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Abstract
Introduction: We carried out this study to compare the diagnostic accuracy of multiparametric 
magnetic resonance imaging  (mpMRI) and gallium‑68 prostate‑specific membrane antigen positron 
emission tomography/computed tomography (Ga‑68 PSMA PET/CT) to detect prostatic carcinoma in 
patients with serum prostate‑specific antigen  (PSA) between 4 and 20  ng/ml in prebiopsy setting. 
Materials and Methods: This prospective study evaluated men with serum PSA values between 4 and 
20 ng/ml. All patients underwent mpMRI and Ga‑68 PSMA PET/CT, followed by 12‑core transrectal 
ultrasonography  (TRUS)‑guided biopsy to detect prostatic carcinoma. The diagnostic accuracy of 
mpMRI and PSMA PET/CT scan was compared with histopathological findings. Results: There 
were thirty patients included in the study with a median age of 73  years  (age range: 69–79  years). 
The median total serum PSA was 8.0 ng/ml (5.0–19.9 ng/ml). Of these, 18 had an identifiable lesion 
on imaging and had histopathological findings suggestive of carcinoma prostate. The sensitivity, 
specificity, positive predictive value  (PPV), and negative predictive value  (NPV) of mpMRI were 
100%, 92.30%, 94.73%, and 100%, respectively, and that of PSMA PET scan were 94.44%, 100%, 
100%, and 92.31%, respectively. The diagnostic accuracy of both was 96.67%. Conclusion: PSMA 
PET scan showed higher PPV and specificity while mpMRI showed higher sensitivity and NPV. The 
accuracy in predicting presence of carcinoma was the same for both. PSMA PET showed higher 
specificity and PPV and predicted the subsequent need of biopsy. In our study, the NPV of PET, 
though good, was lower than mpMRI. Prospective trials with larger sample size are needed. In 
combination, PET/MRI may achieve greater accuracy and may serve as investigation of choice.
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Introduction
Prostate carcinoma is one of the most 
common forms of cancer in men and 
has a documented increasing incidence. 
Transrectal ultrasonography (TRUS)‑guided 
biopsy is considered the gold standard for 
the diagnosis; however, the false‑negative 
rate is significant.[1] Men with a clinical 
suspicion of prostatic carcinoma on the 
basis of an elevated prostate‑specific 
antigen  (PSA) level or an abnormal digital 
rectal examination  (DRE) are typically 
evaluated with standard TRUS‑guided 
biopsy of the prostate during which 
12 cores are obtained. This approach 
is associated with the underdetection 
of high‑grade  (clinically significant) 

prostate cancers and the overdetection 
of low‑grade  (clinically insignificant) 
cancers.[2] Moreover, TRUS‑guided 
biopsy is an invasive procedure with 
complications.[3] Gallium‑68 (68Ga)‑prostate‑specific 
membrane antigen  (PSMA) positron 
emission tomography  (PET)/computed 
tomography  (CT) is now popular in 
imaging of prostatic carcinoma, and recent 
guidelines on the use of 68Ga‑PSMA 
PET/CT in prostatic carcinoma imaging 
have been published.[4] In 68Ga‑PSMA 
PET‑CT scan done for initial staging 
in patients with biopsy‑proven prostate 
carcinoma, 98.5% showed an abnormal 
tracer concentration in the prostate gland 

This is an open access journal, and articles are 
distributed under the terms of the Creative Commons 
Attribution‑NonCommercial‑ShareAlike 4.0 License, which 
allows others to remix, tweak, and build upon the work 
non‑commercially, as long as appropriate credit is given and 
the new creations are licensed under the identical terms.

For reprints contact:  WKHLRPMedknow_reprints@wolterskluwer.com



Soni, et al.: Comparison of mpMRI and Ga‑68 PSMA PET/CT

246� Indian Journal of Nuclear Medicine | Volume 36 | Issue 3 | July-September 2021

suggestive of the primary site.[1] Multiparametric magnetic 
resonance imaging (mpMRI) has improved lesion detection 
in prostate cancer care by identifying suspicious lesions 
suitable for MRI‑TRUS fusion biopsy. However, there is a 
considerable false‑positive rate for mpMRI.[5] Furthermore, 
mpMRI is not disease specific, and many benign conditions 
such as acute and chronic prostatitis or postbiopsy changes 
can give false‑positive results and thus may result in an 
unnecessary biopsy. Besides these, the field of evaluation 
is usually limited to the pelvis, and separate imaging is 
usually required to image for distant metastasis.[6,7] Ga‑68 
PSMA PET/CT has been introduced and is gradually 
establishing its place in the diagnostic algorithm of prostatic 
carcinoma. A  distinct advantage of 68Ga‑PSMA PET scan 
is that PSMA is overexpressed by 100–1000 folds in 
prostatic malignancy as compared to benign tissue which 
theoretically makes PSMA PET scan relatively specific to 
malignant transformation as compared to mpMRI, which 
is not disease specific. However, the current utility of 
Ga‑PSMA PET scan for detection of prostatic carcinoma 
in prebiopsy settings in patients with equivocal PSA 
values needs to be explored.[8] The aim of our study was 
to compare the diagnostic accuracy of mpMRI and Ga‑68 
PSMA PET/CT to detect carcinoma prostate lesion in 
patients with PSA between 4 and 20 ng/ml prior to biopsy.

Materials and Methods
This prospective study was carried out from June 2017 to 
the present date. All patients with age more than 50  years 
presenting with lower urinary tract symptoms  (LUTS), 
with a serum PSA between 4 and 20 ng/ml and referred for 
suspected carcinoma prostate evaluation, were included in 
this study [Table 1]. All patients underwent mpMRI  with 
sequences - T1 axial, T2 axial, short tau inversion recovery 
coronal,   diffusion weighted imaging [DWI] with high b 
values [600 and 1000 s/mm2], apparent diffusion coefficient 
[ADC] map, magnetic resonance spectroscopy with or 
without dynamic contrast enhancement [DCE]) These are 
the sequences of MRI usually done for prostate cancer on a 
1.5 Tesla MRI system  (Achieva, Philips Medical System). 
Each mpMRI was evaluated by the radiologist. The 
Prostate Imaging Reporting and Data System  (PI‑RADS) 
score was calculated as per PI‑RADS version  2 using T2, 
DCE, and DWI sequences as per recommendations of 
PI‑RADS steering committee. Ga‑68 PSMA PET scan was 
performed after Ga 68 PSMA HBED CC (name of PSMA 
molecule used)   intravenous injection  (2–3 mCi/patient), 
with imaging 60  min after injection, noncontrast PET/CT 
on Philips time‑of‑flight PET/CT. Reconstructions were 
conducted with row‑action maximum likelihood algorithm. 
Attenuation correction was performed using the CT data. 
Maximum intensity projection, plain PET, plain CT, and 
fused PET/CT were then evaluated by a nuclear medicine 
physician. As per the Joint European Association of Nuclear 
Medicine and Society of Nuclear Medicine and Molecular 

Imaging procedure guidelines, any region of focal/
abnormal PSMA ligand accumulation as compared to the 
background uptake was taken as suspicious of malignancy, 
and its size and location noted.[4] Semi‑quantitative analysis 
was performed by drawing the region of interest around 
the area of focal tracer uptake calculating standard uptake 
values  (maximum standardized uptake value  [SUVmax]). 
The scans MRI and Ga‑68 PSMA PET/CT were performed 
within 10  days of each other and with no intervention in 
between the scans. The MRI was read by an experienced 
radiologist of our department  (with 12 years of experience 
in the field) and PET/CT was read by an experienced 
nuclear medicine physician  (with 10  years of experience 
in the field). The MRI and PET/CT images were read 
separately, and no fusion was applied due to unavailability 
of the software for the same. The reader of MRI was 
blinded to the findings of the PET/CT and vice versa. 
Twelve‑core systematic free‑hand TRUS‑guided prostate 
biopsies were performed for all the patients after obtaining 
informed consent due to high clinical suspicion as referred 
by the clinician. All TRUS‑guided prostate biopsies were 
performed under periprostatic block using a Philips Affiniti 
70 ultrasonography system with a transrectal probe in the 
end‑firing mode. The biopsy was done after the imaging 
but within 10 days. The biopsy performer was not blinded 
for the imaging findings. Findings from mpMRI and Ga‑68 
PSMA PET/CT were assessed for concordance of lesion. 
This was done by noting the findings of the quadrants in 
the biopsy report and correlating with the MRI and PET/
CT reports. The imaging modality was marked positive 
if the quadrant with carcinoma belonged to the positive 
findings reported at the same anatomical site. However, 
the images were not divided into 12 quadrants for analysis. 
The results reflect patient‑based analysis. The index lesion 
with the highest PI‑RADS score or highest SUVmax was 
considered for comparison. The biopsy report mentioned 
that the presence or absence of malignancy along with the 
Gleason score of each core was separately assessed. After 
comparing the results of mpMRI and Ga‑68 PSMA PET/
CT scan with biopsy results, the sensitivity, specificity, 
negative predictive value  (NPV), positive predictive 
value  (PPV), and diagnostic accuracy for mpMRI and 
Ga‑68 PSMA PET/CT were calculated. Various other 
statistical analyses for correlation between SUVmax and 
serum PSA level and correlation between SUVmax and 
Gleason’s score were performed using SPSS software. 
Receiver operating characteristic curve  (ROC curve) and 
area under curve  (AUC) were derived for PSMA PET 
SUVmax [Tables 2-4].

Results
There were 30  patients included in the study with a 
median age of 73  years  (age range: 69–79  years); all 
the patients presented with LUTS. The median total 
serum PSA was 8.0  ng/ml  (5.0–19.9  ng/ml). All patients 
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underwent mpMRI as described. mpMRI identified a 
lesion in 15 of the 19  patients that was suggestive of 
malignancy  (PI‑RADS  >  II). Lesions with PI‑RADS 
III score were re‑evaluated. The most commonly 
reported PI‑RADS score was III  (11  patients), and four 
patients had PI‑RADS IV and four had PI‑RADS V 
lesion. The 11  patients with PI‑RADS score III were 
re‑evaluated. For peripheral zone lesions, the overall 
PI‑RADS assessment was based on the DWI score, but 
a score of III was upgraded by the presence of dynamic 
contrast enhancement. For transition zone lesions with a 
T2‑weighted score of II or III, a DWI score that is two 
higher  (i.e.  IV or V, respectively) was used to upgrade 
the overall PI‑RADS assessment by one point  (i.e.  to III 
or IV, respectively). All these 11  patients’ images were 
eventually reported as PI‑RADS IV. The median maximum 
size of the lesion was 19  mm  (14–29  mm). It correctly 
identified the suspicious lesions in all 18 patients in whom 
the biopsy was subsequently reported as malignancy. 
There was one false positive on MRI with serum PSA of 
7.38  ng/ml; MRI findings revealed a well‑defined nodule 
within left transitional zone of prostate with restricted 
diffusion  (PI‑RADS III upgraded to IV).Ga‑68 PSMA PET 
scan was negative, and biopsy was reported as benign 
prostatic hyperplasia [Figure 1].

On Ga‑68 PSMA PET scan, a focal increased tracer uptake 
in prostate could be visualized in 17 of the 18 patients with 
biopsy‑proven carcinoma  (median SUVmax: 18.35  [range: 
5.36–27.41]). In the rest of the 13  patients, the scan did 
not show any abnormal focal tracer accumulation. There 
was one false negative on PSMA PET scan with serum 
PSA of 14 ng/ml; MRI revealed left peripheral zone lesion 
about 10 mm ×  7 mm in size with restriction of diffusion 
and hyperintense lesion on DWI and hypointense on 
ADC and T2 weighted images. The biopsy was reported 
as adenocarcinoma, grade group  II, Gleason’s score 
7 (3 + 4) [Figure 2].

Thus, by using the results of the MRI and PSMA PET/
CT, lesion could be localized in all the 18  patients with 
biopsy‑proven carcinoma. In 16 of these 18  patients, the 
lesion was seen at the same location on both MRI and 
Ga‑PSMA PET scans  [concordant lesion  –  Figure  3]. 
There were two patients with discordant lesion: one false 
negative on PSMA PET and one false positive on MRI. 
Twelve patients did not have an identifiable lesion either 
on the MRI or on Ga‑68 PSMA PET scan. Therefore, 
there were 16  +  12  =  28  patients out of 30  (93.33%) 
showing concordant imaging findings. Of these 18 patients 
with biopsy‑proven carcinoma, there was no seminal 
vesicle involvement seen, lymph node involvement was 
noted in 3  patients, and bone metastasis was noted in 
3  patients  (these were seen concordantly on both imaging 
modalities).

All patients underwent standard 12‑core TRUS‑guided 
prostate biopsy which was diagnostic of malignancy in 
18  (60%) of the 30  patients. Seven of these 18  patients 
had a Gleason’s score of >7 and 11 patients had Gleason’s 
score  ≤7. Twelve patients did not have an identifiable 
lesion either on the MRI or on Ga‑68 PSMA PET scan, 
and all had no evidence of malignancy on biopsy. On 
comparing MRI with histopathology report, the scan 
was false positive in one patient, and there was no false 
negative. Similarly, on comparing Ga‑68 PSMA PET scan 
results to histopathology results, the scan was false positive 
in none and false negative in one patient, respectively.

Statistical analysis

Patient characteristics were tabulated  [Table  1]. The 
correlation between SUVmax and PSA and SUVmax and the 
Gleason score was calculated using Spearman’s correlation 
coefficient. Correlation analysis showed a weak correlation 
between PSA and SUVmax  (rs  =  0.42), and SUVmax 
values were significantly higher in prostate carcinoma 
with Gleason’s score  >7 than in those with Gleason’s 

Figure 1: The images of patient 1.Gallium 68 PSMA PET/CT (maximum intensity projection) (a), axial fused PET/CT (b), axial CT (c) and axial PET (d) do not 
show any abnormal focal prostate‑specific membrane antigen tracer uptake. Magnetic resonance imaging images (e and f) T2‑weighted image showed 
hypointense lesions and diffusion‑weighted image showing focal, marked hypointensity on apparent diffusion coefficient mapping in right transitional zone. 
Histopathology section (g) at ×40 showed benign gland with preserved basal layer in fibromuscular stroma suggestive of benign prostatic hyperplasia
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score  ≤7  (P  <  0.001). On ROC analysis, the SUVmax 
cutoff value of 9.04 on PSMA PET/CT showed optimum 
sensitivity and specificity (AUC: 0.990, P < 0.001) [Table 3 
and Figure  4]. The sensitivity, specificity, PPV, NPV, and 
diagnostic accuracy of mpMRI and Ga‑PSMA PET scan as 
compared to the biopsy report as gold standard are given 
in Table 4.

Discussion
We evaluated the performance of Ga‑68 PSMA PET/CT 
in detecting cancer prostate in patients with serum PSA 
between 4 and 20  ng/ml in prebiopsy settings. Ga‑68 
PSMA PET/CT was able to detect 17 out of 18  patients 
with carcinoma on biopsy and had no false positives and 
one false negative result each showing good sensitivity and 
specificity values. It was superior to mpMRI in predicting 
presence of malignancy. There is interest among treating 
oncologists regarding the utility of 68Ga‑PSMA PET/
CT in suspected prostatic carcinoma due to limitations 
of existing modalities, namely, serum PSA levels, DRE, 

Table 1: Patient characteristics
n (%)

Median age (IQR) 73 (69-79)
Median PSA (IQR) 8 (5.0-19.9 ng/ml)
Median SUVmax (IQR) 18.35 (5.36-27.41)
PI‑RADS MRI
PI‑RADS 1 5 (16.7)
PI‑RADS 2 6 (20.0)
PI‑RADS 3 11 (36.7)
PI‑RADS 4 4 (13.3)
PI‑RADS 5 4 (13.3)

Biopsy
Negative 12 (40.0)
Positive 18 (60.0)

Gleason score
≤7 11 (61.1)
>7 7 (38.9)

IQR: Interquartile range, PSA: Prostate‑specific antigen, 
SUVmax: Maximum standardized uptake value, PI‑RADS: 
Prostate Imaging Reporting and Data System, MRI: Magnetic 
resonance imaging

Figure 2: The images of patient 7. Gallium 68 PSMA PET/CT (maximum intensity projection) (a), axial fused PET/CT (b), axial CT (c) and axial PET (d) do 
not show any abnormal focal tracer uptake. MRI (e) T2 weighted image showed focal mild to moderate hypointense lesion in peripheral zone bilaterally 
and diffusion weighted image (f) showed subtle areas of restriction of diffusion in peripheral zone bilaterally. Histopathology (g) at × 40 showed show 
atypical cells arranged in glands and cribriform pattern, highly pleomorphic suggestive of adenocarcinoma
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Figure 3:  The images of patient 15. Gallium‑68 PSMA PET/CT (maximum intensity projection) (a), axial fused PET/CT (b), axial CT (c) and axial PET (d) 
showed abnormal focal tracer uptake standardized uptake value 22.9 in right peripheral zone of enlarged prostate. MRI images (e) T2‑weighted image 
showed discrete focal hypointense lesion in peripheral zone on right side causing mass effect on capsule and diffusion‑weighted images (f and g) show 
restriction of diffusion in the lesion. Histopathology (h) at ×40 showed malignant cells suggestive of adenocarcinoma
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transrectal ultrasonography  (TRUS), TRUS‑guided biopsy, 
and mpMRI.[9] A recent meta‑analysis by Satapathy et al.[10] 
evaluated the diagnostic performance of Ga‑68 PSMA PET/
CT in the initial detection of prostate cancer in patients 
with clinical or biochemical suspicion. Ga‑68 PSMA PET/
CT showed excellent sensitivity and negative likelihood 
ratio to detect suspected prostate cancer and has potential 
utility as a “rule‑out” test in this.[10] However, our study 
shows a good specificity also in addition to sensitivity and 
accuracy. Although, in our study, MRI showed a higher 
sensitivity as one case of carcinoma prostate was missed on 
PSMA PET/CT. Better resolution PET cameras with better 
technologies may be able to avoid these shortcomings. 
Larger prospective trials with a greater number of patients 
may be needed.

MpMRI is used to localize the primary tumor and local 
staging of cancer and to plan nerve‑preserving radical 
prostatectomy. A meta‑analysis showed that there is a wide 
variation in reported diagnostic accuracies  (44%–87%) 
for MRI in the detection of clinically significant prostatic 
carcinomas.[11] A recent retrospective analysis evaluated 
patients with normal mpMRI and found that at a follow‑up 
of 38  months, 12.8% of the biopsy‑naive patients with 
normal mpMRI were detected to have cancer, of which 
42.3% were clinically significant.[12]

68Ga‑PSMA‑11 PET/CT has been well documented 
for the early detection of biochemical recurrence of 
carcinoma prostate, even in patients with low PSA 
levels.[13] PSMA expression in the primary cancer, as 
seen by immunohistochemical staining, has been shown 
to correlate with SUVmax of Ga‑68 PSMA PET scan, 

Table 3: Area under curve analysis of serum prostate‑specific antigen and prostate‑specific membrane antigen 
maximum standardized uptake value

Test result variable(s) AUC SEa Asymptotic significantb Asymptotic 95% CI (lower bound-upper bound)
PSA (ng/ml) 0.618 0.105 0.280 0.412-0.824
SUVmax 0.991 0.012 0.000 0.967-1.000
The test result variable(s): PSA ng/ml has at least one tie between the positive actual state group and the negative actual state group. 
Statistics may be biased. aUnder the nonparametric assumption, bNull hypothesis: True area=0.5. PSA: Prostate‑specific antigen, SUVmax: 
Maximum standardized uptake value, SE: Standard error, CI: Confidence interval, AUC: Area under curve

Table 4: Statistics for prostate‑specific membrane antigen positron emission tomography maximum standardized 
uptake value and multiparametric magnetic resonance imaging

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Diagnostic accuracy (%)
Ga‑68 PSMA PET/CT 94.44 100 100 92.31 96.67
mpMRI 100 92.30 94.73 100 96.67
PPV: Positive predictive value, NPV: Negative predictive value, mpMRI: Multiparametric magnetic resonance imaging, Ga‑68 PSMA PET/
CT: Gallium‑68 prostate‑specific membrane antigen positron emission tomography/computed tomography

Table 2: Correlation of prostate‑specific antigen, prostate‑specific membrane antigen maximum standardized uptake 
value and magnetic resonance imaging findings with biopsy

Biopsy P
Positive (n=18), n (%) Negative (n=12), n (%)

Median PSA (IQR) 14.8 (5.5-18.77) 7.34 (6.72-8.7) 0.285
Median SUVmax (IQR) 22.65 (19.08-29.18) 3.9 (3.12-6.85) <0.001
MRI PI‑RADS
Negative 0 11 (100) <0.001
Positive 18 (94.7) 1 (5.3)
IQR: Interquartile range, PSA: Prostate‑specific antigen, SUVmax: Maximum standardized uptake value, PI‑RADS: Prostate imaging 
reporting and data system, MRI: Magnetic resonance imaging

Figure 4: Receiver‑operator characteristic curve of serum prostate‑specific 
antigen and prostate‑specific membrane antigen positron emission 
tomography standardized uptake value maximum for the prediction of 
prostate carcinoma
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thus enabling the detection of prostate cancer with high 
sensitivity.[14] Few authors have compared the accuracy of 
Ga‑68 PSMA PET scan to mpMRI to detect and locate 
tumor foci within the prostate and found Ga‑68 PSMA 
PET to have better accuracy and PPV.[15] In our study too, 
Ga‑68 PSMA PET scan and MRI had the same accuracy 
while PSMA PET had better PPV. However, another recent 
study showed that Ga‑PSMA PET scan has a higher NPV 
and accuracy than mpMRI in detecting tumor foci within 
the prostate.[16] There are reports where targeted biopsy 
using PSMA PET/CT is being explored with success.[17] 
This may be more beneficial in cases which are equivocal 
on serum PSA and mpMRI. A recent study by Zhang et al. 
showed that 68Ga‑PSMA PET/CT may serve as a triage tool 
for prostate biopsy.[18] Chandra et  al. reported in a recent 
study that SUVmax cutoff value of 5.6 on PSMA PET/CT 
showed a sensitivity of 95% and a specificity of 90.9% 
and concluded that Ga‑68 PSMA PET/CT can differentiate 
benign and malignant lesions of the prostate with very 
high accuracy and, when used alongside with ERSPC3 
calculator and MRI, could potentially reduce painful and 
often unnecessary prostate biopsies.[19]

Our study has certain limitations. The number of patients 
was small. Furthermore, we did not rebiopsy patients who 
had an identifiable lesion on imaging, but the one biopsy 
was negative. However, they were on follow‑up clinical 
evaluation. Despite these limitations, our data suggest that 
Ga‑68 PSMA PET scan has a good diagnostic accuracy 
equal to mpMRI in detecting cancer prostate in patients 
with serum PSA of 4–20 ng/ml. It shows higher specificity 
and PPV and predicts the subsequent need of biopsy.

Conclusion
Ga‑68 PSMA PET and mpMRI both have good diagnostic 
accuracy for diagnosing carcinoma prostate in men with 
PSA between 4 and 20  ng/ml. Ga‑68 PSMA PET showed 
higher specificity and PPV and predicted the subsequent 
need of biopsy. In our study, the NPV, though good, was 
lower than mpMRI. However, larger prospective trials with 
larger sample size are needed to explore the possibilities. In 
combination, PET and MRI may achieve greater accuracy 
and PET/MRI may serve as investigation of choice when 
it is more widely available. Targeted biopsies in the setting 
of Ga‑68 PSMA PET/MRI may open great avenues in 
diagnosis of carcinoma prostate.
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