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Background: This retrospective study aimed to investigate the efficacy of the combined application 
of biparametric magnetic resonance imaging (bpMRI) and 68Ga-PSMA-11 positron emission computed 
tomography/computed tomography (bpMRI/PET) in the qualitative diagnosis of intermediate- to high-risk 
prostate cancer (PCa).
Methods: The 105 patients with suspected PCa included in the study underwent bpMRI and PET/CT. 
BpMRI examinations included conventional sequences and diffusion-weighted imaging (DWI) sequences. 
Major lesions were qualitatively diagnosed according to the Prostate Imaging Reporting and Data System 
(PI-RADS). A PET/CT scan was started 60 min after intravenous 68Ga-PSMA-11 injection. The area with 
the highest radioactivity on PET/CT images was defined as the major lesion, and the maximum standard 
uptake value (SUVmax) was measured. All cases were confirmed by biopsy and pathology. Receiver operating 
characteristic curve (ROC) analysis was performed on the data to calculate sensitivity, specificity, and the 
Youden index.
Results: Of the 105 patients, 68 patients were diagnosed with PCa, and 37 patients had benign prostatic 
lesions. With a PI-RADS score ≥3 as the diagnostic threshold, the accuracy of bpMRI in identifying benign 
and malignant prostate lesions was similar to that of PET/CT (SUVmax threshold ≥10.9), and the Youden 
indices were 0.60 and 0.64, respectively. The sensitivity and specificity of bpMRI in the differential diagnosis 
of intermediate- to high-risk PCa versus low-risk PCa or benign lesions were 63% and 88%, respectively, 
and the Youden index was 0.51. With an SUVmax ≥12.9 as the diagnostic threshold, the sensitivity and 
specificity of PET/CT in the differential diagnosis of intermediate- to high-risk PCa versus low-risk PCa 
or benign lesions were 74% and 94%, respectively, and the Youden index was 0.68. The sensitivity and 
specificity of bpMRI/PET in diagnosing PCa were 94% and 81%, respectively, and the Youden index was 
0.75. The sensitivity and specificity of bpMRI/PET in the differential diagnosis of intermediate- to high-risk 
PCa versus low-risk PCa or benign lesions were 80% and 88%, respectively, and the Youden index was 0.68. 
Conclusions: The combined application of bpMRI and PET improves the accuracy of the qualitative 
diagnosis of prostate lesions, and its diagnostic efficacy for risk stratification in patients with intermediate- to 
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Introduction

Prostate cancer (PCa) is the second most common 
malignant tumour according to mortality in elderly men. 
The biological behaviour of high-risk PCa can seriously 
damage patients’ health, and early diagnosis and treatment 
can improve the quality of life and prognosis of these 
patients (1,2). Multiparameter magnetic resonance imaging 
(mpMRI) can produce images with high spatial resolution, 
and its imaging features are highly correlated with 
histopathological characteristics. MpMRI is commonly used 
to detect high-risk lesions and ignore low-risk lesions and 
is a reliable noninvasive method for diagnosing and staging 
PCa. Compared with systemic puncture biopsy, mpMRI 
has higher sensitivity and negative predictive value (3-5). At 
least three mpMRI sequences are needed to diagnose PCa: 
T2-weighted imaging (T2WI), dynamic contrast-enhanced 
imaging (DCEI), and diffusion-weighted imaging (DWI). 
In the second edition of the Prostate Imaging Reporting 
and Data System (PI-RADS), DCEI plays a minor role, but 
DWI and its derived apparent diffusion coefficient (ADC) 
maps have become the main diagnostic parameters (6,7). 

In recent years, many studies have shown that the 
diagnostic efficacy of biparametric MRI (bpMRI), including 
only T2WI and DWI, is basically the same as that of 
mpMRI, and bpMRI has been able to meet the diagnostic 
needs of routine examinations (8,9). A review published 
by Alabousi et al. (10) showed that the sensitivity and 
specificity of mpMRI are 86% and 73%, respectively, while 
the sensitivity and specificity of bpMRI are 90% and 70%, 
respectively. Diagnostic efficacy did not significantly differ 
between bpMRI and mpMRI. However, the specificity of 
MRI in diagnosing PCa is not sufficiently high. More than 
one-fourth of patients are overdiagnosed, whereas 10% of 
patients with certain evidence of PCa are misdiagnosed. A 
diagnostic technique with higher specificity is needed to 
compensate for this shortcoming.

Prostate-specific membrane antigen (PSMA) is an 
inherent transmembrane protein located in the membrane 

of the prostate epithelium. Compared with that in benign 
prostate tissue, PSMA is overexpressed in more than 90% 
of PCa cells, and higher PSMA expression indicates a 
higher grade of malignancy (11,12). The positron emission 
tomography/computed tomography (PET/CT) tracer 68Ga-
PSMA-11 composed of a PSMA-targeting ligand is an 
effective agent for targeted diagnosis and treatment of PCa 
and is superior to any other PET radioligand (13,14). 68Ga-
PSMA-11 PET/CT examination has high sensitivity and 
specificity for displaying primary, recurrent, and metastatic 
PCa lesions and can identify most benign lesions, such 
as benign prostatic hyperplasia (BPH) and prostatitis. 
Compared to MRI, this modality can better display 
recurrent and metastatic lesions (15).

BpMRI is a cost-effective advanced technique without 
possible side effects from contrast agent injection and is 
more easily accepted by patients. PET/CT examination 
using PCa-specific tracers can provide more molecular 
information, but the economic cost is relatively high. 
Preoperative PET/CT for patients with suspected PCa 
on MRI is necessary and can improve qualitative diagnosis 
and staging. The purpose of this study was to investigate 
the efficacy of the combined application of bpMRI and 
PET/CT (bpMRI/PET) in the qualitative diagnosis of 
intermediate- to high-risk PCa.

Methods

Patients

This is a retrospective study. From January 2017 to May 
2020, a total of 493 consecutive patients underwent PET/
CT examinations in our hospital, 230 of whom underwent 
bpMRI. The reasons and symptoms prompting patients to 
undergo the examinations included dysuria, haematuria, 
elevated prostate-specific antigen (PSA), and routine 
physical examination. Before the PET/CT scans, all 
patients underwent ultrasound or PSA screening, and then 
patients with elevated PSA or suspicious lesions detected 

high-risk PCa is similar to that of PET/CT and higher than that of bpMRI alone.

Keywords: Prostate cancer (PCa); magnetic resonance imaging (MRI); positron emission computed tomography 

(PET); prostate-specific membrane antigen (PSMA)

Submitted Jan 23, 2021. Accepted for publication May 26, 2021.

doi: 10.21037/qims-21-80

View this article at: https://dx.doi.org/10.21037/qims-21-80



55Quantitative Imaging in Medicine and Surgery, Vol 12, No 1 January 2022

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(1):53-65 | https://dx.doi.org/10.21037/qims-21-80

by ultrasound underwent PET/CT, MRI, or biopsy. The 
inclusion criteria were (I) digital rectal examination or 
transrectal ultrasound revealing suspicious nodules of the 
prostate; (II) an elevated PSA level and the need for PCa 
screening or differential diagnosis; (III) BpMRI, PET/
CT, and puncture biopsy performed within 30 days; (IV) 
successful imaging examination and a definitive pathological 
diagnosis. The exclusion criteria were (I) recurrent PCa; (II) 
an interval between the three examinations greater than 30 
days; (III) a diagnosis of PCa with a history of treatment; 
(IV) no definitive pathological diagnosis. A total of 105 
patients were included and underwent both PET/CT and 
bpMRI before prostate biopsies in the study (Figure 1). 
The mean age of the patients was 68.37±10.21 years (range:  
43 to 89 years), and the PSA level ranged from 3.45 to 
1,000 ng/mL. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by ethics board of KY20171208-03 and 
individual consent for this retrospective analysis was waived. 
The diagnoses of all patients were confirmed by surgery or 
pathological analysis of a biopsy specimen.

MRI techniques

A  P h i l i p s  h i g h - f i e l d - s t r e n g t h  d o u b l e - g r a d i e n t 
superconducting MRI scanner (Intera Achieva 3.0T 
TX, Philips, Netherlands) was used for the examination. 
The phased array coil was placed on the abdomen of the 
patient before the examination. The centre of the coil was 
approximately at the level of the pubic symphysis. The MRI 
acquisition sequence included axial T1WI [repetition time 
(TR) 400 ms, echo time (TE) 10 ms, slice thickness 4.0 mm],  
axial, sagittal, and coronal T2WI (TR 3,000 ms, TE 100 ms,  
slice thickness 3.0 mm), fat suppressed T2WI (TR 2,800 ms,  
TE 100 ms, slice thickness 3.0 mm), and axial DWI 

(TR 6,000 ms, TE 2,000 ms, slice thickness 4.0 mm, 
b=0/50/1,500 s/mm2).

PET/CT examination

PSMA-11 was purchased from ABX (Germany). We used an 
automated labelling module (ITG, Germany) to synthesize 
68Ga-PSMA-11. The agent was prepared in accordance 
with Class IV laboratory standards, and the radiochemical 
purity was 93–99%. The net-injected doses were calculated 
by subtracting the residual syringe activity. Patients were 
weighed on the day of the exam. Standard uptake value 
(SUV) calculations were performed utilizing the plain body 
weight. 68Ga-PSMA-11 was administered intravenously. 
The patients were instructed to drink plenty of water and 
to urinate before the scan. At 45 and 60 min after injection, 
nonenhanced CT scans (130 kV, 80 mA, slice thickness  
3 mm) and PET/CT (United Imaging, uMI780, China) 
were performed, respectively. PET acquisition included 
four beds at 3 min/per bed. Daily quality assurance/quality 
control measures were implemented for the scanners. After 
CT data correction, iterative reconstruction was performed. 
PET and CT images were fused at a workstation to obtain 
axial, coronal, and sagittal images.

Biopsy procedure

All patients underwent transrectal ultrasound-guided 
biopsy within 30 days of completing the MRI and PET 
examinations. The prostate is divided into three parts from 
top to bottom: basal, body, and apical. Each part is divided 
into left and right zones. The left and right zones in the 
basal and body parts are subdivided into medial and lateral 
aspects. The prostate includes 10 zones in total. Puncture 
biopsy was performed in each zone. After the systematic 

Figure 1 The flow chart of eligible patient inclusion. PCa, prostate cancer.

493 patients underwent PET/CT

315 patients were included in the study

162 patients had bpMRI images

105 patients were analyzed

178 patients were excluded 
with PCa treated

153 patients were excluded 
without bpMRI 

57 patients were excluded 
without pathological results
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biopsy, an additional targeted biopsy was performed in the 
corresponding position of the region of interest (ROI) of 
bpMRI and PET/CT to ensure the accuracy of pathological 
results. The physician who performed the biopsy recorded 
the puncture site in detail. The biopsy specimens were 
diagnosed by pathologists, and the Gleason score (GS) was 
determined. Malignant lesions with a GS =6 were defined 
as low-risk PCa, and malignant lesions with a GS ≥7 were 
defined as moderate- to high-risk PCa (16).

Image analysis

Four experienced readers—two radiologists specialising in 
MRI and two radiologists specialising in PET—who were 
blinded to the pathology and clinical results worked together 
to mark the locations of suspected lesions separately on the 
MRI and PET/CT images for image analysis and puncture 
biopsy guidance. They measured the average ADC values 
and the maximum SUV (SUVmax) before establishing a 
differential diagnosis. A suspected lesion is denoted by 
a low-signal intensity area at the central zone on T2WI 
and a high-signal intensity area at the peripheral zone on 
DWI or bpMRI or an area with increased tracer uptake on 
PET. The area with the highest radioactivity on PET/CT 
images was defined as the major lesion, and the SUVmax was 
measured. When the suspicious lesion locations from the 
two methods were not consistent, a senior MRI physician 
and a senior PET/CT physician discussed the final decision. 
To ensure accurate measurements, lines should be drawn 
along the boundaries of lesions, including the whole focus 
as far as possible, thus ensuring that the area with the 
highest radioactivity is included when drawing the ROI. 
According to the second edition of the 2015 PI-RADS, two 
radiologists specialising in MRI performed a qualitative 

diagnosis and T staging according to the bpMRI study 
(T2WI + DWI). The PI-RADS categories were divided into 
five grades. The sequences for grading included axial and 
sagittal T2WI and axial DWI (including the corresponding 
ADC map). Lesions (with a score of 3) in the peripheral 
zone of the prostate on DWI were scored on T2WI instead 
of DCEI. The specific scoring criteria are shown in Table 1.  
Two radiologists specialising in PET analysed the PET/
CT images, obtained the SUVmax of the suspected lesion as 
the diagnostic basis, and performed T staging. T staging 
included prostate adenocarcinoma extracapsular invasion 
(EPE), seminal vesicle gland invasion (SVI), and pelvic 
lymph node metastasis (PLNM).

Statistical analysis

The diagnostic efficacy of the imaging study in each patient 
was evaluated based on histopathology. The quantitative 
data were first tested for normality. Data with a normal 
distribution are expressed as the mean ± standard deviation 
(x±s) and were compared using the independent-sample t 
test. Data without a normal distribution are expressed as the 
median (upper quartile, lower quartile) [M (P25, P75)] and 
were compared using the Mann-Whitney U test. Cohen’s κ 
value was used to evaluate the consistency of the diagnosis 
of PCa between the radiologists who reviewed PET/CT 
or MRI images. The sensitivity and specificity of the two 
imaging methods were calculated. SUVmax differences 
between benign and malignant lesions were compared, 
and SUVmax differences between low-risk and moderate- to 
high-risk lesions were compared based on risk stratification. 
Binary logistic regression was used to draw receiver 
operating characteristic (ROC) curves of bpMRI, PET/CT, 
and bpMRI/PET, and the area under the curve (AUC) was 

Table 1 Rating program of PI-RADS

Peripheral zone Central gland zone

DWI T2WI PI-RADS T2WI DWI PI-RADS

1 Any 1 1 Any 1

2 Any 2 2 Any 2

3 ≤3 3 3 ≤4 3

3 ≥4 4 3 5 4

4 Any 4 4 Any 4

5 Any 5 5 Any 5

T2WI, T2 weighted imaging; DWI, diffusion weighted imaging; PI-RADS, prostate imaging-reporting and data system.
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calculated. Pearson correlation analysis was performed on 
the data fitting a binary normal distribution, and Spearman 
correlation analysis was performed on ranked data or data 
with an unknown distribution. All analyses were performed 
using SPSS (version 19.0, IBM, Armonk, New York) and 
MedCalc (version 11.5.0, MedCalc) statistical software. 
P<0.05 was considered statistically significant.

Results

Anatomical locations and lesion identification were 
consistent between the two radiologists specialising in 
MRI (95%; Cohen’s κ=0.86). Of the 105 patients, 68 
were diagnosed with PCa (Figure 2), and 37 patients were 
diagnosed with BPH (Figure 3) with or without prostatitis 
(Figure 4). The statistical results for the SUVmax are shown 
in Table 2. The SUVmax of PCa was significantly higher 
than that of benign lesions, and the SUVmax of moderate- 

to high-risk PCa was significantly higher than that of low-
risk PCa. The SUVmax of benign lesions was significantly 
lower than that of low-risk PCa. The PI-RADS scores for 
benign and malignant lesions are shown in Table 3. Of the 
68 patients with PCa, 19 underwent radical prostatectomy, 
including 13 with EPE, eight with SVI, and nine with 
PLNM. The diagnostic details are shown in Table 4.

The PI-RADS classification was used for MRI diagnosis. 
The ROC analysis results (Figure 5) showed that a PI-
RADS score ≥3 can be used as the diagnostic threshold. 
The accuracy of bpMRI in identifying benign and 
malignant prostate lesions was similar to that of PET/CT 
(SUVmax ≥10.9). The Youden indices of bpMRI and PET/
CT were 0.60 and 0.64 (Table 5), respectively, and the 
AUCs of bpMRI and PET/CT were 0.87 [95% confidence 
interval (CI): 0.81–0.94] and 0.85 (95% CI: 0.78–0.92), 
respectively. With an SUVmax greater than 12.9 as the 
diagnostic threshold (Figure 6), the accuracy of PET/

Figure 2 A 72-year-old patient with increased prostate-specific antigen (PSA) on physical examination (PI-RADS =5, SUVmax =62.4, Gleason 
score 4+4 =8, PSA: 31 ng/mL). The signal in the right lobe of the prostate decreased unevenly on T2-weighted imaging (T2WI) (A, arrow), 
a higher signal was observed on diffusion-weighted imaging (DWI) (B, arrow), and a lower signal was noted on the apparent diffusion 
coefficient (ADC) map (C, arrow). Obvious radioactive uptake was depicted on positron emission tomography/computed tomography (PET/
CT) (arrows in D and E). Prostate cancer was proven by pathology (haematoxylin and eosin staining, ×100; F).
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Figure 3 A 65-year-old patient with progressive dysuria for more than one year (PI-RADS =3, PSA: 6.66 ng/mL). On T2-weighted imaging 
(T2WI), low signals with clear or unclear borders were evident in the peripheral and central gland zones of the prostate (A, arrows). Uneven 
slightly high signals on diffusion-weighted imaging (DWI) (B) and low signals on the apparent diffusion coefficient (ADC) map (C) were 
observed in the central gland zone. No obvious radioactive uptake was observed on positron emission tomography/computed tomography 
(PET/CT) images (D and E). Benign prostatic hyperplasia with prostatitis was confirmed by pathology (haematoxylin and eosin staining, 
100× magnification; F).

CT in the differential diagnosis of intermediate- to high-
risk PCa versus low-risk PCa or benign lesions was higher 
than that of bpMRI (PI-RADS score ≥4). The Youden 
indices were 0.68 and 0.51, respectively (Table 5), and the 
AUCs were 0.88 (95% CI: 0.81–0.95) and 0.83 (95% CI: 
0.75–0.90). In patients with PCa, the PI-RADS score and 
SUVmax were positively correlated with the GS (r=0.386, 
P=0.001; r=0.473, P=0.000). The SUVmax of PCa lesions 
was positively correlated with the PI-RADS score (r=0.616, 
P=0.000).

The sensitivity and specificity of bpMRI/PET in 
diagnosing PCa were 94% and 81%, and the AUC and 
Youden index were 0.90 (95% CI: 0.84–0.96) and 0.75, 
respectively. The AUC and Youden index values were 
higher than those of bpMRI or PET/CT alone (Table 5).  
The sensitivity and specificity of bpMRI/PET in the 
differential diagnosis of intermediate- to high-risk PCa 

versus low-risk PCa or benign lesions were 80% and 88%, 
respectively, and the AUC and Youden index were 0.90 (95% 
CI: 0.84–0.95) and 0.68, respectively. The AUC of bpMRI/
PET was higher than that of bpMRI or PET/CT alone, 
and its Youden index was higher than that of bpMRI alone 
and equal to that of PET/CT alone (Table 5).

Discussion

Due to the excellent tissue contrast and image resolution of 
MRI, it is the best technique to detect PCa. To date, many 
types of magnetic resonance sequences are available for 
prostate examination. Among them, magnetic resonance 
spectroscopy and DCEI technology are relatively early 
modalities with their own value. However, their functions 
have gradually been replaced by DWI technology in the 
past two decades. We carried out mpMRI studies, including 
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Figure 4 A 67-year-old patient with increased prostate-specific antigen (PSA) (PI-RADS =2, SUVmax =12.73, PSA: 5.36 ng/mL). A slightly 
lower signal with blurred borders was visible in the central gland and right peripheral zone on T2-weighted imaging (T2WI) (A, arrows). 
The diffusion-weighted imaging (DWI) and apparent diffusion coefficient (ADC) maps did not show abnormal signals (B and C). Positron 
emission tomography/computed tomography (PET/CT) images revealed obvious uptake of diffuse uneven radioactivity (D and E, arrows). 
Benign prostatic hyperplasia with prostatitis was confirmed by pathology (haematoxylin and eosin staining, 100× magnification; F).

Table 2 PET/CT quantitative analysis statistics (n=105)

Characteristics [n] SUVmax P

PCa [68] 15.25 (7.76, 25.36) 0.000a

BL [37] 5.73 (4.41, 8.96) 0.007 b

GS=6 [14] 7.02 (4.68, 11.84) 0.014c

GS≥7 [54] 18.89 (12.03, 29.11) –
a, BL vs. PCa (all); b, BL vs. PCa (GS=6); c, PCa (GS=6) vs. PCa 
(GS≥7). PET/CT, positron emission tomography/computed 
tomography; BL, benign lesions; PCa, prostate cancer; GS, 
Gleason score.

Table 3 PI-RADS score results for benign and malignant lesions

PI-RADS BL (n) PCa (n)

1 11 0

2 19 14

3 5 16

4 2 20

5 0 18

PI-RADS, prostate imaging-reporting and data system; BL,  
benign lesions; PCa, prostate cancer.

magnetic resonance spectroscopy and DCEI, in the early 
stage of this study. The length of each examination was 
approximately 50 min. A few patients could not tolerate 
lying on the examination table for such a long time or 
had to interrupt the examination to urinate. With the 

accumulation of research data, researchers in the prostate 
MRI field have gradually realized that simpler sequence 
combinations for bpMRI (T2WI + DWI) are also effective. 
In the recent literature, the diagnostic efficacy of bpMRI 
has been preliminarily verified. A study by van der Leest 
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Figure 5 Receiver operating characteristic curve (ROC) analysis of 
the qualitative diagnosis of prostate cancer.

Figure 6 Receiver operating characteristic curve (ROC) analysis of 
the risk-stratified diagnosis of prostate cancer.

Table 5 Analysis of diagnostic efficacy of bpMRI and PET/CT

Variable

Qualitative diagnosis Risk stratified diagnosis

AUC (95% CI) Cut-off value
Sensitivity/
specificity

Youden 
index

AUC (95% CI) Cut-off value
Sensitivity/
specificity

Youden 
index

bpMRI 0.87 (0.79–0.93) 3 0.79/0.81 0.60 0.83 (0.74–0.89) 4 0.63/0.88 0.51

PET/CT 0.85 (0.77–0.91) 10.9 0.69/0.95 0.64 0.88 (0.80–0.93) 12.9 0.74/0.94 0.68

bpMRI/PET 0.90 (0.84–0.96) NA 0.94/0.81 0.75 0.90 (0.84–0.95) NA 0.80/0.88 0.68

bpMRI, biparametric magnetic resonance imaging; PET/CT, positron emission tomography/computed tomography; AUC, area under the 
curve.

Table 4 Statistics of the results of the invasion of surrounding organizations

Parameters
bpMRI PET/CT

n % n %

EPE 12 92 (12/13) 10 77 (10/13)

SVI 8 100 (8/8) 6 75 (6/8)

PLNM 7 78 (7/9) 9 100 (9/9)

EPE, extraprostatic extension; SVI, invasion of seminal vesicle; PLNM, pelvic lymph node metastasis; PET/CT, positron emission  
tomography/computed tomography.
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et al. showed that bpMRI and mpMRI are equal in both 
sensitivity (95%) and specificity (69%) (9). The accuracy 
degree is 0.64, which is similar to the accuracy degree in our 
study (0.60). BpMRI is a fast, cost-effective, highly accurate 
noninvasive technique without side effects from contrast 
injection. Patients may more readily accept this type of 
examination, which can benefit patients who do not have 
health insurance or patients in poor countries.

In MRI DWI, PCa is depicted as a change in high-
intensity signals. As the b value increases, the contrast 
between cancerous lesions and benign tissues becomes more 
obvious. Recognition of this obvious difference depends 
on the experience of radiologists and cannot be objectively 
evaluated. The ADC map derived from DWI can be used 
for quantitative measurement. As the malignancy degree 
of a lesion increases, the ADC value gradually decreases. 
Lesions with an SUVmax below the diagnostic threshold 
can be considered suspected PCa. However, this threshold 
may vary with the machine type and parameter settings 
and needs to be set according to the specific situation of 
each hospital. On the ADC map, the signals of cancerous 
lesions were significantly reduced, with significantly lower 
ADC values. Benign lesions, including inflammation and 
hyperplasia, are depicted as slightly reduced signals on ADC 
map, and their ADC values are higher than that of PCa. 
The false-positive rate is as high as 60–80% in lesions with 
PI-RADS scores >4 on mpMRI (17,18). As diagnostic tests, 
bpMRI, and mpMRI are similar, the false-positive and false-
negative rates are still relatively high, and the diagnostic 
accuracy requires further improvement.

The prognosis of patients with low-risk localized PCa 
does not significantly differ between treatment options. 
However, the prognosis of patients with high-risk PCa 
is better in those undergoing radical prostatectomy. 
Preoperative risk stratification is conducive to determining 
the best treatment option for patients. The current study 
showed that a greater SUVmax was associated with a 
higher GS for a lesion. The SUVmax can predict the risk 
stratification of low-risk patients (GS =6) and moderate- to 
high-risk patients (GS ≥7) and has an effect that cannot be 
ignored when formulating and adjusting treatment plans for 
patients. This conclusion is similar to that reported in the 
literature (19,20). Although the mean SUVmax of low-risk 
lesions was lower than that of moderate- to high-risk lesions, 
it was still significantly higher than that of benign lesions. 
ROC analysis showed that PET/CT (Youden =0.68) was a 
more accurate technique for differentiating intermediate- 
to high-risk PCa from low-risk PCa and benign lesions 

than bpMRI (Youden =0.51) and was a more reliable source 
for preoperative risk stratification of PCa patients. In a 
study by Lopci et al., when an SUVmax greater than 4.8 was 
set as the diagnostic threshold, PET/CT had a sensitivity 
and specificity of 82.4% and 72.2%, respectively, in 
differentiating benign from malignant prostate lesions (21). 
When an SUVmax greater than 5.4 was set as the diagnostic 
threshold, the sensitivity and specificity of PET/CT in 
differentiating moderate- to high-risk PCa from low-risk 
or benign lesions were 100% and 76%, respectively (21).  
In the current study, the diagnostic threshold set in this 
study was higher than that in the literature; thus, the 
diagnostic sensitivity in this study was low, and the diagnosis 
of some PCa patients with low PSMA expression levels may 
have been easy to miss. However, the diagnostic specificity 
was significantly increased in this study. The reasons for the 
high diagnostic threshold in this study may include racial 
differences, drug and machine differences, and sampling 
errors. Although absolute SUV measurements might differ 
from one institution to another due to applied technical 
differences when proper quality measures are followed, they 
are consistent within a given institution. Similarly, although 
the absolute SUVs of a lesion might differ between PET/
CT and PET/MRI measurements and are usually slightly 
lower in PET/MRI measurements, such measurements 
are reproducible and consistent. A study by Civelek et al. 
showed that the persistent absolute PET/MRI-derived 
SUV difference in the liver compared to PET/CT likely 
originates from hardware and post-processing software 
differences in the PET/MRI and PET/CT equipment. 
Although the PET/CT-derived 18F-FDG liver SUVmax 
tended to be slightly higher, no statistically significant 
difference in the PET/CT-derived 18F-FDG liver SUVmean 
was noted among the groups. No statistically significant 
differences in the PET/MRI-derived 18F-FDG liver SUVmax 
and SUVmean were observed among the three groups (22).  
Overall, we believe that the diagnostic thresholds of 
different hospitals are not comparable. Provided that 
verification by pathological study and statistical analysis is 
performed, the threshold for PCa diagnosis can be set at the 
reference for the individual hospital. Low radiation uptake 
on PET/CT was observed in 21 patients whose SUVmax 
was higher than the diagnostic threshold that we set in this 
study, suggesting the possibility of benign lesions in these 
patients. However, their pathological results indicated a 
diagnosis of PCa. The reason may be that higher PSMA 
expression is present in most PCa lesions, but low PSMA 
expression may be present in 10% of PCa lesions, which 
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results in low radiation uptake (12,13).
The diagnostic score for bpMRI is categorical, the 

results of bpMRI/PET are qualitative, and neither is a 
continuous quantitative variable. Although the ROC curve 
was plotted using logistic regression in this study, no high 
application value was identified to compare AUCs. The 
Youden index was more appropriate for comparisons of 
the results in this study. The two imaging methods were 
assessed by parallel testing. When one of the diagnostic 
results of bpMRI or PET/CT was positive, the patient 
was diagnosed with PCa, and when both imaging methods 
were negative, the patient was diagnosed with non-PCa. 
In this study, the sensitivity and specificity of bpMRI/PET 
in diagnosing PCa were 94% and 81%, respectively, and 
the Youden index was 0.75. The diagnostic sensitivity of 
bpMRI/PET was significantly higher, the rate of missed 
diagnosis was lower, and the Youden index was higher than 
that of MRI or PET/CT examination, which improved the 
overall ability to differentiate true PCa from non-PCa. In 
this study, false-positive lesions were shown on bpMRI in 
seven patients who actually had benign nodular hyperplasia 
accompanied by prostate inflammation, and these patients 
were misdiagnosed with PCa based on the PI-RADS score. 
Among them, positive lesions according to bpMRI were 
corrected to negative after PET/CT examination in five 
patients. False-positive results in the peripheral zone are 
caused by acute and chronic inflammation and fibrosis, 
which result in low T2WI signal changes or disappearance 
of the capsule. False-positive results in the central glandular 
region are mainly due to the similarity of proliferative 
nodules with matrix components and malignant lesions, 
which appear as a low signal on T2WI. This study shows 
that the accuracy of bpMRI/PET is higher than that of 
bpMRI in predicting PCa risk stratification but similar to 
that of PET/CT alone. These findings indicate that the 
combination of the two methods does not improve the 
accuracy of predicting PCa risk stratification.

A study by Yilmaz et al. showed that mpMRI is more 
accurate in detecting EPE and SVI than PET/CT, while 
PET/CT is more accurate in detecting lymph node 
metastasis than mpMRI (23). MpMRI is the preferred 
method for determining SVI and EPE. For all 19 patients 
undergoing radical prostatectomy in this study, all SVI 
cases were identified by bpMRI, and all PLNM cases 
were identified by PET/CT. The detection rate of EPE 
by bpMRI was higher than that by PET/CT (92%/77%). 
The results of this study are similar to those reported in the 
literature (23). Although PET/CT imaging is slightly more 

expensive, it has an irreplaceable role and can be used as a 
supplementary examination when the diagnosis by bpMRI 
is not clear. If the SUVmax of a patient exceeded 10.9, the 
specificity of the diagnosis in this study was 95%. Previous 
studies showed that PET/CT test results could indicate 
the malignancy of a tumour and had advantages over 
MRI results in detecting extrapelvic metastases and early 
recurrence of PCa (13,24,25). Maurer et al. confirmed that 
PET/CT is more accurate than conventional imaging in 
detecting PCa lymph node metastases and is conducive to 
providing targeted guidance for extended lymphadenectomy 
in patients with intermediate- and high-risk PCa (26). 
Therefore, for patients with suspected PCa and with PI-
RADS scores greater than 3 on bpMRI examination, PET/
CT can be used for further qualitative diagnosis and to 
detect systemic lymph nodes and bone metastases, which 
can be conducive to accurate staging of PCa.

After ultrasound or PSA screening, we recommend 
MRI and biopsy. MRI is relatively inexpensive and easy to 
perform. MRI can provide a more accurate diagnosis of 
benign and malignant lesions, determine whether malignant 
lesions have EPE and SVI, and enable accurate T staging. 
Biopsy can exclude false-positive cases on ultrasound and 
MRI, score malignant lesions, and predict prognosis. 
Regular PSA screening is recommended for benign cases 
diagnosed by MRI. For patients with an ambiguous 
MRI diagnosis who are reluctant to undergo biopsy, we 
recommend noninvasive 68Ga-PSMA-11 PET/CT to 
establish a definitive diagnosis. If cancer has been confirmed 
by MRI or biopsy, 68Ga-PSMA-11 PET/CT examination 
are necessary to determine the complete staging of the 
tumour before selecting the optimum treatment plan.

The limitation of this study is that the pathological 
results were acquired from ultrasound-guided systemic 
puncture biopsy samples, and no point-to-point analysis of 
the whole specimen was performed after radical surgery, 
which may have led to bias in the results. However, we 
believe that the overall results of this study are still reliable 
and valuable. Another limitation in this study is that bpMRI 
and PET/CT were performed separately. For radiologists, 
suspected lesions are easier to identify on PET/MRI. A 
lesion may be missed on mpMRI, and reading bpMRI 
and PET/CT images increases radiologists’ workload. 
Moreover, undergoing two imaging examinations increases 
patients’ costs. A study by Hicks et al. showed that PET/
MRI had better sensitivity than mpMRI for PCa detection, 
while the specificity was similar. Additionally, a tumour 
grade greater than 6.9 suggests a GS of 7 or higher. PET/
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MRI has higher accuracy for localizing intraprostatic 
disease than PET and mpMRI alone. Therefore, clinically 
significant PCa can be identified, and patients can receive 
appropriate management (27,28).

Conclusions

The combined application of bpMRI and PET improved 
the accuracy of the qualitative diagnosis of prostate lesions, 
and its diagnostic efficacy for risk stratification in patients 
with intermediate- to high-risk PCa was similar to that 
of PET/CT and higher than that of bpMRI alone. 68Ga-
PSMA-11 PET/CT are helpful for staging PCa.
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