients with histopathological

parameters

miRNA-30C-5p miRNA-574-5p GAPDH

Fold-change p-value Fold-change p-value Fold-change p-value
Lymph node metastasis (+/-) 7.21 0.51 9.79 0.56 1.00 N/A
Lymphovascular invasion (+/-) 0.62 0.56 1.06 0.75 1.00 N/A
Blood vessel invasion (+/-) 0.45 0.50 2.10 0.50 1.00 N/A
Perineural invasion (+/-) 3.19 0.95 13.19 0.15 1.00 N/A
Tumor capsule invasion (+/-) 1.76 0.67 1.02 0.30 1.00 N/A
Thyroid capsule invasion (+/-) 2.20 0.98 1.31 0.48 1.00 N/A
Soft tissue invasion (+/-) 1.95 0.84 1.39 0.62 1.00 N/A
Thyroid parenchyma invasion (+/-) 0.82 0.88 0.58 0.54 1.00 N/A

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase

Table 5. When the patients and healthy volunteers were evaluated together, the relationship between the expression
levels of miRNA-30C-5p and miRNA-574-5p genes was determined according to their responses to smartphone and Wi-Fi

usage
miRNA-30C-5p miRNA-574-5p GAPDH
Fold-change | p-value Fold-change | p-value | Fold-change | p-value
Smartphone usage (+/-) 6.06 0.45 2.58 0.50 1.00 N/A
Do you turn off the phone while sleeping? 8.07 0.31 3.12 0.75 1.00 N/A
Is the phone with you while you sleep? (+/-) 7.70 0.33 2.82 0.72 1.00 N/A
Is there a Wi-Fi device in the bedroom? (+/-) 8.85 0.46 0.99 0.40 1.00 N/A
Do you turn off the Wi-Fi device while sleeping? 8.73 0.33 3.28 0.71 1.00 N/A

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase
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cells. According to the data of our study, miRNA-30C-5p
expression levels in patients with differentiated thyroid
cancer were found to be higher than those in healthy
volunteers, although the difference was not statistically
significant.

Epidemiological studies have shown that the incidence of
thyroid papillary carcinoma has been increasing since the
1980s. At the same time, a rapid increase is observed in the
use of mobile phones (7). Because exposure to ionizing
radiation has an important role in the development of
cancer, many studies have been conducted and continue
to be conducted on whether EMR exposure due to
mobile phones will cause cancer. In a study conducted
on rats, exposure of the whole body to 900 MHz pulse-
modulated RF radiation similar to that emitted by the
Global System for Mobile Communications (GSM) caused
pathological changes in the thyroid gland (22). According
to the results of the INTERPHONE study, no increase
was found in the incidence of glioma, meningioma, and
acoustic neuroma in long-term mobile phone users (4).
According to the results of the prospective study by
Benson et al. (23), no association was found between cell
phone use and glioma, meningioma, or other cancers not
originating from the central nervous system. Silva et al.
(7) studied thyroid cells using radiofrequency energy and
found that this type of radiation did not show a potential
carcinogenic effect. Luo et al. (24) found no relationship
between cell phone use and the development of thyroid
cancer in their study, which included 462 patients and
498 control groups. However, there was an increased
risk of microcarcinoma (tumor size <10 mm) in those
with a higher frequency of mobile phone use. Wi-Fi is
a technology that has an important place in human life.
In our study, 85% of our patients were using mobile
phones with internet access, whereas 98% of our healthy
volunteers were using mobile phones (p<0.05). Contrary
to our expectations, according to the questionnaire, the
habit of keeping a mobile phone in the bedroom while
sleeping was higher in healthy volunteers than in patients
(p<0.05). On the other hand, while there was a Wi-Fi
device in their bedrooms in 78.6% of the patients, this
rate was much lower (21.4%) in healthy volunteers
(p<0.011). No difference was detected by turning off the
Wi-Fi device while sleeping.

Study Limitations

The biggest limitation of our study was the small number
of patients. In addition, some responses to survey studies
were not certain (for example, how many hours of phone
usage per day? etc).
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Conclusion

Although there was a 7.60-fold increase in miRNA-30C-
5p gene expression levels in the patient group compared
with the control group, it was not found to be statistically
significant. When miRNA-574-5p gene expression levels
were evaluated, although there was a 2.96-fold increase
in the patient group compared with the control group,
no significant relationship was detected. Differentiated
thyroid cancer patients and their healthy volunteers
were asked about “Do you have smart mobile phone
use?”, "Do you turn off the phone while sleeping?,
“Do you have mobile phones near while sleeping?”,
“Is there Wi-Fi device in bedroom?”, "Do you turn off
Wi-Fi device while sleeping?” When the answers given
to the questions MiIRNA-30C-5p and miRNA-574-5p
expression levels were evaluated, although there were
fold increases, no statistically significant relationship
was detected. However, because of the limited number
of patients, which is the biggest limitation of our study,
we recommend that these studies be conducted with
larger numbers of patients and healthy volunteers.

Although there was no significant difference between
miRNA levels, we believe that the effects of EMR on the
thyroid gland can be reduced by paying attention to this
simple precaution, since there is a higher rate of Wi-Fi
devices in the bedrooms than in healthy volunteers.
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Care Pathway at a Cancer Center for the Administration of
Radiometabolic Therapy with 177Lu-PSMA in Patients with
Metastatic Castration-resistant Prostate Cancer

Metastatik Kastrasyona Direncli Prostat Kanserli Hastalarda |//Lu-PSMA ile
Radyometabolik Tedavinin Uygulanmasina Yonelik Kanser Merkezinde Bakim Yolu
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Abstract

Obijectives: To present a clinical care model for the administration of 177Lu-labeled prostate-specific membrane antigen (PSMA) in radiometabolic
therapy for metastatic castration-resistant prostate cancer (mCRPC) at the National Cancer Institute (NCl) of Bogota, Colombia.

Methods: A care model was designed for patients with mCRPC based on the VISION study, a prospective, phase Ill, multicenter, open-abel,
randomized study in patients with positive ®Ga-PSMA positron emission tomography/computed tomography who had progressed to taxane and
androgen therapy, to receive 177Lu-PSMA-617 combined with the best standard of care vs. the best standard of care alone. The care pathway
provided to patients was developed by the Nuclear Medicine Group of the NCI and is the result of adjustments and improvements in the care
process and the updating of the literature.

Results: A systematic and efficient care model was formalized and implemented for the administration of 177Lu-PSMA therapy in patients with
mCRPC who had previously been treated with at least one androgen receptor pathway inhibitor and one or two taxane regimens, with evidence
of disease progression.

Conclusion: An optimized process of care based on the determinants of clinical outcomes was developed for patients who received this type of
radiometabolic therapy.
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Amagc: Bogota, Kolombiya Ulusal Kanser Enstitisti'nde (NCI) metastatik kastrasyona direngli prostat kanserinin (mCRPC) radyometabolik
tedavisinde 177Lu etiketli prostat spesifik membran antijeninin (PSMA) uygulanmasina yénelik bir klinik bakim modeli sunmaktir.

Yontem: %Ga-PSMA pozitron emisyon tomografisi/bilgisayarli tomografisi pozitif olan ve taksan ve androjen tedavisi almis hastalarda yapilan
prospektif, faz Ill, cok merkezli, acik etiketli, randomize bir ¢alisma olan VISION calismasini temel alarak mCRPC'li hastalar icin 177Lu-PSMA-617
ve en iyi bakim standardini tek basina en iyi bakim standardi ile karsilastiracak bir bakim modeli tasarlandi. Hastalara saglanan bakim yolu, bakim
strecindeki ayarlamalar ve iyilestirmeler ile literatlrlin glincellenmesinin sonucunda NCI'nin Niikleer Tip Grubu tarafindan gelistirilmistir.
Bulgular: Daha 6nce en az bir androjen reseptor yolagi inhibitorii ve bir veya iki taksan rejimi ile tedavi edilmis ve hastalik ilerlemesinin kaniti
bulunan mCRPC'li hastalarda 177Lu-PSMA tedavisinin uygulanmasi icin sistematik ve etkili bir bakim modeli sekillendirildi ve uygulandi.

Sonug: Bu tip radyometabolik tedavi alan hastalar icin klinik sonuglarin belirleyicilerine dayali optimize edilmis bir bakim streci gelistirilmistir.
Anahtar kelimeler: Prostat neoplazmalari, prostat spesifik antijen, lutesyum, niikleer tip radyofarmasétik saglik hizmeti sunumu, entegre

Introduction

The National Cancer Institute of the United States (NIH)
defines prostate cancer as a neoplasm originating in
prostate tissues and is the second most commonly
diagnosed neoplasm in the male population worldwide (1).

The incidence of prostate cancer diagnosis varies widely
between different geographic areas, being highest in
Australia/New Zealand and North America, with age-
standardized rates of 111.6 and 97.2 per 100,000
population, respectively (1). According to data reported by
the NIH, the rate of new cases was 106.8 per 100,000
people in 2018, with an estimated new case rate of
248,530 (13.1%) for 2021 (2). Likewise, the World Health
Organization records a worldwide incidence of 30.1 for
the year 2020, estimating 1,628,781 new cases in Latin
America and 49.8 in Colombia for the same year (3).
Regarding the records of the National Cancer Institute
(NCI) of Bogotd, patients with prostate cancer (n=5,430)
were evaluated between 2017 and 2020, approximately
1,000 patients per year.

Metastatic castration-resistant prostate cancer (mCRPC)
is established in patients with suppressed testosterone
levels <50 ng/dL with at least one of the following criteria:
biochemical progression understood as an increase in
prostate-specific antigen (PSA) in studies spaced at least
one week apart, with two increases of 50% over the
nadir value and with PSA >2 ng/mL (4); or radiological
progression with two or more new lesions on bone scan
or soft tissue lesions.

Prostate-specific membrane antigen (PSMA) is a
transmembrane protein mainly expressed in prostate cancer
cells; its high expression is an independent biomarker of
poor prognosis during the disease. Most patients with
mMCRPC have positive PSMA levels, and its high expression
has been associated with reduced survival (5).
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Radiolabeled PSMA is an effective tool for treating mCRPC.
Its usefulness, safety, and low toxicity have been verified
because it limits radiation to target organs and reduces the
presentation of radiation-related symptoms during tumor
cytorduction (5,6,7).

In particular, the use of PSMA radiolabeled with 177Lu has
shown an improvement in the overall and progression-free
survival of patients and in some cases in tumor regression,
both in animal and human studies. Recently, in the VISION
study-the only phase Ill randomized study-it was possible
to show the efficacy of 177Lu-PSMA (5), which has led
to its inclusion as a therapeutic option in mCRPC after
progression despite one or two lines of taxanes according
to international guidelines (4).

In the hospital radiopharmacy of NCI (Bogota, Colombia),
radiolabeled PSMA has been developed for the diagnosis
and treatment of prostate cancer. In January 2020, 177Lu-
PSMA was produced, at which time the first treatment was
administered.

To date, 41 therapies have been administered to 19
patients, which has made it possible to adjust an orderly
and optimized procedure for the administration of this
radionuclide therapy. In Colombia, few institutions have
the capacity to administer this type of therapy; thus, this
work seeks to document the evolution of a model for
the administration of 177Lu-PSMA therapy in patients
diagnosed with mCRPC, with the aim that different cancer
centers can use it as a guide for the care of this group of
patients.

Materials and Methods

To establish a standardized institutional procedure for
the administration of 177Lu-PSMA therapies, some key
moments were defined (Figure 1).

We don't use statistical analysis in our article.
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Figure 1. Flowchart 177Lu-PSMA therapy workflow at our institution
177Lu-PSMA: 177 Lu-prostate-specific membrane antigen

Results

The Nuclear Medicine Group at NCI has managed to
develop a systematic method for the administration of
177Lu-PSMA therapy to patients with mCRPC diagnosis.
Figure 2 shows the key stages of the care process in force
at the institution.

Patients Eligible for Therapy

Adult patients admitted with a diagnosis of mCRPC,
who have been treated with one or two antiandrogens

i
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Hospitalization of the
patient. Treatment planning.
& 4 %/

(abiraterone or enzalutamide) and one or two taxane
regimens, present biochemical and imaging progression,
with evidence of at least one metastatic lesion by computed
tomography (CT) scan, magnetic resonance imaging (MRI),
or bone scan; additionally, with PSMA-positive metastatic
lesions confirmed by positron emission tomography/CT
(PET/CT) with %8Ga-PSMA-11 (5,7).

PET/CT with ®Ga-PSMA-11 allows defining PSMA-positive
and-negative lesions. A positive lesion presents a maximum
standardized uptake value higher (1.5 times) than the mean

confemation Mo PFSMA
17 Cammcer
-
§ Y e i ! o
-1 test and maging RNy
4 yes
A\
Verification of
crfteris and Meets No.
: paractincal
- 1
o r No- ~
Issung of
: Meets yes ——gp madical orders
and shwdde
y therapy
! |
Medical Physist Nudesr Medich
=l - Tharapy mu;cn
dowmety anshyun
.
v
Radipharmaceutical
preparaton

Figure 2. Systematic method for the administration of 177Lu-PSMA therapy

177Lu-PSMA: 177 Lu-prostate-specific membrane antigen
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standardized uptake value of the liver (7). On the other
hand, a PSMA-negative lesion is defined as an uptake equal
to or less than that of the liver parenchyma, in any lymph
node with a short axis less than 2.5 cm, in any metastatic
solid organ tumor with a short axis less than 1 cm, and in
any bone lesion with a soft tissue component with a short
axis less than 1 cm (Figures 3,4,5,6) (Table 1) (5).

Selection Criteria

Patients with mCRPC and evidence of progression must
meet the following criteria to receive 177Lu-PSMA therapy
(Tables 2,3).

Nuclear Medicine Consultation

Every patient referred by the oncology or the oncologic

urology service undergoes a medical assessment by a
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Figure 3. ®*Ga-PSMA PET/CT restaging in 70-years-old patient with biochemically recurrent prostate cancer and rising level of prostate-specific antigen:
PET maximum intensity projection (A), axial PET/CT shows blast involvement in the right hemipelvis with foci showing moderate PSMA expression
(SUV__: 4.6, score 2) (By C), lymph nodes with partial calcification at the level of the aortic bifurcation and in the right external iliac region that do not

present PSMA expression, probably post-treatment changes (D), lymph nodes in the inter-aortocaval region (up to 10 mm short diameter) and para-

aortics without PSMA expression, score O (E)
#Ga-PSMA: *Ga-prostate-specific membrane antigen, PET/CT: Positron emission tomography/computed tomography, SUV,__: Maximum standardized uptake value
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Figure 4. Primary staging using %Ga-PSMA11 PET/CT in 65-years-old patient with histopathologically proven prostate cancer T3bNOMx, GG 4, iPSA
7.55 ng/mL: PET maximum intensity projection (A), axial PET/CT showing a focal area of greater intensity at the apex towards the left side with SUV__ -
6.4, score 2 (B), focal uptake with low expression of PSMA in the postero-superior region of the right iliac adjacent to the sacroiliac joint (SUV__: 1.6),

score 1 (C)
#Ga-PSMA: ®8Ga-prostate-specific membrane antigen, PET/CT: Positron emission tomography/computed tomography, SUV, _: Maximum standardized uptake value
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Figure 5. %Ga-PSMA 11 PET/CT restaging in 62-years-old patient with biochemically recurrent prostate cancer and rising level of prostate-specific
antigen: PET maximum intensity projection (A), axial PET/CT post-radical prostatectomy state, low expression of PSMA in the rectovesical septum
(SUV_: 3.2, score 1) (B), lymph nodes with moderate expression of PSMA, score 2, in the left internal iliac chain (SUV__: 6) and in the left
interiliac region (SUV__: 5.9, score 2) (C), in the left common iliac chain (SUV__: 8.2), para-aortic up to approximately 20 mm in greatest diameter
(SUV__:7.3), interaortocavus (SUV - 5.3) (D)

max”

#Ga-PSMA: **Ga-prostate-specific membrane antigen, PET/CT: Positron emission tomography/computed tomography, SUV,__: Maximum standardized uptake value
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Figure 6. ®*Ga-PSMA 11 PET/CT in 73-years-old patient with prostate cancer presenting clinical, biochemical and imaging progression. PET maximum
intensity projection (A) axial (B) and sagittal PET/CT (C) osteoblastic polyostotic metastatic compromise with abnormal increased uptake of the
radiotracer and high expression of PSMA (score 3) involving the axial and appendicular skeleton, the most dominant located in the left humeral head
(SUV__:6.3), sternal extremity of both clavicles (SUV,__: 6.5), manubrium sternal (SUV__: 9.0), left femoral neck (SUV __: 15.5), vertebral body of C6
(SUV,__:9.3)

#Ga-PSMA: *Ga-prostate-specific membrane antigen, PET/CT: Positron emission tomography/computed tomography, SUV,__: Maximum standardized uptake value

Table 1. miPSMA expression score. PSMA imaging can be quantified on the basis of the degree of radiotracer uptake.
This is visually evaluated relative to uptake by the liver and parotid gland, which both physiologically take up PSMA
expression

Score Reported PSMA expression Uptake

0 No Below blood pool

1 Low Equal to or above blood pool and lower than liver

2 Intermediate Equal to or above liver and lower than parotid gland
3 High Equal to or above parotid gland

PSMA: Prostate-specific membrane antigen
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Table 2. These threshold criteria are used to evaluate patients before initiating and while monitoring 177Lu-PSMA.
Patients with laboratory values outside the threshold values may be treated after discussion and shared

Selection criteria
Have a ®®Ga-PSMA 11 PET/CT with PSMA-positive lesions (SUV__ 1.5 times greater than the SUV___of the liver).

Tumor with histopathological confirmation by the pathology service.

Functional status: ECOG =<2 and a life expectancy of more >6 months.

Safety criteria
Hemoglobin 29.0 g/dL.
Bone marrow reserve: leukocytes =2,500/pL (2.5x10%/uL), neutrophils =1,500/L platelets >75x10%/pL.

Glomerular filtration > 30 mL/min, with a creatinine <1.5.

Total bilirubin <1.5x the upper limit of normal for the institution, in case of known Gilbert's syndrome =3x the upper limit of normal is
allowed.

Alanine aminotransferase or aspartate aminotransferase <3.0 and <5.0x the upper limit of normal for the institution, in patients with known
liver metastases.

Albumin >3.0 g/dL.

Have discontinued myelosuppression therapy at least 6 weeks before the start of lutetium and have recovered from all toxcities related to the
previous therapy (equal to or less than grade 2).

177Lu-PSMA:177Lu-prostate-specific membrane antigen, PET/CT. Positron emission tomography/computed tomography, SUV,
SUV___: Mean standardized uptake value, ECOG: Eastern Cooperative Oncology Group

mean’

: Maximum standardized uptake value,

X

Table 3. Contraindication for the administration of the therapy

Contraindications

Life expectancy less than 6 months.

Presence or high risk of urinary obstruction.

Progressive deterioration of renal function (GFR <30 mL/min or creatinine >2 times the ULN).

Liver enzymes >5 times the ULN.

Myelosuppression (leukocytes 2,500 mL or platelets <75,000 mL).

Medical condition requiring urgent intervention.

GFR: Glomerular filtration rate, ULN: Upper limit of normal

nuclear medicine professional, who evaluates the patient’s ~ Therapy Board. If the patient is ineligible or does not accept
general condition and comorbidities, verifies eligibility — receiving 177Lu-PSMA therapy, their management must be
criteria, and monitors paraclinical findings. The adverse  continued by the treating service.

events, benefits, radioprotection measures, and treatment

risks are clearly explained to the patient so that they can
accept or reject the therapy. Once the patient is evaluated by the nuclear medicine

service in the medical consultation, the case is presented
to the Radiometabolic Therapies Board in which at
least four nuclear physicians participate, who verify
the appropriateness of the treatment, the dose to be

Radiometabolic Therapies Board

Regarding paraclinical tests, the maximum validity time for
them is the following: =4 weeks for blood count; <1 week
for renal function tests; <3 months (preferably 1 month)

. 68(<A_
fPoSrMCAT_1o1r Fl:/gl/gf_ Eg? study area; and <3 months for #Ga administered, and discuss possible complications that the
‘ patient may present during therapy. After these aspects

After this, the im‘prmed con.sen.t form. is filled out a_“d have been discussed and analyzed, the administration of
signed by the patient, who is given this document with  the treatment is scheduled.

the recommendations and information necessary for their

treatment. The contact information of the patient and one ~ Radiopharmaceutical

family member is recorded; medical orders are provided to  For each cycle of therapy, a dose of 200 mCi of 177Lu-
perform the administrative and authorization procedures ~ PSMA is administered, which can be modified according to
for subsequent presentation at the Radiometabolic medical criteria considering the specific clinical conditions
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of each patient. These doses must be administered at
intervals of 6-8 weeks until completion of 4-6 doses.

Scheduling

In  Colombia, according to current regulations,
preparations must be performed in a high-complexity
radiopharmacy, which must have an operating license
from the Colombian Geological Service and certification
of compliance with Resolution 4245 of 2015 on good
practices of radiopharmaceutical manufacturing granted
by the National Institute for Drug and Food Surveillance
(INVIMA) (9). These master preparations must be
prepared by pharmaceutical chemists after receiving the
medical prescription given by the nuclear physician. Once
the application date is assigned, the preparation of the
radiopharmaceutical 177Lu-PSMA-I&T is scheduled at least
15 days in advance.

The radionuclide 177Lu does not have any therapeutic or
diagnostic purpose onits own. Therefore, itis not considered
a pharmaceutical product, nor is it suitable for use in
humans until it is transformed into a radiopharmaceutical.
Therefore, it is necessary to perform biomolecular labeling
and finally, transform it into an injectable form called a
master formula.

For this master preparation, raw materials and excipients
are needed in addition to the radioactive radioisotope; in
this case, 2.5-dihydroxybenzoic acid, PSMA I&T peptide,
acetate, and acetate buffer, among others, which fulfill
different functions such as stabilizing and guaranteeing an
adequate pH for the desired chemical reaction and thus
obtaining a quality radiopharmaceutical for the patient.

Evaluation of Patient Medications

It is not necessary to discontinue medications before
177Lu-PSMA therapy. In the case of receiving medications
to control other pathologies, they must be continued
during therapy (7).

Therapy Administration

The 177Lu-PSMA radiopharmaceutical is prepared in the
radiopharmacy according to institutional protocol on the
same day that it has been scheduled for the administration
of the therapy.

The patient should be hospitalized in a single room
designed to ensure radiation protection for caregivers,
other patients, and the environment. After admission, the
nurse records the patient’s vital signs and canalizes two
veins, one in each arm. The patient is hydrated according
to individual conditions; if there is no cardiovascular risk,
1-2 L of normal saline solution is administered at 20 cc/
min (7).
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To reduce 177Lu-PSMA uptake by the salivary glands, cold
packs covered with a dry towel are placed for at least 1 h
before and up to 4 h after the end of treatment, replacing
them every 30 min. This prevents alterations in the salivary
glands, although there is no clear evidence of its usefulness
9).

In patients with brain or spinal cord metastases or at risk of
edema and mechanical obstruction, the administration of
prophylactic corticosteroids may be considered. Similarly,
if the patient presents with alterations in elimination, slow
urinary flow, or constipation, diuretics and laxatives can
be used after therapy administration, allowing for rapid
elimination (7).

After all mentioned above, the radiopharmaceutical is
administered by the nuclear physician and the therapy
technologist, with support from the nursing staff. A
shielded infusion pump is used to administer 177Lu-PSMA
intravenously over 1 h.

The nuclear medicine professional should evaluate the
patient’s condition during the administration of therapy.
Once it is completed, the nurse should monitor the
patient’s vital signs. Subsequently, the physicist in charge of
radiological protection must take the necessary measures
to guarantee the patient’s discharge, with a dose rate <25
pSv/h at a 1-meter distance (Figure 7) (10).

Post-therapy Screening

After the therapy, 120-144 h post-injection, whole-body
images should be acquired to evaluate the distribution of
the radiopharmaceutical with medium-energy collimators,
energy window centered at 208 keV +10%, velocity 16 cm/
min, matrix size 256x1024, and zoom 1.0. This screening
should be performed after each dose cycle administered to
the patient (Figure 8).

Internal Dosimetry

Whole-body planar imaging, abdominal single photon
emission computed tomography (SPECT)/CT, and blood
samples were taken 24, 48, and 72-166 h after the
application of the first therapy to calculate the doses
absorbed in the bone marrow, kidneys, parotids, and
other organs of interest. Likewise, the dose absorbed by
the highest and most avid tumor lesions was calculated.
If dosimetry analyses suggest absorbed doses higher than
27 Gy in the kidneys and 2 Gy in the red bone marrow,
a correlation should be made with respective functional
tests, and it is analyzed whether to suspend therapy or
adjust the interval and activity to be administered. In case
of retained whole-body activity at 48 h greater than 120
mCi, the nuclear physician should adjust the dose of 177Lu-
PSMA for the remaining cycles.
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Figure 7. Timeline of the therapy administration

Figure 8. Patient with a history of pT3bNOM1b castration-resistant prostate cancer, with polyostotic bone metastatic involvement and disease in the
prostate bed. Two days after administration of 200 mCi of 177Lu-PSMA, a whole body scan was performed in anterior and posterior projections.
Physiological distribution of lutetium in liver, spleen and kidneys is observed. In the total body scan, retention of the radiopharmaceutical was observed
in multiple bone lesions: right clavicle, thoracic and lumbar vertebral bodies, sacral region, right and left iliac wing, right acetabulum. All the findings

show expression of PSMA receptors in the PET/CT %Ga-PSMA 11

177Lu-PSMA: 177Lu-prostate-specific membrane antigen, PET/CT: Positron emission tomography/computed tomographyc

Once each therapy is finished, a nuclear medicine
consultation should be scheduled after 4 to 5 weeks to
monitor paraclinical findings (blood count, PSA, alkaline
phosphatase, lactate dehydrogenase, albumin, and
renal and hepatic function tests) to evaluate possible
hematotoxicity generated in the patient and, depending
on the results, to reschedule the date of the next therapy
(Figure 9) (11).

Continuation of Treatment and Follow-up

The duration of therapy depends on each patient’s individual
clinical condition, which requires careful evaluation of the
absorbed doses accumulated by both the salivary glands
and kidneys. The patient’s clinical condition, paraclinical
findings, and inclusion and exclusion criteria for therapy
should be reevaluated before proceeding with the next
cycle (7).

In recent observational studies, an average of 7 cycles
of 177Lu-PSMA therapy have been performed without
exceeding toxicity because repeating therapy every 6 to
8 weeks allows hematologic recovery in most cases (7).
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For this reason, once consultation has been made after
administering the first dose, the dates of the following
therapies should be scheduled with intervals of 6 to 8
weeks, completing approximately 6 cycles. Likewise, the
patient must continue to be monitored by the oncologic
urology service during treatment and after its completion,
and in 6-monthly controls by the Nuclear Medicine Group,
with laboratory tests (to evaluate late toxicity), imaging
studies (RECIST), and tumor biomarkers (PSA), to evaluate
response to treatment (7).

Complementary imaging with ®Ga-PSMA-11 is performed
at the beginning of treatment and 3 months after
completion.

The oncologic urology service will evaluate the patient
every 3 months from the beginning of therapy, assess
the Eastern Cooperative Oncology score and pain scale,
resolve symptoms of urinary obstruction, and request
complementary images in case of suspected disease
progression or complications secondary to metastatic
disease.
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Figure 9. After the administration of 200 mCi of 177Lu-prostate-specific membrane antigen (177Lu-PSMA) I&T therapy, planar images, single photon
emission computed tomography (SPECT), and blood samples were acquired at 24, 48, and 170 hours after the administration of the radiopharmaceutical.
+ Uptake in the whole body, remnant of the body and parotids, is estimated through planar images following the MIRD 16 methodology.

+ The estimation of doses to organs and lesions is estimated with SPECT/computed tomography (CT) and following the MIRD 23 methodology. Regions
of interest delimited in CT: liver, kidneys, lumbar and right iliac lesion.

+ The estimation of dose to bone marrow follows the methodology described in the European Association of Nuclear Medicine protocol, where the
auto-dose in bone marrow is estimated through the dose in blood plasma, and the dose by organs with SPECT/CT and the contribution of the rest of
the body with whole body scans.

+ Svalues are taken from public tabulations of Monte Carlo simulation results for the standardized male (177Lu-PSMA-617 and 177Lu-Octreotate) or
female (177Lu-Octreotate) anthropomorphic phantom such as provided, among other dummies, by RADAR and IDAC2.1.

Result:

* Half-life times (bi-exponential fit): Short effective half-life: 0.62 hours. Long effective half-life: 5.27 hours. Whole body retained activity at 48 hours:
30%=59 mCi.

* The doses in Gy, for the organs of main interest due to the therapy with 200 mCi of 177Lu-PSMA, are kidneys: 4.34 Gy, liver: 0.47 Gy, parotids: 1.28
Gy, bone marrow: 1.32 Gy, whole body: 585 mSv.

* Lesion doses, using the sphere method: Right lliaca (volume =42 cc, density =1.92 g/cm?): 5.83 Gy, L5 (volume =19 cc, density =1.92 g/cm?): 5.75 Gy.
Comments:

A high retention of 30% is found at 48 hours, a red bone marrow exposure of 1.32 Gy, generalized bone uptake makes it difficult to estimate the dose
to the bone marrow.

The estimated renal dose is 4.34 Gy and 17.4 Gy at the end of treatment, lower than the renal absorbed dose restriction of 23 Gy.

The estimated parotid dose was 1.28 Gy, lower than the dose restriction of 35 Gy.

Dose estimation in SPECT/CT through the sphere method, yields an average dose in bone lesions of 5.78 Gy for the first cycle

Discussion In  Colombia, the first 177Lu-PSMA therapy was

The most relevant experience worldwide in the administ.ered at thg NCI, in Bc_)goté, on January 28,
administration of 177Lu-PSMA therapy in patients 2020. Since then, different training sessions have been
diagnosed with mCRPC has been developed in Europe; it conducted to perfect the administration technique, taking
requires a multidisciplinary team, adequate logistics, and ~ as a reference the more extended experience available
appropriate infrastructure. In Latin America, this therapeutic ~ worldwide, especially in Europe and Australia, using the
option is offered in countries such as Mexico, Argentina,  therapy and the VISION study. Likewise, during this time,
Chile, Brazil, and Uruguay; however, no literature has the production and quality control processes have been
shown standardization in the administration of this therapy. optimized through continuous improvement, and are now
The procedure described above results from several years  in compliance with Resolution 4245 of 2015.

of work at NCI, which conforms to European standards
and seeks excellence in the care of this type of pathology.

Since 2009, the NCl has administered therapies with 177Lu-
labeled peptides for the treatment of neuroendocrine
neoplasms, such as 177Lu-DOTATATE/DOTATOC, which
has made it possible to have adequate rooms for therapy,
qua“fied personneL and experience necessary for the Although salivary gland protection is a process that is still
administration of these radiopharmaceuticals, thus under study worldwide, we have not had patients with
facilitating the incorporation of 177Lu-PSMA therapies for ~ xerostomia so far with the unproven method of cold gel
treating patients with mCRPC. packs (7,8); thus, we continue to apply this technique.
36

In Colombia, the regulations for the administration of
these therapies and the management of radioactive waste
are different from those in other countries, whose health
systems, in many cases, have different norms, making it
easier to administer this therapy.
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Uptake in the whole body and parotids is estimated through
planar imaging following the MIRD 16 methodology.
Estimation of doses to organs and lesions are calculated
using SPECT/CT and according to MIRD 23 methodology.
Regions of interest delimited by CT are liver, kidneys, sternal
and femur injury, and visceral soft tissue injury. Bone marrow
dose estimation follows the methodology described in
the European Association of Nuclear Medicine protocol,
where bone marrow self-dose is estimated through blood
plasma dose, organ dose with SPECT/CT, and rest-of-body
contribution with whole-body scans. S-values are taken from
the public tabulations of the Monte Carlo simulation results
for the standardized male (177Lu-PSMA-617 and 177Lu-
octreotate) or female (177Lu-octreotate) anthropomorphic
phantom as provided, among other phantoms, by RADAR
and IDAC2.1.

The standardization of image acquisition techniques for
dosimetry and the implementation of tomography-based
image quantification techniques have made it possible
to quantify volumes of interest in a more precise and
reproducible way and provide dosimetric information on
exposure to bone marrow, kidneys, salivary glands, and
lesions, among other organs of interest.

The goal is to consolidate a multidisciplinary team that
participates in the Radiometabolic Therapies Board, including
an oncologist, urologist, clinical oncologist, radiologist, and
nuclear physician, to complement the selection of the best
candidate for the administration of the therapy and continue
to build knowledge about the best technique for the
management and follow-up of patients, seeking to become a
center of excellence in radiometabolic therapies. In addition
to the above, it is expected that in the coming years, based
on the experience at the NCI, more institutions and therefore
more patients may benefit from treatment with 177Lu-PSMA
therapy.

Conclusion

The Nuclear Medicine Group of NCI has developed an
optimized care process for patients receiving this type
of radiometabolic therapy for continuous improvement
based on the increasing experience in the multidisciplinary
management of these patients. Thus, the learning curve
achieved by administering these radiopharmaceutical
treatments allows us to share this model so that it can be
adjusted to the needs and particularities of each institution
that requires administering therapies with 177Lu-PSMA.

Ethics

Ethics Committee Approval: As this is an experience as
a Nuclear Medicine Group of the National Cancer Institute
of Bogota, Colombia, we do not need approval from the
ethics committee.
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Informed Consent: Informed consent form is filled out
and signed by the patient, who is given this document with
the recommendations and information necessary for their
treatment.
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Metastatic Superscan in '®F PSMA PET/CT of a Patient with
Prostate Carcinoma

Prostat Karsinomu Olan Bir Hastanin '8F PSMA PET/BT sinde Metastatik Superscan

©® Man Mohan Singh, ® Shashwat Verma, ® Lavish Kakkar, ® Satyawati Deswal, ® Priyamedha Bose Thakur

Dr. Ram Manohar Lohia Institute of Medical Sciences, Department of Nuclear Medicine, Lucknow, India

Abstract

A biopsy-proven patient with prostate carcinoma aged 70 years was referred to the department of nuclear medicine for radionuclide-based
therapy. His prostate-specific antigen levels were >1000 ng/mL, and prostatic magnetic resonance imaging showed an enlarged prostate with a
heterogeneous signal and size 3.8x3.7x3.5 cm with few small heterogeneous nodular signals in the transition zone. He was scheduled for '8F
prostate-specific membrane antigen (PSMA) positron emission tomography/computed tomography (PET/CT) scan before therapy. 'F PSMA PET/
CT revealed PSMA-expressing prostate lesions (maximum standardized uptake value ~10.2) with extension into the urinary bladder along with
bilateral supraclavicular, mediastinal, retrocrural, retroperitoneal, and pelvic lymph nodes and sclerotic lesions in the entire axial and appendicular
skeleton.

Keywords: Superscan, prostate carcinoma, '®F PSMA PET/CT, '®F prostate-specific membrane antigen

Oz

Biyopsi ile kanitlanmis 70 yasindaki prostat karsinomu olan hasta, radyontklid bazli tedavi icin nikleer tip bolimine yénlendirildi. Prostat spesifik
antijen dlzeyi >1000 ng/mL idi ve prostat manyetik rezonans gorintilemede heterojen sinyalli, 3,8x3,7x3,5 cm boyutunda, gegis bdlgesinde
az sayida kicuk heterojen noddler sinyal iceren blyimUs prostat gorildu. Tedavi dncesinde kendisine ®F prostat spesifik membran antijen
(PSMA) pozitron emisyon tomografisi/bilgisayarli tomografi (PET/BT) taramasi yapilmasi planlandi. '8F PSMA PET/BT'de mesaneye uzanan PSMA
eksprese eden prostat lezyonu (maksimum standartlastirilmis tutulum degeri ~10,2) ile birlikte iki tarafli supraklavikiler, mediastinal, retrokrural,
retroperitoneal ve pelvik lenf nodlari ve tim aksiyal ve apendikuler iskelette sklerotik lezyonlar ortaya cikti.
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Singh et al. Superscan on '"®F PSMA PET/CT

Figure 1. '®F prostate-specific membrane antigen (PSMA) positron emission tomography/computed tomography (PET/CT) scan maximum intensity
projection image (A) showing generalized increased patchy tracer uptake throughout the skeleton and reduced tracer uptake in salivary and lacrimal
glands, spleen, proximal small gut, and kidneys mimicking a metastatic superscan. The corresponding CT scan showed the sclerotic lesion in the
visualized axial and appendicular skeleton with increased radiotracer on PET/CT in sagittal (B) and transaxial sections at the level of the thorax and
pelvic regions (C), respectively. Superscan of malignancy is a well-known phenomenon on Tc-99m methylene diphosphonate bone scintigraphy. There
is increased patchy/diffuse uptake of radiotracer throughout the skeleton with faint/non-visualization of the kidneys (1). Superscans are often seen
in benign conditions (including hyperparathyroidism, renal osteodystrophy and Paget’s disease), myeloproliferative disorders (including leukemia
lymphoma and Waldenstrom's disease), and malignancies (like prostate, breast and lung) (2,3). Superscans indicate advanced stages of disease
and have poor prognoses (4,5). '®F PSMA PET/CT has significant value in staging (6), detection of biochemically recurrent prostate cancer (7), risk

stratification, and evaluation of distant metastases in prostate carcinoma (8).
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Bone and Parathyroid Scintigraphy Findings in Sagliker Syndrome

Sagliker Sendromunda Kemik ve Paratiroid Sintigrafisi Bulgular
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Abstract

Sagliker syndrome (SS) is a rare, exaggerated form of chronic kidney disease (CKD)-mineral and bone disorder resulting from untreated secondary
hyperparathyroidism due to CKD. Herein, we describe a 34-year-old male patient whose Tc-99m-methylene diphosphonate bone scintigraphy and
Tc-99m-sestamibi parathyroid scintigraphy revealed hints of SS and exhibited its defining characteristics.

Keywords: Sagliker syndrome, renal osteodistrophy, secondary hyperparathyroidism

0z

Sagliker sendromu (SS), kronik bobrek hastaligina (KBH) bagli tedavi ediimemis sekonder hiperparatiroidizm sonucu ortaya ¢ikan, KBH-mineral
ve kemik bozuklugunun nadir gérilen, abartili bir seklidir. Burada Tc99m-metilen difosfonat kemik sintigrafisi ve Tc-99m-sestamibi paratiroid
sintigrafisinde SS belirtileri gosteren ve SS'yi tanimlayici 6zellikler sergileyen 34 yasinda bir erkek hastayr sunuyoruz.
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Figure 1. A 34-year-old male patient with secondary hyperparathyroidism was admitted to our department for parathyroid scintigraphy. The patient
was in the hemodialysis program for 10 years because of chronic renal failure of unknown cause. Serum intact parathyroid hormone level was 3,521
pg/mL, total calcium level was 9.23 mg/dL, phosphate level was 5.4 mg/dL, 25-OH vitamin D3 level was 15.63 ng/mL, and alkaline phosphatase
level was 1,375 U/L. Tc:99m-MIBI biphasic parathyroid scintigraphy (A, B) showed hyperplasia. However, on single-photon emission computerized
tomography images (C, D), irregularly increased radioactivity uptake was observed in the maxilla, mandible, and calvarium, with the maxilla showing
the greatest intensity. The facial deformity was noticeable, especially in the sagittal section (D). We performed whole-body bone scintigraphy (E) on
a separate day to evaluate the head and other skeletal structures. Increased radioactivity uptake was observed in the axial and appendicular bones,
most intensely in the maxilla and whole-body bone imaging with Tc-99m-MDP. No radioactivity uptake by the kidneys and bladder was observed. The
distance between the anterior ends of the bilateral ribs increased remarkably toward the basal end in the anterior projection. The thorax had morphed
into a bell-shaped mouth. There was scoliosis in the vertebral column and bending-bowing deformity in the upper extremities.
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Figure 2. A posteroanterior chest radiograph (A) showed cardiomegaly, decreased lung volumes, rib fractures, and bilateral collapse of the lateral
chest walls. The deformity seen in the current chest X-ray was not seen 6 years ago (B). The lateral head X-ray (C) revealed calvarial thickening and
multiple lytic irregularly circumscribed lesions. In addition, there was a frontal forward malformation of the maxilla, and the lower and upper incisors
were malposition. The patient was determined to have Sagliker syndrome (SS). Recently described SS is an aggravated form of renal osteodystrophy,
which is an abnormal bone histology in chronic kidney disease (CKD) (1). In 1953, Cohen and Diamond (2) initially defined the signs of secondary
hyperparathyroidism related to prolonged renal failure as uremic leontiasis ossea, which is marked by disfiguring craniomaxillofacial bone overgrowth
(3,4). In 2004, Sagliker et al. (1) described this phenomenon in detail and named it SS. The symptoms of SS include a deformed facial appearance,
maxillary and mandibular bone overgrowth, nasal bone and cartilage destruction, irregular teeth shape and localization, grade 2 maxillary malocclusion
(anterior forward malformation of the upper jaws), short stature, soft and benign tissue deposits, upward curved fingertip changes, and knee and
scapula deformities (1,5). In addition, SS affects the immune, neuropsychiatric, and cardiovascular systems as well as the musculoskeletal system (6).
The etiology of SS remains unknown. SS is especially seen in developing countries. It is thought that financial deficiency, sociocultural deficiencies,
and unwanted iatrogenic late, incomplete, or incorrect treatment methods play an essential role in the development of SS (7). After performing gene
mutation studies, Demirhan et al. (8) postulated that SS may be caused by a combination of CKD, hereditary osteodystrophies, and bone dysplasias.
Many patients do not notice the onset of SS because the symptoms develop slowly. Early medical and surgical treatment can prevent irreversible
musculoskeletal deformities and cardiovascular disorders.
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Two Rare Benign Lesions on '®F-FDG PET/CT: Peliosis Hepatis
and SANT

'SF-FDG PET/BT de Saptanan Iki Nadir Benign Lezyon: Peliosis Hepatis ve SANT
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Abstract

Peliosis hepatis (PH) and sclerosing angiomatoid nodular transformation of the spleen are uncommon benign lesions. Diagnosis can be difficult in
some patients. Herein, we present the case of a 28-year-old woman referred with abdominal pain who had spleen lesions. '®F-fluorodeoxyglucose
(FDG) positron emission tomography/computed tomography revealed multiple non-FDG avid lesions in the liver and hypermetabolic lesions
in the spleen. In addition, abdominal magnetic resonance imaging was performed. Histopathology revealed sclerosing angiomatoid nodular
transformation in the spleen and PH in the liver.

Keywords: Peliosis hepatis, splenic lesions, liver lesions, "®F-FDG PET/CT, SANT

Oz

Peliosis hepatis (PH) ve dalagin sklerozan anjiomatoid nodiiler transformasyonu nadir gorilen benign lezyonlardir. Bazi olgularda tanisi zor
olabilir. Bu olguda karin agrisi sikayeti ile basvuran 28 yasinda, multipl dalak lezyonlari saptanan hastay sunuyoruz. '®F-florodeoksiglikoz (FDG)
pozitron emisyon tomografisi/bilgisayarli tomografide, karacigerde cok sayida FDG tutulumu gostermeyen lezyonlar ve dalakta hipermetabolik
lezyonlar izlendi. Ayrica hastaya batin manyetik rezonans gérinttileme yapildi. Histopatolojik inceleme ile dalakta sklerozan anjiomatoid nodiiler
transformasyon ve karacigerde PH saptand..
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Figure 1. A 28-year-old breastfeeding woman presented with abdominal pain. The patient was referred with multiple spleen lesions for
'8F-fluorodeoxyglucose ("8F-FDG) positron emission tomography/computed tomography (PET/CT) for suspicion of lymphoma. In PET/CT images,
multiple hypodense lesions were observed in spleen axial CT slices (C, arrow). These lesions showed peripheral lacy mild FDG uptake on PET and
PET/CT [maximum standardized uptake value (SUV,__): 4.7] (A, B, D, arrow). In addition, subcapsular multiple hypodense lesions were observed in
the liver in axial CT slices and showed no FDG uptake in PET and PET/CT (B, C, D, arrowhead). Multiple intensity projection images showed intense
FDG uptake in the bilateral breast parenchyma due to breastfeeding. Abdominal magnetic resonance imaging (MRI) showed multiple hypointense
lesions with septa and peripheral enhancement on the T1 delayed phase and hyperintense lesions on the T2 fast spin echo in the spleen (E, F, arrow).
In addition, multiple lesions in the liver showed hyperintense increasing contrast enhancement on the T1 delayed phase (E, arrowhead), hyperintense
on T2 fast spin-echo (F), and restricted diffusion (G, arrowhead).
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Figure 2. Liver biopsy revealed loss of the parenchyma, proliferated capillary vascular structures within the nodular area characterized by fibrosis in the
liver (A, H&E, x200), and reticular fibrosis surrounding the capillary vascular bed (B, reticulin dye x200), and PH diagnosis. In spleen biopsy, pathological
examination determined by sclerosing angiomatoid nodular transformation (SANT) showed that vascular capillary proliferation was seen in the spleen
(C H&E, x200). The lesion’s immunohistochemical staining was positive for CD34 (D, x400). SANT is a benign rare splenic lesion characterized by
vascular multi-nodules and presents asymptomatic or abdominal pain (1). SANT in the spleen has a few cases with "8F-FDG PET/CT showing mild to
moderate hypermetabolism (2,3). Peliosis hepatis (PH) is rare, and its etiology includes infections, steroids, and organ transplantation, in some cases
unknown (4). PH is an uncommon vascular condition characterized by multiple, randomly distributed, blood-filled cavities throughout the liver. The
cavities usually range between a few millimeters and 3 cm in diameter (5). It can be challenging to differentiate PH from malignancy or infectious
pathologies because of nonspecific radiologic findings. MRI findings of SANT have been described as T1 hypointense, T2 hyperintense, and peripheral
and septal contrast enhancement, known as the spoke wheel pattern (6,7). Isometabolic or hypermetabolic uptake patterns in PH on '8F-FDG PET/CT
have been reported in the literature (7,8). Asymptomatic and small lesions can be followed, but surgery is recommended for SANT and PH (4). Both
pathologies could mimic malignancy, but SANT showed false positive uptake in this case. Faint and peripheral uptake patterns could be descriptive of
SANT on "8F-FDG PET/CT.
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Detection of Rare Gallbladder Microperforation by '|F-FDG
PET/CT in a Patient with Maxillary Sinus Cancer

Maksiller Sintis Kanserli Hastada Nadir Goértilen Safra Kesesi Mikroperforasyonunun
"F-FDG PET/BT ile Saptanmasi
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Abstract

Gallbladder perforation is one of the most serious complications of cholecystitis and is rarely seen in 2-11% of cases. Pericholecystic abscesses
secondary to gallbladder perforation are rare. Rapid diagnosis is important because of high morbidity and mortalityrates. A subcapsular abscess
secondary to gallbladder microperforation is presented on '®F-fluorodeoxyglucose positron emission tomography/computed tomography
performed for restaging in a patient with maxillary sinus cancer.

Keywords: Gallbladder micro-perforation, abscess, '®F-FDG PET/CT

Oz

Safra kesesi perforasyonu kolesistitin en ciddi komplikasyonlarindan biridir ve %2-11 oraninda nadir gorulUr. Safra kesesi perforasyonuna sekonder
gelisen perikolesistik abse nadir gorilen bir durumdur. Yiksek morbidite ve mortalite nedeniyle hizli tani dnemlidir. Maksiller sints kanserli olguda
yeniden evreleme amaciyla cekilen "®F-florodeoksiglikoz pozitron emisyon tomografisi/bilgisayarli tomografide safra kesesi mikroperforasyonuna
bagl gelisen subkapsuler abse sunulmaktadir.
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Figure 1. '®F-fluorodeoxyglucose ('®F-FDG) positron emission tomography/computed tomography (PET/CT) imaging was performed to restage
maxillary sinus cancer in a 67-year-old man with a known history of diabetes mellitus, hypertension, and stroke (A). In coronal CT sections, there
was a hypodense area outside the liver parenchyma at the junction of liver segments 4-8 (B). PET and fusion images (C, D) showed linear '®F-FDG
uptake [maximum standardized uptake value (SUV__): 6.30] (red arrow). Thickening of the fundus was observed in transaxial CT sections (E). '*F-FDG
uptake was observed in PET and fusion images (F, G) (blue arrow). There were several lymph nodes with increased "®F-FDG uptake in the precaval and
aortocaval lymphatic regions (SUV,__: 5.40). It was evaluated as a subcapsular abscess secondary to gallbladder microperforation. The clinical findings
were indistinct. There was no significant abdominal pain due to diabetic neuropathy. In laboratory tests, neutrophils (7,640/uL), C-reactive protein
(CRP) (114 mg/L), alkaline phosphatas (ALP) (134 U/L), gamma-glutamyltransferase (GGT) (87 U/L), and direct bilirubin (0.4 mg/dL) were high. Other
liver function tests were within the normal range (aspartate aminotransferase, alanine aminotransferase). He was admitted to the surgical service with
a preliminary diagnosis of gallbladder microperforation secondary to cholecystitis.

Figure 2. One day later, an extension of the collection, which is continuous with the gallbladder, to the perihepatic region and abscess formation/
loculated collection at the subdiaphragmatic level were observed in postcontrast coronal VIBE images in cholangiopancreatic magnetic resonance
imaging (MRI). (A, B). Antibiotic and intravenous fluid therapy were initiated. Two weeks later, neutrophil levels (4,200/uL), CRP (4.79 mg/L), direct
bilirubin (0.18 mg/dL), ALP (78 U/L), and GGT (57 U/L) decreased. Two months later, a cholangiopancreatic MRI was performed for the control. In the
postcontrast axial VIBE image, focal wall thickening and increased contrast were observed at the fundus of the sac (C). In the coronal sections, it was
observed that the existing collection in the previous examination was lost in the vicinity of the gallbladder and subdiaphragmatic area (D).
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Gallbladder perforation is a serious complication of acute
cholecystitis (1). It may develop a few weeks after the onset
of acute cholecystitis symptoms (2). There are 3 types
according to the Niemer classification: Type 1, chronic
perforation with cholecystoenteric fistula; type 2, subacute
perforation with pericholecystic abscess; and type 3,
acute free perforation into the peritoneal cavity (3,4). The
fundus is the most common perforation site (5). Old age,
male gender, diabetes, vascular disease, steroid therapy,
malignancy, and cholelithiasis are predisposing factors
(6). '®F-FDG uptake is a known finding in inflammatory
and infectious lesions (7). Abscesses are a benign cause
of increased '"F-FDG uptake in the liver. In one review,
SUV values of 7.7+2.2 for abscesses were reported (8). In
cholecystitis, a ring-like distribution of abnormal '8F-FDG
has been observed in the gallbladder (9). It is important
to keep in mind the physiological distribution of ®F-FDG,
potential benign pitfalls, and the pattern of disease spread
to interpret '8F-FDG PET/CT studies correctly. We would like
to present a subcapsular abscess secondary to gallbladder
microperforation that was detected using "®F-FDG PET/CT.
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'8F-FDG PET/CT Imaging for Treatment Response Assessment of
Cardiac Primitive Neuroectodermal Tumor

Kardiyak Primitif N6roektodermal Tumérde Tedavi Yaniti Degerlendirmede '8F-FDG
PET/BT

©® Mehmet Emin Mavi, ® Murat Fani Bozkurt
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Abstract

Primitive neuroectodermal tumors (PNETS) are rare and aggressive members of the small round cell carcinoma family. Generally, PNETs are
classified into two main groups: PNETs of the central nervous system and PNETs of the peripheral nervous system. Herein, we report the therapy
response assessment of a rare case of isolated cardiac PNET using '®F-fluorodeoxyglucose ("®F-FDG) positron emission tomography/computed
tomography (PET/CT) imaging. Given that physiological cardiac FDG uptake is typically observed, assessing FDG avid lesions in the myocardium
presents a challenge for FDG PET/CT. This case holds significance because of the rarity of the disease and the challenging nature of the site for
FDG PET/CT imaging.

Keywords: Primitive, neuroectodermal, cardiac, '®F-fluorodeoxyglucose, positron, emission, tomography, treatment, response

Oz

Primitif néroektodermal timorler (PNET) kiigk yuvarlak hiicreli timérler ailesinin nadir gorilen ve agresif bir Gyesidir. PNET ler genellikle santral
sinir sisteminin PNETleri ve periferik sinir sisteminin PNET'leri olmak Gzere iki ana grupta degerlendiriimektedir. Burada, nadir gorilen bir izole
kardiyak PNET olgusunda tedavi yanitinin "®F-FDG pozitron emisyon tomografisi/bilgisayarli tomografi (PET/BT) ile degerlendirmesi sunulmustur.
Fizyolojik kardiyak FDG tutulumu g6z énlinde bulunduruldugunda, miyokarddaki FDG tutan lezyonlarin degerlendiriimesi FDG PET/BT icin zorluk
olusturmaktadir. Bu olgu, hastaligin nadirligi ve FDG PET/BT ile degerlendirilmesi icin zorlu dogasi nedeniyle nem tasimaktadir.
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Figure 1. A 45-year-old man with a history of orchiectomy 21 years ago due to yolk sac tumor underwent thoracoabdominal computed tomography
(CT) for routine follow-up. A left adrenal mass and a cardiac soft tissue lesion in the right ventricle were detected. After that, the adrenal mass and
cardiac lesion were excised surgically. Pathology report of the adrenal mass was consistent with mature teratoma, but the cardiac lesion was diagnosed
as primitive neuroectodermal tumor (PNET). One month after surgery, "®F-fluorodeoxyglucose ("®F-FDG) positron emission tomography (PET)/CT was
performed to evaluate disease status. Maximum intensity projection (MIP) image (A, black arrowheads), axial and coronal PET (B, C, black arrows),
and PET/CT fusion (D, E, white arrows) images of PET/CT scan revealed increased FDG uptake in the right ventricle area, previous surgery site, without
any marked pathology on CT component of the study, which was interpreted as probable residual malignant disease, indicating that surgery with RO
margin safety cannot be guaranteed in such surgical excision of cardiac tumoral masses. Moreover, it is not usual to observe physiologic FDG uptake in
the right ventricle in particular where no physiologic FDG uptake is not seen in the left ventricle or elsewhere in the heart, unless there is an underlying
clinical situation of other etiologies such as right ventricular hyperthrophia and cardiac failure, which are not present in this patient. There was no other
abnormal FDG uptake in the rest of the body in favor of metastasis.
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Figure 2. The patient was treated with chemotherapy after detection of residual malignant disease. Following chemotherapy, another '®F-FDG
PET/CT scan was performed to evaluate the therapy response. MIP image (A), axial and coronal PET (B, C), and PET/CT fusion (D, E) images of the
second scan revealed no abnormal FDG activity in the right ventricle. However, unlike the first scan, there was physiological FDG uptake in the left
ventricle (arrowheads). PNETs are rare and aggressive members of the small round cell carcinoma family and primarily stem from neural crest cells
(1). When mentioning PNETs, the distinction between PNETs of the central nervous system (cPNETs) and PNETs of the peripheral nervous system
(pPNETs) must be considered first, since they are fairly different from each other both clinically and pathologically (2). The term cPNETs no longer exists
in the World Health Organization classification of tumors of the central nervous system as it was removed from the 4" edition which was publihed
in 2016 (3). pPNETs and Ewing's sarcoma are considered to be on two edges of the neuroectodermal differentiation spectrum, with pPNETs on the
most differentiated side and Ewing's sarcoma on the least differentiated side (4). A limited number of cases of demonstration of pPNETs occurring
at different sites of the body by FDG PET/CT, generally with high FDG avidity, have been reported in the literature (5,6,7,8,9). Considering the rarity
of pPNETSs, cardiac pPNETSs, especially isolated cardiac pPNETs, are even rarer. Only a few cases of isolated cardiac pPNETs have been reported in the
literature (10,11,12); among them, only one case demonstrated the disease with FDG PET/CT (10). In this case, both the detection of probable residual
disease and the therapy response of an isolated cardiac pPNET was demonstrated by FDG PET/CT imaging. Because physiological cardiac FDG uptake
is usually observed, evaluation of the FDG avid lesions of the myocardium is challenging for FDG PET/CT (13). However, although FDG uptake is usually
seen in the left ventricle, owing to relatively high muscle content and contractile activity, it is not common to observe physiological cardiac FDG uptake
solely in the right ventricle, unless there is an underlying disease status affecting the right ventricle, such as in our case (14). Therefore, this case is quite
important for such a rare disease in a challenging site for FDG PET/CT imaging.
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%Ga Prostate-specific Membrane Antigen Uptake in Metastatic
Medullary Thyroid Carcinoma

Metastatik Meddiller Tiroid Kanserinde *Ga Prostat-spesifik Membran Antijen Tutulumu
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Abstract

We present the case of a 58year-old man with advanced medullary thyroid carcinoma who had a treatment history with different types of
modalities. In the follow-up, the patient had rising calcitonin and CEA levels. Metastatic lymph nodes, liver, and bone metastases with varying
degrees of uptake were detected on '"F-fluorodeoxyglucose (FDG) and Ga-DOTATATE positron emission tomography/computed tomography
(PET/CT). %8Ga prostate-specific membrane antigen (PSMA) PET/CT was performed to explore whether the patient might have a chance for PSMA-
targeted radionuclide therapy, and increased PSMA expression was noted in most of the metastatic lesions, even some of which have higher
PSMA uptake than "®F-FDG and ®Ga-DOTATATE.

Keywords: Medullary thyroid carcinoma, prostate-specific membrane antigen, PSMA, "8F-FDG, %Ga-DOTA, %Ga-PSMA

Oz

Farkll modalitelerle tedavi 6yklsu olan 58 yasinda ileri evre mediiller tiroid kanseri tanili bir erkek hastay sunuyoruz. Hastanin takiplerinde
kalsitonin ve CEA duzeylerinde artis saptandi. Yapilan "®F-fluorodeoksiglukoz (FDG) ve %8Ga-DOTATATE pozitron emisyon tomografisi/bilgisayarl
tomografi (PET/BT) gorlntilemelerinde degisen derecelerde tutulum gosteren metastatik lenf nodlari, karaciger ve kemik metastazlari tespit
edildi. Hastanin prostatspesifik membran antijeni (PSMA) hedefli radyontklid tedavi sansi olup olmadigini arastirmak icin yapilan %Ga-PSMA
PET/BT goruntllemesinde metastatik lezyonlarda artmis PSMA ekspresyonu goriilmekle birlikte bazi lezyonlarda "8F-FDG ve *®Ga-DOTATATE den
daha yiksek aktivite tutulumu saptandi.
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Figure 1. We present the case of a 58-year-old man with medullary thyroid carcinoma (MTC) who underwent total thyroidectomy and bilateral lymph
node dissection 7 years ago. In the follow-up, different types of tyrosine kinase inhibitors (TKI) (sorafenib, vandetanib, sunitinib, and cabozantinib) and
four cycles of 7’Lu-DOTATATE treatments were also administered because of the presence of metastatic disease. The patient had rising calcitonin (up to
15,622 pg/mL) and CEA levels (up to 727 ng/mL) while using TKI treatments. "8F-fluorodeoxyglucose ('8F-FDG) and *¥Ga-DOTATATE positron emission
tomography/computed tomography (PET/CT) were performed for restaging purposes. '®F-FDG PET/CT imaging revealed metastatic conglomerated
lymph nodes with mildly increased '®F-FDG uptake in the right upper mediastinum [multiple intensity projection image (MIP) in A, red arrow] and in
the left upper paraesophageal region (fused transaxial PET/CT view, arrow); B) as well as metastases in the liver parenchyma (not shown) and bones
(i.e., the lumbar vertebrae and sacrum, shown images on C and D). The metastatic lymph nodes in the right upper mediastinum (MIP in E, red arrow)
and bone metastases (G and H) also had mildly increased ®8Ga-DOTATATE levels, despite no uptake in the left metastatic paraesophageal lymph node
(F) and liver metastases (not shown). Because of disease progression, we also performed ®¢Ga prostate-specific membrane antigen (PSMA) PET/CT to
explore whether the patient would be a candidate for PSMA-targeted radionuclide therapy. PSMA uptake was higher than that of "®F-FDG and ®¢Ga-
DOTATATE in the metastatic lymph nodes in the left upper paraesophageal region (J) and bone metastases (K and L), whereas the metastatic lymph
nodes in the right upper mediastinum (MIP in I, red arrow) had mild PSMA uptake and no discernible PSMA accumulation in the liver metastases (not
shown). MTC is a rare neuroendocrine tumor with an unfavorable prognosis, and the management of the metastatic disease is complex (1).'"*F-FDG
and ®®Ga-somatostatin receptor (SSTR) PET/CT are recommended for detecting recurrent or metastatic disease in MTC with 72.4% and 88.1%
sensitivity, respectively (1,2).%Ga-SSTR PET/CT imaging demonstrates SSTR-avid lesions leading to targeted peptide receptor radionuclide therapy with
radiolabeled somatostatin analogs, which are well-tolerated and possibly beneficial treatment alternatives in advanced MTC (3). It has also been shown
that PSMA expression is present in some aggressive non-prostatic malignancies, including MTC as a biomarker of angiogenesis, and this observation
suggests that PSMA-based radionuclide treatment might be beneficial (4,5,6,7). Moreover, "’Lu-PSMA therapy has been reported in a few patients
with non-MTC (8). In this case, because of the presence of progression with TKI treatment and higher uptake of some lesions on *Ga-PSMA PET/CT
compared with "®F-FDG and %8Ga-DOTATATE, "’Lu-PSMA could be considered as a palliative therapy. By presenting this particular case, we speculate
that further studies related to the theranostic application of PSMA are needed in patients with MTC who have limited treatment options.
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Atypical Presentation of Metastatic Castrate-resistant Prostate
Cancer in a Middle Aged African Male with Good Response to
Radioligand Therapy

Radyoligand Tedavisine lyi Yanit Veren Orta Yagli Afrikali Bir Erkekte Metastatik
Kastrasyon Direngli Prostat Kanserinin Atipik Prezentasyonu

® Osayande Evbuomwan, ® Walter Endres, ® Tebatso Tebeila, ® Gerrit Engelbrecht

University of The Free State, Department of Nuclear Medicine, Bloemfontein, South Africa

Abstract

Prostate cancer typically follows a characteristic pattern of metastatic spread to the pelvic lymph nodes and bone. Atypical patterns of metastasis
are rare but have been documented. In African men, this disease tends to follow a more aggressive course, with the possibility of an atypical site
of metastatic spread. \We present a case of a 58-year- old African male with metastatic castrate-resistant prostate cancer who presented with both
typical and atypical patterns of metastatic disease detected by a fluorine 18 prostate-specific membrane antigen positron emission tomography/
computed tomography scan. This patient also had a good response to radioligand therapy.

Keywords: Metastatic castrate-resistant prostate cancer, atypical metastases, '*F-PSMA

Oz

Prostat kanseri tipik olarak pelvik lenf digimlerine ve kemige metastatik yayilim yapar. Atipik metastaz paterni nadirdir ancak daha 6nce
gosterilmistir. Afrikali erkeklerde bu hastalik, atipik metastatik yayilma olasiligiyla birlikte daha agresif bir seyir izleme egilimindedir. Flor 18 prostat
spesifik membran antijeni pozitron emisyon tomografisi/bilgisayarli tomografi taramasi ile tespit edilen hem tipik hem de atipik metastatik hastalik
paterniyle basvuran, metastatik kastrasyon direncli prostat kanseri olan 58 yasinda Afrikali bir erkek olguyu sunuyoruz. Bu hasta ayni zamanda
radyoligand tedavisine de iyi yanit vermistir.

Anahtar kelimeler: Metastatik kastrasyon direncli prostat kanseri, atipik metastazlar, 'F-PSMA
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Figure 1. Fluorine 18 (8F) positron emission tomography/computed tomography (PET/CT) and CT only images of a 58year-old African male with
high-risk adenocarcinoma [Gleason score 5+4 and prostate-specific antigen (PSA) 4, 441 ug/L] referred to our facility for radioligand therapy workup.
The images in the top row reveal increased prostate-specific membrane antigen (PSMA) expression in the medial limb of the left adrenal gland
[standardized uptake value (SUV): 15.04], which is confirmed to be bulky on the CT-only images. The images below are post 4 cycles of 177Lu-PSMA
radioligand therapy images, revealing a reduction in PSMA expression (SUV: 5.30) and the size of the previously affected adrenal gland, confirming
the response to therapy. The adrenal gland is one of the atypical sites for metastatic prostate cancer (1). In a retrospective study involving 620 patients
with biopsy-proven prostate cancer, adrenal metastases were observed in 12 of the 82 patients (15%) with an atypical site of metastatic disease (2).
However, adrenal metastases are considered extremely rare, accounting for 1% of all metastatic cases (3).
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Figure 2. 8F PET/CT and CT only images of the same patient. The images in the top row reveal increased PSMA expression in the left kidney
(SUV: 24.7), with no obvious CT changes. The images below are after 4 cycles of 177Lu-PSMA radioligand therapy, which demonstrate complete
resolution of the disease in the left kidney (SUV: 6.5). Few cases of prostate cancer metastasizing to the kidney have been reported (4,5,6). Chen et
al. (6) described renal metastases in the setting of prostate cancer as an extremely rare entity.
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Figure 3. '8F PET/CT and CT only images of the same patient. The images in the top row reveal increased PSMA expression in the left spermatic cord
(SUV: 6.06), with no obvious CT changes. The images below are after 4 cycles of 177Lu-PSMA radioligand therapy, which demonstrate complete
resolution (SUV: 1.39). Metastatic spread of prostate cancer to the spermatic cord is extremely rare, with Gergelis et al. (7) reporting the third case in
the literature in 2019. Similar to renal metastases, there are no obvious CT changes in the affected left spermatic cord to suspect metastatic disease.
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Figure 4. The image on the left is the patient’s baseline maximum intensity projection (MIP) before 177Lu-PSMA therapy, showing widespread
metastatic disease. The image on the right is an MIP image after radioligand therapy showing evidence of response to treatment. His PSA level pre
and post therapy was 4,441 ug/L and 55 ug/L, respectively. The value of "®F-PSMA PET/CT imaging has also been shown here because some of these
atypical sights might have been missed on anatomical imaging because of little or no obvious anatomical changes. The testes and urethra are also
known atypical sites for metastatic disease (8); however, this was absent in our patient. This case also shows the effectiveness of radioligand therapy
with 177Lu-PSMA, even in patients with an atypical pattern of metastatic disease. Although we do not have histological confirmation of these atypical
metastatic sights, the fact that they were associated with high PSMA expression that showed a very good response to 177Lu-PSMA therapy gives us

a very high index of suspicion for metastatic disease.
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Exceptionally Rare Isolated Thyroidal Metastasis of Pulmonary
Carcinosarcoma: A Tale of '8F-FDG-positive Thyroid Nodule

Pulmoner Karsinosarkomun Son Derece Nadir Izole Tiroid Metastazi: Bir '8F-FDG Pozitif
Tiroid Nodiuilii Oykdisi

® Mehmet Emin Mavil, ® Fariba Amini2, ® Seyfettin ligan3

IKaraman Training and Research Hospital, Clinic of Nuclear Medicine, Karaman, Tirkiye
2Gtiven Hospital, Clinic of Pathology, Ankara, Tiirkiye
3Guven Hospital, Clinic of Nuclear Medicine, Ankara, Tirkiye

Abstract

Pulmonary carcinosarcomas (PCS) are uncommon and aggressive malignant tumors with epithelial and mesenchymal components and have a
worse prognosis than other non-small-cell lung cancers. Metastases of non-thyroidal malignancies to the thyroid are rare. We reported a unique
case of isolated thyroidal metastasis of PCS and discussed '#F-fluorodeoxyglucose ("®F-FDG) positivity in incidentally found thyroid nodules on
8E-FDG positron emission tomography scan.

Keywords: '®F-fluorodeoxyglucose, thyroid, lung, PET/CT, incidental, ultrasonography

Oz

Pulmoner karsinosarkomlar (PCS), epitelyal ve mezenkimal bilesenleri olan ve diger kiclk hticreli disi akciger kanserlerinden daha k&t prognoza
sahip, nadir gorilen ve agresif malign timorlerdir. Tiroid disi malignitelerin tiroid metastazlari nadirdir. PCS'nin oldukga benzersiz bir izole tiroid
metastazi olgusunu bildirdik ve '®F-florodeoksiglikoz ('8F-FDG) pozitron emisyon tomografi taramasinda tesadifen bulunan tiroid nodullerindeki
E-FDG pozitifligini tartistik.

Anahtar kelimeler: '®F-florodeoksiglikoz, tiroid, akciger, PET/BT, insidental, ultrasonografi
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Figure 1. An 81-year-old man underwent right lower lobectomy because of a growing solitary pulmonary mass, and the final histopathology was
reported as pulmonary carcinosarcomas (PCS). "8F-fluorodeoxyglucose ("®F-FDG) positron emission tomography (PET) scan for primary staging revealed
a large thyroid nodule with heterogeneous peripheral '8F-FDG uptake in the right lobe without any sign of regional or distant metastasis in other body
parts. Ultrasonography (USG) examination revealed a 44x35 mm, parallel oriented, isoechoic, predominantly solid nodule with scattered cystic areas
(A). Although the nodule was deemed to be at low risk of primary thyroid cancer, fine needle aspiration biopsy (FNAB) was performed to exclude
malignancy. The cytological samples were hypocellular and mostly comprised cystic components without any sign of atypia, supporting USG findings.
Follow-up is recommended instead of repeat biopsy because of age and co-morbidity. One year later, the patient presented with hoarseness and
difficulty in swallowing. Follow-up PET scan showed peripheral "F-FDG uptake [maximum standardized uptake value (SUV,_): 4.6] in the thyroid
nodule, similar to the previous scan [arrow in (B) maximum intensity projection images and arrowheads in (C) axial PET, (D) CT, and (E) fusion images].
Repeated USG examination showed almost identical USG findings as the previous exam but considerable increase in size (58x38 mm). Thyroid
lobectomy was recommended to alleviate local compression symptoms. Direct invasion of the mass into the esophagus and perithyroidal soft tissues
discovered during surgery unexpectedly. The final histopathology of the thyroid nodule was concordant with PCS metastasis [(F, G) H&E staining at
x4 magnification showing replacement of the normal thyroid parenchyma by malignant cells observed in the lung, (H) heterologous mesenchymal
component (chondrosarcoma), (1) diffuse lymphovascular invasion].

PCS, comprising epithelial and mesenchymal components, represents 0.2% of primary lung cancers and has a worse prognosis than other non-small-
cell lung cancers (1). Metastases of non-thyroidal malignancies to the thyroid are quite rare (2). There are only a few reports on PCS metastasis (3,4),
but to the best of our knowledge, this is the first reported case of thyroidal PCS metastasis.

Incidental "8F-FDG-positive thyroid nodules (IFTNs) are commonly encountered in patients undergoing '8F-FDG PET for non-thyroidal illnesses. It has
been demonstrated that the malignancy risk of IFTNs in the low-risk USG category did not show an increase compared with the general population
(5). Conversely, IFTNs in the intermediate-high suspicion USG categories showed an increase in malignancy compared with the general population (5).
A meta-analysis concluded that there is often considerable overlap in SUV__ values between benign and malignant thyroid nodules. Therefore, no
SUV__ cutoff can be considered safe for benign-malignant differentiation (6). The American Thyroid Association guidelines recommend USG-guided
FNAB for thyroid nodules >1 cm with focal '8F-FDG uptake (7). However, this approach potentially may lead to unnecessary FNAB in the majority of
patients because two out of three IFTNs will eventually be benign, and tailored decision-making strategies are recommended, considering the USG risk
group of nodule and stage of non-thyroidal comorbid illness instead of directly pursuing a potentially co-existent low-risk thyroid carcinoma (8,9). On
the other hand, as in the present case, IFTNs in patients with underlying non-thyroidal malignancy and metastasis to the thyroid gland should always
be considered. "8F-FDG- positive nodules with low USG risk factors may be of great importance in the clinical context.
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Dear Editor,

This article examines whether the decay formula meets the
systolic volume change (1), but there is a doubt that it is
the correct model to express the systolic ejection dynamics
mentioned in the text. The exponential decay formula
emphasizes that the activity/substance/volume halves at
a certain time and is used to calculate the remaining at a
given time. Therefore, the formula expressed here would
not be exact to represent the systolic function.

Ejection fraction (EF) shows the ejection volume percentage
in each cardiac beat without considering time, which is
chronotrophy represented by Heart rate (HR) [EF = (Stroke
volume/End diastolic volume (EDV)) x100]. Cardiac output
(CO = HR/min x stroke volume) takes time into account
with volume. Factors affecting CO, HR, and stroke volume
(inoptophy, cardiac muscle power, Frank starling rule) also
affect EDV, end systolic volume (ESV), systole, and diastole
time. Preload and afterload are the factors that influence
all these cardiac functions (2). Some other factors such

as partial oxygen pressure and hemoglobin levels do not
originate from the heart but affect the cardiac functions
at the end (2). This study does not search the remaining
volume at a given time, but searches ejection constant (Ec)
(k), which might indicate the influences of all structural
and functional factors related to cardiac ejection. For
this purpose, this study scrutinizes the systolic part of the
heartbeat, which is a good idea.

However, this idea needs to be proved clinically and
mathematically because the purpose of the decay formula
is completely different. The formula needs to be tested
particularly on how it responds to situations with different
HRs. There areno representative satisfying calculations
with volume curves of real patients in the text. Therefore,
the clinical value of Ec may be tested with imaginary
situations. For example, for EDV: 125 and ESV: 35; EF:
72%. For beat per minute (BPM) =60/min; CO = HR/min x
stroke volume: 60x90=5400 mL/min (stroke volume: EDV-
ESV: 125-35=90). The normal range for EF is 50-70% and
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for CO is about 4-8 L/min. Cardiac cycle time: 1000/16 ms,
systole time: 5.5 frame x (1000/16) ms =343.75 ms. With
the decay formula: ESV = EDV. e*; k =0.0037/ms; (Ec) k
=3.7/s. In summary, for BPM =60/min, CO =5.4 L/min, EF:
72%, Ec: 3.7 are found, and these results are categorized
as normal in the text.

“At a normal heart rate of 72 beats/min, systole comprises
approximately 0.4 of the entire cardiac cycle” (2). Considering
this statement from Guyton and Hall's Physiology, letus
see what happens when the same patient has 72/min
HR. Letus take the systole time as 6.4/16 unit time (40%
of total cardiac cycle time), and EF =60%, EDV: 100 and
ESV: 40, also mentioned as normal in Guyton and Hall’s
Physiology. Based on these values, Ec (k) is found to be
2.7, which is categorized as “ischemic” in the text. (EF
60%, CO =72x60=4320 mL/min). Despite being within the
normal limits (change in BPM: 60 to 72/min), the cardiac
HR differences changed Ec (k) dramatically (from normal
group into ischemic one). Does this mean that patients
can fall into the ischemic category when they are excited?
Sympathetic and parasympathetic stimulations influence all
parameters (especially the systole time, EDV and ESV), but
we know that some compensation mechanisms keep the
perfusion constant (2).

As shown in Figures 8a and 8c, different ES and ED volumes
in patients with normal EF values might indicate different
clinical presentations. For Figure 8a; EDV: 68, ESV: 20,
stroke volume: 48 (normal range of stroke volume: 50-100
mL). EF: 70%, Ec (k): 2.5 (normal). For Figure 8c; EDV: 130,
ESV: 60, stroke volume: 70. EF: 54%, Ec (k): 1.6 (infarct).
Figures 8a and 8c indicate that the infarcted myocardium
may have a higher stroke volume than normal. Does the
size of the infarct area make a difference? Although Ec
(k) does not directly take HR into account, the category of
the curve changes. Does this change reflect the myocardial
perfusion situation? Robustly, this does not seem very
normal logically. On the other hand, the number of patient
groups seems similar, and no data are given about the
pretest probabilities for each group.

67

Visual evaluation of the volume curve is a routine part
of gated myocardial perfusion imaging interpretation. If
there is a constant k value as in the decay constant (A), it
is expected that each heart with the same k value would
have a certain systolic volume decrease half-time. Because
HR does not take part in the formula, this constant (k) must
not change with different HRs. By the way, it is mentioned
that all the volume curves were created automatically by
QGS software, and it is questionable whether there would
be any need to make changes in the drawings.

Although the decay formula does not exactly meet the
systolic volume change, it is also exponential. It is not the
same but similar. Thus, Ec seems to have a good correlation
with EF EDV, and ESV. EF and Ec that both refer to EDV and
ESV are the logically correlated parameters. However, any
case with EF and Ec uncorrelated might be an explanatory
example.

In fact, visual evaluation seems better than Ec (k) calculation.
The visual evaluation of the curve itself can provide more
information than this imaginary decay formula. EDV, ESV,
stroke volume, systole and diastole time, the slope of the
systolic volume curve, and EF can be calculated, and normal
and abnormal curves can simply be evaluated visually. The
(k) calculation adds nothing more than visual evaluation
and may mislead the clinical evaluation.
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