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A B S T R A C T 

Objective(s): Prostate-specific membrane antigen (PSMA) ligand positron 
emission tomography/computed tomography (PET/CT) is an emerging modality 
to detect metastatic disease in patients with prostate cancer (PCa). This 
prospective study aimed to evaluate the role of [68Ga]-PSMA PET/CT in the initial 
workup of intermediate and high-risk PCa . 
Methods: Twenty-five patients with newly transrectal ultrasound biopsy-proven, 
untreated intermediate- and high-risk PCa (mean age, 68.5±6.2 years; range 55–83 
years) were enrolled in this prospective study between September 2018 and June 
2020 and underwent a [68Ga]-PSMA PET/CT examination. All images were 
analyzed both visually and semiquantitatively by measuring the maximum 
standardized uptake value (SUVmax) of the primary prostatic tumor and metastatic 
lesions. The diagnostic sensitivity of [68Ga]-PSMA PET/CT for the diagnosis of PCa 
was established by histopathology as the reference standard. The associations 
between SUVmax of the primary tumors and prostate-specific antigen (PSA) levels, 
Gleason scores (GSs), and metastatic extent of the disease were studied. 
Results: All patients had a positive [68Ga]-PSMA PET/CT exam. Seventeen patients 
(58%) showed [68Ga]-PSMA avidity in both prostate lobes and 8 (32%) had 
unilateral uptake. SUVmax in the primary tumor significantly correlated with serum 
PSA values (r=0.57, P=0.003). PSMA PET/CT depicted regional lymph node 
metastases in 32% of patients, distant lymph node metastases in 20%, osseous 
metastases in 16% and pulmonary metastases in 8% of patients. Sixty percent of 
PSMA-positive bone metastases and 21.4% of intraprostatic tumoral lesions were 
missed on the contemporaneous bone scintigraphy and magnetic resonance 
imaging, respectively. 
Conclusion: [68Ga]-PSMA PET/CT shows promise as a valuable imaging modality 
with high diagnostic sensitivity in the setting of intermediate and high-risk PCa. 
Moreover, the SUVmax of the primary tumor has a positive correlation with PSA 
levels at the time of the scan. 
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Introduction 
   Prostate cancer (PCa) is the most commonly 
known malignancy in men and a leading cause of 
cancer-related death (1). Diagnosis of PCa is 
mainly based on histopathology results following 
prostate biopsy, which also aids in patients’ 
stratification into distinct risk groups (low-, 
intermediate-, and high-risk) according to serum 
prostate-specific antigen (PSA) levels and 
Gleason scores. Precise local and systemic 
prostate cancer staging is an important 
diagnostic procedure for patient stratification 
and a key to designing the optimum personalized 
management strategy for the individual patient. 
Despite careful selection of patients before 
curative intent treatments, including surgery and 
radiotherapy, relapse following treatment is not 
uncommon (2, 3), and this could be partly 
explained due to the insufficient accuracy of 
existing standard-of-care conventional imaging 
(4) with CT and bone scan to detect non-localized 
disease (5). Novel whole-body tumor-specific 
imaging techniques developed based on 
targeting of prostate-specific membrane antigen 
(PSMA), a cell surface glycoprotein overexpressed 
on prostate cancer cells, might enable a more 
tailored multimodal treatment plan by more 
accurate definition of disease extent at the 
outset. 
   Although the role of PSMA-based PET/CT is 
well documented in patients with biochemical 
evidence of recurrent PCa (6-10), there are few 
studies, mostly retrospective in design, on the 
initial evaluation and staging of newly diagnosed 
PCa (11-14). Accordingly, this prospective study 
was aimed at addressing the diagnostic 
sensitivity of [68Ga]-PSMA PET/CT for the 
diagnosis and initial staging of intermediate and 
high-risk prostate cancer. 

 
Methods 
Participants 
   Twenty-five patients (mean age, 68.5±6.2 
years; range 55–83 years) with newly diagnosed, 
treatment naïve, intermediate- and high-risk 
prostate cancer, defined according to the 
D’Amico risk stratification (15), were 
prospectively recruited (September 2018 to June 
2020) for primary staging in this single-center 
study. The Ethics Committee of Tehran 
University of Medical Sciences approved the 
study protocol (IR.TUMS.VCR.REC.1397.203) 
and written informed consent was obtained from 
all participants. Inclusion criteria included age of 
more than 18 years, no prior PCa treatment, 
histologically proven PCa with transrectal 
ultrasound (TRUS)-guided biopsy, Gleason score 
≥6 accompanied by the prostate-specific antigen 

(PSA) ≥10, or Gleason score ≥7 regardless of the 
PSA level. Exclusion criteria included the 
inability to lie still for imaging, exceeding the safe 
weight of the PET/CT bed (200 kg), 
claustrophobia and medical instability. PSA 
values, Gleason scores, relevant clinical history 
and any other available imaging reports were 
recorded prior to being submitted to the PET/CT 
scan. Once enrolled, all patients underwent 
[68Ga]-PSMA PET/CT. 
 
Image Acquisition 
   The [68Ga]-PSMA was provided in a ready-to-
use from the Pars Isotope Company, Tehran, Iran. 
Quality controls were carried out according to 
the standard protocols provided by the 
manufacturer. Patients were not subjected to any 
special preparation prior to imaging. PET/CT 
imaging was acquired in all patients, using 
Biograph 6 True Point HD PET/CT scanner 
(Siemens Medical Solutions, Erlangen, Germany), 
60 minutes following the injection of a 
bodyweight adjusted dose of 2-4 MBq/kg 
(170±22 MBq). Patients were instructed to void 
immediately prior to the study. Image acquisition 
was performed with a whole-body field of view 
(vertex to mid-thigh). The CT exposure factors 
for all examinations were 80 mAs, 120-130 keV, 
pitch of 1.3 and slice thickness of 5 mm.  
Maintaining patient position, a whole-body PET 
scan was performed immediately after CT 
acquisition and covered an area identical to that 
covered by CT from mid-thigh to vertex. PET scan 
was carried out in 3D with an acquisition time of 
4 min per bed position. PET images were 
reconstructed using CT for attenuation 
correction. Transaxial PET data were 
reconstructed using ordered subsets expectation 
maximization algorithm (2 iterations and 21 
subsets) and post-reconstruction smoothing 
with a Gaussian filter (4.0 mm full-width at half 
maximum (FWHM). 
 
 Image Interpretation and Reference Standard 
   Expert nuclear medicine specialists analyzed 
images prospectively. Analysis was performed 
using Syngo software TrueD (Siemens Medical 
Systems), which allowed the review of PET, CT 
and fused imaging data in axial, coronal and 
sagittal slices. Physicians with access to clinical 
data completed a qualitative assessment and 
recorded the number of positive lesions (0, 1, 2, 
3, 4, 5, 6-10, >10) and their anatomic sites (local 
tumor, regional nodes, distant nodes (i.e., nodes 
located cranial to the bifurcation of the common 
iliac vessels), bone, lung,). The European 
Association of Nuclear Medicine (EANM) criteria 
have been used to improve objectivity and 
accuracy in image interpretation and to classify 
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scans as positive (pathologic) or negative 
(normal) (16); according to which, all areas of 
increased radiotracer uptake in sites not 
expected to show physiological uptake (e.g., 
lacrimal glands, salivary glands, liver, spleen, 
small intestine, colon, kidney, autonomic ganglia, 
etc.) were considered “anomalous”. Increased 
uptake was characterized as focal tracer uptake 
higher than the adjacent background. 
Subsequently, all anomalous findings suggestive 
of primary prostate cancer and its metastases 
based on the combination of imaging and clinical 
features were noted as “pathologic” (positive 
scan) unless another explanation for the 
increased uptake could be postulated (e.g. 
Paget’s bone disease, synchronous malignancy, 
etc.), in which case the findings would not be 
described as pathologic (negative scan). 
According to these definitions, baseline 
classification as positive (pathologic) or negative 
(normal) was thus largely based on readers’ 
experience. 
   Quantitative data, comprising the maximum 
standardized uptake value (SUVmax) of the 
primary prostatic tumor and the five most active 
extraprostatic metastases were measured by 
placing a circular region of interest (ROIs) on the 
area of the highest activity consistent with the 
extraprostatic metastases or primary tumoral 
lesion. 
   We did not mandate the management of 
patients following the PET/CT imaging and left 
the decision at the discretion of individual 
surgeons. The definitive diagnosis was validated 
by biopsy-proven histopathological findings, 
examined by experienced pathologists, which 
were obtained by transrectal ultrasound (TRUS) 
directed procedure within one month before 
[68Ga]-PSMA PET/CT scan. The histopathology 
results from radical prostatectomy specimens 
following PET/CT were used as the standard-of-
reference in 12 (48%) participants. 

Statistical Analysis 
   The normalcy of data was assessed using the 
Kolmogorov-Smirnov test. Descriptive values 
were expressed as the mean (±SD) or median 
(range) if data were not normally distributed. 
Associations between the GS, PSA and number of 
PSMA positive metastases with the SUVmax of the 
primary intraprostatic tumor were described 
using the non-parametric Spearman’s rank 
correlation. A patient-based sensitivity 
evaluation was also carried out. The patient-
based calculation of specificity, positive 
predictive value (PPV), and negative predictive 
value (NPV) could not be determined in the 
entire cohort as all our participants had 
histologically proven PCa and therefore the 
cohort did not include true-negative patients. 
However, sensitivity, specificity, PPV, NPV, and 
accuracy were calculated in the subgroup of 
patients who underwent radical prostatectomy 
following PET/CT. A p value of less than 0.05 was 
considered to represent statistical significance. 
Statistical analyses were performed using SPSS 
version 24.0 software (IBM Corp., Armonk, NY) 
and R (version 3.6.0; The R Foundation for 
Statistical Computing, General Public License). 

 

Results 
   Baseline patients’ characteristics are 
summarized in Table 1. Twenty-five patients 
with intermediate- and high-risk disease were 
enrolled. Of these, two subjects (8%) had Gleason 
score of 6, eleven (44%) had Gleason score of 7, 
eight (32%) had Gleason score of 8 and four 
(16%) were categorized as the Gleason score 9-
10 group. The median PSA at the time of PSMA 
PET scanning was 15.5 ng/mL [6.2-172 ng/mL]. 
None of the patients was receiving treatments 
prior to or at the time of PSMA PET scanning.

 
Table 1. Patient characteristics (n=25) 

Characteristic Value 
Age (years) 68.5±6.2 
Weight (kg) 75.8±10.5 
Height (cm) 171.6±7.4 
Injected activity (mCi) 4.6±0.6 
PSA at PET/CT (ng/ml), median (range) 15.5 (6.2-172.0) 
Initial Gleason score  
6  2 (8.0%) 
7 (3+4)  7 (28.0%) 
7 (4+3)  4 (16.0%) 
8  8 (32.0%) 
9-10  4 (16.0%) 
Prior Imaging†  
Bone Scintigraphy  19 (76.0%) 
Abdominopelvic MRI  14 (56.0%) 

 
† Categories are not mutually exclusive. 
PSA, Prostate specific antigen; MRI, magnetic resonance imaging; CT, computed tomography
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   Interpretation of PSMA PET/CT images was 
feasible in all participants. The detection rate of 
[68Ga]-PSMA PET/CT was not different between 
different groups of patients in terms of Gleason 
score and PSA values. Primary intraprostatic 
tumoral lesions were detected in all 25 enrolled 
patients. The patient-based analysis showed that 
all patients had a positive PSMA PET/CT scan 
(sensitivity of 100%). Among the 25 positive 
scans, PSMA PET/CT depicted local 
intraprostatic tumors in 100% of patients, 
regional lymph node metastases in 32% of 
patients, distant lymph node metastases in 20% 
of patients, osseous metastases in 16% of 
patients, and pulmonary metastases in 8% of 
patients (Table 2). Of these 25 patients with local 
tumors, seventeen (68%) had pathological 

[68Ga]-PSMA uptake in bilateral prostate lobes; 
eight (32%) had unilateral disease, and seven 
patients (28%) had increased uptake in the 
seminal vesicles. A number of participants had 
disease in more than one site. Per-patient 
subgroup analysis of the cases who underwent 
radical prostatectomy following PET/CT is 
provided in Table 3, suggesting the high accuracy 
of the PSMA PET/CT to detect the involvement of 
seminal vesicles (91.7%), regional lymph nodes’ 
involvement (91.7%), followed by extraprostatic 
extension of the primary tumoral lesion (83.3%), 
as well as a lower accuracy in detection of 
tumors’ laterality within the prostate gland 
(66.7%). Figures 1 and 2 demonstrate 
representative [68Ga]-PSMA uptake in primary 
and secondary tumor sites in two patients.

 
Table 2. Qualitative assessment of scans (n=25) 

Parameter Number of Patients (%) 
Final PET/CT result  
Negative 0 (0%) 
Positive 25 (100%) 

Number of lesions  
1 14 (56.0%) 
2 1 (4.0%) 
3 3 (12.0%) 
4 1 (4.0%) 
5 1 (4.0%) 
6-10 0 (0%) 
> 10 5 (20.0%) 

Site of lesions†  
Local tumor 25 (100%) 
Regional nodes 8 (32.0%) 
Distant nodes 5 (20.0%) 
Bone 4 (16.0%) 
Lung 2 (8.0%) 

Number of organs involved with distant metastasis N=8 
1 5 (62.5%) 
2 3 (37.5%) 
3 0 (0%) 

† Categories are not mutually exclusive 

 
 
Table 3. Per-patient analysis of [68Ga]-PSMA PET/CT scans based on tumor histopathology in the subgroup of patients who 
underwent radical prostatectomy following the PET/CT (N=12) 

Primary Tumor’s Characteristics TP TN FP FN Sensitivity Specificity PPV NPV Accuracy 

Extraprostatic extension 0 10 1 1 0% 90.9% 0% 90.9% 
83.3% 

Seminal vesicle(s)’ involvement 0 11 0 1 0% 100% N/A 91.7% 
91.7% 

Regional lymph node(s)’ 
involvement 

1 10 1 0 100% 90.9% 50.0% 100% 
91.7% 

Bilateral tumoral involvement 8 0 0 4 66.7% N/A 100% 0% 
66.7% 

 
[68Ga]-PSMA PET/CT, prostate-specific membrane antigen positron emission tomography/computed tomography; TP, true 
positive; FP, false positive; TN, true negative; FN, false negative; PPV, positive predictive value; NPV, negative predictive value 
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Figure 1. A 76-year-old man with newly diagnosed prostate cancer referred for initial staging (PSA level: 23.2 
ng/mL; GS: 5 + 5). (A) The maximum intensity projection (MIP), along with trans-axial (B) fused [68Ga]-PSMA 
PET/C, (C) PET and (D) CT images showing PSMA uptake in the primary tumor site in the prostate (arrow), 
located to the lateral right mid-gland, SUVmax 8.4, with suspicious invasion to the right rectal wall. Metastatic 
involvement of the right pararectal and right external iliac lymph nodes are not shown here 
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Figure 2. A 74-year-old man with newly diagnosed prostate cancer referred for initial staging (PSA level: 10.2 ng/mL; GS: 5 + 
4). Trans-axial (A) fused [68Ga]-PSMA PET/C, (B) PET and (C) CT images showing PSMA uptake in bilateral metastatic external 
iliac lymph nodes (red and yellow arrows); (D) the maximum intensity projection (MIP) demonstrating the extent of disease, 
including primary prostate malignancy and lymph node metastases involving the para-aortic, pre-caval, para-caval, bilateral 
common iliac and bilateral external iliac regions; trans-axial (E) fused PET/C, (F) PET and (G) CT images showing PSMA uptake 
in the primary tumor site in the prostate (blue arrow), located at the base and mid-portion, SUVmax 19.1 

 
   The median SUVmax value of the primary 
tumoral lesion in the prostate was 6.5 [2.4–66.3]. 
SUVmax of the primary intraprostatic tumor 
correlated with the PSA values (Spearman 
r=0.57, P=0.003) (Figure 3). However, there were 
no significant associations between the SUVmax of 
the primary intraprostatic tumor and Gleason 
score (P=0.08) (Figure 4) or the number of 
extraprostatic metastases (P=0.25). No 
significant correlation was observed between the 
Gleason scores and serum PSA levels (P=0.35). 
Prior imaging included bone scintigraphy (76%) 
and abdominopelvic magnetic resonance 
imaging (MRI) (56%), with some participants 
having undergone more than one type of 

imaging. A total of 20 positive bone lesions were 
identified on PSMA PET/CT in 4 of 25 patients 
(16%), and only 8 of 20 (40%) of those PSMA-
avid lesions were also evident on 99mTc-
methylene diphosphonate (MDP) bone 
scintigraphy. Three lesions identified as 
metastases on bone scintigraphy revealed no 
corresponding PSMA avidity and were deemed 
false positive lesions based on correlation with 
other conventional imaging findings. Compared 
to 14 contemporaneous abdominopelvic MRI, 
intraprostatic primary tumoral lesions were 
solely visible on PSMA PET/CT in 3 patients 
(21.4%).
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Figure 3. Scatterplot showing the correlation between the primary tumor related [68Ga]-PSMA uptake, expressed as 
SUVmax, and baseline prostate-specific antigen (PSA) values 

  

Figure 4. Comparison of the primary tumor SUVmax for different Gleason scores 

Discussion 
   The study presented here was carried out on 25 
patients with newly diagnosed, treatment naïve, 
intermediate- and high-risk prostate cancer to 
assess the diagnostic sensitivity of [68Ga]-PSMA 
PET/CT in this setting. Despite the fact that the 
enrollment of patients with primary prostate 
cancer precluded the calculation of patient-based 
specificity, PPV, and NPV, our overall results 
were promising and depicted a high diagnostic 
sensitivity of [68Ga]-PSMA PET/CT in newly 
diagnosed intermediate- and high risk PCa, 
highlighting the promising ability of this 

modality as a diagnostic tool for these patients. 
Our results with an overall sensitivity of 100% 
are in line with the overall sensitivity in studies 
published earlier (17-24), ranging from 77 to 
100%. The meta-analysis conducted by Perera et 
al. also showed a 77% per-patient sensitivity of 
[68Ga]-PSMA PET/CT for primary staging 
purposes with respect to histology-proven 
disease  (25). 
   Our findings revealed a correlation between the 
intensity of [68Ga]-PSMA uptake in the primary 
tumor, measured as SUV max, and PSA levels. 
Basha et al. (23), Kuten et al. (26), Sachpekidis et 
al. (18), Fendler et al. (27) and Uprimny et al. (28) 
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suggested the same results, previously. In line 
with the findings of the study performed by 
Kuten et al. (26), but in contrast to the previously 
reported findings by Uprimny et al. (28), we 
observed no significant correlation between the 
SUVmax of the primary tumor and the number of 
metastatic lesions or with Gleason score. 
   Extraprostatic metastases were shown on 
PSMA PET/CT in 11 cases (44%), reinforcing the 
value of [68Ga]-PSMA PET/CT in the initial 
workup of intermediate- and high-risk patients, 
providing more accurate staging of newly 
diagnosed PCa and identifying the ideal 
treatment strategy. 
   We found that [68Ga]-PSMA PET/CT 
outperformed both bone scintigraphy and MRI 
by detecting 60% more osseous metastases and 
21.4% more intraprostatic primary tumors, 
respectively. In keeping with our results, a meta-
analysis performed by Han et al. (29) reported 
superior detection rates of [68Ga]-PSMA PET/CT 
over conventional imaging modalities and a 
subsequent change in management in 54% of 
patients. Recently, the multicenter, two-arm, 
randomized proPSMA study of 302 patients with 
high-risk PCa reported a 27% greater accuracy of 
[68Ga]-PSMA PSMA PET-CT than that of 
conventional imaging with CT or bone scanning 
(92% vs. 65%; p<0·0001), as well as a higher 
sensitivity (85% vs. 38%) and specificity (98% 
vs. 91%) for PSMA PET-CT, along with the 
superiority of PSMA PET-CT for patients with 
pelvic nodal and distant metastases (30). 
Furthermore, some retrospective single-center 
studies have proposed that PSMA PET-CT might 
be more accurate than CT or MRI in the staging of 
pelvic lymph nodes before prostatectomy, using 
histopathology as the standard-of-reference (11, 
31). Maurer et al. retrospectively showed the 
superior performance of PSMA PET/CT over CT 
or MRI in 130 patients with intermediate- to 
high-risk prostate cancer, with a diagnostic 
accuracy of 0·83 versus 0·69 (11). Our data 
support previous observations by Pyka et al. (32) 
and Kuten et al. (24) that the PSMA PET/CT is 
superior to bone scanning in detecting skeletal 
metastases. 
   Main limitations of our study include the small 
sample size and lack of validating biopsy in case 
of suspected distant metastatic lesions, which 
was not possible owing to practical and ethical 
reasons. Moreover, it was impossible to establish 
the specificity, PPV, and NPV of PSMA PET/CT in 
this study, as we did not have negative cases for 
analysis. 

 
 
 

 
Conclusion 
   [68Ga]-PSMA PET/CT is a valuable tool with 
high diagnostic sensitivity in patients with newly 
diagnosed intermediate- and high-risk prostate 
cancer before curative-intent therapy and should 
be included (if not considered as a replacement) 
for conventional imaging modalities, during 
initial workup in this context. The cost of PSMA 
PET-CT varies considerably by geographical 
locations; however, the high costs of this 
modality might limit its utility to cases with 
suspicious findings on conventional imaging 
methods. Future prospective studies with larger 
sample size are required to confirm these 
findings . 
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