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Introduction Prostate-specific membrane antigen (PSMA) positron emission tomography/ computed to-
mography (PET-CT) is widely used as a staging tool for patients with prostate cancer (PCa). The objective 
of the study is to assess the diagnostic accuracy of 68Ga-PSMA-PET/CT for PCa, which may help us avoid 
unnecessary biopsies in patients with intermediate prostate-specific antigen (PSA) levels.
Material and methods In this prospective study, 81 patients suspected of PCa, with either raised PSA 
between 4–20 ng/ml or abnormal digital rectal examination (DRE) findings were included. 68Ga-PSMA-
PET/CT was performed for all patients followed by transrectal ultrasound (TRUS) guided prostate biopsy. 
SUVmax (maximum standardized uptake value) was measured and correlated with biopsy results.
Results Out of 81 patients, 31 (38.3%) patients were found to have malignancy on biopsy. Median  
SUVmax of biopsy positive patients was 10.4 (IQR 6.5–16.1) and biopsy negative patients (n=50) was  
3.5 (IQR 1–4.9), (p <0.001). At a cut-off of 6.15, 68GA-PSMA-PET/CT demonstrated sensitivity of 84%, 
specificity of 80%, positive predictive value of 72.2%, negative predictive value of 88.9% and accuracy  
of 81.5% with an AUC of 0.876 (95% CI: 0.799–0.953, p <0.001).
Conclusions The 68Ga-PSMA-PET/CT helps to localize suspicious lesions and improving the detection 
of primary prostate cancer. Our findings indicate a significant correlation of SUVmax values with biopsy 
results. We were also able to determine a cut-off value of SUVmax below which prostate biopsy can be 
avoided in selected patients. 
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reporting, considerable interobserver variability re-
mains a major drawback for MRI [6], resulting in 
overall heterogeneous findings for accuracy in the 
literature [7]. 
Literature demonstrated that 18F fluoroethylcho-
line positron emission tomography (PET) had higher 
accuracy for the detection of primary prostate cancer 
when compared to MRI, however specificity was lim-
ited due to choline uptake in benign lesions [8]. PET 
with ligands for the prostate-specific membrane anti-
gen (PSMA) might overcome this limitation. Indeed, 
PET with Gallium-68 labelled PSMA-HBED-CC  
(68Ga-PSMA) demonstrated superior tumor-to-
background signal intensity and substantially higher 
detection rates in patients with primary PCa [9, 10]  

INTRODUCTION

Prostate cancer (PCa) is the most common solid can-
cer in men and is the second most common cause of 
death in developed countries [1]. According to cur-
rent guidelines, diagnosis of prostate cancer is most 
commonly made by transrectal ultrasound (TRUS) 
guided prostate biopsy and the detection rate is 30% 
[2, 3]. To improve detection of clinically significant 
cancer, various imaging modalities have emerged for 
local staging and biopsy guidance. Multiparametric 
magnetic resonance imaging (mpMRI) shows prom-
ising results for localizing prostate cancer and im-
proves the accuracy of ultrasound-guided biopsy [4, 5].  
Despite important advances such as standardized 
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and biochemical recurrence even with low total 
prostate-specific antigen (tPSA) levels [11, 12]. 
Studies showed that in spite of additional sites of 
uptake being detected on PSMA-PET/CT as com-
pared to mpMRI, no additional biopsies are required 
[13]. Based on the present literature, the purpose 
of the current study was to validate the diagnostic 
performance of 68Ga-PSMA-PET/CT in the detec-
tion of suspected treatment-naive PCa by correlat-
ing SUVmax (maximum standardized uptake value) 
values obtained from 68Ga-PSMA-PET/CT with  
biopsy.

MATERIAL AND METHODS

Study Design

This was a cross sectional observational study con-
ducted from 1st November 2017 to 31st May 2019 in 
the Department of Urology & Renal Transplant, 
ABVIMS & Dr. RML Hospital, New Delhi after ob-
taining approval from institutional ethical com-
mittee [TP (DM/M.Ch) (19/2016)/IEC/PGIMER/
RMLH- 7967/16]. Inclusion criteria were as follows: 
(1) elevated tPSA level between 4–20 ng/ml; (2) sus-
picious digital rectal examination (DRE) findings; 
(3) treatment naive suspected PCa patients. The ex-
clusion criteria were: (1) history of prostate biopsy 
within the past 6 weeks; (2) history of prostate sur-
gery within the past 3 months; (3) painful anorectal 
conditions; (4) refusal to undergo PSMA-PET/CT; 
(5) refusal to enroll in the study.
Overall, 128 patients were enrolled into the study, 
of which 81 patients with suspected PCa were in-
cluded in the study (Figure 1). The written informed 
consent for PSMA-PET/CT and biopsy was obtained 
from all of the participants included in the study. 
The primary objective was to correlate the SUVmax 
used in 68Ga-PSMA-PET/CT with the TRUS-guid-
ed prostate biopsies. The secondary objective was  
to evaluate the specificity, sensitivity, accuracy and 
predictive value of the PSMA-PET/CT at optimal 
cut-off SUVmax value.
All included patients underwent Ga68-PSMA PET/CT  
scan for initial diagnosis and staging. The conclu-
sive results were pathologically confirmed by TRUS-
guided prostate biopsy of all patients. 

68Ga-PSMA PET/CT acquisition and image 
interpretation

The whole body Ga68-PSMA-PET/CT scan was per-
formed after injection of 1.8–2.2 MBq per kg body 
weight of Ga68 PSMA and patients were allowed 
to relax for 60 minutes in a shielded room. Imaging 

was performed on an integrated PET/CT scanner 
(Siemens system, Tennessee, USA). Non-contrast 
CT scan was performed with following parameters: 
2.5 mm axial reconstruction, tube voltage of 120 kVp 
and current modulation of 80–120 mAs. PET scans 
were acquired in three-dimensional mode with an 
acquisition time of 3–4 minutes per bed position, 
with a 780 mm field of vision (FOV) and 200 × 200 
matrix. The emission data was attenuation corrected 
along with scattering, random and decay correction. 
Reconstruction was conducted from 2 iterations 
and 21 subsets using the ordered subset expectation 
maximization (OSEM) algorithm. CT images were 
analyzed for attenuation correction and anatomic 
localization followed by PET images from skull to 
mid-thigh. 
The Ga68-PSMA-PET/CT images were transferred 
to a multimodal workstation for data analysis. Imag-
es were reviewed independently by two experienced 
nuclear medicine specialists. The scan findings were 
interpreted as positive if focal uptake of the 68Ga-la-
beled PSMA ligand was greater than the background 
activity (surrounding prostate gland activity) (Fig-
ure 2). A semiquantitative analysis of PSMA uptake 
was performed by calculating SUVmax value cor-
rected for dose administered and patients’ lean body 
mass. SUVmax cutoff was calculated as the value 
with maximal Youden index on ROC curve.

Figure 1. Study design.
TRUS – transrectal ultrasound biopsy; n- number;  
68-Ga-PSMA-PET/CT – Gallium-68 labelled prostate-specific membrane 
antigen positron emission tomography/computer tomography
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Histopathological examination

All the patients underwent TRUS-guided 12-core 
prostate biopsy with additional cores taken from 
suspicious lesions identified during Ga68-PSMA-
PET/CT by the cognitive fusion technique. The his-
topathological examination (HPE) was conducted by 
a senior uropathologist. Biopsy results were defined 
positive in case of malignancy and negative in benign 
conditions. 
The region of interests (ROIs) identified on Ga68-
PSMA-PET/CT were marked on a 24 segment sector 
map of the prostate. Initially, the gland was divided 
into lobes, right and left, and regions, base, mid, and 
apex. Each lobe was then sub-divided into medial 
and lateral parts by a sagittal plane running across 
the center of each lobe and into anterior and poste-
rior parts by a coronal plane running across the cen-
ter. Thus, 24 segments were formed, 12 in each lobe. 
During the biopsy procedure, the prostate and the 
ROIs PET/CT derived image contours were fused 
in real time with the TRUS image stack and ROIs 
were targeted. TRUS-guided 12-core systematic bi-
opsy with additional targeted biopsy (2 cores) if re-
quired were obtained by cognitive fusion technique  
by an experienced Urologist.

Statistical analysis

The data were analysed by IBM SPSS statistics soft-
ware, version 22.0 (IBM, Inc., Chicago, IL, USA).
All the variables were tested for normality using 
the Kolmogorov-Smirnov test. Categorical variables 
were summarized as frequencies (percentages), 
while continuous variables as means ± standard de-

viations or medians (IQR, interquartile range). Uni-
variate association of variables with biopsy results 
and other outcome measures was assessed using 
the chi-square statistic or Fischer exact test for cat-
egorical variables and the Student’s t-test or Mann-
Whitney U test for continuous variables. Correlation  
of variables was assessed using Spearman’s rank 
correlation. Diagnostic accuracy of the 68Ga-PSMA-
PET/CT with the biopsy results was compared by 
calculating area under curve (AUC) using the receiv-
er operating characteristic curve (ROC). Prediction 
accuracy was evaluated by the sensitivity, specificity, 
positive predictive value (PPV), negative predictive 
value (NPV) and accuracy. The p value <0.05 was 
considered statistically significant.

RESULTS

A total of 81 patients with a mean age of 68.4 ±8.1 
years were included in the study. The mean maximum 
standard unit value (SUVmax) was 7 ± 6.5 and me-
dian was 4.3 (IQR 3.2–9.4). The mean tPSA was 10.5 
±4.6 ng/ml. In total, 31 (38.3%) of 81 patients were 
positive for malignancy on HPE (Table 1). The addi-

Figure 2. Shows two PSMA avid lesion with SUVmax 15.3 in right lateral peripheral zone and other of SUV max 6.1 in left mid 
peripheral zone posterolaterally.
AUC – area under curve; 68-Ga-PSMA-PET/CT – Gallium-68 labelled prostate-specific membrane antigen positron emission tomography/computer tomography

Table 1. Summary of patient characteristics

Parameter Results

Median age, years (IQR) 68 (62.3–74)

Median PSA, ng/ml (IQR) 9.9 (6.9–13.1)

Positive TRUS prostate biopsy, n (%) 31 (38.3)

Median SUVmax, (IQR) 4.3 (3.2–9.4)

IQR – interquartile range; PSA – prostate-specific antigen; TRUS – transrectal 
ultrasound, SUVmax – maximum standardized uptake value; n – number
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tional targeted biopsy (2 cores) was performed in 65 
out of 81 patients. Out of 65 patients who underwent 
targeted biopsies, 27 (41.5%) were found to be positive.
In comparison to histopathology, the median SUVmax  
on 68Ga-PSMA-PET/CT were significantly higher 
for PCa than for benign conditions (Table 2). Most 
of the patients with Gleason ≥7 had a SUVmax 
value >10 but the correlation was not significant  
(p = 0.759; Table 3). None of the patients had Glea-
son score 6. The diagnostic performance of 68Ga-PS-
MA-PET/CT was proved to be significant (p <0.001) 
based on sensitivity, specificity, PPV, NPV, accuracy 
at cut-off SUVmax value of 6.15 (Table 4) and ROC 
analysis (AUC- 0.876; Figure 3).

DISCUSSION

The incidence rate of prostate cancer in India is 
lower than the western population [14]. The diagno-
sis of PCa usually commences with abnormal DRE 
and raised PSA levels. The elevated PSA measure-
ments are organ specific and not disease specific [14].  
The various PSA parameters have been studied but 

none of them optimally guided in diagnosing PCa 
[15, 16]. A study showed that PSMA-PET/MRI had 
higher accuracy for detecting significant PCa (90%) 
with sensitivity of 96% and specificity of 81% than 
mpMRI [17]. Nevertheless, until now no imaging 
modality is considered as standard in the diagnosis 
of PCa in comparison with prostate biopsy [18]. The 
68Ga-PSMA-PET/CT has brought drastic change in 
the management of recurrent PCa [11, 12] but the 
data evaluating 68Ga-PSMA-PET/CT for the pri-
mary diagnosis of PCa is still insufficient. The pres-
ent study assessed the role of 68Ga-PSMA-PET/CT  
in patients suspected of prostate carcinoma and to 
determine a cut-off SUVmax value to predict the 
outcome of biopsy with high diagnostic accuracy. 
The literature showed that SUVmax of primary PCa 
was significantly higher than normal prostate tissue, 
and enables the detection of PCa with high sensitiv-
ity and specificity [19, 20]. Fendler et al., evaluated 
twenty-one patients for the accuracy of 68Ga-PSMA- 
PET/CT to localize tumor in the prostate and sur-
rounding tissue. They found a significantly higher 
SUVmax in histopathologically positive segments 
(11.8 ±7.6) compared to negative segments (4.9 ±2.9;  
p <0.001) [21]. Our study was also consistent with 
the previous studies and significantly correlated the 
SUVmax with the prostate biopsy reports.
Literature based on histopathology, reported cut-
off SUVmax value of 6.5 for discrimination between 
positive and negative segments (area under the 
curve, AUC: 0.84; p <0.001) with sensitivity (67%), 
specificity (92%), PPV (97%), NPV (42%) and accura-
cy (72%) [21]. They concluded that 68Ga-PSMA-11 
PET/CT accurately detects location and extent of 

SUVmax
Gleason score

Total p value
<7 7 >7

<4 0 (0%) 2 (13.3%) 1 (6.3%) 3 (9.7%)

0.759
4-10 0 (0%) 6 (40%) 6 (37.5%) 12 (38.7%)

>10 0 (0%) 7 (46.7%) 9 (56.3%) 16 (51.6%)

Total 0 (0%) 15 (100%) 16 (100%) 31 (100%)

SUVmax – maximum standardized uptake value

Parameter Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

Accuracy 
(%)

68Ga-PSMA-PET/CT 84 80 72.2 88.9 81.5

PPV – positive predictive value; NPV – negative predictive value; 68-Ga-PSMA-PET/CT  
Gallium-68 labelled prostate-specific membrane antigen positron emission 
tomography/computed tomography; SUVmax – maximum standardized uptake value

Table 3. Correlation of Gleason score with stratified SUVmax 
values

Table 4. Sensitivity, specificity, PPV, NPV, accuracy  
of 68Ga-PSMA-PET/CT in the detection of prostate  
cancer at cut off SUVmax value – 6.15

Table 2. SUVmax in relation with the biopsy results

Parameter Biopsy Number  
of patients (%) Median (IQR) p value

SUVmax
Positive 31 (38.3) 10.4 (6.5–16.1)

<0.001
Negative 50 (61.7) 3.5 (1–4.9)

IQR – interquartile range, SUVmax – maximum standardized uptake value

Figure 3. Receiver operating characteristic (ROC) curve  
of 68Ga-PSMA-PET/CT for detecting primary prostate cancer.
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The 68Ga-PSMA-PET/CT is a non-invasive tech-
nique with a small radiation exposure. Another ma-
jor advantage is that initial staging workup is com-
pleted in the patients of organ-confined PCa in whom 
no surgical procedure is planned. Although the ex-
cellent diagnostic ability of 68Ga-PSMA-PET/CT 
has been proved, it can also be used as a PET-based 
TRUS-guided prostate biopsy. Our preliminary data 
must encourage further prospective studies to evalu-
ate the role of PSMA-PET/CT for initial tumor stag-
ing, biopsy guidance and more importantly to help 
us avoid unnecessary biopsies especially when other 
parameters are equivocal.

Limitations

In this study, cognitive TRUS biopsy was performed 
which might have led to inaccurate sampling of sus-
picious lesion. For this, similar to MRI-fusion biopsy, 
suspicious lesions can be traced with PSMA PET/
MRI fusion platform to avoid false-negative results 
or under staging of the tumor. Furthermore, the 
findings of the present study cannot be generalized 
to other populations due to absence of any patient 
with GS 6 prostate cancer on HPE. Moreover, the 
sample size was small and further multicentric stud-
ies are required with large sample size. 

CONCLUSIONS

This study illustrates the role of 68Ga-PSMA-PET/
CT as a predictor of outcome of biopsy. The 68Ga-PS-
MA-PET/CT helps to localize suspicious lesions and 
improving the detection of primary prostate cancer. 
We were also able to determine a cut-off value of SU-
Vmax below which prostate biopsy can be avoided  
in selected patients.
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primary prostate cancer and might be a promising 
tool for non-invasive tumor characterization and bi-
opsy guidance. Consistent with the previous study, 
our results also recommended superior diagnostic 
performance of 68Ga-PSMA- PET/CT. However, our 
study showed higher sensitivity (84%) than specific-
ity (80%) at a cut-off SUVmax of 6.15. Nevertheless, 
it is noteworthy that our study only included patients 
with tPSA (4–20 ng/ml). In this range, compared with 
the study of tPSA greater than 50 ng/ml, there would 
be lower prevalence of PCa and higher prevalence  
of false-positive cases [22]. Hence, this could account 
for relatively low specificity in the current study. 
Moreover, high negative predictive value (88.9%)  
in our study would help to avoid prostate biopsies  
in patients with equivocal parameters or with previ-
ous negative biopsy. A study by Kalapara et al. showed 
that sensitivity and NPV of 68Ga-PSMA-PET/CT 
can be increased by combining mpMRI especially for 
intermediate-risk prostate cancer [23]. This results 
in both early diagnosis and management.
Uprimny [24] found that the Gleason score (GS) and 
PSA level correlated with the intensity of tracer ac-
cumulation in the primary tumors of PCa patients 
on 68Ga-PSMA-PET/CT. Tumors with GS of 6, 7a 
(3+4) and 7b (4+3) showed significantly lower 
68Ga-PSMA-11 uptake, with median SUVmax of 
5.9, 8.3 and 8.2, respectively, compared to patients 
with GS >7 (median SUVmax: 21.2; p <0.001). PCa 
patients with PSA ≥10 ng/ml exhibited significantly 
higher uptake than those with PSA levels <10 ng/ml  
(median SUVmax: 17.6 versus 7.7; p <0.001). In con-
trast to the previously mentioned study, the correla-
tion of SUVmax with the Gleason score was not clini-
cally significant in our study. This may be explained 
by the fact that most of our patients had a GS ≥7  
as opposed to western countries which have a sub-
stantial number of patients with GS <7, owing to 
screening protocols, genetic and socio-economic dif-
ferences [25, 26].
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