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A Comprehensive Analysis of Volumetric **Ga-PSMA PET/CT
Parameters, Clinical and Histopathologic Features: Evaluation of the
Predictive Role

Volimetrik ®Ga-PSMA PET/BT Parametreleri, Klinik ve Histopatolojik Ozelliklerin
Kapsamli Bir Analizi: Prediktif Roltin Degerlendiriimesi

© Gozde Mutevelizade!, ® Yasemin Parlak!, ® Ceren Sezgin Arikbasi2, ® Giil Giimiiser!, ® Elvan Sayit!

IManisa Celal Bayar University Faculty of Medicine, Department of Nuclear Medicine, Manisa, Tiirkiye
2Manisa City Hospital, Clinic of Nuclear Medicine, Manisa, Ttrkiye

Abstract

Obijectives: To evaluate the relationships between volumetric ®Ga-prostate-specific membrane antigen (PSMA) positron emission tomography/
computed tomography (PET/CT) parameters, Gleason score (GS), prostate-specific antigen (PSA) levels, histopathological data, and metastatic
status in newly diagnosed prostate cancer (PCa) patients and to assess the predictive factors for progression despite treatment.

Methods: A total of 78 newly diagnosed patients with PCa who had ®Ga-PSMA PET/CT scans were included. Clinical parameters, histopathological
data, and metastatic status were documented, and volumetric parameters of primary prostate lesions were measured. All obtained data were
compared statistically.

Results: Primary prostate tumor maximum standardized uptake value (SUV ) and GS were significantly related to serum PSA levels (p<0.05). PSA
levels and SUV__ values were significantly higher in patients with lymph node metastases than in those without. GS was found to be significantly
increased in metastatic patients. PSMA-derived tumor volume (PSMA-TV) and total lesion PSMA of the primary lesion had a significant relationship
with PSA value, GS, and regional lymph node metastases. Receiver operating characteristic analysis, conducted in patients with metastatic and
localized disease, identified the cutoff value for SUV__ as 10.85. According to the results of the logistic regression analysis, PSMA-TV was found
to be a predictive factor for progression despite treatment.

Conclusion: ®Ga-PSMA PET/CT remains an invaluable imaging modality that should be considered first in PCa staging because of its superior
compatibility with clinical and histopathologic data. The importance of this method goes beyond diagnostic accuracy; it also extends into the
predictive domain, where the PSMA-TV value of primary prostate lesions is a potential predictor of treatment efficacy. This information is valuable
for personalizing patient treatment, improving prognostic accuracy, and predicting clinical outcomes.

Keywords: ®Ga-PSMA PET/CT, prostate cancer, volumetric parameters

0z

Amag: Bu calismanin amaci yeni tani konmus prostat kanseri (PKa) hastalarinda voliimetrik ®Ga-prostat-spesifik membran antijeni (PSMA) pozitron
emisyon tomografisi/bilgisayarli tomografi (PET/BT) parametreleri, Gleason skoru (GS), prostat-spesifik antijeni (PSA) diizeyleri, histopatolojik veriler
ve metastatik durum arasindaki iliskileri ve prediktif faktorleri degerlendirmektir.

Yontem: %Ga-PSMA PET/BT taramalari yapiimis toplam 78 yeni tani PKa hastasi ¢calismaya dahil edildi. Klinik parametreler, histopatolojik veriler ve

metastatik durum belgelendi ve prostat bezindeki primer tiimorden elde edilen voliimetrik parametreler 6lclldu. Elde edilen tiim veriler istatistiksel
olarak karsilastirild.

Address for Correspondence: Gézde Mutevelizade MD, Manisa Celal Bayar University Faculty of Medicine, Department of Nuclear Medicine, Manisa, Turkiye
Phone: +90 532 471 32 62 E-mail: gozdemutevelizadee@gmail.com ORCID ID: orcid.org/0000-0001-5986-8777
Received: 18.03.2024 Accepted: 05.05.2024 Epub: 14.06.2024
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Bulgular: GS ve primer prostat timdriinden elde edilen maksimum standardize tutulum degeri (SUV. ), serum PSA dUzeyleri ile anlamli olarak
iliskiliydi (p<0,05). PSA diizeyleri ve SUV__ degerleri lenf nodu metastazi olan hastalarda olmayanlara gére anlamli olarak daha yiksekti. GS
metastatik hastalarda anlamli olarak ylksek bulundu. Primer lezyonun PSMA-tUmor volimi (PSMA-TV) ve total lezyon-PSMA degerlerinin PSA
degeri, GS ve bolgesel lenf nodu metastazlari ile anlamli iliskisi vardi. Metastatik ve lokalize hastaligi olan hastalarda yapilan alici isletim karakteristik
analizi, SUV_, icin kesim degerini 10,85 olarak belirlemistir. Lojistik regresyon analizi sonuglarina gére, PSMA-TV progresyon icin prediktif bir faktor

olarak bulunmustur.

Sonug: %¥Ga-PSMA PET/BT, klinik ve histopatolojik verilerle Gstlin uyumlulugu nedeniyle PKa evrelemesinde ilk olarak distunulmesi gereken cok
degerli bir goriintileme yontemi olmaya devam etmektedir. ®Ga-PSMA PET/BT nin klinik yeri ve énemi, sadece tanisal dogrulugu ile sinirli degildir.
%Ga-PSMA PET/BT'den elde edilen primer prostat lezyonunun PSMA-TV degeri tedavi basarisini ngdrebilecek potansiyel bir gdsterge olarak dnem
tasimaktadir. Bu bilgi, hasta tedavisini kisisellestirmek, prognostik dogrulugu artirmak ve klinik sonuglari tahmin etmek icin degerlidir.

Anahtar kelimeler: ®Ga-PSMA PET/BT, prostat kanseri, volimetrik parametreler

Introduction

Prostate cancer (PCa) is the most common cancer in men
in the United States and the second most common cancer
in men worldwide (1,2). Prostate-specific membrane
antigen (PSMA) is a type Il transmembrane protein with
overexpression in most PCa cells and is of increasing
interest as a target molecule for imaging and treatment
(3). Gallium-68-PSMA (%¥Ga-PSMA) [Glu-NH-CONH-Lys-
(Ahx)-[Ga-68(HBED-CC)] positron emission tomography/
computed tomography (PET/CT) scan is an advanced
and promising imaging method having high sensitivity
in determining lesions of PCa with a high tumor-to-
background ratio (4). %8Ga-PSMA PET/CT has been used with
increasing frequency in recent years for staging, restaging,
and treatment response evaluation in patients with PCa.
%8Ga-PSMA PET/CT shows higher diagnostic accuracy for
restaging during biochemical recurrence and is superior to
conventional imaging modalities in the preoperative staging
of PCa (5). Classifying patients with PCa according to their
risk status affects treatment management and makes
an important contribution to predicting the response to
treatment. Gleason score (GS) and serum prostate-specific
antigen (PSA) levels are accepted as strong predictors of
prognosis in patients with PCa and play an important role
in clinical treatment (6). PCa risk classification criteria are
generally based on clinical stage, GS, and pretreatment
PSA levels. A detailed risk classification has been published
by D'Amico et al. (7) low-risk group (PSA =10 ng/mL and
GS =6 and T1-T2a), intermediate-risk group (PSA 10-20
ng/mL or GS 7 or T2b), and high-risk group (PSA >20 ng/
mL or GS =8 or =T2c¢). With the widespread use of *¢Ga-
PSMA PET/CT, studies have shown that increased PSMA
expression is correlated with GS and the development
of metastatic disease (8,9). The maximum standardized
uptake value (SUV__) is the most commonly used semi-
guantitative parameter in PET/CT to assess tumor burden.
However, SUV__ is not the only volumetric parameter
obtainable in ®Ga-PSMA PET/CT. PSMA-derived tumor
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volume (PSMA-TV) and total lesion PSMA (TL-PSMA)
can also be calculated. There are clinical studies stating
that ®Ga-PSMA PET/CT results are highly predictive of
treatment response (10,11). Volumetric analysis of ®#Ga-
PSMA PET/CT in newly diagnosed PCa patients can provide
comprehensive insights into tumor characteristics, aid in
treatment planning, and predict clinical outcomes. This
information is invaluable for personalizing patient care and
improving prognostic accuracy (12,13).

In this study, we aimed to measure primary lesion
SUV__, PSMA-TY, and TL-PSMA; and to evaluate the
relationships among volumetric parameters, GS, PSA
levels, histopathological data, and metastases status in
newly diagnosed PCa patients. Another endpoint of our
study was the evaluation of the possible predictive role
of volumetric %8Ga-PSMA PET/CT parameters for clinical,

radiological, or biochemical progression.

Materials and Methods

We retrospectively evaluated 78 patients with PCa who
underwent ®Ga-PSMA PET/CT for staging. All patients
had a diagnosis of prostate adenocarcinoma by 10-12
core transrectal ultrasonography (TRUS)-guided prostate
biopsy (bx) before imaging. All patients had PSA levels
measured at most 3 weeks before the ®Ga-PSMA
PET/CT scan. Patients with missing laboratory or
pathological data, treated for PCa, and in whom the primary
tumor was indistinguishable from the surrounding prostate
tissue were not included. This study protocol was reviewed
and approved by the Manisa Celal Bayar University Health
Sciences Ethics Committee (decision no: 20.478.486/506,
date: 19.08.2020). Informed consent was obtained from
all subjects when they were enrolled.

Preparation of the PSMA-targeting Ligand

%8Ga-PSMA 1&T was synthesized by a fully automated,
good manufacturing practice-a compliant procedure using
a good radiopharmaceutical practice module (ITG iQS-TS)
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connected to a 68Ge/68Ga generator (1.11-GBq, ITM)
and equipped with a disposable single-use cassette kit. A
standardized labeling sequence with 25 ug of unlabeled
PSMA I&T was used. The synthesis of the ®Ga peptides
was performed using a cationic purification method with 25
ug of peptide used for the reaction. The labeling efficiency
and radiochemical purity (295%) were determined
using radio-high-performance liquid chromatography.

Image Acquisition and Reconstruction

Patient  preparation,  acquisition  protocols, and
reconstruction parameters were standardized for all
patients. Sixty minutes after the intravenous injection of
2.2-2.5 MBg/kg ®Ga-PSMA, the patients were scanned
from the vertex to the proximal thigh, and low-dose CT
(120 kVp and 80 mAs) and PET [Philips TrueFlight Select
model, lutetium yttrium orthosilicate crystals; 3-dimensional
acquisition; 180 s per bed position (s/bp); 5-6 bed positions]
images were obtained. CT was obtained for attenuation
correction. The ordered subset expectation maximization
reconstruction algorithm was used with reconstruction
parameters of three iterations and 33 subsets.

Image Analysis

Images were evaluated by two experienced nuclear
medicine physicians blinded to the pathological and
laboratory results. Any disagreement was resolved by
consensus. Focal or diffuse ®Ga-PSMA uptake in the
prostate gland was identified as the primary lesion. Lesions
with a %Ga-PSMA uptake higher than that in the blood
pool and discordant with the physiological distribution
were considered metastases. Regional lymph node (RLN),
extra-regional lymph node (ERLN), bone, and visceral organ
metastases were determined. Using a three-dimensional
segmentation method, an isodontous volume of interest
was created around the prostate gland, avoiding
bladder activity, to calculate the volumetric parameters
(Figure 1). Primary tumor TL-PSMA was calculated by
multiplying PSMA-TV by the mean standardized uptake
value (SUV

mean)'
Statistical Analysis

The data obtained were entered into SPSS version 23.0
(IBM, Turkiye), and a p-value of 0.05 was considered
statistically ~ significant.  Quantitative variables were
described using means, standard deviations, and ranges.
Mean comparisons between the groups were performed
using one-way ANOVA for the quantitative variable. The
relationships between the D’Amico risk groups and
metastatic status were analyzed using the chi-square test.
Correlations between different parameters were analyzed
using the Pearson correlation test. Receiver operating
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characteristic (ROC) analysis was used to determine the cut-
off values of SUV__, PSMA-TV, and TL-PSMA for metastatic
and non-metastatic patients. Possible predictive factors for
clinical and biochemical recurrence were evaluated using
logistic regression analysis.

Results

Patients were classified according to the D'Amico risk
stratification system. The majority of patients (n=51)
(65.4%) in our study were in the high-risk group. Nineteen
patients (24.3%) were in the intermediate-risk group and
eight patients (10.3%) were in the low-risk group. ®Ga-
PSMA PET/CT and PSA tests were performed within 3
weeks. The mean PSA level was 45.2 ng/mL. Descriptive
characteristics are presented in Table 1. We observed

Figure 1. ®Ga-PSMA PET/CT axial PET (A) and axial CT (B) images. A
volume of interest was drawn around the prostate lesion (arrow)
%Ga-PSMA: ®8Ga-prostate-specific membrane antigen, PET/CT: Positron emission
tomography/computed tomography

Table 1. Distribution of descriptive characteristics

Parameter Value

Patients (n) 78

Age

Mean + SD 68.5+7.3 years
Range 49-87 years
PSA

Range ‘ 3.3-277 ng/mL

Gleason score (GS)

GS6 10 (12.8%)
GS7 26 (33.3%)
GS8 12 (15.4%)
GS9 23 (29.5%)
GS10 7 (9%)
D’Amico risk stratification

High-risk 51 (65.4%)
Intermediate-risk 19 (24.3%)
Low-risk 8 (10.3%)

SD: Standard deviation, PSA: Prostate-specific antigen




Mol Imaging Radionucl Ther 2024;33:68-76

Mutevelizade et al. Features and Predictive Role of PSMA PET/CT

significant relationships between GS, SUvV__, and PSA
levels (p<0.05). Of the patients included in the study, 29
(37.2%) had bone metastases (BM), and most of the ®Ga-
PSMA uptake observed in the bones was sclerotic on CT
(Figure 2). However, pathological ®Ga-PSMA accumulations
that could not be detected on CT were also observed.
These patients were considered highly suspicious of
metastases. Magnetic resonance imaging (MRI) correlation
was performed for these patients, and bone marrow
infiltration on MRI was considered positive for BM. Visceral
organ involvement was detected only in the lungs and was
observed in 7 (9.0%) patients. Five of these seven patients
had concomitant BM. When patients with and without BM
were compared, differences were significant between the
two groups in terms of PSA, SUV__, and SUV___(p=0.000,
p=0.008, and p=0.003, respectively). When patients with
and without lung metastases (LM) were compared, a
significant difference was detected only in PSA values
(p=0.002). However, no statistically significant difference
was detected between LM and SUV__ . We believe that this
result is due to the small number of patients with LM in our
study group. Isolated RLN metastases were observed in 42
of 78 (53.8%) patients. ERLN metastases were observed
in 23 (29.5%) patients, and all were accompanied by
RLN metastases. When the presence of ERLN and RLN
metastases were compared with the SUV__ of the primary
lesion, significant relationships were found (p<0.05).
The mean PSA value was significantly higher in patients
with RLN metastases (63.6+66.6) compared to those
without lymph node metastases (23.65+32.3, p=0.002),

b

J

Figure 2. ®Ga-PSMA PET/CT with maximum-intensity projection (A),
sagittal CT (B), and sagittal PET (C) images of a 75-year-old patient with
PCa (GS 5+5) with a PSA level of 64.0 ng/mL. ®Ga-PSMA PET/CT images
showed multiple sclerotic bone metastases

%Ga-PSMA: %8Ga-prostate-specific membrane antigen, PET/CT: Positron emission
tomography/computed tomography, PCa: Prostate cancer, PSA: Prostate-specific
antigen
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and similarly, patients with ERLN metastases showed a
significantly higher mean PSA value (82.9+69.2) than those
without ERLN metastases (29.37+42.5, p<0.05). When the
relationships between GS and the presence of lymph node,
bone, and visceral organ metastases were examined, the
sum of GS was statistically significantly increased in patients
with positive metastases (p<0.05). We also analyzed the
risk groups of patients with metastases and observed
that the majority were in the high-risk group, which was
an expected finding. This analysis revealed statistically
significant differences between the presence of pelvic,
extrapelvic, and BM and risk groups (p=0.001, p=0.001,
p=0.002, respectively). Primary lesion PSMA-TV and TL-
PSMA were compared with PSA, LM, BM, GS, and lymph
node metastases. Significant relationships were observed
when the PSA and GS levels of the patients were compared
with PSMA-TV and TL-PSMA (p<0.05). When PSMA-TV
and TL-PSMA were compared with the presence of bone,
lung, and ERLN metastases, the relationships were not
statistically significant (p=0.05). Considering the metastatic
status, a significant relationship was found between the
parameters defined only with RLN metastases (p<0.05).
The mean values of PSA, SUV__, and SUV,__ according
to metastasis status are summarized in Table 2. Statistical
comparisons were made according to the histopathological
data such as extraprostatic extension (EPE), lymphovascular
invasion (LVI), and perineural invasion (PNI) reported in the
TRUS-bx results. When PSA level, SUV__,SUV__ PSMA-TV,
and TL-PSMA were compared with histopathological data,
significant relationships were observed between all except
PNI and TL-PSMA (Table 3). The SUV__, PSMA-TV, and TL-
PSMA cut-off values of 37 metastatic (ERLN, bone, or LM)
patients were determined by ROC analysis. Area under
the curve (AUC) was significant at 0.770 [95% confidence
interval (Cl): 0.66-0.87, p=<0.001], and the SUV__ cut-
off value was 10.85, yielding a sensitivity of 83.8% and
a specificity of 63.4%. Furthermore, ROC analysis was
performed for PSMA-TV and TL-PSMA, and statistically
significant results were found (PSMA-TV cut-off: 33.05,
AUC=0.796, 95% Cl: 0.69-0.89, p=<0.001, sensitivity 73%,
specificity 75.6%) (TL-PSMA cut-off: 136.65, AUC=0.820,
95% Cl: 0.72-0.91, p=<0.001, sensitivity 75.7%, specificity
75.6%). In addition, we calculated correlation coefficients
(r) for the variables we controlled. According to Table 4, the
most correlated variables are observed as such; RLN-LVI (r:
0.658; p<0.01), ERLN-LVI (r: 0.566; p<0.01), and SUV_ -
LVI (r: 0.543; p<0.01). The median follow-up time after
%Ga-PSMA PET/CT was 45 months (interquartile range
34-52 months). The treatments that the patients received
after staging are detailed in Table 5. There was no clinical,
radiological, or biochemical evidence of progression in 46
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Table 2. Mean values of PSA, SUV__, and SUV__ according to metastasis status

Non- Regional lymph | EXtraTegional

. 9 ymp lymph node Lung metastases | Bone metastases | Total
metastatic node metastases
metastases
o 19.3+31.8 63.6166.6 82.9+69.3 101.9£93.4 77.2+72.8 45.2+56.9
(mean + SD)
SV, 11.3£7.4 28.2+19.5 32.3+17.9 21.6£16.2 27.2420.5 20.5£17.2
(mean + SD)
Suv
mean 4.3+1.5 8.4+4.9 9.5+4.4 7.9+4.3 8.4+5.3 6.6+4.2

(mean + SD)
N (number) 29 42 23 7 29 78
PSA: Prostate-specific antigen, SUV__: Maximum standardized uptake value, SUV__ :Mean standardized uptake value

Table 3. Statistical results for PSA, SUV__, SUV___, PSMA-TV, TL-PSMA, and histopathological features

PSA SuvV__ Suv_ PSMA-TV TL-PSMA
EPE p=0.003 p=0.000 p=0.000 p=0.005 p=0.028
LI p=0.000 p=0.000 p=0.000 p=0.004 p=0.021
PNI p=0.002 p=0.000 p=0.000 p=0.018 p=0.076"

PSA: Prostate-specific antigen, PSMA-TV: PSMA-derived tumor volume, TL-PSMA: Total lesion PSMA, EPE: Extraprostatic extension, LVI: Lymphovascular invasion, PNI: Perineural
invasion
"p=0.05

Table 4. Correlation coefficients of the study variables

Variables PSA SUVmax PSMA-TV TL-PSMA RLN ERLN EPE LVI PNI
© pon ] 0.387 0.408 0.344 0.352 0431 | 0393 0.452 0.345
: (0.007) (0.007) (0.007) (0.007) (0,007 | (000" | (0.007) (0.007)
S oLy ] ] 0.700 0.630 0.487 0448 | 0497 0.543 0.420
- SUV (0.007) (0.00) (0.007) (0,007 | (0.007) | (0.00") (0.007)
0.962 0.292 0192 | 0322 0.330 0.271
=5 B - - - (0.007) (0.017) (0.09) |(000%) |(0.007) (0.02°)
0.222 0.097 | 0251 0.264 0.206
o Wil - - - - (0.05) (039) | (0.03) (0.02°) (0.07)
c RN ] ] ] ] ] 059 | 0525 0.658 0.404
: (0007 | (000" | (0.00") (0.00”)
0.434 0.566 0.440
6. ERLN - : - - - ; (0.00°) (0.00°) (0.00°)
0.403 0.303
7. EPE : : : : - - - o oo
0.439
8. VI : : : : : : : i e
9. PNI ; ; ; ; ; ; ; i :

“Denotes p<0.05 and ““denotes p<0.01 significance levels. PSA: Prostate-specific antigen, SUV. _: Maximum standardized uptake value, PSMA-TV: PSMA-derived tumor volume,
TL-PSMA: Total lesion PSMA, RLN: Regional lymph node, ERLN: Extra-regional lymph node, EPE: Extraprostatic extension, LVI: Lymphovascular invasion, PNI: Perineural invasion
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Table 5. Initial treatments of the study group

Initial management Nur_nber &
patients

RP (+/- lymph node dissection) 6

ADT + EBRT 20

EBRT 6

RP (+/- lymph node dissection) + EBRT 11

ADT 17

RP (+/- lymph node dissection) + EBRT + ADT | 5

RP (+/- lymph node dissection) + ADT 8

ADT + chemotherapy 5

RP: Radical prostatectomy, EBRT: External beam radiotherapy, ADT: Androgen

deprivation therapy

(59%) participants. Thirty-two (41%) patients progressed
despite treatment, and four of these died during follow-up.
Lesion SUV__, PSMA-TV, TL-PSMA, and histopathological
parameters were evaluated as predictive factors for
progression. According to the logistic regression analysis
results, PSMA-TV was determined to be a significant
predictive factor for clinical, radiological, or biochemical
progression (p<0.05). When histopathological parameters
were evaluated, the coexistence of positive PNI and EPE

was statistically predictive of progression.

Discussion

Numerous studies have highlighted the critical role of
%Ga-PSMA PET/CT in restaging patients with biochemical
recurrence. However, accurate initial staging is critical
to improve prognosis and treatment strategies. Studies
indicate that ®Ga-PSMA PET/CT is superior to conventional
imaging modalities in initial staging and altering the disease
stage (14-17). The consensus from these investigations
suggests adopting PSMA-PET as the primary modality for
initially staging intermediate-high-risk PCa (18).

GS, PSA levels, and ®Ga-PSMA PET/CT parameters are
used to determine the risk status of newly diagnosed
PCa patients (19). The combined evaluation of clinical
and %Ga-PSMA PET/CT-derived parameters during initial
staging would be more valuable in predicting risk status.
Despite TRUS-bx being the standard method for obtaining
pre-treatment GS, it potentially underestimates the true
GS because of sample under-representation. However,
our findings indicate a significant relationship between
GS, PSA levels, and prostate lesion SUV . We also found
significant relationships between the presence of lymph
node metastases and SUvV__ and PSA levels. In addition,
SUV__ and PSA levels were significantly higher in patients
with BM than in those without metastases. We also
investigated the association between GS and the presence

73

of lymph node, bone, and visceral organ metastases. The
sum of GS was significantly increased in patients with
metastases (p<0.05). Researchers assessed the correlations
between SUV __, GS, and PSA levels in newly diagnosed
PCa patients, and similar to our results, they revealed
significant relationships between PSA values, SUV,__, and
GS (6,20). Uprimny et al. (6) also found that the PSA level
and prostate lesion SUV__ of patients with lymph node
metastases were statistically higher than those without
lymph node metastases; however, they stated that, unlike
the PSA level, SUV__ and the presence of BM were not
statistically related. We believe that this is primarily due to
the small number of patients with BM in their study.

PET/CT volumetric parameters have gained importance
in predicting the prognosis and response to treatment
in oncological patients in recent years. Investigations
have shown that PSMA-TV and TL-PSMA demonstrated
significant correlations with GS and PSA levels. They
considered that PSMA-derived volumetric parameters
could be better quantitative imaging biomarkers for
whole-body tumor burden (12,13). In our study, we
investigated volumetric measurements of primary
prostate lesions regardless of metastatic status and
found significant relationships between SUV__, PSMA-
TV, and TL-PSMA with PSA and GS. Karyagar et al. (21)
found that metastatic patients had significantly higher
primary prostate lesion PSMA-TV and TL-PSMA than the
non-metastatic group. In our study, we categorized the
metastatic status as RLN metastases, ERLN metastases,
LM, and BM. We observed significant associations
between prostate lesion SUV__ and all metastatic
conditions, except LM. In addition, PSMA-TV and TL-
PSMA of prostate lesions were statistically higher in
patients with RLN metastases than in those without
(p<0.05). The cut-off SUV__ value for prostate lesions
in terms of the metastatic or high-risk patient group
has also been the subject of investigations. Two studies
investigating SUV__ cut-off values for high-risk patients
identified these as 9.1 and 10.55, respectively (8,22). In
our study, in 37 metastatic patients, ROC curve analysis
was performed to identify the cut-off values for SUV__,
PSMA-TV, and TL-PSMA, which were determined to be
10.85, 33.05, and 136.65, respectively. Additionally, we
compared the volumetric parameters and clinical data of
the patients with pathological features (EPE, LVI, and PNI)
in the TRUS-bx results. PSA, SUV__., PSMA-TYV, and TL-
PSMA were compared with histopathological data, and
significant correlations were observed between all except
PNI and TL-PSMA. PNI and TL-PSMA discordance are not
clinically relevant or important to consider as our main
findings. Based on the correlation coefficients, the high
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correlation between SUV__ and LVI stands out as one of
the meaningful and valuable outcomes of our study.

Clinicians face the challenge of delaying PCa progression
while avoiding overtreatment. Therefore, the predictive
value of volumetric parameters in newly diagnosed PCa
is of great interest. While existing studies predominantly
focus on whole-body volumetric parameters, our research
investigates whether primary prostate lesion volumetric
parameters can predict treatment response. Retrospective
analyses suggest ®Ga-PSMA PET/CT as a valuable
tool for assessing therapy response in metastatic PCa,
highlighting changes in quantitative volumetric tumor
parameters, particularly PSMA-TV, as potential predictive
and prognostic indicators for overall survival, thereby
aiding in personalized treatment approaches (23-25).
The patients included in our study were followed up with
different treatment protocols. As a result of the analysis
on whether volumetric parameters (SUVmax, PSMA-TV, TL-
PSMA) obtained from pretreatment ®Ga-PSMA PET/CT
can predict progression, we concluded that only PSMA-TV
has a place in predicting progression. Similarly, Karyagar
et al. (26) conducted a study to ascertain whether
pretreatment %Ga-PSMA PET/CT parameters could serve
as indicators for predicting PSA response in metastatic
castration-resistant prostate cancer patients undergoing
enzalutamide treatment. Their findings indicated that
PSMA-TV values are predictive of PSA response. In addition
to volumetric parameters, we evaluated whether any of
the histopathological parameters detected at biopsy (EPE,
LVI, and PNI) played a role in predicting treatment failure.
We concluded that none of these parameters alone had
a predictive value, but the coexistence of positive PNI
and EPE was predictive of progression. In other words,
the simultaneous presence of these two conditions (PNI
and EPE) was considered a strong predictor of treatment
failure. Studies have been conducted on the predictive
roles of histopathologic features in PCa treatment
success and prognosis. In these studies, EPE has been
acknowledged as a negative prognostic indicator that
impacts both cancer progression and patient survival
(27). However, research on the prognostic value of
PNI has yielded conflicting results. PNI is a commonly
observed pathway for tumor spread and is significant in
the clinical management of PCa. PNI refers to the process
by which cancer cells spread along nerve pathways. This
method of tumor dissemination is frequently observed
in patients with PCa and holds significant importance in
its clinical management. Several studies have suggested
that the presence of PNI should not automatically lead
to more aggressive treatment strategies, but it could be
an indicator of a higher risk of progression (28). Some
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researchers have mentioned that PNI is a predictive factor
for disease progression, whereas others have emphasized
that it plays no such role (27). The studies mentioned that
the prognostic value of PNI is more important in biopsy
specimens as it could affect treatment management
decisions and surgical techniques. Moreira et al. (29) found
that PNI in biopsies was associated with an increased risk
of progression. However, Lee et al. (30) reported that PNI
in a prostatectomy specimen was significantly related
to biologically aggressive tumor patterns but was not a
prognostic factor for PSA recurrence or cancer-specific
survival in patients with PCa.

Study Limitations

Our study has several limitations. First, the pathologic
data were exclusively derived from TRUS-bx, which may
limit the generalizability of our findings. Second, the
retrospective nature of our analysis. Third, the study was
conducted in a single center with a relatively small patient
cohort. To overcome these limitations and enhance the
robustness of our conclusions, future research should
conduct prospective, multicenter studies involving larger
patient populations in this field.

Conclusion

PCa is the second most common cancer in men
globally, making research in this field crucial. All clinical,
histopathological, and imaging-based parameters and their
relations with each other should be clarified, and the effect
of these parameters on the course of the disease should
be well known. Because of its high diagnostic accuracy
and superiority over conventional imaging methods, %8Ga-
PSMA PET/CT has become a milestone in the diagnosis
and follow-up of PCa. Our research specifically targets the
volumetric parameters of primary prostate lesions, thus
addressing a gap in the existing literature. The relationships
emphasized in our study underscore the potential of
these parameters to synergistically contribute to a more
comprehensive understanding of disease severity and
progression. In conclusion, this retrospective analysis
showed that %Ga-PSMA PET/CT retains its place as an
invaluable imaging modality that should be considered first
in PCa staging because of its superior compatibility with
clinical and histopathological data. Our results indicate
that the PSMA-TV value of a primary prostate lesion can
predict treatment failure. This information is valuable for
personalizing patient treatment, improving prognostic
accuracy, and predicting clinical outcomes; therefore,
we anticipate that 8Ga-PSMA PET/CT will become a risk
stratification tool in the management of this disease.
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Diagnostic Performance of FAPI PET/CT vs. '®F-FDG PET/CT in
Evaluation of Liver Tumors: A Systematic Review and Meta-analysis

Karaciger Tuimérlerinin Degerlendirimesinde FAPI PET/BT ve '®F-FDG PET/BT'nin Tanisal
Performanslarinin Karsilastirlmasi: Sistematik Bir Derleme ve Meta-analiz

® Parneet Singh, ® Tejasvini Singhal, ® Girish Kumar Parida, ® Ashique Rahman, ® Kanhaiyalal Agrawal

All India Institute of Medical Sciences, Department of Nuclear Medicine, Bhubaneswar; India

Abstract

Objectives: Primary liver tumors constitute one of the most common tumors. These are aggressive tumors with poor survival. Fluorodeoxyglucose
(FDG) positron emission tomography/computed tomography (PET/CT), most commonly used functional imaging, shows limited tracer retention
and poor tumor to background ratios (TBR). Novel %Ga-fibroblast-activation-protein inhibitor (FAPI) PET/CT has shown better tracer uptake and
detection efficacy in liver tumors. However, most of the available literature is limited to single center studies with limited number of patients. So,
we tried to review and analyze the head-to-head comparison of "®F-FDG PET/CT and %Ga-FAPI PET/CT in evaluation of liver tumors.

Methods: Literature available on head to head comparison of diagnostic accuracy of "®F-FDG PET/CT and ®Ga-FAPI PET/CT was searched in
databases like PubMed, SCOPUS, EMBASE and Google Scholar for published original studies till April 2023. The relevant studies were selected
and assessed using the Revised Tool for the Quality Assessment of Diagnostic Accuracy Studies-2 checklist. A random-effect model was used for
calculating pooled sensitivity and specificity. They were represented with 95% confidence intervals (95% Cl) and demonstrated in Forest plots.
l-square statistic was used to assess heterogeneity in the studies.

Results: Pooled sensitivity and specificity of FAPI PET/CT and '8F-FDG PET/CT for detection of primary liver tumors was 94.3% (95% Cl: 90.6-
96.8%); 89.3% (95% Cl: 71.897.7%) and 56.1% (95% Cl: 49.7-62.5%); 96.4% (95% Cl: 81.7-99.9%) respectively. Pooled sensitivity for detection
of extrahepatic metastatic disease was 92.2% (range: 88.1-100%; 95% Cl: 87.8-95.4%) and 72.4% (range: 69.8-76.5; 95% Cl: 65.9-78.2%)
respectively. Also, the maximum standardized uptake value (SUV.__ ) and TBR were higher for FAPI PET/CT than '®F-FDG PET/CT in the included
studies.

Conclusion: Overall, FAPI PET/CT showed higher sensitivity for detection of liver tumors with better SUV__ and TBR than '®F-FDG PET/CT.
Keywords: Positron emission tomography/computed tomography, '®F-fluorodeoxyglucose, fibroblast-activation-protein inhibitors, liver cancers,
hepatocellular cancer, cholangiocarcinoma

Oz

Amag: Primer karaciger timorleri en sik gorilen timérlerdendir. Bunlar hayatta kalma orani disuk olan agresif timarlerdir. En sik kullanilan
fonksiyonel goriintileme olan florodeoksiglukoz (FDG) pozitron emisyon tomografisi/bilgisayarll tomografi (PET/BT), sinirli radyofarmasotik
tutulumu ve zayif timar/arka plan oranlari (TBR) gosterir. Yeni ®Ga-fibroblast aktivasyon protein inhibitérl (FAPI) PET/BT, karaciger timorlerinde
daha iyi radyofarmasétik tutulumu ve tespit etkinligi gostermistir. Ancak mevcut literatlrin ¢ogu, sinirli hasta sayisiyla yapilan tek merkezli
calismalarla sinirlidir. Bu nedenle, karaciger timorlerinin degerlendirilmesinde '®F-FDG PET/BT ve ®Ga-FAPI PET/BT'nin birebir karsilastirmasini
gozden gecirip analiz etmeye calistik.
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Yontem: "8F-FDG PET/BT ve %Ga-FAPI PET/BT'nin tanisal dogrulugunun birebir karsilastirimasi konusunda mevcut literattir, Nisan 2023’e kadar
yayinlanmis arastirma makaleleri icin PubMed, SCOPUS, EMBASE ve Google Scholar gibi veritabanlarinda tarandi. ilgili calismalar Tanisal Dogruluk
Calismalarinin Kalite Degerlendirmesi icin Gozden Gegirilmis Arag-2 kontrol listesi kullanilarak secilmis ve degerlendirilmistir. Birlestiriimis duyarliigi
ve 0zgulligu hesaplamak icin rastgele etki modeli kullanildi. Bunlar %95 giiven araliklariyla (%95 GA) temsil edildi ve Orman grafiklerinde gosterildi.
Calismalardaki heterojenligi degerlendirmek icin I-kare istatistigi kullanildi.

Bulgular: Primer karaciger timarlerinin tespiti icin FAPI PET/BT'nin havuzlanmis duyarliligi ve 6zgulligi sirasiyla %94,3 (%95 GA: %90,6-96,8) ve
%89,3 (%95 GA: %71,897,7); ®F-FDG PET/BT'nin havuzlanmis duyarliligi ve 6zgllligi sirasiyla %56,1 (%95 GA: %49,7-62,5) ve %96,4 (%95
GA: %81,7-99,9) idi. Ekstrahepatik metastatik hastaligin saptanmasi icin havuzlanmis duyarlilik FAPI PET/BT ve '®F-FDG PET/BT icin siraslyla %92,2
(aralik: %88,1-100; %95 GA: %87,895,4) ve %72,4 (aralk: 69,8-76,5; %95 GA: %65,9-78,2) idi. Ayrica, dahil edilen calismalarda FAPI PET/BT icin
maksimum standardize tutulum degeri (SUV.__ ) ve TBR, '®F-FDG PET/BT'den daha yliksekti.

Sonug: Genel olarak, FAPI PET/BT, karaciger tumérlerinin tespitinde '®F-FDG PET/BT'ye gére daha iyi SUV
gosterdi.

Anahtar kelimeler: Pozitron emisyon tomografisi/bilgisayarli tomografi, '®F-florodeoksiglukoz, fibroblast aktivasyon protein inhibitorleri, karaciger

. ve TBR ile daha yuksek duyarlilik

ke
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kanserleri, hepatoseliiler kanser, kolanjiokarsinom

Introduction

Primary liver tumor comprises of two major histological
types of cancers i.e., hepatocellular carcinoma (HCC) and
cholangiocarcinoma (CC). HCC arises from the hepatocytes
and is the most common type, comprising of ~75% of all
liver tumors. While CC arises from biliary tree with in the
liver and is the second most common liver cancer (~12-15%
of all liver cancer). Overall, Liver tumors are fairly common
and constitutes the 6" most commonly diagnosed cancer
worldwide with an incidence of 4.7%. These are aggressive
with 5-year survival as low as 18%. Liver cancer is the
4% most common cause of cancer-associated mortality
worldwide (1,2).

Liver tumors are usually diagnosed late, especially in
countries like India where liver tumor screening is not
common with only 13.6-23.7% of cases presenting at
stages where curative treatment could be offered (3,4).

Imaging plays a very important role in the evaluation of liver
tumors. Unlike other malignancies, liver tumors, especially
HCC can be diagnosed non-invasively without biopsy without
histopathological confirmation. Diagnostic imaging modalities
used in the staging and workup of liver tumors include
ultrasonography, contrast-enhanced computed tomography
(CECT), magnetic resonance imaging (MRI), and functional/
hybrid (functional + anatomical) imaging modalities like
®Ffluorodeoxyglucose  positron  emission  tomography/
computed tomography (PET/CT) and recently introduced
%Ga-fibroblast-activation-protein inhibitor (FAPI) PET/CT (5).

Functional imaging targets physiological functions which are
hyper-represented in tumors compared to normal tissues.
FDG targets glucose metabolism and enters the cell via
GLUT transporters but is not metabolized like glucose and
remains trapped in cells while FAPI is an inhibitor of FAP highly
expressed on cancer-associated fibroblasts which constitute as
high as 90% of gross tumor mass in some malignancies (6,7).
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'8F-FDG PET/CT is the most commonly used functional
imaging and has established its central role in a wide variety
of malignant and non-malignant conditions. However, its
role in liver tumors is limited mainly due to the presence of
glucose-6-phosphatase, high expression of P-glycoprotein,
lower expression of GLUT1 or GLUT2 especially in well to
moderately-differentiated HCC and high background activity
in the liver, thus limiting the FDG avidity of these tumors.
Glucose-6-phosphatase present in high concentration in
hepatocytes, can dephosphorylate glucose-6-phosphate
and FDG-6-phosphate and this FDG then can exit from the
cell. These reduces the tumor to background ratios (TBR)
for liver tumors (8,9). Liver tumors have high amount of
stromal component and desmoplastic reaction and thus,
FAPI avidity. This high FAPI avidity together with the low liver
background results in better TBRs and sensitivity (6). Recent
literature suggests a higher sensitivity of FAPI ~87-100%
compared to 65-92% for '®F-FDG PET/CT (10). However,
the limited literature available that compared the diagnostic
performance of FDG vs. FAPI is mainly from single-center
studies with a limited number of patients. Thus, we tried
to meta-analyse these studies to highlight the diagnostic
performance of ®F-FDG PET/CT vs %8Ga-FAPI PET/CT.

Materials and Methods

We did this meta-analysis by following the “Preferred
Reporting Items for Systematic Reviews and Meta-Analyses”
(PRISMA) statement which describes an evidence-based
minimum set of items for reporting in systematic reviews
and meta-analyses (9). Ethical approval has been taken from
the All India Institute of Medical Sciences Bhubaneswar
Ethics Committee with approval number T/IM-NF/Nucl.
Med/23/19 (date: 15.05.2023). As this is a meta-analysis
of the already published articles and no patient is directly
involved, so taking consent is no applicable.
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Literature Search Strategy

A comprehensive literature search of PubMed, SCOPUS,
Embase and Google Scholar databases was carried out to
find relevant published articles performing head-to-head
comparison of diagnostic accuracy of "F-FDG PET/CT and
%8Ga-FAPI PET/CT in evaluation of hepatic tumors. We used
a search string made of following keywords: (1) “"8F-FDG
PET/CT” or “fluorodeoxyglucose PET” (2) “%8Ga-FAPI PET/
CT" or "fibroblast activating protein inhibitor” (3) “HCC"
or "hepatic tumors” or "hepatocellular carcinoma” or
“cholangiocarcinoma” or “liver tumors”.

The literature was searched with an upper time bracket up
to 26" April 2023 with no lower time bracket or language
restriction. Also, relevant references from the retrieved
studies were screened for additional articles.

Selection Criteria

Studies fulfilling the following inclusion criteria were included:
(a) original studies where both %Ga-FAPI PET/CT and '8F-FDG
PET/CT were performed in patients with hepatic tumors;
(b) sufficient data to reassess sensitivity and specificity of
both %Ga-FAPI PET/CT and "8F-FDG PET/CT in patients with
hepatic tumors; (c) appropriate reference standard was used
(viz histopathological assessment and/or follow up); (d) the
time interval between the ®Ga-FAPI PET/CT and "8F-FDG PET/
CT <10 days.

The exclusion criteria were: a) articles not within the field
of interest of this review; b) articles without head-to-head
comparison of ®Ga-FAPI PET/CT and '8F-FDG PET/CT; ) the
time interval between the %Ga-FAPI PET/CT and "®F-FDG
PET/CT >10 days; d) review articles, letters or editorials,
comments, abstracts presented at conference; e) case
reports or small case series (<5 patients), f) data overlap.

Quality Assessment and Data Extraction

The methodological quality of the selected studies
was assessed by two investigators independently. Any
disagreements were resolved through consultation or
intervention by the third reviewer.

Quality of studies was assessed using the Quality
Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2)
tool which primarily evaluates the risk of bias in patient
selection, index test, reference standard, and the timing
and flow of reference test (11).

For each study, following details were extracted: Basic
details like first author, year of publication, country of origin,
study design (retrospective, prospective); characteristics of
study population like gender and age, sample size, and
technical aspects (injected activity of '8F-FDG and %8Ga-FAPI,
time between injections and image acquisition); reference
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standard, clinical results or other diagnostic methods used
(CT and MRI).

For each study, we tried to extract the number of True
Positive, True Negative, False Positive, and False Negative
findings for '®F-FDG PET/CT and %Ga-FAPI PET/CT in the
staging of hepatic tumors.

Statistical Analysis

We tried to obtain the sensitivity, specificity, from individual
studies on a per-patient and per-lesion based analysis.
Pooled data was presented with 95% confidence intervals
(95% ClI) and displayed using forest plots. Heterogeneity
was estimated using the I-square index (12). The area under
the summary receiver operating characteristics curve was
calculated to measure the accuracy of these methods.

Results

Literature Search

The primary electronic search of PubMed, SCOPUS,
Embase and Google Scholar resulted in 175 relevant
articles. Of these, 38 were duplicates. The titles of 137
articles were reviewed, out of which 112 were excluded
due to following reasons: (i) not related to the topic (106);
(i) case report (3); (iii) review articles (3). Remaining 25
articles were selected, abstracts of which were reviewed by
two reviewers PS and TS. Twenty-five full-text articles were
selected for review. After screening the 25 full-text articles,
we excluded 16 articles for the following reasons: (i) no
head to head comparison was available; (ii) studies which
included different types of tumors but data for liver cancer
patients was not provided separately; (ii) studies included
only patients with tumors negative on "8F-FDG PET/CT; (iv)
the time interval between the %Ga-FAPI PET/CT and "8F-FDG
PET/CT >10 days. Finally, 9 eligible studies were included in
this review. The process of selection of studies in the meta-
analysis is depicted in PRISMA flowchart (Figure 1).

Study Characteristics

The basic characteristics of the studies included in the final
analysis are summarized in Table 1. A total of 9 studies
were analysed, of these 7 studies were prospective while 2
were retrospective. Among the included studies, 3 studies
compared the utility of FAPI PET/CT and FDG PET/CT in
multiple malignancies. Chen et al. (12) included 75 patients,
of which 11 were liver tumors and were included in the
meta-analysis. Similarly, Pang et al. (13) included 64 patients
with 15 types of malignancies, of which only 12 were liver
tumors. While Lan et al. (14) evaluated 123 patients (102
oncologic and 21 non-oncologic), of which only 16 were
liver tumors. The prospective pilot study for dedicated
primary HCC was conducted by Shi et al. (15). This study
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Review (3)

Case reports (3)
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Screening

Reports excluded (n=16)

No head-to-head comparison was available (n = 10)
Studies which included different types of tumors but
data for liver cancer patients was not provided
separately (n=1)

Studies included only patients with tumors negative
on 18F FDG PET/CT (n=1)

The time interval between the 68Ga FAPI PET/CT
and 18F-FDG PET/CT >10 days (n=1)

Letter to editors (n=2)

Case reports/ Studies with number of cases <5
(n=1) etc.

Reports assessed for eligibility
(n=25)

Full text articles assessed for
eligibility
(n=25)

[ Eligibility ]

A

Studies included in review
(n=9)

Figure 1. PRISMA flow chart depicting the search for studies on head
to head comparison of %Ga-FAPI and "®F-FDG PET/CT in patients of with
liver tumors. Nine studies were selected for final the current meta-analysis
FAPI:  Fibroblast-activation-protein inhibitors, '8F-FDG:  Fluorine-18-
fluorodeoxyglucose, PET/CT: Positron emission tomography/computed
tomography, PRISMA: Preferred Reporting Items for Systematic Reviews
and Meta-Analyses

included 20 patients with primary HCC. Following this,
Wang et al. (16) and Siripongsatian et al. (17) evaluated
the utility of FAPI PET/CT in 25 and 27 liver tumor patients,
respectively. Jinghua et al. (18) evaluated 47 patients with
biliary tract tumors, of which 9 were excluded from the
meta-analysis (5 benign and 4 gallbladder carcinoma) and
the remaining 11 were included. Rajaraman et al. (19)
evaluated 41 patients with suspected liver tumors, of
which 7 had a final diagnosis of non-hepatic malignancies
(6 gallbladder carcinoma and 1 peri-ampullary carcinoma)
and the remaining 34 were included in the meta-analysis.
Similarly, in study by Guo et al. (20) including 34 patients, 2
were benign while 9 had no histological proof, thus only 23
patients were included in the meta-analysis.

All studies used %8Ga-FAPI PET/CT and "F-FDG PET/CT. The
technical details of the included studies are given in Table 2.
All the included studies performed both qualitative (visual
analysis) and semi-quantitative analysis. Semi-quantitative
parameters of the included studies are given in Table 3.

Quality Assessment

The quality assessment of the included studies was
performed using QUADAS-2 (11). The quality of the
included studies is demonstrated in Table 4 and Figure 2,
respectively.

Quantitative Analysis (Meta-analysis)

A total of 9 studies were included for the systematic review,
however, complete data for quantitative analysis was
not available for the included studies. The sensitivity and
specificity for primary tumor detection was analysed on per-
patient and per lesion basis as well as in terms of different

Table 1. Basic characteristics of the studies included in the systematic review

Study | No. of . N Imaging | Mean age Diagnostic
Authors Year |Country design | patients Imaging purpose | Blinding analysis | (year) criteria
Chen et al. (12) 2020 |China P 11 :’renlgglszgagmg, yes V+Q Median =61.5 | Histopathology
Guo et al. (20) 2021 | China P 23 Initial staging Yes V+Q Mean-60.6 Histopathology
Shi et al. (15) 2021 | China P 20 Initial staging NR V+Q Mean-58 szl o)
follow-up
Siripongsatian €t | 5055 | Thailand | R 2 it SiEglg, Yes V+Q Median =61.5 | Follow-up/MRI
al. (17) relapsed
Wang et al. (16) |2021 |China R 25 Initial staging Yes V+Q Mean-59.4 Histopathology
Pangetal. (13) 2022 |China  |P 12 e No V+Q Median =57.5 | istopathology/
relapsed follow up
Lan et al. (14) 2021 |China  |P 16 it 52 I Yes V+Q Means6.l | cECh/ MRl
relapsed follow up
SRR Sl s |y p 34 Initial staging NR V+Q NR szt o)
(19) MRI
Jinghua et al. (18) |2023 [China | P 38 it Szglmg: Yes V+Q Mean59.09 | Histopathology/
relapsed follow up

tomography, NR: Not reported

FAPI: Fibroblast-activation-protein inhibitors, 18F-FDG: Fluorine-18-fluorodeoxyglucose, PET: Positron emission tomography, CT: Computed
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Table 2. For technical characteristics of the studies included in the systematic review

Ga-FAPl mean 8F-FDG Time interval
Author PET scanner i mean injected between two Scanning scope
injected dose (MBq)
dose (MBq) scans
Discovery MI, GE %8Ga-FAPI-04 8F-FDG L From the head to
Cremetel {12) Healthcare (1.8-2.2 MBq) (3.7 MBg/kg) HiEnn ) e the upper thighs
Discovery MI, GE %8Ga-FAPI-04 BE-FDG L From the head to
o it el (20) Healthcare (148259 MBa) (3.7 MBg/kg) within 1 week 1| oper thighs
. | 68Ga-FAPI-04 o
Shi et al. (15) E";'aeliffcrarme%o' SMEEN |/ ) 117 (3F7F D,\fB Ka) Within 3 days NG
MBa/kg) I
Siripongsatian et al. 64-slice Siemens Biograph | ®Ga-FAPI-46 "8F-FDG L
(17) vision scanner (2.59 MBg/kg) (2.59 MBg/kg) BTN ) EEis A
FAPI: mMI510, Union
imaging %8Ga-FAPI-04 BE-FDG oy
titerg st el (19) FDG: Biograph mCT Flow | (185 MBq) (NG) it 1 eey s
scanner, Siemens
. Ga-FAP-2286 (1.8-2.2
Pang et al. (13) Bgacl(:%i;yre’v”' GE MBa/kg) 5282871;§§244M8q Within 1 week NG
Ga-FAP-2286 (dose NG) ’ ’
uMI780, United Imaging | %*Ga-FAPI-04 Sl sese o Ugper
' 18F._| i ;
Lan et al. (14) Healthcare (1.85 MBq/kg) F-FDG (3.7 MBqg/kg) | Within 3 days thigh + separate
head scan
. Discovery DR, GE Ga-FAPI-04 - e
Rajaraman et al. (19) Healthcare (185- 370 MBa) F-FDG (3.7 MBg/kg) | Within 1 week NG
. %8Ga-FAPI-04 (2.04 + 8F-FDG (3.7£0.19 L From the head to
Jinghua et al. (18) NG 0.22 MBa/kg) MBa/kg) Within 1 week i v el

FAPI: Fibroblast-activation-protein inhibitors, '8F-FDG: Fluorine-18-fluorodeoxyglucose, PET: Positron emission tomography, CT: Computed tomography, MRI: Magnetic resonance

imaging, NG: Not given

Table 3. Semi-quantitative parameters of FAPI PET/CT and 18F FDG PET/CT for the studies included in the systematic
review
£ Ssuv__ TBR
Study Tumor —— mean/median mean/median
patients
FAPI FDG FAPI FDG
Median: 16.18 3.34
Chen et al. (12) HCC + CC 11 (7.24-25.97) (2.08-10.7) NR NR
HCC 16 Median: 11.47 4.28 4.97 1.16
Guo et al. (20) (4.66-21.03) (3.25-10.81) (1.05-10.49) (0.964.21)
’ cc 4 Median: 16.51 4.22 6.95 1.49
(8.34-23.21) (2.63-11.26) (2.15-10.62) (0.89-4.41)
Shi et al. (15) HCC 14 Mean: 8.47+4.06 4.86+3.58 7.13£5.5 2.39+2.21
i CC 3 Mean: 14.14+2.2 9.19+3.6 26.46+4.94 4.42+1.94
HCC 7 Median: 9.65 5.53 7.9 1.96
L . (4.98-18.89) (3.37-23.23) (2.03-13.54) (1.25-6.95)
Siripongsatian et al. (17) -
cc 12 Median: 19.82 4.89 21.08 1.47
(5.27-30.25) (3.38-23.23) (3.59-35.18) (0.98-7.74)
Wang et al. (16) HCC only 25 Mean: 6.96£5.01 5.89+3.38 11.9+8.35 3.14+1.59
Pang et al. (13) HCC + CC 11 Median: 11.3 (2.5-28.9) 4.8(3.1-9.7) 5.2 (1.59.4) 1.5(1-3.5)
Lan et al. (14) HCC + CC 16 Mean: 10.22+5.32 6.16£5.07 NR NR
HCC 6 Median: 11.47 13.4 2.15 4.72
. (10.8-12.07) (8.68-18.12) (2.04-2.27) (3.53-5.92)
Rajaraman et al. (19) -
cc 18 Median: 17.7 7.26 7.15 3.01
(6.54-20.53) (4.42-16.3) (1.53-21.14) (1.86-5.66)
Jinghua et al. (18) HCC 38 17.25£6.72 10.80+5.22 NR NR
FAPI: Fibroblast-activation-protein inhibitors, '®F-FDG: Fluorine-18-fluorodeoxyglucose, PET: Positron emission tomography, CT: Computed tomography, MRI: Magnetic resonance
imaging, NR: Not reported, HCC: Hepatocellular carcinoma, CC: Cholangiocarcinoma, SUV.__ - Maximum standardized uptake value
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histotypes i.e,, HCC and intrahepatic cholangiocellular
carcinoma separately. Diagnostic accuracy of FAPI PET/CT
and "8F-FDG PET/CT in individual studies is given in Table 5.

For primary liver tumors (staging as well as recurrent
tumors), per lesion analysis was performed in 9 studies
and overall pooled sensitivity for FAPI PET/CT vs 8F-FDG
PET/CT was 94.3% (range: 85.4-100%; 95% Cl: 90.6-
96.8%; 12 62%) and 56.1 (range: 39.0-84.2%; 95%
Cl: 49.7-62.5%; I: 65.8%) respectively (Figure 3). While
data for calculation of pooled specificity was available for
5 studies only and revealed a pooled specificity of 89.3%
(range: 75-100%, 95% Cl: 71.8-97.7%) for FAPI PET/CT and
96.4% (range 87.5-100%; 95% Cl: 81.7-99.9%; 1*: 0%) for
8F-FDG PET/CT (Figure 4). The area under the curve (AUC)
of %8Ga-FAPI was 0.956 while for '®F-FDG PET/CT was 0.682.

Per patient analysis for pooled sensitivity and specificity
could be performed only in 8 and 4 studies, respectively.
Sensitivity and specificity for FAPI PET/CT were 98.1%
(range: 95.7-100%; 95% Cl: 94.6-99.6%; 1> 0%) and
86.4% (range: 75-100%; 95% Cl: 65.1-97.1%; I°: 0%)
(Figure 5A, 5B, 6A, 6B) while for F-FDG PET/CT these
were 62.9% (range: 45.5-84.2%; 95% Cl: 54.9-70.4%;

12: 56.6%) and 95.5% (range: 87.5-100%; 95% Cl: 77.2-
99.9%; 11 0%) respectively (Figure 5C, 5D, 6C, 6D). The
AUC of %Ga-FAPI was 0.989 while for 8F-FDG PET/CT
was 0.702 (Figure 7). The mean difference in the pooled
sensitivity was statistically significant (p=0.02).

For evaluation of individual histotypes, only 6 studies
provided required information. For HCC patient-based
analysis revealed a pooled sensitivity of 98.5% (range:
93.8-100%; 95% Cl: 91.7%-100%; 1% 0%) for FAPI PET/CT
and 60.9% (range: 40-75%; 95% Cl: 47.9-72.9%; 1> 0%)
for FDG PET/CT (Figure 8). For CC, pooled Sn was 97.6%
(range: 94.4-100%; 95% Cl: 91.6-99.7%; 1% 0%) for FAPI
PET/CT and 67.5% (range: 40-100%; 95% Cl: 56.3-77.4%;
12: 63.5%) for FDG PET/CT (Figure 9). The per-lesion analysis
for the same is given in Figure 10 and 11.

For detection of recurrent tumors, FAPI PET/CT showed
much higher pooled sensitivity than '8F-FDG PET/CT. Pooled
Sn for FAPI PET/CT was 100% (95% ClI: 82.4-100%; 1>: 0%),
compared to 32% (95% Cl: 13-57%; I*: 65.2%) for '8F-FDG
PET/CT (Figure 12). For primary tumor staging, FAPI PET/
CT revealed pooled Sn of 97.7% (range: 95.7-100%; 95%
Cl: 91.9-99.7%; 1% 0%) while "®F-FDG PET/CT had pooled

Table 4. Quality Assessment of Diagnostic Accuracy Studies-2

Risk of bias Applicability concerns
Study, year Patier!t Index test Reference F.|O\.N and Patier!t Index test Reference
selection standard timing selection standard
Chen et al. (12) Low Low Low Low Low Low Low
Guo et al. (20) Low Low Low Low Low Low Low
Shi et al. (15) Low Unclear Low Low Low Unclear Low
Siripongsatian et al. (17) Low Low Low Low Low Low Low
Wang et al. (16) Low Low Low Low Low Low Low
Pang et al. (13) Low High Low Low Low Unclear Low
Lan et al. (14) Low Low Low Unclear Low Low Low
Rajaraman et al. (19) Low Unclear Low Low Low Unclear Low
Jinghua et al. (18) Low Low Low Low Low Low Low

imaging, NR: Not reported

FAPI: Fibroblast-activation-protein inhibitors, '®F-FDG: Fluorine-18-fluorodeoxyglucose, PET: Positron emission tomography, CT: Computed tomography, MRI: Magnetic resonance

Risk of Bias

Patient selection
index test

Reference standard

Flow and timirg
0% 10% 20% 30% 40K SO% 60% 70X 80% 90% 100%
@ Llow

D Unclear mHigh

Applicability Concerns

Figure 2. Summary of quality of the studies, risk of bias and applicability concerns of the included studies as per the QUADAS-2

QUADAS-2: Quality Assessment of Diagnostic Accuracy Studies-2
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Table 5. Diagnostic performance of FAPI PET/CT and "8F-FDG PET/CT in for evaluation of liver tumors

FAPI PET/CT 8F-FDG PET/CT
Author g:t-ig:ts Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)

Value 95% Cl Value 95% CI Value 95% Cl Value 95% CI
Chen et al. (12) 11 100 71.5-100 NR NR 455 16.7-76.6 NR NR
Guo et al. (20) 23 95.7 78.1-99.9 NR NR 65.2 42.7-83.6 NR NR
Shietal. (15) 20 100 80.5-100 100 29.2-100 58.8 32.9-81.6 100 29.2-100
2:”('0107”)953“""” ety 100 82.4-100 75 34.9.96.8 52.6 28.9-75.6 87.5 47.399.7
Pang et al. (13) 12 100 71.5-100 100 25-100 45.5 16.7-17.6 100 25-100
Lan et al. (14) 16 100 79.4-100 NR NR 75 47.692.7 NR NR
(Rfé";rama” EE R 95.8 78.999.9 | 90 55.5-99.7 458 25.667.2 100 69.2-100
Jinghua et al. (18) | 38 97.4 86.2-99.9 NR NR 84.2 68.7-94 NR NR
FAPI: Fibroblast-activation-protein inhibitors, '8F-FDG: Fluorine-18-fluorodeoxyglucose, PET: Positron emission tomography, CT: Computed tomography, CI: Confidence interval
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Figure 3. Forest and funnel plots showing pooled sensitivity of FAPI PET/CT (A, B) vs. '®F-FDG PET/CT (C, D) in detection of liver malignancies on per
lesion analysis

FAPI: Fibroblast-activation-protein inhibitors, '®F-FDG: Fluorine-18-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, Cl: Confidence
interval
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Figure 4. Forest and funnel plots showing pooled specificity of FAPI PET/CT (A, B) vs. "8F-FDG PET/CT (C, D) in detection of liver malignancies on per
lesion analysis

FAPI: Fibroblast-activation-protein inhibitors, "®F-FDG: Fluorine-18-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, Cl: Confidence
interval
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Figure 5. Forest and funnel plots showing pooled sensitivity of FAPI PET/CT (A, B) vs. '®F-FDG PET/CT (C, D) in detection of liver malignancies on per
patient analysis

FAPI: Fibroblast-activation-protein inhibitors, '®F-FDG: Fluorine-18-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, Cl: Confidence
interval
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Figure 6. Forest and funnel plots showing pooled specificity of FAPI PET/CT (A, B) vs. '®F-FDG PET/CT (C, D) in detection of liver malignancies on per
patient analysis

FAPI: Fibroblast-activation-protein inhibitors, "®F-FDG: Fluorine-18-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, Cl: Confidence
interval

Sensitivity SROC Curve Sensitivity SROC Curve

Symmetric SROC ic SROC
AUC =0.5887 AUC =0.7019
SE(AUC) = 0.0185 SE(AUC) = 0.1083
Q=09578 =

SE(Q) = 0.0401 SE(Q7) = 0.0833

Figure 7. Summary receiver operating characteristics for "®F-FDG (A) and FAPI (B)
FAPI: Fibroblast-activation-protein inhibitors, '®F-FDG: Fluorine-18-fluorodeoxyglucose, ROC: Receiver operating characteristic, AUC: Area under the curve
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Figure 8. Forest and funnel plots showing pooled sensitivity of FAPI PET/CT (A, B) vs. '8F-FDG PET/CT (C, D) in detection of hepatocellular carcinoma
on per patient analysis

FAPI: Fibroblast-activation-protein inhibitors, ®F-FDG: Fluorine-18-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, Cl: Confidence
interval
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Figure 9. Forest and funnel plots showing pooled sensitivity of FAPI PET/CT (A, B) vs. '8F-FDG PET/CT (C, D) in detection of cholangiocarcinoma on
per patient analysis

FAPI: Fibroblast-activation-protein inhibitors, '®F-FDG: Fluorine-18-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, Cl: Confidence
interval

A . sensitivity 8% |B _ e
— T B chenetal 100 (0.54-100)
—— Lanetal 100 (0.79-1.00)
—— Shietal 100 (0.79-1.00) N
——+—® Siripongsatian et al. 100 (0.77-1.00) e B
—@— | wangetal 086 (0.70-095) :
————————i9 Rajaraman et al 100 (0.54-1.00) §
1 [l »2
@' Pooled Senstivy = 0.95 (0,880 0.98)
Chi-square = 10.25; df = S (p = 0.0685) 2
02 04 06 08 Inconsistency (-square) = 51.2 % L 80 % e 100 1 120
Sensitivity L)
Provdo 9% C1 & Sudes
Estinated .
C Sensitivity (95% C1) D Funnel plot
————————— | thenetet 050 (0:12-088) E
——t—©—— | Lanetal 075 (048-093)
j:: shietal 044 (020-070) o
Siripongsatian et al 043 (0.18-0.71)
o Wang et al 057 (039-074) i .
—_— el Rajaraman et al 040 (0.05-0.85) Ss
| | H e
Pooled Sensitivity = 0.54 (0.44 to 0.65)
Chisquare = 4.94; df = § (p = 0.4226) 2 .
0z 04 06 08 Inconsistency (-square) = 0.0 %
Sensitivity £ 100

Figure 10. Forest and funnel plots showing pooled sensitivity of FAPI PET/CT (A, B) vs. ®F-FDG PET/CT (C, D) in detection of hepatocellular carcinoma
on per lesion analysis

FAPI: Fibroblast-activation-protein inhibitors, '8F-FDG: Fluorine-18-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, Cl: Confidence
interval
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Figure 11. Forest and funnel plots showing pooled sensitivity of FAPI PET/CT (A, B) vs. '8F-FDG PET/CT (C, D) in detection of cholangiocarcinoma on

per lesion analysis

FAPI: Fibroblast-activation-protein inhibitors, '8F-FDG: Fluorine-18-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, Cl: Confidence

interval

Figure 12. Forest and funnel plots showing pooled sensitivity of FAPI PET/CT (A, B) vs.

per patient analysis
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Sn of 58.1% (range: 45.8-66.7%; 95% Cl: 47.0-68.7%,; 1
0%) (Figure 13) (Table 6). For detection of extrahepatic
metastatic disease, pooled sensitivity could be evaluated
only in 3 studies (Table 7). FAPI PET/CT had a pooled Sn of
92.2% (range: 88.1-100%; 95% Cl: 87.8-95.4%; 1>: 77.4%)
while for FDG PET/CT pooled Sn was 72.4% (range: 69.8-
76.5%; 95% Cl: 65.9-78.2%; 12: 0%) (Figure 14).

Al the studies included in the meta-analyses have compared
the maximum standardized uptake value (SUV__)and/or TBR
values of ®8Ga-FAPI PET/CT and '8F-FDG PET/CT in primary
liver tumors. Overall, mean/median SUV__ was found to be
higher in %Ga-FAPI PET/CT compared to '8F-FDG PET/CT.
However, in study by Rajaraman et al. (19) SUV__ when
compared among different histotypes, SUV,__ of HCC was
higher for FDG PET/CT than FAPI PET/CT which was in
contrast to the rest of the studies. No adverse event to FAPI
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or FDG PET/CT was reported in any of the included studies.
No pharmacological or physiological effects occurred in
responses to FAPI administration. None of the articles had
declared any conflicts of interest.

Discussion

Liver malignancies represent one of the most common
malignancies worldwide. Liver cancers are generally
associated with poor prognosis. HCC, the most common
liver tumor, carries a 5-year survival and disease-free survival
as low as 15.6 and 21.5% respectively (21). The survival
depends on the stage at diagnosis with median survival of
early, intermediate and advanced stages with preserved
hepatic function being ~36, ~16 and ~6 months, respectively
(1). Some recent studies have reported improved survival
reaching as high as 70% in early stages where curative
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treatment options are feasible, thereby making early  detection of primary liver tumors, especially in HCC where
diagnosis and accurate staging utmost important (21). sensitivity is 40-68% compared to 68% for CECT (16,22).
FDG PET/CT is most common function modality used Similarly, in CC, FDG PET/CT fails to offer any significant
for oncological imaging. However, it has limited role in advantage over conventional imaging for primary tumor
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Figure 13. Forest and funnel plots showing pooled sensitivity of FAPI PET/CT (A, B) vs. '8F-FDG PET/CT (C, D) in staging liver malignancies on per
patient analysis

FAPI: Fibroblast-activation-protein inhibitors, '®F-FDG: Fluorine-18-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, Cl: Confidence
interval

Table 6. Pooled diagnostic sensitivity and specificity of the analysed data
e ol FAPI PET/CT | 95%Cl 8F-FDG PET/CT | 95% CI
studies
i ) Pooled Sn 8 98.1% 94.6-99.6 62.9% 54.9-70.4
Per patient analysis
Pooled Sp 4 86.4% 65.1-97.1 95.5% 77.2-99.9
) ) Pooled Sn g 94.3% 90.696.8 56.1% 49.7-62.5
Per lesion analysis
Pooled Sp 5 89.3% 71.897.7 96.4% 81.7-99.9
Staging Pooled Sn 6 97.7% 91.999.7 58.1% 47-68.7
Recurrent disease Pooled Sn 3 100% 82.4-100 32% 13-57
HCC per patient Pooled Sn 6 98.5% 91.7-100 60.9% 47.9-72.9
HCC per lesion Pooled Sn 6 95% 88.0-98.0 54% 44.0-65.0
CC per patient Pooled Sn 6 97.6% 91.6-99.7 67.5% 56.3-77.4
CC per lesion Pooled Sn 5 98% 93.0-100 60% 50.0-70.0
For extrahepatic metastasis Pooled Sn 3 92.2% 87.895.4 72.4% 65.9-78.2
FAPI: Fibroblast-activation-protein inhibitors, '®F-FDG: Fluorine-18-fluorodeoxyglucose, PET: Positron emission tomography, CT: Computed tomography, Sn: Sensitivity, Sp:
Specificity, Cl: Confidence interval, HCC: Hepatocellular carcinoma, CC: Cholangiocarcinoma

Table 7. Diagnostic performance of FAPI PET/CT and '®F-FDG PET/CT in for evaluation of extrahepatic metastasis

No. of FAPI PET/CT 'SF. FDG PET/CT
Author extrahepatic Sensitivity (%) Sensitivity (%)

lesions Value 95% CI Value 95% ClI
Guo et al. (20) 126 88.1 81.1-93.2 69.8 61-77.7
Shi et al. (15) 17 100 80.5-100 76.5 50.1-93.2
Siripongsatian et al. (17) 74 97.3 90.6-99.7 75.7 64.3-84.9

FAPI: Fibroblast-activation-protein inhibitors, '8F-FDG: Fluorine-'®fluorodeoxyglucose, PET: Positron emission tomography, CT: Computed tomography, Cl: Confidence interval
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Figure 14. Forest and funnel plots showing pooled sensitivity of FAPI PET/CT (A, B) vs. "®F-FDG PET/CT (C, D) in detection of extrahepatic metastatic

disease on per lesion analysis

FAPI: Fibroblast-activation-protein inhibitors, '®F-FDG: Fluorine-18-fluorodeoxyglucose, PET/CT: Positron emission tomography/computed tomography, Cl: Confidence

interval

detection. FDG PET/CT is found advantageous mainly in
detection of extra-hepatic metastatic disease where it has
sensitivity of 77-100% compared to 51.3% for conventional
imaging (23). Current meta-analysis revealed a pooled
sensitivity of 60.9% (95% Cl: 47.9-72.9) for primary HCC
and 67.5% (95% Cl: 56.3-77.4) for primary CC with an
overall sensitivity of 62.9% (95% Cl: 54.9-70.4) for all
primary liver tumors (12-20). For extrahepatic metastasis,
our meta-analysis revealed a sensitivity of 72.4% (95%
Cl: 65.9-78.2) (12-20). Recent National Comprehensive
Cancer Network guideline for hepatobiliary malignancies do
not routinely recommend FDG PET/CT owing to its limited
sensitivity, however, it is recommended in cases with equivocal
findings due to its high specificity and predictive value (24).
To overcome these limitations of functional imaging, various
strategies have been adopted including use of diagnostic
CECT with FDG PET ("®F-FDG PET/CECT) and use of novel
radiotracers like ''C-acetate, ®Ga-FAPI, 8F-fluorocholine,
""C-choline, %Ga-labeled asparagine-glycine-arginine etc.

FAPI targets the fibroblast activating protein, a type
[l transmembrane serine protease, present on cancer
associated fibroblasts. These are overexpressed in majority
of epithelial tumours as well as in tumors with prominent
desmoplastic response like CC. The high expression of FAPs
in liver tumors combined with low background liver activity
improves the detection rate of liver cancer. FAPI PET/CT has
shown sensitivity as high as 100% for detection of primary
liver tumors as well as extrahepatic metastasis in some
studies (6). In our study, we found a pooled sensitivity of
98.5% (95% Cl: 91.7-100) for primary HCC and 97.6%
(95% Cl: 91.6-99.7) for primary CC with an overall sensitivity
of 98.1% (95% Cl: 94.6-99.6) for all primary liver tumors.
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For extrahepatic metastasis, our meta-analysis revealed a
sensitivity of 92.2% (95% Cl: 87.7-95.4) (12-20).

Recently, Liu et al. (10) performed a meta-analysis comparing
the diagnostic performance of FAPI PET/CT and '8F-FDG PET/
CT in abdominopelvic malignancies. The authors also found
higher primary lesion detection rate of 0.98 (95% Cl: 0.95-
1.00; 12 =22.58%, p=0.23) with FAPI PET/CT compared to
0.76 (95% Cl: 0.63-0.87; 1> =82.48%, p=0.00) for FDG PET/
CT. Similar to our study, the author found higher sensitivity for
detection of metastatic disease with FAPI PET/CT [Sn-0.918
(95% Cl: 0.900-0.933; I =98.2%)] compared to FDG PET/
CT [Sn-0.714 (95% Cl: 0.686-0.741; 1 =95.1%)] (10). In the
current meta-analysis, we also performed per lesion analysis
of the pooled sensitivity and specificity for detection of hepatic
lesions which revealed a sensitivity of 56.1% (95% Cl: 49.7-
62.5) for FDG vs. 94.3% (95% Cl: 90.6-96.8) for FAPI PET/
CT. These findings were in line with the previously published
studies.

There are few short-comings associated with this meta-
analysis like heterogeneity among the studies, the
publication bias and small number of studies available for
the subgroup analysis.

Conclusion

Overall, in the present meta-analysis we found a superior
sensitivity of FAPI PET/CT compared to FDG PET/CT in
both per patient and per lesion analysis of primary liver
tumor detection. Also, sub-group analysis revealed superior
sensitivity of FAPI PET/CT for detection of both HCC and
CC as well as primary staging, recurrence detection and
extrahepatic metastatic disease. Thus, ®Ga-FAPI appears
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promising and can replace FDG PET/CT for staging and
work-up of liver tumors. However, FAPI is still in its naive
stages and these results need to be further confirmed by
larger, multicentric and prospective studies.
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Can Pantoprazole be Used for Premedication in Meckel
Scintigraphy?

Pantoprazol Meckel Sintigrafisinde Premedikasyon Amaciyla Kullanilabilir mi?

© Aziz Giiltekin, ® Tarik Sengoz, ® Samiye Demirezen, ® Dogangiin Yiiksel

Pamukkale University Faculty of Medicine, Department of Nuclear Medicine, Denizli, Ttrkiye

Abstract

Obijectives: Meckel scintigraphy is used to diagnose Meckel’s diverticulum. Previously, premedication with ranitidine was the most frequently
used method to increase the accuracy of scintigraphy. However, ranitidine can no longer be used because it is banned by the Food and Drug
Administration. The aim of this study was to investigate the usability of pantoprazole as a premedication instead of ranitidine in Meckel scintigraphy.
Methods: Twelve New Zealand rabbits were used in this experimental study. Rabbits were divided into two groups: pantoprazole and control. Six
rabbits were premedicated with pantoprazole for three days. Meckel scintigraphy was performed on all rabbits. Counts were made and compared
by drawing regions of interest from the stomach walls.

Results: According to the findings of this experimental study, pantoprazole significantly increased Tc99m-pertechnetate uptake in the stomach
of rabbits on both visual and quantitative evaluation.

Conclusion: Pantoprazole increases the gastric wall uptake of Tc99m-pertechnetate in rabbits and is a potential drug for premedication in Meckel
scintigraphy.

Keywords: Meckel's diverticulum, Meckel scintigraphy, preclinical imaging, pantoprazole, premedication for Meckel scan

Oz

Amag: Meckel divertikiilii tanisinda Meckel sintigrafisi kullaniimaktadir. Onceleri sintigrafi dogrulugunu artrmak amacayla ranitidin ile
premedikasyon en sik kullanilan yéntemdi. Ancak Gida ve ilac Dairesi tarafindan yasaklandig icin artik kullanlamamaktadir. Bu calismanin amaci
Meckel sintigrafisinde ranitidin yerine pantoprazoltn premedikasyon amaciyla kullanilabilirligini arastirmaktir.

Yontem: Bu deneysel calismada 12 Yeni Zelanda tavsani kullanildi. Tavsanlar pantoprazol ve kontrol grubu olmak Uzere iki gruba ayrildi. Alti
tavsana U¢ gln boyunca pantoprazol ile premedikasyon uygulandi. Hem kontrol grubu hem de pantoprazole grubu tim tavsanlara Meckel
sintigrafisi yapildi. Mide duvarindan ilgi alanlari cizilerek sayimlar yapildi ve karsilastirildi.

Bulgular: Bu deneysel calismadan elde ettigimiz bulgulara gore pantoprazol, gérsel ve kantitatif degerlendirme sonucunda tavsan midesinde Tc-
99m-perteknetat alimini Snemli élclide artirmaktadir.

Sonug: Pantoprazol tavsanlarda Tc-99m-perteknetatin mide duvarina alimini artirir ve Meckel sintigrafisinde premedikasyon icin kullanilabilecek
potansiyel bir ilactir.

Anahtar kelimeler: Meckel divertikilt, Meckel sintigrafisi, klinik dncesi gérintileme, pantoprazol, Meckel sintigrafisinde premedikasyon
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Introduction

Only 30-60% of Meckel's diverticulum contains
ectopic gastric mucosa. Meckel's diverticulum, which
contains ectopic gastric mucosa, can be detected by
Meckel scintigraphy. Tc-99m-pertechnetate is used as a
radiopharmaceutical in Meckel scintigraphy (1,2,3). Tc
99m-pertechnetate is taken up by the cells of the gastric
mucosa, which produce mucin and are then secreted
into the intestine. Meckel scintigraphy with Tc-99m-
pertechnetate is used to identify ectopic gastric mucosa in
Meckel’s diverticulum (4,5). This examination is widely used
in diagnosis and has a wide accuracy range (6,7). Various
premedication methods have been used to increase the
accuracy of Meckel scintigraphy. The most commonly used
preparations for this purpose are H2 receptor blockers
(famotidine, cimetidine, and ranitidine), pentagastrin, and
glucagon. Pentagastrin and glucagon are not suitable for
use because of side effects (8,9,10,11). Ranitidine was
the most frequently used preparation previously. The use
of ranitidine has been banned by the Food and Drug
Administration (FDA) because of its N-nitrosodimethylamine
(NDMA) content. NDMA has been proven to cause lung,
liver, and bladder cancer in animals (12,13). For the same
reason, ranitidine preparations have been withdrawn from
medical markets worldwide.

The primary purpose of premedication in  Meckel
scintigraphy is to reduce the secretion of Tc-99m-
pertechnetate into the gastric lumen. Thus, Tc-99m-
pertechnetate, which is taken up by the gastric mucosa,
cannot pass into the small intestine, and small ectopic
gastric mucosa collections within the intestine can be
visualized more easily. Second, to maintain any activity
within the ectopic gastric mucosa and reduce its dispersion
distally. However, there is a debate about the major benefit
and mode of action (8). Pantoprazole belongs to the group
of proton pump inhibitors (PPIs). The effects of PPIs on
the gastric mucosa are similar to those of ranitidine (14).
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However, there is no evidence that PPIs can be used for
premedication in Meckel scintigraphy.

Our aim in this preclinical study was to measure Tc-99m-
pertechnetate uptake in the stomach after pantoprazole
premedication to investigate the potential of pantoprazole
as premedication in Meckel scintigraphy.

Materials and Methods

This preclinical study was approved by the Pamukkale
University Animal Experimentation Ethics Committee
(no: PAUHDEK-2021/48, date: 24.02.2022). National
and international directives on animal experiments were
followed. Animal gender was not considered a factor
in the experimental design. All rabbits were housed
in separate cages and fed ad libitum with 12-h day and
night cycles at 25 °C during all procedures. Twelve New
Zealand rabbits (Oryctolagus cuniculus) weighing 2150-
2500 g were divided into two groups as Pantoprazole
(n=6) and control (n=6). Pantoprazole group rabbits were
injected with 1 mg/kg of Pantoprazole (Pulcet, Nobel ilac,
istanbul) through the ear vein for three days. All rabbits
were fasted for 4 h before scintigraphic imaging. Ketamine
35 mg/kg (Keta-control 25 mL, Doga ilag, istanbul) and
Xylazine 5 mg/kg (Control 100 mL, Doga llac, istanbul)
were injected intramuscularly to provide general anesthesia
before scintigraphic imaging. Ear vascular access was
established in the pantoprazole group rabbits. 37 mBqg/
kg Tc-99m-pertechnetate was intravenously injected 1 h
after pantoprazole injection. Scintigraphic imaging was
performed using a dual-detector hybrid gamma camera
(2.5 mA, 120 kVp; Philips Brightview XBT). Dynamic planar
imaging was performed for 1 hour (5 min/frame; total 6
frame). After anesthesia application to the control group
rabbits, an auricular vascular access was established and 37
MBag/kg Tc-99m-pertechnetate was injected and imaged in
the same manner. A flow chart of the rabbit experiment is
shown in Figure 1.
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All images were visually and quantitatively evaluated by an
experienced nuclear medicine specialist. For quantitative
analysis, regions of interest (ROI) were drawn from
the stomach walls of all rabbits, and total counts were
recorded. ROl areas obtained from the gastric wall were
equal, and background correction was performed.

Statistical Analysis

Data were analyzed using SPSS 24.0 package software
(IBM, Armonk, NY, USA). Continuous variables are given as
mean + standard deviation, and categorical variables are
given as frequency and percentage. Because the groups did
not follow a normal distribution, for independent group
comparisons, we used the Mann-Whitney U test. A p-value
of 0.05 was considered significant.

Results

In the visual evaluation, increased Tc-99m-pertechnetate
uptake was observed in the stomach wall of rabbits
premedicated with pantoprazole compared with the control
group rabbits. In the control group, the accumulation of
Tc-99m-pertechnetate secreted from the stomach to the
intestines was observed (Figure 2).

In the quantitative evaluation, when the gastric wall
counts of the rabbits premedicated with pantoprazole
for 3 days were compared with the control group rabbits,
Tc-99m-pertechnetate uptake was found to be
significantly higher in the stomach of premedicated
rabbits (p=0.006).

Discussion

A New Zealand rabbit was selected for this experimental
study. Histological, structural, and experimental studies
on the stomach have reported that the gastric mucosa of
rabbits and humans are generally similar, but there may be
differences in the number and regional distribution of cell
types (15). According to the findings of this experimental
study, as a result of visual and quantitative evaluation,
pantoprazole significantly increases Tc-99m-pertechnetate
uptake in the stomach. There is no similar study in the
literature. H2 receptor blockers increase the sensitivity of
Meckel scintigraphy. They reduce peptic secretion although
the exact mechanism has not been elucidated. They delay
the secretion of pertechnetate from parietal cells and
mucus cells into the lumen. Therefore, H2 receptor blockers
increase the sensitivity of the Meckel scintigraphy study by
causing higher radionuclide concentrations in the stomach
and Meckel's diverticulum (5,9,10,11,16,17).

Pantoprazole is an irreversible proton pump (H*/K*-ATPase)
inhibitor that reduces acid secretion from gastric parietal
cells. Pantoprazole is believed to increase pertechnetate
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uptake in the gastric mucosa by the same mechanism as H2
receptor blockers (18). In our study, we used pantoprazole
for 3 days as premedication. We performed imaging 1 h
after pantoprazole injection on the fourth day. PPIs have a
long half-life. The half-life of pantoprazole is 46 h. Not all
proton pumps are inactivated by the first dose of the drug;
three days of treatment is needed to reach the full acid
inhibition potential (19).

Study Limitations

Our study has a limitation. Because of their short half-lives,
H2 receptor blockers are more suitable as premedications
for Meckel scintigraphy than PPls. However, there is
currently no parenteral or pediatric syrup form of any H2
receptor blocker preparation. Therefore, the parenteral
form of pantoprazole was preferred in our study.

o
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Figure 2. Tc-99m-pertechnetate uptake in the stomach wall of the
rabbits premedicated with i.v. pantoprazole in Tc-99m-pertechnetate
scintigraphy (a,b; blue arrows), physiological Tc-99m-pertechnetate
uptake is observed in the gastric wall of the control group rabbits (c,d;
blue arrows)
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Table 1. Counts from the stomach wall rabbits premedicated with intravenous pantoprazole and control group

Pantoprazole (mean * SD)

Control (mean * SD) p-value

Stomach 347719458539

183514+55385 "0.006

SD: Standard deviation

Conclusion

As a result, with the prohibition of ranitidine by the
FDA, the need for new drugs that can be used as
premedication for Meckel’s diverticulum scintigraphy has
emerged. Pantoprazole increases the gastric wall uptake
of pertechnetate after three days of premedication and
is a potential drug that can be used for premedication in
Meckel scintigraphy. The results need to be confirmed by
clinical studies.
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Quantitative Performance Evaluation of Commonly Used
Colormaps for Image Display in Myocardial Perfusion Imaging:
Analysis based on Perceptual Metrics
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Renk Haritalarinin Kantitatif Performans Degerlendirmesi: Algisal Metriklere Dayali Analiz
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Abstract

Objectives: To quantitatively evaluate the performance of the most used colormaps in image display using perceptual metrics and to what extent
these measures are congruent with the true intensity or uptake of pixels at different levels of defect severity in simulated cardiac images.
Methods: Six colormaps, labeled “Gray”, “Thermal”, “Cool”, “CEqual”, “Siemens” and “S Pet” extracted from FlJI Image) software are included.
Colormap data are converted from the red, green, blue color space to CIELAB. Perceptual metrics for measuring “color difference” were calculated,
including difference (AE”®) and “speed”. The pairwise color difference in every two levels or entries is visualized in a 2-dimensional “heatmap
distance matrix” for each colormap. Curves are plotted for each colormap and compared. In addition, to apply this technique to clinical images,
simulated short-axis cardiac slices with incremental defect severity (10% grading) were employed. The circumferential profile curves of true pixel
intensity, lightness or luminance, and color difference are plotted simultaneously for each defect severity to visualize the concordance of the three
curves in various colormaps.

Results: In 0% defect, all the curves are at the highest level, except for “s pet”, in that the lightness is not at its maximum value. In the phantom
with 10% defect (or 90% of maximum value), discrepancies among curves appear. In “Siemens”, the AE’® drops sharply. In “Siemens” colormap,
the AE’® drops sharply. In 80% defect, AE’® curve, in “gray” colormap drops more slowly than other curves of other colormaps. In “s pet”, lightness
curve rises paradoxically, although the count intensity and AE”® curve match. In 70% defect, again, the curves are in good agreement in “thermal”,
“Siemens” and “cequal”. However, a consistent lag exists in “gray”. Up to 50% defect, curves maintain their expected pattern, but in defects
more severe than 40%, lightness and AE’® curves in “cool” and “cequal” rise paradoxically, and in “thermal”, they start to slow down in descent.
In “Siemens”, falling pattern of the three curves continues. For “s pet” colormap, an erratic pattern of lightness and AE’® curves exists.
Conclusion: Of 6 colormaps investigated for estimating defect severity, “grayscale” is less favorable than others and “thermal” performs slightly
better. “S pet” or rainbow, which is used traditionally by many practitioners, is strongly discouraged. The “Siemens” colormap suffers from
decreased discriminating power in the range of mild to moderate/severe. In contrast, the “cool” and “cequal” colormaps outperform the other
colormaps employed in this study to some extent, although they have some shortcomings.
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Oz

Amagc: Gorlintli ekraninda en cok kullanilan renk haritalarinin performansini algisal élctimler kullanarak niceliksel olarak degerlendirmek ve bu
Olcimlerin, simle edilmis kardiyak goriintilerdeki farkli defekt siddeti seviyelerindeki piksellerin gercek yogunlugu veya alimiyla ne olctide uyumlu
oldugunu degerlendirmektir.

Yontem: Calismaya FlI Image) yaziimindan gkarilan “Gri”, “Termal”, “Soguk”, “CEqual”, “Siemens” ve “S Pet” etiketli alti renk haritasi dahil
edilmistir. Renk haritasi verileri RGB renk uzayindan CIELAB'a dénusturUlir. “Renk farkini” 6lcmek icin “fark” (AE’®) ve “hiz” dahil algisal Slctimler
hesaplandi. Her iki seviyedeki veya girislerdeki ikili renk farki, her renk haritasi icin 2 boyutlu bir “isi haritasi uzaklik matrisinde” gorsellestirilir. Her
renk haritast icin egriler cizilir ve karsilastirilir. Ek olarak, bu teknigi klinik goriintiilere uygulamak igin, artan defekt siddetine (%10 derecelendirme)
sahip simule edilmis kisa eksenli kalp kesitleri kullanildi. Gergek piksel yogunlugunun, acikligin veya parlakligin ve renk farkinin cevresel profil egrileri,
cesitli renk haritalarinda ti¢ egrinin uyumunu gorsellestirmek amaciyla her defekt siddeti icin eszamanli olarak ¢izildi.

Bulgular: %0 defektte “s pet” disinda tlim egriler en yiksek seviyede olup aciklik maksimum degerde degildir. %10 defektli (veya maksimum
degerin %90'1) fantomda egriler arasinda tutarsizliklar gérindr. “Siemens“te AE”® keskin bir sekilde distyor. “Siemens” renk haritasinda AE”® keskin
bir sekilde distyor. %80 defektte, AE”® egrisi, “gri” renk haritasinda diger renk haritalarinin diger egrilerine gore daha yavas duser. “S pet“te, sayim
yogunlugu ve AE® egrisi eslesse de aciklik egrisi paradoksal olarak artar. %70 defektte ise yine “termal”, “Siemens” ve “cequal” egriler iyi bir uyum
icindedir. Ancak “gri” renkte tutarli bir gecikme mevcuttur. %50'ye kadar defektte, egriler beklenen seklini korur, ancak %40°'tan daha siddetli
defektlerde, aciklik ve AE”® egrileri “soguk” ve “cequal”de paradoksal olarak yiikselir ve “termal”de alcalirken yavaslamaya baslar. “Siemens“te li¢
egrinin diisme paterni devam eder. “S pet” renk haritasi icin diizensiz bir agiklik modeli ve AE”® egrileri mevcuttur.

Sonug: Defekt siddetini tahmin etmek icin incelenen 6 renk haritasindan “gri tonlamall” digerlerine gore daha az avantajlidir ve “termal” biraz daha
iyi performans gostermektedir. Bircok uygulayici tarafindan geleneksel olarak kullanilan “s pet” veya goékkusagi kesinlikle 6nerilmez. “Siemens”
renk haritasi, hafif ile orta/siddetli araliginda ayirt edici glicin azalmasindan muzdariptir. Buna karsilik “cool” ve “cequal” renk haritalari, bazi
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eksiklikleri olsa da, bu calismada kullanilan diger renk haritalarindan bir dereceye kadar daha iyi performans géstermektedir.
Anahtar kelimeler: Renk haritasi, arama tablosu, performans, algisal metrik, gériintt ekrani, niceliksel analiz

Introduction

Image display or visualization is one of the key steps in
medical image interpretation after necessary image
processing and analysis. In most circumstances, readers
apply various combinations of colors to gray-intensity
images for various reasons, known as image pseudo-
coloring. Visualization is generally enhanced and optimized
depending on the purpose and application. Lesion-finding
tasks and estimating the level of intensity (for example
severity of defects in myocardial perfusion imaging)
require the use of different colormaps. The former requires
enhancing contrast and maximizing the conspicuity of the
area of interest (or lesions), and the latter is based on the
input-output relationship between the original data and the
displayed image (1,2,3,4). The input-output relationship is
related to the intensity transformation of images and is
defined as linear or other simple nonlinear mathematical
functions (logarithmic or exponential) relating input to
output. Except for the direct input-output relationship in
the gray colormap, this relationship is non-linear for other
colormaps and therefore compromises the estimation of
relative intensity. This non-linearity between input and
output frequently occurs with multiple-hue colormaps
(5,6,7,8). Furthermore, display in two- or three-dimensional
modes using different methods of shading and rendering
and fusing of images also affects one’s judgment (1,9,10).
However, based on the application, particular colormaps
may be preferred. Furthermore, colormaps that consist of
different hues, saturation, and intensity may have a strong
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effect on the reader’s or interpreter’s perception. In most
cases, medical imaging practitioners use commercially
available colormaps embedded in the software by a
vendor and it is used because one is accustomed to
using it in their interpretation or based on their own prior
experience, preference, or convention. Despite this fact,
domain-specific colormaps are widely used across various
disciplines (3).

Frequently, colormaps are compared subjectively.
Therefore, interpretation is subject to biased estimation
because of the different interobserver perceptual impacts
of colors. Because of the complex multi-faceted nature
of the phenomenon of color perception, quantification
and measurement are inherently difficult tasks, and the
results may not satisfactorily reflect the true psychological
consequences (9,11,12,13,14,15,16,17). Owing to the
reasons mentioned and difficulties in quantifying the
characteristics, specifications, and behavior of different
colormaps, few studies have investigated the properties
of various colormaps and, more importantly, their
implications in clinical settings such as nuclear medicine
imaging. Evaluation of colormaps with more quantitative
measures facilitates comparison and enables one to choose
the right one. In addition, except for grayscale, colors in
other colormaps are perceived differently in humans. This
issue complicates the problem because using perceptual
metrics and assessing colors in various available color
spaces are not straightforward. Employing mathematical
modeling for the psychophysical and physiological aspects
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of different colors and their association in a sequential
pattern may be beneficial to some extent. Of the various
color spaces available, CIELAB (L*a*b*) and CIELUV
are more compliant with human perception of colors
with slight differences. In the CIELAB color space, the
dominant feature is the perceptually uniform distances
between colors. Therefore, the colors in the red, green,
blue (RGB) color space can be converted to corresponding
ones in the L*a*b* color space to examine the distance
of colors in a sequential colormap (2,3,4,18,19). Thus, the
evaluation of the compatibility of its pattern with the raw
data values of pixels (or counts) in images is feasible. Then,
according to the application, one can find the agreement
and correlation between them.

The present study aims to quantitatively evaluate the
performance of mostly used colormaps in image display and
visualization by measures that are considered perceptual
metrics. In addition, to examine the extent to which
these measures are congruent with the true intensity or
uptake of pixels over various values, i.e., different levels of
defect severity in simulated cardiac single photon emission
computed tomography (SPECT) or positron emission
tomography (PET) images.

Materials and Methods

Mathematical
Metrics

Representation and Quantitative

Mathematically, a colormap is a discrete-valued function
that relates the values as input to the corresponding
values as output. Discretized input values, because of
spatial sampling and quantization, are sorted and then
“mapped” to another set of discrete values. For an 8-bit or
256-level colormap function, this process can be expressed
mathematically as follows:

{

In this case, index i represents the / th bin of the image
histogram and the one-to-one function, F, maps p, to ¢,
as elements of domains and codomains. By this means, a
distinct color or shade of gray is assigned. For colormaps
consisting of a range of color hues, each level or entry is
formed by a triple component as channels (R, G, and B
representing red, green, and blue). Therefore, ¢, equals [c,
(R), ¢,(G), c(B)]. In gray shades, in contrast, all the values
in each triplet are equal (4). To demonstrate the overall
characteristics and major features of each colormap, a
gray transformation is applied using the following formula
(20):

Fipi = ¢
i € [1,256];
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gx,y) = af(x,y,R)+ Bf(x,y,G)+ vf(x,y,B)

Where the coefficients, a = 0.2989, = 0.5870, and y =
0.1140 are weights according to the perceptual impacts
of different wavelengths in humans. fis the original image
and g is the gray-transformed image. The resulting gray
intensity is graphed and compared.

Next, for each colormap, a conversion is implemented from
the RGB color space to the CIE L*a*b* or CIELAB color
space. First, the colormap in RGB space is converted to
the corresponding one in XYZ color space, and the XYZ/
L*a*b* transformation is conducted. To accomplish this
transformation, a MATLAB built-in algorithm is employed.
L* denotes the luminance or lightness and ranges from
0 to 100. Values of 0 and 100 specify black and white in
the image. a* and b* indicate the perpendicular coordinate
axes in the chromaticity plane. The a* axis determines the
amount of red and green hues (in positive and negative
directions, respectively). Likewise, the b* axis determines
the number of yellow and blue hues (in positive and negative
directions, respectively). For graphing, L* is demonstrated
as a straight or curved line ranging from 0 to 100 as the
target line, and the order of the color components in the
colormap is depicted as a path (multiple segmented curved
lines) in the a*b* plane.

To compare the impact of colors in neighboring or distant
levels in the colormap the pairwise “color difference” is
computed by a distance metric in the Euclidean space as
follows:

2875 = (0510 + (@ — )’ + (o - bi))

i,j €[1,256],i #j;

In that, AE”® represents the distance between two colors in
CIELAB color space (version 1976). This metric is computed
between each possible pair in the colormap. For an 8-bit
colormap (256 levels or entries and a range of values from
0 to 255 in each level), a heatmap distance matrix with
a size of 256x256 is computed, and the value of AE’® is
visualized as gray intensity at the intersection of the row
and column of interest. The higher the value of that
element in the matrix (pixel), the brighter the intensity
of that pixel. Furthermore, the “speed” of color change
between two arbitrary levels in the colormap (levels i and j
for example) is calculated using equations (4,21):

AEZJ-6
L— i

Vij =



Mol Imaging Radionucl Ther 2024;33:94-105

Mohsen Qutbi. Performance of Colormaps

v, is the speed between two arbitrary levels (/ and //.).
Therefore, for “local speed” between two successive levels
(/j and //—7>' the equation is as follows:

— 76
Vij-1 = BEj; 4

Then, the average, standard deviation, maximum speed,
and minimum speed are calculated (4).

Colormaps

In the present study, 15 colormaps were categorized into
four groups according to general similarity in hues included
(i.e., the sequential pattern of hues and the gray intensity
curves), as shown in Figure 1. Six colormaps that are
frequently used for applications of medical visualization
were enrolled and analyzed. To perform this task, the
original files for generating colormaps were extracted from
FIJI Image) software, which is a Java-based framework
for biomedical image processing and analysis developed
by the National Institutes of Health (22). The 6 selected
colormaps under investigation in this study are “Gray”,
“Thermal”, "Cool”, CEqual”, “Siemens” and “S Pet”. As can
be seen in the figure, in the upper panel, the colormaps
are presented from the lower bound at the leftmost and
the upper bound at the rightmost side of each color bar.
The gray intensity values of each colormap are plotted as
shown in the lower panel. In category 1, the gray intensity
curves of “gray” and “thermal” are fitted to the target line
nearly perfectly. There is a consistent linear pattern over the
entire spectrum. In category 2, “cool”, “cequal”, “ge” and
“mmc” are present, and the patterns of the gray intensity
curves are roughly similar. There is a linear pattern from

the mid-range to the upper bound with a steeper than the
target line. In the lower half, no consistent relationship
exists “cequal” reaches a plateau near the upper bound.
In category 3, “Siemens”, “hot iron”, “warm metal and
“fire” are selected. There is an approximately linear pattern
from the lower to upper bounds with some irregular
fluctuations. Finally, in category 4, “s pet”, “rain bow”,
"a squared”, “physics” and “prism” are included. There
are wide fluctuations over the entire range of colormaps,
which are far from the target line.

These labels are the standard names that are well known
by researchers and practitioners in biomedical disciplines,
although some differences exist, particularly in non-
medical contexts. The files in the format of .lut files are
converted to .csv text files and are then imported into
MATLAB software for processing and analysis. The file
consisted of the values of RGB triples for 256 levels or
entries. In each entry, values are in the range [0,255]
as integers that indicate the 8-bit format of colormaps.
For visualization and analysis, necessary reformatting,
transformation, and conversion from RGB to other color
spaces are implemented. The scale is preserved as linear
in the original data (no logarithmic, exponential, or other
custom-function-based transformation is applied).

Cardiac Phantom

A simplistic model of the short axis of the left ventricle
(LV) is designed in a 128x128 matrix. Gaussian blurring is
then imposed (with o = 8 pixels). To simulate a perfusion
defect, the short-axis phantom is divided into four sectors,
including anterior, septal, lateral, and inferior, each 90°.
The defect is placed in the anterior sector with a graded

Categories of Colormaps

1 1 . . 1 5 T 1
— 4 - e
gray | cool e/ siemens /4
thermal | cequal ’ hot iron o ’
>‘0'8 - - — —target S e ge /, - 08 warm metal ,',, >\0’8 X /,
= :—ﬁ‘ | mmc > :7: fire “;ﬂ‘ 7
c 0.6 C 0.6 |----target €06 |----target |/ < 0.6 7 \
-} -] : o -1 T e ot \
15 E £ / = , \
0.4 0.4 ’/ 0.4 /! f———N
3 2 ® r @ /A s pet \
5 5 5 ’Af,, 5 /4 rainbow
0.2 0.2 / 0.2\ L/ a squ.
/ y/ Oy ‘ physics
/ & i [ prism
0 0 0
0 100 200 o 100 200 1] 100 200 0 100 200
distance distance distance distance

Figure 1. Colormaps are visually presented (upper panel) and the plots of gray intensity (lower panel). In the upper panel, the colormaps are presented
from lower bound at the leftmost and the upper bound at the rightmost side of each color bar. The gray intensity values of each colormap are plotted

as demonstrated
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10-percent increment from no defect (100% of maximal
myocardial uptake) to absent uptake (0% of maximal
myocardial uptake). In total, 9 phantoms with various levels
of defect severity were obtained. This simplistic model is
employed because, in cardiac images, the field is limited to
the organ of interest (LV).

Tomographic Reconstruction

All phantoms are entered one by one during the process
of tomographic reconstruction. Iterative maximum
likelihood expectation maximization (MLEM) is used. An
acquisition arc of 360° and angular sampling of 3° were
set. Collectively, 120 projections were generated during
the Radon transform. Then, the generated sinograms
are back-projected (inverse Radon transform) to create
the tomographic slices. This procedure is repeated 10
times (number of iterations: 10), and in each step, the
tomographic slice is updated by dot multiplication of the
tomographic slice of the previous iteration to the error
image resulting from the element-by-element division of
the measured and estimated sinograms. The initial (guess)
image is considered to be a uniform one-valued image of
the same size as the phantom.

Image Analysis and Plotting

For the analysis of tomographic images, maximum
normalization is applied. Thus, the maximum value in each
tomographic slice is set to one. This process is performed
to ensure the comparability of images and curves and to

"gray"

"thermal"

“cool”

"cequal”

avoid possible normalization errors. To visually assess the
tomographic images and defects, they are displayed side-
by-side using 6 colormaps introduced previously. Each slice
with a known perfusion defect in the anterior sector (or
wall) is profiled by a vertical line crossing the anterior and
inferior walls. The intensity profile is then plotted. To plot
the circumferential intensity profile of the myocardium, 16
samples (non-uniformly dispersed spatially in the left and
right half of the LV) were selected. Hence, the radial profile
of the walls is fitted to a Gaussian curve, and the sample
points are chosen such that they reside in the maximum or
peak of the radial profile. Then, the real count or intensity
profile curve is drawn. In addition, for each colormap and
each defect severity, the lightness of the luminance curve
and the AE’® curve (as discussed before) are plotted for
those sample points.

Implementation and Coding

Codes for designing phantoms, image acquisition, iterative
tomographic reconstruction, and image analysis are
written in the MATLAB programing language and run in
MATLAB software (The MathWorks Inc., version 2021b).
The colormap files (or lookup tables as .lut text file formats)
are extracted from FlJI ImageJ software.

Results

In Figure 2, the heatmap Euclidean distance matrix is
visualized for 6 colormaps selected for more in-depth
analysis. The entire range of the colormap is displayed at

N

"siemens"

Figure 2. Heatmap Euclidean distance matrices for 6 colormaps are presented. Each panel corresponds to a colormap (here, 6 colormaps). The
colormap is displayed in the main diagonal of the matrix, from lower to upper bounds of colormap starting from the left top corner of the matrix to
the right bottom corner respectively. The distance between each two pairs of levels or entries (i.e., color hue or shades of gray) is displayed as a shade
of gray. The more the distance between two arbitrary pairs on the main diagonal of the matrix, the higher the intensity of the corresponding pixel

(which is located at the intersection of the row and column of those pairs)
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the main diagonal of the matrix, and the distance between
each pair of levels or entries (i.e., color hue or shades
of gray) is displayed as a shade of gray. The greater the
distance between two arbitrary pairs on the main diagonal
of the matrix, the higher the intensity of the corresponding
pixel (which is located at the intersection of the row and
column of those pairs). As can be seen in the “gray”
colormap, the maximum distance is between the lower
and upper bounds, as expected. The distance between
neighboring pairs (that are close to each other) is too small
to be recognized (barely distinguishable) by the human eye.
In addition, there is a consistent pattern of distance over
the entire range. In “thermal” colormap, an almost similar
pattern exists with the exception that the distance between
the lower and upper bounds is more prominent than “gray”
colormap. In other words, the distance between each pair
is augmented in “thermal” compared to “gray”. In other
colormaps, “cool”, “Siemens”, “cequal” and “s pet”, no
regular pattern is visible. In “cool” colormap, the highest
distance between pairs is in the mid-range of the map. The
largest distance is between the orange and blue pixels. In
the upper third of the spectrum, the distance is minimal. An
almost similar pattern is evident in “cequal”. In “Siemens”,
the lower third (blue pixels) is remarkably distant from the
upper two-thirds (red-orange-yellow pixels), but the pixelsin
the upper two-thirds of the spectrum are minimally distant.
In “s pet” the greatest distance is between the lower and
middle thirds (blue pixels and green-yellow pixels).

The curves of lightness or L* in the CIELAB color space and
AE’® for 6 colormaps are provided in Figure 3 and Figure
4, respectively. As demonstrated in Figure 3, the y-axis and
x-axis denote the absolute value of lightness in the CLELAB
color space and the levels or entries from 1 to 256. The

. B
00~ Lightness or L Curves

90 |-
80 |-
70 [
60 [

50 [~

Absolute Value

40t
30

20 s

10-

0 & L L L L I L
64 128
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Figure 3. Lightness or L* curves. The y-axis and x-axis denote the absolute
value of lightness in CLELAB color space and the levels or entries from
1 to 256. The mid-value (50% of myocardial uptake) is indicated by a
vertical green line in bold and splits the graph into two parts (lower half
and upper half)
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mid-value (50% of myocardial uptake) is indicated by a
vertical green line in bold and splits the graph into two
parts (lower half and upper half). The curves of “gray” and
“thermal” are straight lines almost fitted to the target line.
The curve of “Siemens” follows the target line to a high
extent. The curve of “s pet” is far deviated from the target
line. In the upper half (myocardial uptake in the defect
50% to 100% of maximal myocardial uptake), the curves
of “cool” and “cequal” rise almost linearly, but in the lower
half, an irregular pattern is evident. In the upper half of the
graph (>50%), the steepest line is for “cool” but for “gray”,
“thermal” and “Siemens”, the slope is lower and equals
that of the target line. The curve for “s pet” is reversed. In
Figure 4, the y-axis and x-axis denote the absolute value of
the color difference in the CLELAB color space and the levels
or entries from 1 to 256. The mid-value (50% of myocardial
uptake) is indicated by a vertical green line in bold and
splits the graph into two parts (lower half and upper half).
Here, the AE’® is the difference between the color in the
uppermost bound and the color of an arbitrary level so
that the value in the rightmost part of the x-axis ends in
0. For “gray” spectrum, the AE’® curve is a straight line
starting from max at level 1 to O at level 256. In “thermal”
colormap, the curve plateaus in the first half (<50%) and
gradually falls in the upper half (>50%). The curves of
“cool” and “cequal” colormaps are similar in pattern, but
the output range is wider compared to “thermal” (0-100
for “thermal and 0-140 for “cool” and “cequal”). In the
upper half, the curves are almost a straight line with a
notch in the mid-way (about 75% of maximal uptake or
25% defect severity). The AE’® curve for “Siemens” shows
an irregular pattern in the lower half and remains steady
in the upper half before a sharp decline at the end of the

AE}¢ or Distance Curves

with reference to level 256

gray

160 |- - ——thermal

140

120

Absolute Value

128
Levels

Figure 4. AE’® curves for the 6 colormaps. The y-axis and x-axis denote
the absolute value of color difference in CLELAB color space and the
levels or entries from 1 to 256. The mid-value (50% of myocardial uptake)
is indicated by a vertical green line in bold and splits the graph into two
parts (lower half and upper half)
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range. The curve is plateau at a wide range in the middle. A
similar scenario is for “s pet” in the lower half but falls in a
linear pattern in the upper half.

The local speed and its statistical measures for each
colormap are shown in Figures 5, 6. In Figure 5, the blue
line indicates the original data, and the red curve in bold
indicates the smoothed data. For “gray”, the speed is high
in the leftmost part of the range but uniformly decreases
then. In absolute terms, the changes in speed are
profoundly low compared with those of other colormaps.
In “thermal”, the speed is remarkably high in the rightmost
and leftmost parts of the range. For “cool” and “cequal”

colormaps, the speed is minimum in the upper and lower
zones of the range, but in the middle, it demonstrates
several peaks. For “Siemens”, the speed curve is irregular
over its entire range. Finally, the speed is uniform in the
upper half and peaks sharply.

The tomographic slices reconstructed using the iterative
MLEM method with graded defect severity are displayed
in Figure 7. Each row is dedicated to one colormap. The
incremental defect severity of the anterior wall was
calculated as the percentage of maximal myocardial
uptake (100% means no defect and 0% means no uptake).
Here, the defects based on the color that appears to the
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Figure 5. The local speed is displayed for each colormap. The blue line indicates the original data and the red curve in bold in the smoothed data
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Figure 7. The tomographic slices reconstructed by iterative MLEM method with graded defect severity (100% to 0% myocardial activity). In each row,
the images are visualized with one of 6 colormaps. The defect is located on the anterior wall

MLEM: Maximum likelihood expectation maximization

reader’s eye are to a high extent subjective, and readers,
based on their own experience and perception, decide to
estimate the severity of the defect. Although this way of
interpretation constitutes the main part of decision making
in clinical settings, it seems that approximately noticeable
differences exist among different colormaps. In “gray” and
“thermal” colormaps, defects seem to the reader’s eye to
change more slowly than other colormaps, “cool”, “cequal”
and “s pet” in particular. In other words, the perceptual
impact of changes is dramatic, in close agreement with the
results shown in Figures 2, 4.

To make the results more objective, the colormaps were
analyzed with more quantitative metrics. For this task,
certain sample points are selected on the tomographic slice
of the cardiac phantom (Figure 8), and the values of those
pixels are analyzed in terms of relative count or intensity,
lightness or luminance and the AE’. Figure 9A, B, C, D,
E, F consists of 6 parts according to defect severity from
100% uptake (or no defect) to 50% of maximal uptake.
The circumferential profiles of intensity or count, lightness
and AE’® curve are plotted for various levels of defect
severity. Thus, the three curves are comparable for each
defect severity. In each part, the upper panel displays the
tomographic image with its specific defect severity in six
colormaps, and in the lower panel, the curves of count,
lightness and AE’® are plotted. In each plot, the profile
starts from the inferior wall and then through the septum
reaches the anterior wall (which is defective). Subsequently,
by passing through the lateral wall reaches a similar point in
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Figure 8. A tomographic slice with a defect on the anterior wall. The
sample points are placed on the peak myocardial uptake radially.
Sample points are dispersed symmetrically, closer to the anterior wall.
It starts from inferior wall going through the septum, then anterior wall
(the defect) and through lateral wall it ends in inferior wall to plot the
circumferential profile of the short axis slice of the LV

LV: Left ventricle

the inferior wall. Thus, the defect is in the mid-profile. Each
plot has three curves. The black curve denotes the true
value of the sample points (or counts), and the red and
cyan curves indicate lightness (L*) and AE’®. When there is
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Figure 9. Tomographic slices and circumferential profiles of intensity or count, lightness, and AE’® are plotted for various levels of defect severity as
0% (A), 10% (B), 20% (C), 30% (D), 40% (E) and 50% (F)
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no defect, all the curves are at the highest level (equals 1 or
100%), except for “s pet”, in that the lightness is not at its
maximum value. In the phantom with 10% defect (or 90%
of maximum value), discrepancies among curves appear. In
“Siemens” colormap, the AE’® drops sharply. This pattern
is concordant with the way it appears to the eye. In 80%
defect, AE’® curve, in “gray” colormap drops more slowly
than other curves of other colormaps. Instead, the defect
is more noticeable in “cool”, “Siemens” and “cequal”. In
“s pet” colormap, the lightness curve rises paradoxically
although the count intensity and AE”® curves are matching.
In 70% defect, again, the curves are in good agreement in
“thermal”, “Siemens” and “cequal”. However, a consistent
lag exists in “gray” colormap. Up to 50% defects, the curves
maintain their expected pattern, but in defects more severe
than 40%, lightness and AE’® curves in “cool” and “cequal”
rise paradoxically, and in “thermal” they start to slow down
in descent. In “Siemens”, the falling pattern of the three
curves continues. For “s pet” colormap, an erratic pattern
of lightness and AE’® curves exists.

Discussion

Colormaps have long been used for color coding of
inherently gray-intensity images. Broadly speaking, they
are generally employed for scientific data visualization.
The process of pseudo-coloring, apart from its aesthetical
purposes, seeks ways to facilitate the conveyance of
information qualitatively and semi-quantitatively (1,2,3,4).
For this reason, many colormaps have been designed,
some of which are frequently used in medical imaging. In
nuclear medicine, in particular, a few colormaps including
“grayscale”, “inverted gray”, “thermal”, “cool”, “Siemens”,
and traditionally, “rainbow” or “s pet” are of high interest
among practitioners in this field (23,24,25). In other words,
these colormaps are specific to this particular domain
and are mostly used based on convention, convenience,
accessibility, etc. Few studies have investigated the effect
of using colormaps in clinical images. As mentioned before,
the inherently complex and multi-aspect nature of the
assessment of colors and the difficulty in devising accurate
methods for quantification and modeling preclude much
investigation on this topic.

Colors are mathematically modeled using several color
spaces and particular measures. Of the several color models,
CIELAB, developed by the Commission Internationale de
I'Eclairage, is considered the most perceptually uniform.
The model comprises a pyramidal geometry. The vertical
axis indicates lightness, and the horizontal plane includes a
coordinate system with a- and b-axes. The a-axis ranges the
colors between red and green on the positive and negative
sides, respectively. The b-axis includes colors between blue

and yellow on the negative and positive sides. The colors
of points that reside in the origin or on the lightness axis
are a shade of gray between black and white. Distances
between two colors (or points) are calculated in Euclidean
space, as mentioned in the methods section. The main
application of this color space is to create perceptually
uniform colormaps. However, the related measures are
employed as perceptual metrics. AE’® is the first ever
metric introduced in 1976 (4,20,21). This study was
intended as a preliminary investigation for characterizing
and specifying various colormaps and demonstrating
their advantages and pitfalls. In cardiac SPECT and PET
images, the colormaps are generally used to categorize the
level of uptake or defect severity as well as the changes
from one image to another corresponding image (for
example, in comparing stress and rest images, termed as
reversibility, or in serial imaging) (9,24,26). Therefore, the
performance of colormaps in each of these applications
can impact the process of decision making. Since there
is not much knowledge and understanding about the
precise performance of each image, it is expected that the
interpretation of such images is highly subject to errors.
More prevalently, readers are not fully aware of the
advantages and disadvantages and of where to use each
one based on the application. Considering all these facts,
we intended to analyze their performance quantitatively as
much as possible. This warrant consistent objectivity in our
comparative evaluation.

There are no perfect colormaps that are applicable to various
purposes. Therefore, according to the basic characteristics
and specifications of a colormap, the selection should
be made. The performance of colormaps is assessed
using several metrics, including distance, speed, linearity,
uniformity, discriminative power, order, and smoothness
(4,20,21). Unfortunately, there is no unanimously accepted
nomenclature for these attributes and measures. This issue
creates some ambiguities when comparing the colormaps.
Despite this fact, we tried to use measures that are more
clarified in definition, such as distance and speed. Heatmap
Euclidean distance matrix is an easy-to-use method for
visualizing pairwise distance between every two colors in
the colormap at a glance. Because the distance is based on
its perceptual impact, colormaps with softer fluctuations or
variations are more desirable. This fact defines the property
of uniformity and smoothness measured by local speed
(the speed between the colors of two neighboring levels
in colormap. Uniformity can be evaluated on the basis
of statistical parameters, including standard deviation.
According to our findings in Figure 3, “gray” and “thermal”
colormaps are perfectly linear. After that, “Siemens”, “cool”
and “cequal” come. In this respect, “s pet” colormap is far
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from a linear property. Now, the question that arises here
is which one is important, whole-range or partial-range
linearity. The answer, to the best of our knowledge, lies in
the application. Since in cardiac SPECT and PET images, the
defects with a severity from 0% to 50% are much more
of interest, the upper half of the range of the colormaps
are of greatest importance (levels from 128 to 256). In
semi-quantitative analysis, the grading of defect severity
is as follows: mild 10%-25%, moderate 25%-50%, and
severe >50% reduction in count compared with maximal
myocardial uptake or equivalent semi-quantitative scores
of 1, 2, and 3, respectively (26,27). Thus, mild, moderate,
and severe lesions are distinguishable. Although “gray”,
“thermal” and “Siemens” as well as “cool” and “cequal”
are all linear in the upper half, the slope of the curves of
“cool” and “cequal” is steeper. This leads to higher and
more accentuated discrimination or power. In technical
terms, “cool” and “cequal” colormaps inherently have an
effect similar to that of an exponential function during
intensity transformation or a wider dynamic range. This can
result in more distinguishing ability. In summary, the whole-
range linearity of “gray” and “thermal” does not seem to
be an advantage for the analysis of cardiac SPECT and PET
images, in contrast to the common belief. It may be of
more benefit in other applications because of maintaining
whole-range linearity. In the figures, the upper and
lower halves are separated by a green vertical line, which
indicates 50% of the maximal myocardial uptake. For a
more in-depth analysis, the distance is computed using the
perceptual metric, AE’®. The distance, as shown in Figure
4, is calculated based on the color of the maximal value
or level 256 in the colormap as a reference. Therefore,
the distance between all other levels with level 256 is
plotted. Likewise, the output of the upper half in “gray”
colormap ranges from 0 to 50 compared to “thermal”
colormap, which ranges from 0 to 100, and is steeper in
the uppermost sub-range. This finding also provides a more
distinguishing ability or discriminative power to categorize
lesions as mild or moderate. The results are even better for
“cool” and “cequal”. In “Siemens”, the distance curve is
remarkably steep at the rightmost sub-range, enabling the
distinction of mild lesions from normal uptake. The findings
presented in Figure 5 confirm these results. The speed in
“gray” is too low (in the range of 0.2 to 0.5) to distinguish
levels from each other. Considering this property, “cool”,
“cequal” and “thermal” are more favorable compared to
other colormaps.

In the next section of this project, the above analysis is
performed on simulated cardiacimages, which are displayed
using the six colormaps. To accomplish this goal, a cardiac
phantom with various graded levels of defect severity in

the anterior wall was designed, and the respective color
differences between normal walls with defects were
qualitatively or visually analyzed (Figure 7). This graded
defect severity with its color appearance in various
colormaps enables readers to make a consistent qualitative
assessment. In addition, the circumferential profile of the
myocardial walls in the short-axis section is plotted for true
pixel intensity or count, changes in the lightness of colors,
and color distance as the main perceptual metric. The
profile is drawn from samples with the highest myocardial
intensity in the radial direction. The order for plotting is
from inferior, septal, anterior, lateral, and then inferior walls,
so that, at the defect region, the three curves may overlap
or separate from each other congruently or incongruently.
Thus, one can evaluate the effect of each colormap in the
perception and estimation of defect severity. As expected,
some underestimate the defects, which means that the
curves for lightness and color difference (AE’®) may fall
behind the intensity or uptake curve. It is worth noting that
this lag occurs at different levels as the grade of defect
severity increases. In contrast, others may overestimate
the defects, which can be interpretable as the curves for
lightness and color difference AE’® rush into the lead or
get ahead. As an example (Figure 9), in “gray” colormap,
the curve for AE’® always lags the other two curves.
Therefore, there is a consistent underestimation, but the
pattern is uniform over the entire range of defect severity.
In “thermal” colormap, the curves of AE’®and lightness and
uptake run at the same pace. This pattern is more favorable
than that of “gray”, but the output intensity accentuation
is less than that of other colormaps, which means that it
lacks enhanced discrimination between mild, moderate,
and severe defects. The “cool” and “cequal” colormaps
have a favorable effect on readers. However, in “cequal”
colormap, the distinction between normal and mild defects
is so small that the curve of lightness reaches a plateau. In
“Siemens” colormap, the defect is markedly overestimated
at first (a large gap between AE’® and uptake curve)
but remains steady after that. It is interpretable as the
distinction between mild and moderate/severe defects
becomes vague. Finally, for “s pet” color map, the curves
for AE’® and lightness change irregularly, which hampers
the accurate estimation of defect severity. Therefore, its
use in the interpretation of cardiac SPECT and PET images
is strongly discouraged.

This project focuses on a particular technical aspect
of color perception, namely color difference, with
guantitative metrics. The process of perception itself is
much more complicated and involves neurophysiological
and psychophysical aspects. Despite the quantifications
based on these methods, human perceptions are different
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among individuals. In parallel, the issue can be investigated
by observer performance models using receiver operating
characteristic curve analysis among different readers or
observers. However, all these methods are complementary
for modeling and quantitative evaluation of human
perception of colors and lesion detection (15,16,28).

Conclusion

There certainly is not a perfect colormap for various
purposes of image visualization. Selection depends on the
application. Of the 6 colormaps investigated in this study
for estimating defect severity, “grayscale” is less favorable
than others, and “thermal” performs slightly better. The
“s pet” or rainbow, which is traditionally used by many
practitioners, is strongly discouraged. The “Siemens”
colormap suffers from decreased discriminating power in
the range of mild to moderate/severe defects. In contrast,
the “cool” and “cequal” colormaps outperform the other
colormaps employed in this study to some extent, although
they have some shortcomings.
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Unusual Soft Tissue Uptake of Tc-99m MDP in Radiation-induced
Sarcoma: Diagnostic Conundrum

Radyasyona Bagli Sarkomda Yumusak Dokuda Beklenmedik Tc-99m MDP Tutulumu:
Tanisal [kilem
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Abstract

Tc-99m methylene diphosphonate (MDP) is a bone imaging agent used for skeletal staging, but it can also be localized in extraosseous calcifying
lesions. We report a case of an 84-year-old woman with breast carcinoma who underwent surgery followed by radiotherapy 10 years ago and
now presented with a right axillary mass referred for T-99m MDP to exclude bone metastasis. T-99m MDP shows intense tracer uptake in the
right thoracic region corresponding to the site of calcified soft tissue mass in the right lateral chest wall. Subsequent ultrasonography revealed
an ill-defined lesion containing coarse calcifications. Biopsy showed radiation-induced sarcoma. Extra osseous Tc-99m MDP uptake may provide
important diagnostic information that may alter patient management.

Keywords: Tc-99m MDP bone scan, extraosseous uptake, radiation-induced sarcoma, breast cancer

Oz

Tc-99m metilen difosfonat (MDP), iskelet evrelemesi icin kullanilan bir kemik gérintlleme ajanidir, ancak ayni zamanda kemik disi kalsifiye
lezyonlarda da lokalize edilebilir. Bu olgu sunumunda, sag koltuk alti kitlesi ile basvuran ve kemik metastazini dislamak icin Tc99m MDP'ye
yonlendirilen, 10 yil 6nce ameliyat olan ve ardindan radyoterapi goren 84 yasinda meme karsinomlu bir kadin hastayi sunuyoruz. T99m MDP,
sag yan gogus duvarindaki kalsifiye yumusak doku kitlesinin bulundugu bolgeye karsilik gelen sag torasik bolgede yogun izleyici tutulumunu
gostermektedir. Daha sonraki ultrasonografide kaba kalsifikasyonlar iceren, iyi tanimlanamayan bir lezyon saptanmistir. Biyopsi radyasyonun neden
oldugu sarkomu gostermistir. Ekstra kemik Tc:99m MDP tutulumu, hasta yonetimini degistirebilecek 6nemli tanisal bilgiler saglayabilir.

Anahtar kelimeler: Tc99m MDP kemik taramasi, kemik disi tutulum, radyasyona bagl sarkom, meme kanseri
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Figure 1. An 84-year-old female with a known case of right breast cancer who underwent surgery followed by radiotherapy 10 years ago and now
presented with a right axillary mass. The patient was referred for Tc:99m methylene diphosphonate (MDP) bone scan to rule out bone metastasis.
The bone scan shows intense tracer uptake in the right thoracic region corresponding to the site of the calcified soft tissue mass in the right chest
wall. Linearly increased tracer uptake is also seen in the L1 vertebra at the site of partial collapse. No evidence of bone secondaries. Ultrasonography
showing a solid mass along the right lateral chest wall with ill-defined borders containing coarse calcifications and internal vascularity.

Figure 2. Biopsy of the calcified soft tissue mass showing malignant spindle cell tumor with hyperchromatic nuclei on H&E (A). (B-D) Immunostains
demonstrate that the tumor cells are immunoreactive with smooth muscle cell differentiation antibodies desmin (B), smooth muscle actin (C), and
H-caldesmon (D). Given the localization of the tumor not in the breast parenchyma and the fact that the patient received radiotherapy at the site of
the tumor almost 10 years ago and no history of malignant phyllodes and metaplastic carcinoma, the histological features and the immunoprofile
conform to radiotherapy-induced leiomyosarcoma in clinical settings.
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Radiation-induced sarcoma (RIS) is a rare type of cancer
that develops in the radiation field of a previous radiation
therapy treatment. It is a long-term complication of
radiation therapy that typically occurs years after the
initial treatment (1). The exact mechanisms underlying the
development of RISs are not fully understood. However,
radiation exposure can cause genetic mutations or damage
to DNA within normal cells, leading to the development
of cancerous cells over time. The incidence rates of RISs
in breast cancer patients typically range from 0.03% to
0.3% (3 to 30 cases per 10,000 patients) over a period of
10 to 20 years following radiation therapy (2). One study
reported a cumulative incidence of 0.07% 5 years after
irradiation, 0.27% at 10 years, and 0.48% at 15 years; the
S5-year survival rate was 36% (3).

Tc-99m MDP is a bone imaging agent used for skeletal
staging, but it can also be localized in extraosseous calcifying
lesions. The reported mechanisms include (a) local tissue
necrosis or damage leading to increased calcium deposition
in the tissue, (b) hyperemia, (c) altered capillary permeability,
(d) adsorption onto tissue calcium, (e) presence of iron
deposits, and (f) binding to enzyme receptors or denatured
proteins (4,5). Significantly increased MDP uptake by
extraosseous soft tissue tumors is associated with poor
differentiation in both children and adults (6). Extra-osseous
tracer uptake is common on Tc-99m MDP and these non-
osseous findings may occasionally alter diagnosis and
subsequent management. In hybrid imaging, anatomical
localization with computed tomography often improves
both the specificity of assessment of the bone lesion and
soft tissue uptake. Clinical history and familiarity with
typical imaging appearances are crucial for distinguishing
soft tissue masses.
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Diagnosis and Evaluation of Treatment Response in Relapsing
Polychondritis Using '®F-FDG PET/CT

Tekrarlayan Polikondrit Tanisinda ve Tedavi Yanit Degerlendirmesinde "®F-FDG PET/BT
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Abstract

A 58-year-old man presenting with dyspnea, weight loss, and night sweating underwent '®F-fluorodeoxyglucose positron emission tomography/
computed tomography ("8F-FDG PET/CT) because of a suspicion of malignancy. '®F-FDG PET/CT demonstrated mild to moderate uptake on nasal,
cricoid, and tracheobronchial tree cartilages and costovertebral junctions. The diagnosis was relapsing polychondritis, which is a rare multisystem
disease characterized by inflammation of cartilage. In addition, subsequent '8F-FDG PET/CT after treatment showed complete metabolic response.

Keywords: Relapsing polychondritis, '®F-FDG, PET/CT

Oz

Elli sekiz yasinda kadin hastaya nefes darligi, kilo kaybi ve gece terlemesi sikayetleri ile malignite stiphesi nedeniyle '®F-fluorodeoksiglukoz
pozitron emisyon tomografisi/bilgisayarli tomografi ('®F-FDG PET/BT) calismasi yapildi. '"8F-FDG PET/BT'de nazal, krikoid, trakeobronsiyal agac
kikirdaklarinda ve kostovertebral bileskelerde ve hafif orta diizeyde tutulumlar gézlendi. Hastanin tanisi nadir gérdlen, multisistemik bir hastalik
olan ve kikirdaklarin enflamasyonu ile karakterize tekrarlayan polikondrit ile uyumlu idi. Tedavi sonrasi yapilan '®F-FDG PET/BT calismasinda tam
metabolik yanit gorilmekte idi.

Anahtar kelimeler: Tekrarlayan polikondrit, '®F-FDG, PET/BT
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Figure 1. A 58-year-old man with a history of granulomatosis with polyangiitis presented with shortness of breath, hoarseness, myalgia, arthralgia,
and weight loss of 10 kg within two months. Laboratory findings were as follows: C-reactive protein (CRP), 144 mg/L, erythrocyte sedimentation
rate (ESR): 93, white blood cell counts, 12,000; and hemoglobin level, 10 g/dL. Due to anemia and age, the patient underwent gastroscopy and
colonoscopy, which revealed esophagitis and gastritis. Because of suspected malignancy, the patient underwent '®F-fluorodeoxyglucose positron
emission tomography/computed tomography ("8F-FDG PET/CT) [A: maximum intensity projection, (MIP)], which showed increased FDG uptake in
multiple cartilage joints. Transaxial images demonstrated increased uptake on the cricoid cartilage of the larynx [B: CT, PET and fuzed PET/CT images,
arrow, maximum standardized uptake value (SUV__ ): 6.8] and tracheobronchial cartilages (C: CT, PET and fuzed PET/CT images, arrow, SUV__:5.4).
Coronal images of the thorax show (D: CT, PET and fuzed/CT images) increased FDG uptake at costochondral junctions (SUV, _: 3.4). Considering
these findings, which were chondritis of the nasal cartilage and respiratory tract with a combination of clinical features, the diagnosis was confirmed
as relapsing polychondritis (RPC). The patient received treatment with corticosteroids and methotrexate as ant-inflammatory agents. Subsequently,
the patient underwent '8F-FDG PET/CT (E: MIP) for response evaluation, which showed complete metabolic response and acute phase reactants
within normal range (CRP: 1.58 mg/L, ESR: 8, white blood cell counts: 7,500). RPC is an orphan disease with an estimated incidence rate of 3.5 in
1 million people (1). RPC, which is associated with progressive autoimmune disorder of cartilage, presents with heterogeneous signs and symptoms
in compliance with involvement of structures (2). Because of non-specific symptoms in the early stage of the disease, diagnosis has been delayed
in most of the cases (2). Indeed, laboratory findings, part of the diagnostic work-up of RPC, were consistent with inflammation but non-specific to
RPC (3). Based on the clinical features, various diagnostic criteria were proposed, including chondritis, which mainly involved auricular, nasal, and
laryngotracheobronchial diseases, and arthropathy, which was mainly acute, asymmetric polyarthritis, or oligoarthritis (4). In the last decade, the
utility of "F-FDG PET/CT has been proven in not only oncological purposes but also in non-oncological settings, including inflammatory disorders (5,6).
The clinical importance of '®F-FDG PET/CT in RPC for early diagnosis, targeted biopsy site, extent of disease, and treatment response evaluation has
been shown in limited studies (7,8). This case highlights the importance of recognizing the typical distribution patterns of RPC on "®F-FDG PET/CT for
accurate diagnosis. Furthermore, '®F-FDG PET/CT may play a role in evaluating the treatment response in RPC.
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Late *®Ga PSMA-positive Pancreatic Metastasis From Renal Cell
Carcinoma in a Patient with Metastatic Prostate Cancer: A Mission
Impossible

Metastatik Prostat Kanserli Bir Hastada Renal Hiicreli Karsinomdan Geg ®Ga PSMA-
pozitif Pankreas Metastazi: Imkansiz Bir Gérev
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Abstract

We present the case of a patient with newly diagnosed high-risk prostate cancer. The patient underwent nephrectomy for renal cell carcinoma
(RCC) in 2009. The prostate-specific membrane antigen (PSMA) scan revealed a primary tumor with seminal vessel involvement, PSMA-positive
regional lymph nodes, several nodular lung lesions with mild PSMA uptake, PSMA-positive mediastinal lymph nodes, and a PSMA-positive mass in
the pancreatic head. Ultrasound-guided biopsy was performed for the pancreatic lesions revealing metastasis from a RCC. Simultaneous treatment
for prostate cancer and metastatic RCC was initiated. To separate metastatic sites for both primaries, we attempted to use fluorodeoxyglucose
positron emission tomography/computed tomography, which was moderately positive for the pancreatic mass but not for the other locations.
RCC is a %Ga PSMA-positive tumor; the synchronous combination of RCC with prostate cancer can be confusing and requires more complex
clinical interpretation.

Keywords: PSMA, FDG, PET/CT, prostate cancer, RCC, pancreatic metastasis

Oz

Bu olgu sunumunda yeni tani almis ytksek riskli prostat kanseri olan bir hastayl sunuyoruz. Hastaya 2009 yilinda renal hicreli karsinom (RHK)
nedeniyle nefrektomi uyguland. Prostat spesifik membran antijeni (PSMA) taramasinda seminal vezikil tutulumu olan primer bir timdr, PSMA
pozitif bolgesel lenf nodlari, hafif PSMA tutulumu olan birkag nodUler akciger lezyonu, PSMA-pozitif mediastinal lenf nodlari ve pankreas basinda
PSMA pozitif kitle saptandi. Pankreas lezyonlari icin ultrason esliginde biyopsi yapildi ve bu lezyonlarin RHK metastazi oldugunu ortaya cikard!.
Prostat kanseri ve metastatik RHK'nin eszamanli tedavisine baslandi. Her iki primer icin metastatik bélgeleri ayirmak amaciyla, florodeoksiglukoz
pozitron emisyon tomografisi/bilgisayarli tomografiyi kullanmayi denedik; bu, pankreas kitlesi icin orta derecede pozitifti, ancak diger lokasyonlar
icin pozitif degildi. RHK, ®Ga PSMA pozitif bir timaérdir; RHK'nin prostat kanseri ile eszamanli kombinasyonu kafa karistirici olabilir ve daha
karmasik klinik yorumlama gerektirir.
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Figure 1. ®Ga prostate-specific membrane antigen (PSMA) scan performed for staging of prostate cancer [Gleason score of 7 (4+3), grade group 3,
initial prostate-specific antigen (PSA) 206 ng/mL] [a, maximum intensity projection (MIP) image], revealing a highly positive primary prostate tumor
(b, arrow-axial hybrid image) with parailiac lymph node metastasis (c, dashed arrow-axial hybrid image), a PSMA-positive paratracheal lymph node,
and a round, well-shaped lung metastasis (d, open arrow-axial hybrid image). PSMA-positive lesion in the pancreatic head (e, red arrow-axial hybrid
image). The patient underwent nephrectomy for renal cell carcinoma (RCC) in 2009 and was considered to be in remission. Knowing that the pancreas
is a possible location for late RCC metastasis and can be PSMA-positive (1,2), we recommended an ultrasound-guided biopsy for the pancreatic
lesion, which proved infiltration by a typical clear cell renal carcinoma, PAX 8 and GATA3 positive, although RCC negative on immunohistochemistry.
Simultaneous treatment for prostate cancer and metastatic RCC was initiated as follows: hormone therapy maximal androgen blockade for prostate
cancer and bevacizumab/interferon, later changed to pazopanib for RCC.

Figure 2. Fluorodeoxyglucose (FDG) positron emission tomography scan: pancreatic lesion is faintly FDG positive. The other lesions did not show
substantial FDG uptake (should be borne on mind that the patient is under treatment at the time of the FDG scan). a. '"®F-FDG MIP image; b. ®F-FDG
axial hybrid imaging faint FDG uptake in the pancreatic lesion. To separate metastatic sites for both primaries, we attempted to use FDG PET/
computed tomography (CT) (Figure 2) as a discriminator, as proposed in the literature (3). The scan was obtained after starting treatment for both and
at PSA levels of 3.24 ng/mL. FDG was moderately positive for the pancreatic mass but not for the other locations (lung nodules were small volume)
(Figure 2). On a size basis, there was no change in the pancreatic mass, but there was a reduction in the lung, mediastinal, and primary prostate sites,
which additionally confused the interpretation. However, as a final decision, the patient had partial response for prostate cancer and non-progression
(partial response or stable disease) for RCC and remained on the same treatment. This actually shows the inability of separating metastatic locations for
all imaging modalities used (*®Ga PSMA, FDG, and CT) and the need for an individual approach and more complex clinical interpretation of the case.
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Misdiagnosis of a Drain-site Hernia Containing Fallopian Tube
Fimbria on '®F-FDG PET/CT

F-FDG PET/BT de Fallop Tiipti Fimbriasi iceren Drenaj Yeri Fitiginin Yanls Teshisi
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Abstract

In a 55year-old woman with sigmoid colon cancer, a subcutaneous mass in the left lower abdomen was incidentally found and gradually
enlarged. For further diagnosis and staging, an '#F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography scan was
performed, which revealed a subcutaneous mass in the left lower abdomen with mild uptake of "®F-FDG, suggesting the possibility of metastasis.
However, post-surgery and pathological confirmation, this mass was diagnosed as a drain-ite hernia containing fallopian tube fimbria, which is
extremely rare but should be considered in the differential diagnosis of subcutaneous mass in the lower abdomen.

Keywords: Subcutaneous mass, '®F-FDG PET/CT, drain-site hernia, fallopian tube fimbria

Oz

Sigmoid kolon kanserli 55 yasindaki kadin hastada tesadifen sol alt karin bolgesinde deri alti kitle saptandi ve bu kitle giderek biyudu. Daha ileri
tani ve evreleme icin "®F-florodeoksiglukoz (FDG) pozitron emisyon tomografisi/bilgisayarli tomografi taramasi yapildi ve bu taramada sol alt karin
bolgesinde hafif "®F-FDG tutulumuyla birlikte metastaz olasiligini distindtren deri alti kitle saptandi. Ancak ameliyat sonrasinda patolojik olarak
bu kitlenin, son derece nadir gorilen ancak alt karin bolgesindeki deri alti kitlelerin ayirici tanisinda dikkate alinmasi gereken, fallop tiipu fimbriasi
iceren drenaj yeri fitigi oldugu anlasildi.
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Figure 1. A 55-year-old woman with sigmoid colon cancer underwent laparoscopic sigmoid colectomy three years ago. Eight months after colectomy, she
underwent right hepatectomy and chemotherapy because of newly diagnosed liver metastasis. Eight months after chemotherapy, the patient incidentally found
a subcutaneous palpable hard mass in the left lower abdomen with slight intermittent abdominal discomfort. During follow-up, the mass gradually enlarged,
while serum carcinoembryonic antigen levels remained within the normal range (2.6 to 3.3 ng/mL, normal reference range: 0-5.0 ng/mL). Twelve months after
the discovery of the mass, an "®F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) scan was conducted for further
diagnosis and staging [(A) maximum intensity projection, (B) coronal PET/CT, (C) sagittal PET/CT, (D) axial PET/CT], revealing an irregularly shaped subcutaneous
mass in the left lower abdomen (B, C, and D, yellow arrow). The mass was closely related to the abdominal wall (without a remarkable defect) and showed
mild uptake of ®F-FDG (maximum standardized uptake value: 1.2). We then reviewed the serial CT scans (E and F, 6 and 12 months before the PET/CT scan),
which demonstrated that the mass enlarged and became irregular. Therefore, the possibility of metastasis was raised. However, post-surgery and pathological
confirmation (G, fallopian tube tissue could be seen in the fibrous and fatty tissue), this mass was finally diagnosed as a drain-site hernia (DSH) containing fallopian
tube fimbria. We reviewed all previous CT scans of the patient and confirmed that the mass was indeed located above the former 5 mm drain site (H, blue
arrow). In addition, the mass appeared six months post-colectomy and gradually enlarged, but it was missed by the radiologist. This misdiagnosis should serve
as a reminder of the following three lessons. First, we should enhance and broaden our understanding of rare hernias. Trocar site hernia (TSH) is rare and is
defined as an incisional hernia occurring at the trocar incision site after laparoscopic surgery (1). Among TSH, DSH is an even rarer type, occurring at the port site
where the drainage tube is placed (2). Its prevalence ranges from 0.1% to 3.4% according to the literature. Trocar size is the dominant risk factor for DSH, which
often occurs at the =10 mm port site and rarely occurs at the 5 mm port site (as observed in this patient) (3,4,5). Second, we need to broaden and improve our
knowledge of the atypical contents of hernias. The most common contents of hernias are the small bowel and omentum. The uncommon hernia contents, such
as the fallopian tube in this case, appendix, ovary, gall bladder, and bladder, are rare but cannot be ignored (2,6,7,8). It should be noted that any organ within the
abdominal cavity might herniate. DSH-containing fallopian tubes are extremely rare, with only three cases reported (6,7,8). Finally, a thorough review of previous
clinical image data and patient history is essential for accurate diagnosis. If we could comprehensively review all previous CT scans, this misdiagnosis might be
avoided. In summary, although a DSH containing the fallopian tube fimbria is extremely rare, this misdiagnosed case suggests that it should be considered in the
differential diagnosis of a subcutaneous mass in the lower abdomen.
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Lincoln Sign: A Rare Presentation of Medication-related
Osteonecrosis of the Jaw

Lincoln Isareti: llagla [liskili Cene Osteonekrozunun Nadir Bir Géstergesi
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Abstract

A 52-year-old female patient with metastatic breast cancer receiving denosumab for 7 years presented with marked diffuse tracer uptake in the
mandible on Tc99m-methylene diphosphonate bone scintigraphy, resembling the Lincoln sign. A diagnosis of medication-related osteonecrosis of
the jaw (MRONJ) was confirmed, leading to immediate discontinuation of denosumab. Conservative therapy, including limited debridement and
oral rinses, was initiated. MRONJ, a potential complication of bone-modifying agents, is more prevalent in advanced malignancy cases. The Lincoln
sign has not been previously reported in MRONJ, emphasizing its consideration in cancer patients undergoing bone-modifying agent treatment.

Keywords: Lincoln sign, medication-related osteonecrosis of the jaw, Tc99m-methylene diphosphonate bone scintigraphy

Oz

Yedi yil boyunca denosumab tedavisi alan metastatik meme kanseri olan 52 yasindaki kadin hastaya yapilan Tc-99m-metilen difosfonat kemik
sintigrafisinde mandibulada Lincoln isaretine benzeyen belirgin radyoaktivite tutulumu saptandi. llaca bagl cene osteonekrozu (MRONJ) tanisi
dogrulandi ve denosumab derhal kesildi. Sinirli debridman ve agiz gargarasini iceren konservatif tedavi baslandi. Kemik dlzenleyici ajanlarin
potansiyel bir komplikasyonu olan MRONJ, ileri malignite olgularinda daha yaygindir. Lincoln isaretinin daha 6nce MRONJ'de bildirilmemis olmasi,
kemik duzenleyici ajan tedavisi goren kanser hastalarinda dikkate alinmasi gerektigini vurgulamaktadir.
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(A)

Figure 1. A 52-year-old woman, who was known to have stage IV breast cancer with metastasis to bone and liver and was administered a subcutaneous
injection of denosumab for 7 years, presented with gradual onset of non-mobile submental hard mass and oral ulcer. There was no history of radiation
therapy or metastatic disease of the jaws. The patient was referred for Tc-99m-methylene diphosphonate (MDP) bone scintigraphy to rule out
progression of bone metastasis. Whole-body Tc-99m-MDP bone scintigraphy showed marked diffuse tracer uptake in the mandible, resembling the
Lincoln sign (A). Single photon emission computed tomography/computed tomography (CT) demonstrated diffuse sclerosis with periosteal reaction
in the mandible (B, C). No other abnormal bony tracer uptake focus was observed. Physical examination by a dental surgeon revealed bilateral
orocutaneous fistulas at the lower border of the mandible with exposed bone. A clinical diagnosis of stage Ill medication-related osteonecrosis of
the jaw (MRONJ) was made. Denosumab was discontinued immediately. The patient opted for conservative therapy with limited debridement and
oral rinses with chlorhexidine. A subsequent CT study performed three years later showed diffuse sclerotic appearance of the mandible with multiple
irregular lucency in the mandibular body and cortical bone loss (D, E), consistent with MRONJ. MRONJ is a potentially serious complication of bone
modifying agent (BMA), which is more common in patients with advanced malignancy than in patients with osteoporosis (1). The cumulative incidence
rates of MRONJ increase with longer duration of BMA exposure, with an incidence of 0.7%-1.4% during the first year of therapy and increasing to 2%-
3.4% with continued treatment beyond one year (2). Other risk factors of MRONJ include previous oral surgery, periodontal disease, use of dentures,
smoking, angiogenesis inhibitors, and diabetes (3). MRONJ can be classified into stages Il depending on the presence of exposed and necrotic
bones, fistulas that probe to bone, symptoms, evidence of infection, and extent of lesions (3). Symptomatic treatment with antibacterial mouth rinse
and analgesics can be administered to patients with early-stage disease, whereas surgical debridement or resection may be required for those with
advanced-stage disease. The Lincoln sign on bone scintigraphy is characteristic of monostotic Paget’s disease of the mandible and is less commonly
observed in primary mandibular tumors (4), contiguous spread of oral malignancies (4), or distant metastases to the mandible (5). The Lincoln sign has
not been reported in MRONJ previously, and this condition should be considered in cancer patients treated with BMA.
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An Uncommon Case of Pediatric Nasopharyngeal Carcinoma

with Bone Metastases and Enchondromas Evaluated Using '®F-FDG
PET/CT
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@® Natale Quartuccio!*, @ Salvatore laluna!*, ® Salvatore Poma2, ® Vincenzo Luca Lentini3, ® Alessandro Pitruzzella4,
® Giuseppe Mario Galfano2, ® Antonino Maria Moreci!, ® Domenico Michele Modica24

IOspedali Riuniti Villa Sofia-Cervello, Department of Nuclear Medicine, Palermo, Italy

20spedali Riuniti Villa Sofia-Cervello, UO.C. Otolaryngology, Palermo, Italy

3Ospedali Riuniti Villa Sofia-Cervello, Unit of Pathology, Palermo, Italy

4University of Palermo, Neurosciences and Advanced Diagnostics (BIND), Institute of Human Anatomy and Histology, Department of
Biomedicine, Palermo, Italy

Abstract

Nowadays, the utility of positron emission tomography/computed tomography (PET/CT) is well established in nasopharyngeal carcinoma (NPC).
The incidence of NPC in the West population, especially in children, is very low. We present the first Italian case of a pediatric patient with NPC
followed up with "®F-fluorodeoxyglucose ("8F-FDG) PET/CT scan in addition to the standard follow-up imaging methods, including CT and magnetic
resonance imaging. The "®F-FDG PET/CT scan was helpful in discriminating between metastatic and benign osseous lesions, thereby helping
clinicians to determine the most appropriate therapeutic regimen. These findings support the clinical utility of "®F-FDG PET/CT in the diagnostic
work-up of pediatric patients with NPC.

Keywords: Positron emission tomography, '8F-fluorodeoxyglucose, nasopharyngeal carcinoma, pediatrics

Oz

Glnumizde nazofaringeal karsinomda (NFK) pozitron emisyon tomografisi/bilgisayarli tomografinin (PET/BT) kullanimi iyice yerlesmistir. Bati
poptulasyonunda, 6zellikle de pediatrik yasta NFK'nin gérilme sikligi cok distktur. BT ve manyetik rezonans gérintileme dahil olmak Uzere
standart takip gériintiileme ydntemlerine ek olarak '8F-florodeoksiglukoz (*8F-FDG) PET/BT taramas! yoluyla takip edilen NFK'li ilk italyan pediatrik
hastay! sunuyoruz. '8F-FDG PET/BT taramasi, metastatik ve iyi huylu kemik lezyonlari arasinda ayrim yapilmasinda ve klinisyenlerin en uygun
terapdtik rejimi belilemesine yardimar olmustur. Bu bulgular, NFK'li pediatrik hastalarin tanisal calismalarinda '®F-FDG PET/BT taramasinin klinik
faydasini desteklemektedir.
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Figure 1. A 15-year-old adolescent was directed to our care because of recent occurrences of bloody nasal discharge, nasal blockage, and pain in the
right ear. These symptoms had appeared approximately a month earlier. A video examination of the nose and throat revealed a lesion (indicated by
a white arrow) on the right side of the nasopharynx, which was subsequently subjected to a biopsy procedure performed under general anesthesia.

Figure 2. The tissue sample was sent for pathology. Histological examination (A-D) of the lesion identified a non-keratinizing undifferentiated
carcinoma [classified as World Health Organization (WHO) type 3] located in the nasopharynx/rhinopharyn revealed non-keratinizing undifferentiated
carcinoma (WHO type 3) of the nasopharynx. A: Hematoxylin and eosin staining (at 10x magnification) demonstrates lymphoid tissue mixed to
an undifferentiated, atypical neoplastic cell population. B: At 10x magnification, immunohistochemical staining revealed positivity for an antibody
targeting cytokeratin (Monoclonal Mouse Anti-Human Cytokeratin, Clone MNF116, Isotype: IgG1, kappa, 1:300; Dako Deutschland GmbH, Hamburg,
Germany). C: The immunohistochemical staining at 10x magnification demonstrated p40 immunostaining positivity, supporting the diagnosis of
squamous cell differentiation. D: At 20x magnification, immunohistochemical staining demonstrated Epstein-Barr virus (EBV)-encoded RNA positivity,
indicating the EBV viral genome within neoplastic cells.

122



Mol Imaging Radionucl Ther 2024;33:121-124 Quartuccio et al. "®F-FDG PET/CT in Pediatric Nasopharyngeal Carcinoma

Figure 3. In addition to contrast-enhanced (CE) computed tomography (CT) and head and neck magnetic resonance imaging (MRI), the patient
underwent a "®F-fluorodeoxyglucose positron emission tomography/CT (*®F-FDG PET/CT) scan for local staging of nasopharyngeal carcinoma (NPC).
PET/CT scans were acquired on an integrated PET/CT scanner (Discovery ST, General Electric Medical System, Milwaukee, WI, USA). The lesion
identified on the CT component (white arrow, A) of the PET/CT scanner demonstrated anterior extension toward the septum and involvement of the
retropharyngeal and prevertebral regions. PET/CT scan demonstrated increased "®F-FDG uptake [maximum standardized uptake value (SUV, _): 14.3]
(white arrow, B) within a solid right-sided mass. The mass had a maximum diameter of 47 mm on the axial plane and was located in the right vault wall
of the nasopharynx. In addition, bilateral "®F-FDG-avid (SUV __:7.5) superior jugular lymph nodes (white arrows, C, D), suspected for metastatic lesions,
were noted. The child underwent three courses of induction chemotherapy (cisplatin/5-fluorouracil) and a further PET/CT scan, which demonstrated
decreased size and uptake of the nasopharyngeal mass (E, F) and lymph nodes (G, H). Subsequently, the patient underwent radiotherapy (64.8 Gy)

with concomitant chemotherapy.

Figure 4. Two months later, the patient experienced right leg pain, prompting the referring clinician to order a leg CE MRI. MRI revealed a pathological
tissue with a likely heteroplastic appearance, displaying prominent contrast enhancement in the intertrochanteric and lesser trochanter regions of the
right femur. This tissue did not involve the cortical bone but infiltrated the muscular plane adjacent to the lesion in the medial region of the thigh.
Additionally, two further doubtful well-defined lesions, measuring 4 and 2 cm, were observed in the distal diaphysis of the right femur.
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An additional ®F-FDG PET/CT was conducted, highlighting
increased uptake in the intertrochanteric and lesser
trochanter lesions, whereas the other two distal diaphysis
lesions showed no significant "8F-FDG uptake. Furthermore,
a further hypermetabolic lesion (SUV __: 8.4) was noted in
the right-sided sixth costovertebral joint. On the left box (A)
maximum intensity projection image showing '®F-FDG-avid
metastases in the intertrochanteric and lesser trochanter
regions of the right femur and in the sixth right-sided rib,
with corresponding CT and fuzed PET/CT images in boxes
B and C, respectively. An additional "F-FDG-avid lesion
involving the great and lesser trochanter of the right femur
was observed, whereas tiny lesions seen on CT images
were confirmed to be enchondromas with no significant
FDG uptake (D, E, F G).

Based on the PET/CT findings, chemotherapy with
gemcitabine and oxaliplatin was administered, and
radiation therapy (30 Gy) was delivered to the proximal
region of the right femur. After 5 months, post-therapy
PET/CT revealed the disappearance of the hypermetabolic
lesions in keeping with a complete metabolic response to
therapy. Since then, the boy has been followed up by two
further "8F-FDG PET/CT scans with no evidence of disease
recurrence. The lesions in the distal diaphysis of the right
femur were followed up by MRI and after 1 year remained
unchanged, in keeping with enchondromas, according to
the radiologist.

The incidence of NPC in the Western countries is low
(especially in the pediatric age) compared with that in
South-Eastern Asia (one vs. 8 per 100,000 person per
year) (1,2). Although most nasopharyngeal lesions in
the pediatric population are benign, the possibility of
NPC should be considered when symptoms last long (3).
Current imaging methods used to assess NPC at diagnosis
and follow-up include CT, MRI, and bone scan. To the best
of our knowledge, this is the first pediatric case of NPC
evaluated by "8F-FDG PET/CT reported in Italy. "8F-FDG PET/
CT emerged as an additional tool because of its metabolic
information, helping characterize doubtful findings at
conventional imaging (4). In our case, '®F-FDG PET/CT
played a crucial role in characterizing the enchondromas
in the distal femur, as these well-defined lesions on the
MRI scan demonstrated no significant uptake of "®F-FDG,
consistent with previous findings in the literature. Only
three pediatric case reports (5,6,7) and one original study
(4) including exclusively pediatric patients with NPC have
been published in western countries so far. In that original

study, Cheuk et al. (4) proved in a group of 86 children that
MRI is superior to "®F-FDG PET/CT in the local staging and
detection of local lymph node metastases. Nevertheless,
"8F-FDG PET/CT was useful to address the correct nature
of ambiguous findings suspected for distant metastases
and to estimate complete disease remission at 3-6 months
after months, a timeline earlier than that achievable with
MRI (4).
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'"*F-FDG and ®®Ga-FAPI-04 PET/CT Findings of a Rare Epithelial-
myoepithelial Carcinoma Arising From Ex Pleomorphic Adenoma
of Parotid

Parotidin Eski Pleomorfik Adenomundan Kaynaklanan Nadir Bir Epitelyal-miyoepitelyal
Karsinomun "®F-FDG ve ®Ga-FAPI-04 PET/CT Bulgulary

® Caner Civan!, ® Duygu Has Simsek!, ® Dogu Vurall BakkalogluZ, ® Serkan Kuyumcu!

lstanbul University, Istanbul Faculty of Medicine, Department of Nuclear Medicine, Istanbul, Tiirkiye
2|stanbul University, Istanbul Faculty of Medicine, Department of Pathology, Istanbul, Ttirkiye

Abstract

Epitheliakmyoepithelial carcinoma (EMC) is a rare low-grade salivary gland neoplasm. Distant metastasis is rare, and '"F-fluorodeoxyglucose
positron emission tomography/computed tomography (*®F-FDG PET/CT) has been used to determine the metastatic disease in EMC. %8Ga-fibroblast
activation protein inhibitors (FAPI) PET/CT is a promising imaging modality for diagnostic and theognostic purposes in various malignancies.
Comparison studies with "®F-FDG have investigated the role of ®Ga-FAPI PET/CT. Herein, we present *F-FDG and %Ga-FAPI-04 PET/CT findings of
a 51-year-old woman with metastatic EMC arising from ex-pleomorphic adenoma of the parotid.

Keywords: %Ga-FAPI, 8F-FDG, PET/CT, epithelial myoepithelial carcinoma

Oz

Epitelyal-miyoepitelyal karsinom (EMK), nadir gorilen distk gradl tikirik bezi neoplazmidir. Uzak metastazlar nadir gorilmekte olup EMK'de
metastatik hastaligi tespit etmek icin '®F-florodeoksiglukoz pozitron emisyon tomografisi/bilgisayarli tomografi ('®F-FDG PET/BT) kullaniimaktadir.
#Ga-fibroblast aktivasyon proteini inhibitorleri (FAPI) PET/BT, cesitli malignitelerde tanida ve teranostik amacgla kullanilan umut verici bir gérinttleme
yontemidir. '®F-FDG PET/BT ile karsilastirmali yapilan calismalar %Ga-FAPI PET/BT'nin rollini arastirmaktadir. Bu olguda parotisin eks pleomorfik
adenomundan kaynaklanan metastatik EMK tanili 51 yasinda kadin hastanin "®F-FDG ve ®Ga-FAPI-04 PET/BT bulgularini sunuyoruz.
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Figure 1. A 51-year-old woman with a history of parotidectomy due to pleomorphic adenoma five years ago was referred for '®F-fluorodeoxyglucose
positron emission tomography/computed tomography ("8F-FDG PET/CT) due to suspicious lung nodules. Maximum intensity projection (A: MIP) and
transaxial fused '8F-FDG PET/CT images showing a hypermetabolic mass located in the right parapharyngeal region (B: arrow), in addition to multiple
lung lesions with mild to moderate FDG uptake (C, D: arrows).

Figure 2. Microscopic examination demonstrated that the tumor was composed of a bilayered arrangement of inner ductal cells (A: arrows) and outer
myoepithelial cells (B: arrows). The inner luminal cells were immunoreactive for cytokeratin 7 (C) and EMA, whereas the outer myoepithelial layer
exhibited p63 (D), S100 expression (E), and calponin (F). Histomorphological and immunohistochemical findings confirmed the diagnosis of epithelial-
myoepithelial carcinoma (EMC). In the literature, few cases reports have demonstrated distant metastasis in EMC, and therapy management remains
unclear based on the limited efficacy results of recommended therapies (1,2). Because the tumors had mild to moderate FDG avidity and therapy
options were limited, ®#Ga-fibroblast activation protein inhibitors-04 (®8Ga-FAPI-04) PET/CT was planned to improve diagnostic accuracy and assess
eligibility for radionuclide therapy.
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Figure 3. ®Ga-FAPI-04 PET/CT (A: MIP) showed no significant uptake in the parapharyngeal mass (B: transaxial fusion, arrow), and only mild uptake
was demonstrated in the lung lesions (C, D:, arrows). The patient was referred to chemotherapy regime (capecitabine + cisplatin). EMC is a very rare
low-grade neoplasm of the salivary gland in which distant metastasis has been reported in only 4.5% of all cases (3). The histological diagnosis of EMC
could be challenging because other benign salivary gland tumors present similar features (4). EMC mostly shows high FDG avidity based on the case
reports, and it should be considered for differential diagnosis, especially in patients with a history of salivary gland surgery (5). Distant metastasis of
EMC has been demonstrated in only a few case reports, and therapy options are uncertain due to the limited results in the literature (1,2). Recently,
%Ga-FAPI PET/CT has opened up new opportunities, including the theognostic approach using cancer-associated fibroblasts (6). Dendl et al. (7)
emphasized the value of %Ga-FAPI PET/CT in different rare malignancies, including epithelial carcinomas. Although intense FAPI expression has been
demonstrated in salivary gland malignancies, especially for adenoid cystic carcinoma (8), FAPI expression has not been demonstrated in EMC. We
herein present the findings of '®F-FDG and %Ga-FAPI-04 PET/CT in this rare metastatic EMC case. '8F-FDG PET/CT seems feasible for determining the
spread of disease; however, ®Ga-FAPI-04 PET/CT does not seem to have theranostic potential in EMC.
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Jejunal Undifferentiated Spindle Cell Sarcoma with Intussusception
Revealed by '®F-FDG PET/CT

8F-FDG PET/BT ile Gosterilen Intussusepsiyonlu Jejunal Farklilasmamis Igsi Hiicreli
Sarkom

® Haiyan Li, ® Xia Lu
Northern Jiangsu People’s Hospital, Clinic of Nuclear Medicine, Medical School of Nanjing University, Yangzhou, China

Abstract

Spindle cell sarcoma is a malignant tumor with low incidence. They can occur in the soft tissue, bone, or viscera. The characteristics of morphology,
density, and metabolism of spindle cell sarcoma are related to the location of the lesion. A 61-year-old woman presented with vomiting after
eating for 2 weeks. Signs of peritoneal irritation were involved, but no response for symptomatic treatment included antiemetic and antispasmodic
therapy. Abdominal computed tomography (CT) indicated a mass in the intestinal tract in the pelvic cavity. Then, ®F-fluorodeoxyglucose ('¢F-FDG)
positron emission tomography/CT was performed, which interestingly detected a jejunal malignancy mass in the left upper abdomen with annular
high uptake of ®F-FDG, which was complicated by intussusception and intestinal obstruction. Finally, the jejunal mass was pathologically clarified
as an undifferentiated spindle cell sarcoma.

Keywords: '®F-FDG PET/CT, jejunum, undifferentiated spindle cell sarcoma, intussusception, intestinal obstruction

Oz

igsi hiicreli sarkom disiik insidansli malign bir timérdir. Yumusak dokuda, kemikte veya ic organlarda olusabilirler. igsi hiicreli sarkomun morfolojisi,
yogunlugu ve metabolik 6zellikleri lezyonun bulundugu yer ile iliskilidir. Altmis bir yasinda kadin hasta, 2 haftadir olan yemek yedikten sonra kusma
sikayetiyle basvurdu. Peritoneal irritasyon belirtileri s6z konusuydu ancak antiemetik ve antispazmodik tedaviye yanit alinamadi. Batin bilgisayarli
tomografisinde (BT) pelvik kavitede bagirsaklarda kitle oldugu goriildi. Daha sonra '#F-florodeoksiglukoz (#F-FDG) pozitron emisyon tomografi/BT
yaplildi ve ilging bir sekilde sol Ust karin bélgesinde, intussusepsiyon ve bagirsak tikanikligi ile komplike olan, halka seklinde ytksek "®F-FDG tutulumu
olan jejunal malign kitle tespit edildi. Son olarak jejunal kitlenin patolojik olarak farklilasmamis igsi hiicreli sarkom oldugu belirlendi.

Anahtar kelimeler: '®F-FDG PET/BT, jejunum, farklilasmamis ig hiicreli sarkom, intususepsiyon, bagirsak tikanikligi
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Figure 1. A 61-year-old woman presented with vomiting after eating for 2 weeks. Signs of peritoneal irritation were involved, but no response for
symptomatic treatment included antiemetic and antispasmodic therapy. Abdominal computed tomography (CT) (image H) indicated a mass in the
intestinal tract in the pelvic cavity (white arrow). Then '8F-fluorodeoxyglucose positron emission tomography/CT (*8F-FDG PET/CT) was performed (60
min post-injection 335MBq) to assist differentiate the character of the mass and assess the state of the patient’s illness. Maximum intensity projection
'8F-FDG PET image (A) showed an increased FDG uptake lesion in the left upper abdomen (black arrow). Axial and sagittal PET (B&C), CT (D&E), and
fuzed CT (F&G) images of the abdomen revealed markedly increased "®F-FDG uptake (maximum standardized uptake value: 10.9) corresponding to
a jejunal mass with clear boundaries (arrows), which was complicated by intussusception and intestinal obstruction (l). These findings indicated that
this patient could be diagnosed with a malignant small bowel tumor, and successful surgical resection was conducted shortly thereafter. Pathological
examination showed spindle-shaped cell proliferation, arranged in bundles or vortices, with large and deeply stained nuclei, easy to see nuclear division
(J, H&E, x100). Immunohistochemical staining analysis revealed that the specimen was positive for Ki67 (K, x100, 40%), CD117 (focal area), smooth
muscles actin, Vim, and o-1-antichymotrypsin but negative for epithelial membrane antigen (L, x100), S-100 (M, x100), CD34 (N, x100), cytokeratin
(O, x100), DOG-1, desmin, Lyso, H-caldesmon, calponin, and MyoD1. The patient’s diagnosis was suggested to be undifferentiated spindle cell
sarcoma. Spindle cell sarcoma is a malignant tumor with low incidence and worse prognosis with a high rate of recurrence and metastasis (1). The
incidence of jejunal tumors is very low compared with other primary gastrointestinal malignancies, in which sarcoma only accounts for 12% of jejunal
tumor (2), let alone undifferentiated spindle cell sarcoma of the jejunum, which is rarely reported (3,4,5). Undifferentiated spindle cell sarcoma in the
jejunum can lead to intestinal obstruction (4,5). Capsule endoscopy can be used to detect lesions in the small intestine when conventional endoscopy
cannot be achieved, except for intestinal obstruction formed (6). This case suggested that undifferentiated spindle cell sarcoma occurs in the jejunum
with high uptake of "®F-FDG as in other tissues and organs (7,8). The boundaries were clearly without lymphatic gland and peritoneum metastasized
(4,5). This case reported that undifferentiated spindle cell sarcoma occurs in the jejunum with marked uptake of '8F-FDG that distinguished from simple
intussusception and intestinal obstruction suggested by CT scan and suggested "8F-FDG PET/CT might compensate for the shortcomings of endoscopic
examination in the jejunum when intestinal obstruction formed.
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Isolated Diffuse Bone Marrow Metastases From Signet-ring Cell
Gastric Carcinoma

Tagl Yuzik Hiicreli Mide Karsinomunun [zole Yaygin Kemik lligi Metastazlari

® Tsz-Kit Chow
Tuen Mun Hospital, Clinic of Radiology and Nuclear Medicine, Nuclear Medicine Unit, Hong Kong, China

Abstract

A 71-year-old female patient with a known history of signet-ing cell carcinoma presented with diffuse bone pain and anemic symptoms. An
'®Ffluorodeoxyglucose (FDG) positron emission tomography/computed tomography study revealed diffuse heterogeneous hypermetabolic
sclerotic lesions in the axial and proximal appendicular skeleton. No other "®F-FDG-avid lesions were detected. Subsequent bone marrow biopsy
confirmed the diagnosis of metastatic carcinoma originating from the gastric primary site. Palliative treatment was initiated; however, the patient’s
condition deteriorated, and she succumbed to the disease two months later.

Keywords: Bone marrow metastasis, signet-ring cell gastric carcinoma, "®F-FDG PET/CT

Oz

Bilinen tash ytizlik hticreli karsinom 6ykusu olan 71 yasinda kadin hasta, yaygin kemik agrisi ve anemik semptomlarla basvurdu. "®F-florodeoksiglukoz
(FDG) pozitron emisyon tomografisi/bilgisayarll tomografi goriintilemesinde, aksiyal ve proksimal apendikiler iskelette yaygin heterojen
hipermetabolik sklerotik lezyonlar saptand. Baska hicbir FDG avid lezyonu tespit edilmedi. Daha sonra yapilan kemik iligi biyopsisi primer olarak
mideden kaynaklanan metastatik karsinom tanisini dogruladi. Palyatif tedavi baslandi; ancak hastanin durumu kotilesti ve iki ay sonra hasta oldu.
Anahtar kelimeler: Kemik iligi metastazi, tash ylzik hticreli mide karsinomu, ®F-FDG PET/BT
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Figure 1. A 71-year-old female patient with a history of signet-ring cell gastric carcinoma (SRCC) (tumor, node, metastasis stage: pT1aNOMO) presented
with diffuse bone pain and anemic symptoms. She underwent distal radical gastrectomy and extended lymph node dissection 6 years ago with no
evidence of disease recurrence. She was referred for "®F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT)
for evaluation. Maximum intensity projection PET revealed diffuse heterogeneous uptake in the axial and proximal appendicular skeleton (A). Sagittal
CT and fusion images demonstrated multiple mildly "F-FDG-avid sclerotic lesions in the spine (B, C). No other "®F-FDG-avid lesions were detected.
Subsequent bone marrow biopsy revealed metastatic carcinoma of gastric origin. She received palliative treatment and died two months later. SRCC
of the stomach is a subtype of poorly cohesive gastric carcinoma, comprising 17% of all cases of gastric cancer (1). Gastric cancer is classified as SRCC
if more than 50% of the tumor cells are scattered malignant cells containing intracytoplasmic mucin (2). Patients with SRCC are more likely to present
at a later stage, have a poorer tumor grade, and have a similar prognosis compared with other gastric adenocarcinoma (3,4,5). SRCC of the stomach
more commonly metastasizes to the peritoneum and bone and less frequently to the lymph nodes, lungs, and liver compared with other histologic
types (2,6,7). Isolated diffuse metastatic involvement of the bone marrow in SRCC of the stomach is highly uncommon (8).
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Revision of the Histopathological Examination Following *Ga-
DOTA-FAPI-04 PET/CT of a Breast Tumor Diagnosed as Invasive
Ductal Carcinomatosis

Invaziv Duktal Karsinoma Tanili Meme Timértniin Ga-DOTA-FAPI-04 PET/BT Sonrasi
Histopatolojik Incelemesinin Revizyonu

@ Nalan Alan Selcuk!, ® Kaan Akgay!, ® Gamze Beydagi!, ® Omer Sénmez!, ® Serkan Celik2, ® Bala Bagak Oven2,
© Levent Kabasakal3

IYeditepe University Faculty of Medicine, Department of Nuclear Medicine, Istanbul, Ttirkiye
2Yeditepe University Faculty of Medicine, Department of Medical Oncology, Istanbul, Ttirkiye
3lstanbul University-Cerrahpaga, Cerrahpasa Faculty of Medicine, Department of Nuclear Medicine, Istanbul, Ttirkiye

Abstract

Neuroendocrine tumors (NETs) of the breast represent 1% of breast carcinomas. Histopathological misinterpretation of breast NET is common.
We present the case of a female patient who had a breast mass diagnosed as invasive ductal carcinoma initially by histopathological examination.
Fluorodeoxyglucose positron emission tomography/computed tomography (FDG PET/CT) revealed 2 ametabolic hypodense liver lesions.
Subsequently, the patient underwent fibroblast activation protein inhibitor (FAPI)-PET/CT, which did not reveal any FAP expression in the liver
lesions, but increased FAP expression was observed in the soft tissue mass of the mesenteric root. Consequently, the pathology of the biopsy taken
from the nodule in the right breast was revised, and a diagnosis of grade 2 NET was established. The benefit of FAPI-PET/CT on NETs has been
previously investigated. Further prospective studies are required to establish the role of FAPI-PET/CT in NET management.

Keywords: Fibroblast activation protein, PET/CT, neuroendocrine tumor, ®gallium DOTATATE

Oz

Memenin noroendokrin tlimorleri (NET), meme karsinomlarinin %1‘inden daha azini temsil eder. Meme NET'nin histopatolojik olarak yanlis
tani almasi yaygindir. Meme kitlesi histopatolojik inceleme ile baslangicta invaziv duktal karsinom tanisi alan bir kadin hastayr sunuyoruz.
Florodeoksiglukoz pozitron emisyon tomografisi/bilgisayarll tomografide (FDG PET/BT) 2 ametabolik hipodens karaciger lezyonu saptandi.
Akabinde hastaya fibroblast aktivasyon proteini inhibitér (FAPI)}PET/BT tetkikinde karaciger lezyonlarinda FAP ekspresyonu saptanmazken
mezenterik kokteki yumusak doku kitlesinde artmis FAP ekspresyonu izlendi. Bunun Uzerine, sag memedeki nodulden alinan biyopsinin patolojisi
revize edildi ve 2. derece NET tanisi konuldu. FAPI-PET/BT'nin NET'ler (izerindeki faydasi daha énce literatiirde g&sterilmistir. FAPI-PET/BT'nin
NETlerin yonetimindeki roliiniin ortaya konmast icin daha fazla prospektif calisma gerekmektedir.

Anahtar kelimeler: Fibroblast aktivasyon proteini, PET/BT, néroendokrin tiimér, ®galyum DOTATATE
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Introduction

Metastatic neuroendocrine tumors (NETs) are exceedingly
rare in breast cancer, representing less than 1% of all
breast carcinomas (1,2). A study examining 18 cases of
NETs metastasizing to the breast revealed that 62% of
these tumors originated from the gastrointestinal tract and
28% from the lungs. Notably, 44% of these tumors were
initially misdiagnosed as primary breast carcinoma (1). We
present a rare case of metastatic NET initially reported as
invasive ductal carcinoma (IDC), which was demonstrated
through [*8Ga]gallium-fibroblast activation protein inhibitor
(*8Ga-FAPI)  positron emission tomography/computed
tomography (PET/CT) and [®®Ga]Ga-DOTATATE PET/CT
imaging.

Case Report

A 59-year-old female patient presented with a 1-year
history of nausea, vomiting, and flushing. During a physical
examination, a breast mass was detected, which led to a
tru-cut biopsy. Histopathological analysis initially indicated
IDC (Figure 1). She was subsequently referred to our clinic
for staging. Fluorodeoxyglucose (FDG) PET/CT revealed a
slightly hypermetabolic 7-mm nodule in the right breast
and two hypodense, ametabolic liver lesions (Figure 2A).
Considering the ametabolic nature of these liver lesions,
lobular carcinoma was suspected, prompting [®Ga]Ga-
DOTA-FAPI-04 PET/CT. This imaging did not demonstrate
any FAP expression in the liver lesions, but increased FAP
expression was observed in the mesenteric root soft tissue

mass and right breast nodular lesion (Figure 2B). Maximum
standardized uptake value of uptake in the mesenteric
root was 16. Upon retrospective re-evaluation of the
patient’s clinical findings, the mesenteric root soft tissue
mass, as demonstrated by [®Ga]Ga-DOTA-FAPI-04 PET/
CT, along with symptoms such as nausea, vomiting, and
flushing, were consistent with a diagnosis of NET. Based
on these findings, the histopathological examination was
repeated, and the diagnosis was revised to NET (Figure
3). In addition to revising the primary pathological sample,
histopathological examination of biopsies obtained from
the mesentery and liver confirmed the diagnosis of grade
2 NET. Consequently, [*®Ga]Ga-DOTATATE PET/CT was
performed. Imaging revealed a soft tissue mass in the
mesenteric root with increased somatostatin receptor
(SSTR) expression, multiple SSTR-positive bone, liver, and
lymph node metastases, and metastatic SSTR-positive
nodules in both breasts (Figure 2C).

Informed consent was obtained from the patient for all
modalities.

Literature Review and Discussion

Although the FAPI uptake pattern of NETs is not exactly
established, heterogeneous uptake has been reported (3).
In addition to that, [®8Ga]Ga-FAPI PET/CT’s utility in primary
and metastatic NETs was previously demonstrated in case
reports (4,5,6,7). Despite the high FAP expression of the
primary tumor (mass in mesenteric root) in our case, the
absence of FAPI uptake by liver and bone metastases was
remarkable. In this case, "8F-FDG PET/CT was requested

Figure 1. (A, B): Neoplastic cells are arranged in small and large nests, small groups with irregular borders, trabecula and occasional single cells in
desmoplastic and collagenous stroma. Hematoxylin and eosin x100. (C): Neoplastic cells are oval-polygonal with amphophilicgranular cytoplasm,
round-oval nuclei with occasional hyperchromasia and small nucleoli. Hematoxylin and eosin x200. (D): Ki67 proliferation index in the neoplasia is

10%; Ki67 x200
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for the preoperative staging of breast cancer. However,
the ™F-FDG PET/CT scan revealed a mildly FDG-avid
nodule in the right upper outer quadrant of the breast.
In addition, soft tissue mass in the mesenteric root and
hypodense nodules in the right hepatic lobe were FDG-
negative. Concurrently, magnetic resonance imaging of
the liver interpreted these liver nodules as suggestive of
metastases. In the literature, there is a substantial amount
of data suggesting that [%®Ga]Ga-FAPI PET/CT, because of
the absence of background liver activity, can better detect
metastatic lesions (8). Therefore, we performed [®Ga]Ga-
FAPI PET/CT to evaluate the possibility of lobular breast

A

Figure 2. Cancer integrin imaging with [®Ga]Ga-Trivehexin PET/CT for
a patient with breast cancer and neuroendocrine neoplasm: a case both
E-FDG PET/CT and [®Ga]Ga-DOTATATE positive but integrin avf6
negative lesion on [%Ga]Ga-Trivehexin PET

PET/CT: Positron emission
'8F-fluorodeoxyglucose

tomography/computed tomography, '®F-FDG:

carcinoma and its metastasis in the liver. However, [®Ga]
Ga-[®Ga]Ga-FAPI PET/CT images did not show uptake
in the liver lesions. Instead, an additional FAPI-avid mass
within the mesenteric root that was inseparable from the
bowel loops was detected in the abdominal region, along
with multiple metastatic nodules in both breast lobes,
raising the suspicion that the primary tumor might not be
in the breast but rather in the abdominal mass, possibly a
NET. As a result, a biopsy was recommended to the lesion
in the mesenteric root and revealed a diagnosis of G2
NET. Afterwards [*®Ga]Ga-DOTATATE PET was performed
for staging of NET. [®Ga]Ga-DOTATATE imaging revealed
SSTR positivity in the breast, abdominal, and liver lesions.
Additional multiple bone metastases were detected.

In this case, following these three imaging modalities, the
patient’s clinical diagnosis and stage changed significantly.
Initially referred to our clinic for preoperative staging
of breast cancer, the patient was ultimately diagnosed
with metastatic NET, leading to the initiation of systemic
treatment. NET metastases in the breast are quite rare,
and biopsy alone may not be sufficient. In such cases,
molecular imaging techniques such as [®Ga]Ga-FAPI and
[®8Ga]Ga-DOTATATE can be beneficial.

The images of PET/CTs using 3 different tracers all showed
multiple foci of increased uptake of radiopharmaceutical in
the abdomen and breast, in which [*8Ga]Ga-FAPI PET/CT
displayed the highest tumor-to-background ratio. However,
[*®Ga]Ga-DOTATATE PET/CT detected more metastatic
lesions and liver and bone metastases, which were missed
by both '®F-FDG and [®Ga]Ga-FAPI PET/CT.

Figure 3. (A): Neoplastic cells are positive for chromogranin A; chromogranin A x100. (B): Neoplastic cells are positive for synaptophysin; synaptophysin
x100. (C): Neoplastic cells are positive for CD56; CD56 x100. (D): Neoplastic cells are positive for CDX2; CDX2 x100
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In this study, both modalities led to a complete change in
the patient’s histopathological diagnosis and, concurrently,
a shift in the treatment algorithm.
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