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Abstract
Purpose  Growing evidence proved the efficacy of multi-parametric MRI (mpMRI) and prostate-specific membrane antigen 
(PSMA) positron emission tomography/computed tomography (PET/CT)-guided targeted biopsy (TB) in prostate cancer 
(PCa) diagnosis, but there is no direct comparison between mpMRI-TB and PSMA PET/CT-TB. Gastrin-releasing peptide 
receptor (GRPR) is highly expressed in PCa, which can compensate for the unstable expression of PSMA in PCa. Therefore, 
we designed a study to compare the efficiency of mpMRI-TB, dual-tracer (GRPR and PSMA) PET/CT-TB, systematic biopsy, 
and combined biopsy for the diagnosis of prostate cancer.
Methods  One hundred twelve suspicious PCa patients were enrolled from September 2020 to June 2021. Patients with 
anyone of positive dual-tracer PET/CT or mpMRI underwent TB, and all enrolled patients underwent systematic biopsy 
(SB) after TB. The primary outcome was the detection rates of PCa in different biopsy strategies. Secondary outcomes were 
the performance of three imaging methods, omission diagnostic rates, and upgrading and downgrading of biopsy samples 
relative to those of prostatectomy specimens in different biopsy strategies. McNemar’s tests and Bonferroni correction in 
multiple comparisons were used to compare the primary and secondary outcomes.
Results  In 112 men, clinically significant PCa (grade group[GG] ≥ 2) accounted for 34.82% (39/112), and nonclinically sig-
nificant PCa (GG = 1) accounted for 4.46% (5/112). 68 Ga-PSMA PET/CT-TB achieved higher PCa detection rate (69.77%) 
and positive ratio of biopsy cores (0.44) compared with SB (39.29% and 0.12) and mpMRI-TB (36.14% and 0.23), respec-
tively (P < 0.005). Dual-tracer PET/CT screen out patients for avoiding 52.67% (59/112) unnecessary biopsy, whereas dual-
tracer PET/CT-TB plus SB achieved high detection rate (77.36%) without misdiagnosis of csPCa.
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Key points  Question:Although several prostate biopsy strategies 
are known, the most effective and accurate approach to diagnose 
PCa, especially for clinically significant prostate cancer (csPCa), 
remains unestablished.

Pertinent findings:In this prospective and comparative 
effectiveness study involving 112 patients, the use of dual-tracer 
PET/CT (68 Ga-GRPR + 68 Ga-PSMA) was recommended to 
screen patients from unnecessary biopsy. Dual-tracer PET/CT-
TB plus SB achieved a significantly higher PCa detection rate 
(77.36%) without misdiagnosis of csPCa when compared with the 
application outcomes of mpMRI-TB and mpMRI-TB + SB.

Implications for patient care:Dual-tracer PET/CT-TB plus 
SB may be a more effective and promising strategy for accurately 
diagnosing PCa than mpMRI-TB and mpMRI-TB + SB.
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Conclusion  Dual-tracer PET/CT might screen patients for avoiding unnecessary biopsy. Dual-tracer PET/CT-TB plus SB 
might be a more effective and promising strategy for the definite diagnosis of clinically significant PCa than mpMRI-TB.

Keywords  68 Ga-PSMA · 68 Ga-GRPR · PET/CT · mpMRI · Prostate cancer · Diagnosis

Introduction

Prostate cancer (PCa) is the second most common can-
cer among men across the world [1]. Different stages of 
PCa directly affect the therapeutic schedule and patients’ 
prognosis [2, 3]. Therefore, it is crucial to design accurate 
methods for the early diagnosis of PCa.

The American Urological Association (AUA) and the 
European Association of Urology (EAU) guidelines rec-
ommend 12-core systematic transrectal ultrasound-guided 
biopsy (TRUS-SB) as the standard method for definitive 
diagnosis and grading of PCa [4, 5]. However, 18% of clini-
cally significant cancer (csPCa) cases are misdiagnosed, 
while 32% nonclinically significant cancer (ncsPCa) cases 
are incorrectly diagnosed by TRUS-SB [6]. Several pro-
spective trials have proven that multi-parametric magnetic 
resonance imaging (mpMRI)-guided TB can improve the 
detection of csPCa and avoid unnecessary biopsy [6–11]. 
However, mpMRI cannot easily detect small foci in the cen-
tral gland of prostate, which results in 35% cases of misdiag-
nosis of csPCa [12]. Moreover, the prostate imaging report-
ing and data system (PI-RADS), which was used to interpret 
prostate mpMRI results, exists in high inter-reader variations 
in terms of score and lesion location [13], thus reducing 
the diagnostic efficacy of mpMRI-targeted biopsy (mpMRI-
TB). Moreover, patients cannot undergo mpMRI sometimes 
because of claustrophobia or its absolute/relative contrain-
dications [14, 15]. Therefore, alternative imaging examina-
tion is in need to overcome the limitations of mpMRI in 
PCa diagnosis [15, 16]. Prostate-specific membrane antigen 
(PSMA) is a transmembrane protein that is overexpressed 
in most primary and metastatic castration-resistant PCa 
cases [17]. The 68 Ga-labeled inhibitor of PSMA is an ideal 
imaging target of positron emission tomography/computed 
tomography (PET/CT) and positron emission tomography/
magnetic resonance imaging (PET/MRI) demonstrating high 
sensitivity and specificity for PCa diagnosis and staging 
[18–21]. The advantages of 68 Ga-PSMA PET/CT in accu-
rately determining the lesion location and extent may help in 
achieving better diagnostic efficacy compared with mpMRI 
[22–24]. Prospective trials also have proved that 68 Ga-
PSMA PET/CT-targeted biopsy (68 Ga-PSMA PET/CT-TB) 
improves the detection rate of csPCa compared with SB [25, 
26]. Therefore, 68 Ga-PSMA PET/CT was regarded as the 
most promising alternative to mpMRI for prostate cancer 
(PCa) diagnosis, especially in patients with claustrophobia, 
or absolute/relative contraindications of MRI examination, 

or high suspicion of PCa, or a previously negative biopsy 
[27, 28]. However, there is no study directly comparing 
the diagnostic accuracy of 68 Ga-PSMA PET/CT-TB and 
mpMRI-TB. On the other way, PSMA is highly expressed 
in PCa with higher Gleason score (GS) or prostate-specific 
antigen (PSA) level, but about 5–10% PCa have no or low 
PSMA expression [29], which may decrease the diagnostic 
accuracy of 68 Ga-PSMA PET/CT-TB [19].

Gastrin-releasing peptide receptor (GRPR), which regu-
lates the physiological functions of organs by acting through 
gastrin-releasing peptide, is overexpressed in PCa in the 
early stages, and 68 Ga-GRPR PET/CT is another promis-
ing imaging technique detecting and localizing primary PCa 
[30–32]. Prospective studies identified that GRPR expres-
sion is not associated with GS and PSMA expression, sug-
gesting that 68 Ga-GRPR- and 68 Ga-PSMA PET/CT may 
be complementary in PCa diagnosis and staging [18, 33]. 
However, there is no clinical data proving the advantage of 
68 Ga-GRPR PET/CT-targeted biopsy (68 Ga-GRPR PET/
CT-TB).

An ideal prostate biopsy should improve the detection 
rate of csPCa in the early stages and minimize the detection 
of ncsPCa with fewer upgrading or downgrading compared 
with radical prostatectomy [34–36]. This prospective study 
was designed to compare the diagnostic efficacies of differ-
ent imaging techniques (mpMRI, 68 Ga-GRPR PET/CT, and 
68 Ga-PSMA PET/CT)-guided TB, followed by the identifi-
cation of the optimal strategy for accurately diagnosing PCa.

Materials and methods

Patients and study design

All participants were enrolled in outpatient clinics and oper-
ated on by a urologist (with extensive surgical experience of 
over 1,000 cases of transperineal prostate systematic biopsy 
and 300 cases of prostate targeted biopsy) if they have been 
referred with a clinical suspicion of prostate cancer based 
on PSA level > 4 ng/mL, and/or digital rectal examination 
abnormality, and/or imaging abnormality with or with-
out prostate biopsy previously. Above suspicious patients 
who were treated with tamsulosin or finasteride (n = 34) or 
underwent prostate biopsy previously (n = 9) were enrolled, 
and all patients denied the prostate cancer familiar history. 
All were eligible for enrollment with the ability to under-
stand the study procedures and volunteer to participate in 
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this study with written and signed informed consent. The 
exclusion criteria included the history of PCa pathological 
diagnosis and treatment; the use of known medications that 
affect PSA levels; and the general contraindications in MRI 
(including claustrophobia or electronically, magnetically, 
and mechanically activated implants or devices). Patients 
with cochlear implants, insulin pumps, nerve stimulators, 
cardiac lead wires, prosthetic heart valves, and hemostatic 
clips are regarded as the relative contraindications [15, 16] 
or biopsy operation, with examinations suggesting extraca-
psular (T3) disease (stage > T3a). Patients first underwent 
mpMRI and then dual-tracer PET/CT within 15 days. The 
time interval between imaging examinations and prostate 
biopsy was < 4 weeks.

Multi‑parametric MRI (mpMRI) protocol

MRI was performed at 3  T with an external coil (Sie-
mens Healthineers, GE), and mpMRI protocol included 
T1-weighted imaging in axial plane, T2-weighted imag-
ing in three planes, diffusion-weighted imaging with the 
calculation of apparent diffusion coefficient (ADC) maps, 

and dynamic contrast-enhanced imaging. The images were 
interpreted according to PI-RADS v2.1 standard (Supple-
mentary Table 1) by two genitourinary radiologists (XP Yi 
and JW Zhang) independently without information about 
the patients’ clinical data [37]. The lesions were evaluated 
by PI-RADS score of 1 to 5 (higher scores signified more 
clinically evident lesions). Patients with PI-RADS score ≥ 3 
underwent mpMRI-TB. Consensus assessments were used 
to decide the discordant PI-RADS scores and the need for 
mpMRI-TB.

Radiologists labeled a maximum of 2 highest scoring 
lesions per patients by using the BK Fusion software before 
conducting the prostate biopsies (Fig. 1). Prostate volume 
was determined by mpMRI, and PSA density (PSAD) was 
calculated by dividing the PSA level value by MRI prostate 
volume.

68 Ga‑PSMA PET/CT and 68 Ga‑GRPR PET/CT 
protocol

T h e  p r e c u r s o r   P S M A - 6 1 7  wa s  o b t a i n e d 
from  Huayi Isotopes Company (China), and the 

Fig. 1   Schematic demonstrating steps to achieve mpMRI, 68  Ga-
GRPR PET/CT, and 68 Ga-PSMA PET/CT-targeted biopsy. (1) Sus-
picious patient underwent mpMRI (A), 68  Ga-GRPR PET/CT (D), 
and 68 Ga-PSMA PET/CT (G). (2) Radiologists and nuclear medicine 
specialists independently labeled prostate with blue line and region of 
interests (ROIs) in mpMRI (B), 68 Ga-GRPR PET/CT (E), and 68 Ga-
PSMA PET/CT (H) with yellow, green, and purple lines, respec-
tively. (3) Urologist matched labeled mpMRI (C), 68 Ga-GRPR PET/

CT (F), and 68 Ga-PSMA PET/CT (I) images with real-time prostate 
ultrasonography scans to obtain samples by BK Fusion Biopsy Sys-
tem (green rectangle and green dotted line means puncture paths). 
mpMRI, multi-parametric magnetic resonance imaging; PSMA, 
prostate-specific membrane antigen; GRPR, gastrin-releasing peptide 
receptor; PET/CT, positron emission tomography/computed tomogra-
phy
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precursor GRPR (NOTA-P2-RM26) was supplied by Prof. 
Xiaoyuan (Shawn) Chen (Yong Loo Lin School of Medicine 
and Faculty of Engineering, National University of Singa-
pore) [32]. PSMA and GRPR were radiolabeled using an 
automated module (ITM). Each patient received an intrave-
nous injection of 68 Ga-PSMA (median dose, 153.55 MBq; 
range, 128.02–203.87 MBq) and 68 Ga-GRPR (median 
dose, 146.52 MBq; range, 109.89–198.32 MBq) in two dif-
ferent days (time interval < 3 days), followed by PET/CT 
scans at 40 ± 10 min using a General Electric Discovery 
PET/CT 690 Elite scanner (General Electric Healthcare, 
Waukesha, WI, USA). The image acquisition parameters 
are reported in Supplementary Table 2.

Images were interpreted by visual assessment. Any focal 
tracer uptake greater than the surrounding background and 
not associated with physiological uptake was considered a 
possible malignancy. Two nuclear medicine specialists (YX 
Tang and J Li) reviewed all images independently without 
information about the patients’ clinical data and mpMRI 
reports. PET images and PET/CT fusion images were 
viewed in the axial, coronal, and sagittal planes. The region 
of interests (ROIs) was drawn around the primary pros-
tatic lesion with 40% maximal standardized uptake values 
(SUVmax) cut-off in the 40-min post-injection fusion image. 
SUVmax of the prostate lesion, normal prostate background, 
and liver background (SUVBGp and SUVL, respectively) was 
measured concurrently. SUVT/BGp signified the calculated 
uptake ratio of the prostate lesion versus the normal prostate 
background, whereas SUVratio signified the calculated uptake 
ratio of the prostate lesion versus liver background.

No more than two most suspicious lesions were labeled 
by the nuclear medicine specialists using BK Fusion soft-
ware for each patient before conducting prostate biopsies 
(Fig. 1). A consensus assessment decided the final ROIs and 
the need for PET/CT-TB when discordance existed.

Prostate biopsy protocol

BK Fusion Biopsy System was used to match labeled images 
with real-time prostate ultrasonography scans for achiev-
ing image identification and TB of lesions. All suspicious 
lesions in mpMRI and PET/CT were fused and targeted in 
real time with the TRUS (transrectal ultrasound) images 
using a biplane 6/9/12 MHz Pro Focus Transducer 8848 
ultrasound system (BK Ultrasound, Peabody, MA), which 
permit both transrectal prostate biopsy and transperineal 
prostate biopsy with rigid fusion in mpMRI or PET/CT tran-
srectal ultrasound fusion prostate biopsy (Fig. 1). No more 
than two most suspicious lesions were labeled in mpMRI, 
68 Ga-PSMA PET/CT, and 68 Ga-GRPR PET/CT PET/CT, 
and each suspicious lesions underwent targeted biopsy with 
2–4 cores.

A 12-core transperineal systematic biopsy (SB) was 
adopted, and the distribution of 12 regions was shown in 
Supplementary Fig. 1 [38–40]. A urologist (with extensive 
surgical experience of over 1,000 cases of transperineal 
prostate systematic biopsy and 300 cases of prostate targeted 
biopsy) blinded to imaging results performed prostate biopsy 
in the order of 68 Ga-GRPR PET/CT-TB, 68 Ga-PSMA PET/
CT-TB, mpMRI-TB, and SB. If the image results were nega-
tive, the corresponding TB was skipped, whereas SB was 
conducted in all enrolled patients.

Prostatectomy cohort

PCa-diagnosed patients underwent radical prostatectomy 
(RP) for comparing the grade group (GG) between the pros-
tatectomy specimens and the biopsied specimens. Here, PCa 
patients who received other treatments (including hormonal 
therapy, radiation, focal therapy, and chemotherapy) were 
excluded.

Pathology protocol

All biopsy samples were reviewed by two experienced uro-
pathologists (HL Yin and XM Gao) blinded to patients’ 
clinical data and image reports. The analyzed biopsy fea-
tures included pathological type, length of tissues involving 
lesions, and length of whole biopsy specimens. For each 
positive sample, GG and GS were determined according to 
the 2019 International Society of Urologic Pathology (ISUP) 
criteria [41]. Prostatectomy specimens were reviewed by 
experienced general pathologists.

Definitions of terms

According to EAU guidelines and ISUP scoring system, 
csPCa was defined as GG ≥ 2 (GS ≥ 3 + 4) [4, 41], and 
ncsPCa was defined as GG = 1 (GS 3 + 3 = 6). Combined 
biopsy was defined as the combined use of TB and SB in a 
patient. The GG and GS of combined biopsy were the higher 
GG and GS of composed biopsy strategies. If PCa-diagnosed 
patients underwent RP, GG and GS were adjusted to that of 
prostatectomy specimens. Upgrading or downgrading was 
assessed by comparing the GG of prostate biopsy with that 
of prostatectomy specimens. Upgrading indicated a higher 
GG of prostatectomy specimens when compared with that of 
biopsy specimens, whereas downgrading indicated a lower 
GG.

Outcomes

The primary outcome was the csPCa and ncsPCa detec-
tion rates in different biopsy strategies. The secondary out-
comes were the performance of different imaging methods, 
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omission diagnostic rates, positive ratio of biopsy cores, and 
the upgrading and downgrading rates in different biopsy 
strategies.

Data analysis

Mean (± standard deviation [SD]) and Student’s t test were 
used for continuous variables with normal distribution, 
whereas median (interquartile range) and Mann–Whitney 
U test were used for discrete distribution. The McNemar test 
was used to compare the cancer detection rates of different 
biopsy strategies. The adjusted Wald interval was applied 
to calculate the differences and confidence intervals for PCa 
detection rates of different biopsy strategies. Bonferroni cor-
rection was used to adjust for multiple comparisons. Statisti-
cal analyses were performed using the Statistical Package 
for the Social Sciences for Windows (version 25.0, IBM 
Corp., Armonk, NY, USA). P < 0.05 indicated statistical 
significance.

Results

Patients

A total of 112 patients underwent mpMRI and dual-tracer 
PET/CT from September 2020 to June 2021 at Xiangya Hos-
pital. Thirty-four patients were treated with tamsulosin or 
finasteride, and nine patients underwent prostate biopsy pre-
viously. All patients denied the prostate cancer familiar his-
tory. There were 41, 13, and 10 enrolled patients with hyper-
tension, diabetes, and coronary heart disease, respectively. A 
total of 83, 40, and 43 patients showed suspicious lesions in 
mpMRI, 68 Ga-GRPR PET/CT, and 68 Ga-PSMA PET/CT, 
respectively, and underwent TB. All 112 patients underwent 
SB in the same clinical setting. Baseline characteristics and 
image characteristics of all 112 patients are summarized in 
Table 1 and Supplementary Table 3, respectively. In 112 
recruited patients, 44 (39.29%) men were diagnosed with 
PCa, and 7 (6.25%) men developed hematuria after biopsy. 
Of the 44 PCa patients, 36 (81.81%) underwent RP. The 
main process of this analysis is presented in Fig. 2.

Imaging performance

In all 112 patients, 83, 40, 43, and 53 male patients had 
positive mpMRI, 68 Ga-GRPR PET/CT, 68 Ga-PSMA PET/
CT, and dual-tracer PET/CT result, respectively. In these 
four groups, mpMRI group had the lowest PCa rates (csPCa 
rate, 40.96%; ncsPCa rate, 4.82%) (P < 0.05). And dual-
tracer PET/CT group achieved the lowest PCa misdiagnosed 
rate (5.08%) without misdiagnosis of csPCa (P < 0.05). 
More detailed information was displayed in Fig. 3. And the 

discrepancy between mpMRI and dual-tracer PET/CT was 
displayed in the Supplementary Fig. 2.

Comparison of prostate cancer detection rate, 
omission diagnostic rate, and biopsy cores

Among all 112 patients, 39 (34.82%) were diagnosed with 
csPCa (GG ≥ 2) whereas 5 (4.46%) with ncsPCa (GG = 1) 
(Table 2). 68 Ga-PSMA PET/CT-TB achieved a significantly 
higher PCa detection rate (30/43, 69.77%) compared with 
SB (39/112, 34.82%) and mpMRI-TB (30/83, 36.14%). 
Dual-tracer PET/CT-TB plus SB achieved a significantly 

Table 1   Baseline characteristics

IQR, interquartile range; PSA, prostate-specific antigen; mpMRI, 
multi-parametric magnetic resonance imaging; PSMA, prostate-spe-
cific membrane antigen; GRPR, gastrin-releasing peptide receptor; 
PET/CT, positron emission tomography/computed tomography
* Tumor stage is reported as the clinical stage in the biopsy cohorts

Variable Value

Number of patients 112
Age, years, median (IQR) 64 (59–70)
PSA level, ng/mL, median (IQR) 11.09 (6.18–15.94)
Comorbidity, no. (%)*
  Hypertension 41 (36.60)
  Diabetes 13 (11.61)
  Coronary heart disease 10 (8.93)
Tumor stage, no. (%)*
  No cancer 68 (60.71)
  cT1c 23 (20.54)
  cT2a 7 (6.25)
  cT2b 6 (5.36)
  cT2c 8 (7.14)
Prostate volume on mpMRI, cm3, median 

(IQR)
42.97 (29.44–68.74)

PSA density, ng/mL/mL, median (IQR) 0.19 (0.13–0.42)
Prostate biopsy strategy, n (%)
  Systematic biopsy 112 (100.00)
  mpMRI-targeted biopsy 83 (74.11)
  68 Ga-GRPR PET/CT-targeted biopsy 40 (35.71)
  68 Ga-PSMA PET/CT-targeted biopsy 43 (38.39)
Biopsy cores per strategy
  Systematic biopsy 12 (12–12)
    mpMRI-targeted biopsy
  Overall 4 (3–4)
    Per lesion 3 (3–4)
    68 Ga-GRPR PET/CT-targeted biopsy
  Overall 3 (3–4)
    Per lesion 3 (2–3)
    68 Ga-PSMA PET/CT-targeted biopsy
  Overall 3 (3–4)
    Per lesion 3 (2–3)
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Fig. 2   Flowchart of this study. 
TB, targeted biopsy; SB, sys-
tematic biopsy; mpMRI, multi-
parametric magnetic resonance 
imaging; PSMA, prostate-
specific membrane antigen; 
GRPR, gastrin-releasing peptide 
receptor; PET/CT, positron 
emission tomography/computed 
tomography

112 Men underwent dual-tracer PET/CT, mpMRI

83 Had mpMRI
visible lesions

40 Had 68Ga-
GRPR PET/CT
visible lesions

43 Had 68Ga-
PSMA PET/CT
visible lesions

83 Underwent
mpMRI-TB

40 Underwent
68Ga-GRPR 
PET/CT-TB

43 Underwent
68Ga-PSMA
PET/CT-TB

112 Underwent
SB

44 Men diagnosed prostate cancer

36 Patients underwent radical prostatectomy

5 Patients were treated medically
3 Patients refused surgery

Positive results (n=83)

Negative results (n=29)

A) mpMRI B) GRPR PET/CT C) PSMA PET/CT D) GRPR PET/CT OR PSMA PET/CT

Positive results (n=40)

Negative results (n=72)

Positive results (n=43)

Negative results (n=69)

Positive results (n=53)

Negative results (n=59)

P <0.05
P <0.05

P <0.05

P <0.05
P <0.05

Fig. 3   Imaging performance of mpMRI, 68 Ga-GRPR PET/CT, 68 Ga-
PSMA PET/CT, and dual-tracer PET/CT in diagnosing PCa. mpMRI, 
multi-parametric magnetic resonance imaging; PSMA, prostate-
specific membrane antigen; GRPR, gastrin-releasing peptide recep-

tor; PET/CT, positron emission tomography/computed tomography. 
PCa, prostate cancer; csPCa, clinically significant prostate cancers; 
ncsPCa, nonclinically significant prostate cancers
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higher PCa detection rate (41/53, 77.36%) when compared 
with SB, mpMRI-TB, 68 Ga-GRPR PET/CT-TB (22/40, 
55.50%) and SB + mpMRI-TB (21/51, 41.18%) (P < 0.05). 
More detailed information is provided in Supplementary 
Table 4. Cross-tabulations of different biopsy strategies are 
provided in Supplementary Table 5.

The csPCa omission diagnostic rate of SB + dual-tracer 
PET/CT-TB (0.00%) was significantly lower than that of 
mpMRI-TB (25.64%), 68 Ga-GRPR PET/CT-TB (48.72%), 
68 Ga-PSMA PET/CT-TB (28.21%), dual-tracer PET/CT-TB 

(15.38%), SB + mpMRI-TB (12.82%), and SB + 68  Ga-
PSMA PET/CT-TB (10.26) (P < 0.05). No significant dif-
ference existed in PCa omission diagnostic rate between the 
SB (7.69%) and SB + dual-tracer PET/CT-TB (P > 0.05). 
More details about the comparison of csPCa omission diag-
nostic rate in different group were shown in Supplementary 
Table 6.

Patients in the SB group underwent the most biopsy cores 
with the lowest positive core ratio compared with other 
groups (P < 0.005). In four TB groups, mpMRI-TB had the 

Table 2   Detection rate, omission diagnostic rate, and biopsy core analysis of different biopsy strategies

TB, targeted biopsy; SB, systematic biopsy; mpMRI, multi-parametric magnetic resonance imaging; PSMA, prostate-specific membrane antigen; 
GRPR, gastrin-releasing peptide receptor; PET/CT, positron emission tomography/computed tomography; PCa, prostate cancer; csPCa, clini-
cally significant prostate cancers; ncsPCa, nonclinically significant prostate cancers; GG, grade group

Biopsy strategy

All SB mpMRI-TB 68 Ga-GRPR 
PET/CT-TB

68 Ga-PSMA 
PET/CT-TB

Dual-tracer 
PET/CT-TB 
(68 Ga-GRPR 
or 68 Ga-
PSMA)

SB + mpMRI-
TB

SB + 68 Ga-
PSMA PET/
CT-TB

SB + Dual-
tracer PET/
CT-TB (68 Ga-
GRPR or 
68 Ga-PSMA)

Biopsy performance, n (%)
  Negative 

imaging; 
no biopsy

NA NA 29 (25.89) 72 (64.29) 69 (61.61) 59 (52.68) 29 (25.89) 69 (61.61) 59 (52.68)

  Biopsy 
performed

112 (100) 112 (100) 83 (74.11) 40 (35.71) 43 (38.39) 53 (47.42) 83 (74.11) 43 (38.39) 53 (47.42)

Biopsy outcome, n (%)
  No PCa 68 (60.71) 73 (65.18) 53 (63.86) 18 (45.00) 13 (30.23) 18 (33.96) 46 (55.42) 6 (13.95) 12 (22.64)
  PCa 44 (39.29) 39 (34.82) 30 (36.14) 22 (55.00) 30 (69.77) 35 (66.04) 37 (44.58) 37 (86.05) 41 (77.36)
  csPCa 

(GG ≥ 2)
39 (34.82) 36 (32.14) 29 (34.94) 20 (50.00) 28 (65.17) 33 (62.26) 34 (40.96) 35 (81.40) 39 (73.58)

  ncsPCa 
(GG = 1)

5 (4.46) 3 (2.68) 1 (1.21) 2 (5.00) 2 (4.66) 2 (3.77) 3 (3.61) 2 (4.65) 2 (3.77)

Missed diagnosis, n (%)
  PCa (n = 44) NA 5 (11.36) 14 (31.82) 22 (50.00) 14 (31.82) 9 (20.45) 7 (15.91) 7 (15.91) 3 (6.82)
  csPCa 

(GG ≥ 2) 
(n = 39)

NA 3 (7.69) 10 (25.64) 19 (48.72) 11 (28.21) 6 (15.38) 5 (12.82) 4 (10.26) 0 (0.00)

  ncsPCa 
(GG = 1) 
(n = 5)

NA 2 (40.00) 4 (80.00) 3 (60.00) 3 (60.00) 3 (60.00) 2 (40.00) 3 (60.00) 3 (60.00)

Biopsy cores
  Total no. of 

cores
1957 1344 322 132 159 291 1318 675 927

  Total no. 
of positive 
cores

352 161 73 50 70 120 226 221 275

  Ratio posi-
tive/total 
cores (%)

17.99 11.98 22.67 37.88 44.03 41.24 17.15 32.74 29.67

Maximum tumor core involvement, n (%)
   < 10% 2 (4.55) 1 (2.56) 2 (6.67) 3 (13.64) 2 (6.67) 4 (11.43) 1 (2.70) 0 (0.00) 2 (4.88)
  10–50% 14 (31.82) 12 (30.77) 9 (30.00) 4 (18.18) 9 (30.00) 7 (20.00) 16 (43.24) 7 (18.92) 10 (24.39)
   > 50% 28 (63.64) 26 (66.67) 19 (63.33) 15 (68.18) 19 (63.33) 24 (68.57) 20 (54.05) 30 (81.08) 29 (70.73)
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lowest positive core ratio (P < 0.005). Patients in the dual-
tracer PET/CT-TB + SB groups underwent less biopsy cores 
with significantly higher positive core ratio when compared 
with SB + mpMRI-TB (P < 0.005) (Table 2).

Comparison between biopsy samples 
and prostatectomy specimens

The rates of any upgrading or clinically significant upgrad-
ing (GG ≥ 2) in prostatectomy specimens were 41.67% 
and 38.89% for SB, 69.44% and 58.33% for mpMRI-TB, 
77.78% and 69.44% for 68 Ga-GRPR PET/CT-TB, 61.11% 
and 52.78% for 68  Ga-PSMA PET/CT-TB, 50.00% and 
41.67% for dual-tracer PET/CT-TB, 44.44% and 38.89% for 
SB + mpMRI-TB, 41.67% and 33.33% for 30.56% SB + 8 Ga-
PSMA PET/CT-TB, and22.22% for SB + dual-tracer PET/
CT-TB, respectively. No biopsy samples were downgraded 
to clinically insignificant downgrading (GG = 1) compared 
with prostatectomy specimens. The rates of any down-
grading in prostatectomy specimens were 13.89% for SB; 
8.33% for mpMRI-TB; 5.56% for 68 Ga-GRPR PET/CT-TB; 
13.89% for 68 Ga-PSMA PET/CT-TB; 19.44% for dual-
tracer PET/CT-TB, SB + mpMRI-TB, and SB + 8 Ga-PSMA 
PET/CT-TB; and 25.00% for SB + dual-tracer PET/CT-TB 
(P > 0.05) (Supplementary Table 7). The cross-tabulations 
between biopsy and prostatectomy specimens are provided 
in Supplementary Table 8.

Recommended prostate biopsy protocol

Considering all above results, we propose a biopsy proto-
col for suspicious PCa patients with early stage. We rec-
ommend such patients to undergo dual-tracer PET/CT 

(GRPR + PSMA) firstly. Active surveillance might be a 
good choice for suspicious patients with both negative dual-
tracer PET/CT results, because 52.67% (59/112) patients 
could avoid biopsy in this way. Our findings support that 
SB + dual-tracer PET/CT-TB simultaneously might be a 
beneficial choice in suspicious patient with anyone positive 
results of dual-tracer PET/CT for preventing misdiagnosis 
of PCa, and patients with both negative combined biopsy 
results were recommended active surveillance (Fig. 4).

Discussion

PCa has the second highest incidence rate of malignancy 
worldwide but is characterized by considerable diagnos-
tic uncertainty, especially in the early stage [7]. Most PCa 
patients are diagnosed at advanced stages, leading to limited 
treatment options and dissatisfactory prognosis [2, 42, 43]. 
Therefore, it is necessary to explore a sensitive and effective 
method for diagnosing PCa. In our study, SB + dual-tracer 
PSMA PET/CT-TB may be the best biopsy strategy because 
of its increased certainty and decreased cost.

In the last few years, studies have proved the superior-
ity of mpMRI in diagnosing PCa and avoiding unnecessary 
biopsy [6–8, 10, 11]. Therefore, mpMRI was recommended 
as the best imaging technique in PCa diagnosis [4]. How-
ever, PI-RADS score, which was used for assessing suspi-
cious lesion in prostate mpMRI, was prone to subjective 
evaluation among different radiologists, thereby increasing 
the diagnostic uncertainty of mpMRI-TB [13]. In our study, 
inter-reader variability existed in PI-RADS score and lesion 
location in 28 (33.73%) patients.

Fig. 4   Flowchart of the recom-
mended prostate biopsy proto-
col. PSMA, prostate-specific 
membrane antigen; GRPR, 
gastrin-releasing peptide recep-
tor; PET/CT, positron emission 
tomography/computed tomog-
raphy; TB, targeted biopsy; SB, 
systematic biopsy

Serum PSA level 4 ng/ml and/or 

imaging abnormality and/or

digital rectal examination (DRE) abnormality 

Dual-Tracer PET/CT

( 68Ga-GRPR PET/CT+ 68Ga-PSMA PET/CT)

Both Negative Any Positive

Both Negative Any Positive

Surveillance

SB +Dual-Tracer PET/CT-TB

( 68Ga-GRPR + 68Ga-PSMA)
No biopsy or biopsy only 

for high-risk patients

Surveillance Treatment
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PMSA and GRPR, used as dual tracers of PET/CT, have 
been proven to significantly improve diagnostic sensitivity of 
PCa [44]. Moreover, the objectivity and accuracy of PET/CT 
interpretation can compensate for the uncertainty and sub-
jectivity of prostate mpMRI. Recent studies demonstrated 
that 68 Ga-PSMA PET/CT is a promising prostate imaging 
tool, and it could improve the detection of csPCa when com-
bined with mpMRI [45, 46].Other studies proved the capa-
bility and superiority of 68 Ga-PSMA PET/CT in detecting 
csPCa, especially in PCa relapsed patients and patients with 
high clinical suspicion of PCa, negative biopsy history, and 
negative mpMRI or with mpMRI contraindications [14, 15, 
47–49]. Moreover, studies proved that 68 Ga-PSMA PET/
CT or 68 Ga-PSMA PET/MRI may have an incremental 
advantage in primarily diagnosing PCa, providing superior 
accuracy in staging localized PCa, and making treatment 
decision along the whole spectrum of PCa compared with 
mpMRI [18, 50–53]. A clinical study identified the diagnos-
tic value of 68 Ga-PSMA PET/CT-TB in csPCa [25], while 
another prospective randomized study proved that PET/
CT-TB improves the detection rate of csPCa when com-
pared with TRUS-SB, especially in patients with a PSA level 
of 4.0–20.0 ng/mL [26]. The study correlated findings on 
whole gland pathological samples with 68 Ga-PSMA PET/
CT supported its use in prostate biopsy and primary diag-
nosis setting [49]. However, there is no prospective study 
comparing the efficiency of mpMRI-TB and 68 Ga-PSMA 
PET/CT-TB directly. Moreover, no clinical study has proven 
the efficiency of GRPR PET/CT in prostate TB.

Our study has several advantages. First, the detection rate 
and efficiency of 68 Ga-PSMA PET/CT-TB and mpMRI-TB 
were compared directly. The detection rate of 68 Ga-PSMA 
PET/CT-TB in our study was 58.62%, which is similar to that 
reported earlier [25, 26]. The detection rate of mpMRI-TB 
in our study was 33.33%, which was lower than the detec-
tion rate reported in a previous study [7]. The reason for 
this difference might be the low PCa incidence rate in China 
[54], the Chinese patients’ lack of PCa knowledge, and the 
enrolled men with low PSA, which usually indicated PCa at 
an early stage. Our study identified that 68 Ga-PSMA PET/
CT-TB achieved a significantly higher PCa detection rate 
and twice positive core ratio than mpMRI-TB. Moreover, 
nearly half of the study population who underwent mpMRI-
TB could avoid biopsy in the 68 Ga-PSMA PET/CT-TB 
group with nonsignificant omission diagnostic rate. The 
above results indicate that 68 Ga-PSMA PET/CT-TB may be 
a more effective biopsy strategy than mpMRI-TB. Second, 
there is only theoretical foundation of GRPR as a tracer of 
PET/CT in diagnosing PCa without clinical practice [30, 
32]. Our study proved that GRPR as an imaging marker for 
PET/CT-TB was not effective as expected. However, GRPR 
and PSMA, as dual tracers of PET/CT, were recommended 
to screen suspicious PCa patients for avoiding unnecessary 

biopsy in this study. Third, we performed SB in all of the 
enrolled patients for avoiding PCa omission. The results 
showed that the combined biopsy could reduce the omission 
rate significantly, which is consistent with previous find-
ings [7, 9]. Although SB + dual-tracer PET/CT-TB had no 
significantly difference with SB in the omission diagnostic 
rate and cost more 56.92 dollar and 324.33 dollar each man 
than SB and mpMRI-TB (+ SB) group, respectively, dual-
tracer PET/CT-TB plus SB achieved a significantly higher 
PCa detection rate, thus avoiding 52.67% of unnecessary 
biopsy without the omission of csPCa. From the perspective 
of PCa detection rate and csPCa omission diagnostic rate, 
SB + dual-tracer PET/CT-TB might be a better biopsy strat-
egy compared with that with other biopsy methods. In addi-
tion, we evaluated the accuracy of each biopsy strategy by 
comparing biopsy samples with prostatectomy specimens. 
This study possibly achieved the most detailed and com-
prehensive comparison toward determining the best biopsy 
method to accurately diagnose PCa.

However, there are several limitations in our study. First, 
we performed this pilot study at one institution, which may 
limit its generalizability. Second, different biopsy methods 
were performed in a fixed order, so the front biopsy method 
may have affected the results of the latter because of the 
bleeding and swelling of the glands. Third, not all PCa 
patients underwent RP, which might create a selection bias 
in the prostatectomy cohort. The feasibility of undergoing 
pre-biopsy mpMRI and PET/CT needs further evaluation. 
Fourth, the high standard of PET/CT brings restriction to 
its wide use as a routine imaging examination.

In conclusion, 68 Ga-PSMA PET/CT-TB achieved a high 
detection rate for csPCa and avoided unnecessary biopsies 
significantly, but it showed a significant omission of csPCa 
in this study. However, dual-tracer (GRPR + PSMA) PET/
CT might be a useful method to screen patients for avoiding 
the unnecessary biopsy. Moreover, dual-tracer PET/CT-TB 
plus SB achieved significantly higher PCa detection rate 
without the omission of csPCa compared with mpMRI-TB 
and mpMRI-TB + SB in this study, which might be a more 
effective and promising strategy for diagnosing PCa.
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