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BACKGROUND: Avoiding unnecessary biopsies for men with suspected prostate cancer remains a clinical priority. The recently
proposed PRIMARY score improves diagnostic accuracy in detecting clinically significant prostate cancer (csPCa). The aim of this
study was to determine the best strategy combining PRIMARY score or MRI reporting scores (Prostate Imaging Reporting and Data
System [PI-RADS]) with prostate-specific antigen density (PSAD) for prostate biopsy decision making.
METHODS: A retrospective analysis of 343 patients who underwent both 68Ga-PSMA PET/CT and MRI before prostate biopsy was
performed. PSA was restricted to <20 ng/ml. Different biopsy strategies were developed and compared based on PRIMARY score or
PI-RADS with PSAD thresholds. Decision curve analysis (DCA) was plotted to define the optimal biopsy strategy.
RESULTS: The prevalence of csPCa was 41.1% (141/343). According to DCA, the strategies of PRIMARY score +PSAD (strategy #1,
strategy #2, strategy #6) had a higher net benefit than the strategies of PI-RADS+ PSAD at the risk threshold of 8–20%. The best
diagnostic strategy was strategy #1 (PRIMARY score 4-5 or PSAD ≥ 0.20), which avoided 38.2% biopsy procedures while missed 9.2%
of csPCa cases. From a clinical perspective, strategies with a lower risk of missing csPCa were strategy #2 (PRIMARY score ≥4 or
PSAD ≥ 0.15), which avoided 28.6% biopsies while missed 5.7% of csPCa cases, or strategy #6 (PRIMARY score≥3 or PSAD ≥ 0.15),
which avoided 20.7% biopsies while missed only 3.5% of csPCa cases. The limitations of the study were the retrospective single-
center nature.
CONCLUSIONS: The combination of PRIMARY score +PSAD allows individualized decisions to avoid unnecessary biopsy,
outperforming the strategies of PI-RADS+ PSAD. Further prospective trials are needed to validate these findings.
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INTRODUCTION
Prostate cancer (PCa) is the most commonly diagnosed cancer in
men [1]. The European Randomized Screening Study for Prostate
Cancer (ERSPC) showed that prostate-specific antigen (PSA)-based
screening resulted in a 20% reduction in PCa-specific mortality
and a 30% reduction in metastatic disease, but at the expense of
many unnecessary biopsy procedures, as well as overdiagnosis
and associated overtreatment of indolent prostate cancer [2, 3].
This harm can be mitigated by implementing individualized risk-

adapted tools that combine imaging and clinical parameters [4, 5].
Multiparametric magnetic resonance imaging (MRI) has become an
integral part in the detection of clinically significant PCa (csPCa) [6].
The main challenges of MRI-derived diagnostic pathway are the low
positive predictive value and moderate inter-reader and inter-
center repeatability [7–9]. PSA density (PSAD) has been proved to
be a well-established predictor of csPCa, and several publications

have suggested combining MRI with PSAD to define men who can
safely avoid biopsy [10–13]. However, Falagario et al. has
recommended biopsy in men with a Prostate Imaging Reporting
and Data System (PI-RADS) 4–5 or PI-RADS 3 if PSAD > 0.2 [14], while
another study recommended biopsy in men with PI-RADS ≥ 4 or
PSAD ≥ 0.15 [15]. Therefore, the inconsistent combined strategy
may limit their performance in external institutions.
The recently updated prostate cancer molecular imaging

standardized evaluation (PROMISE V2) criteria has incorporated a
5-point Likert PRIMARY score based on prostate-specific mem-
brane antigen (PSMA) positron emission tomography/computed
tomography (PET/CT) [16]. This score combined anatomic
localization (peripheral, central, or transition zone), intra-prostatic
PSMA activity patterns (none, diffuse, or focal) and a very high
maximum standardized uptake value (SUVmax >12) to enhance
the diagnosis of primary tumors [17]. The PRIMARY score provided
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superior diagnostic accuracy and inter-rater agreement compared
to MRI alone, with a specificity of 64% and no compromise in
sensitivity. However, the positive predictive value (PPV) and
negative predictive value (NPV) for PRIMARY score (1-2 low-risk
patterns vs 3–5 high-risk patterns) was 76% and 81%, which
indicating that the false positive rate and false negative rate were
24% and 19%, respectively. Biopsy according to PRIMARY score
≥3 still resulted in 24% unnecessary biopsy procedures and
missed 19% of csPCa cases.
We hypothesized that combining the novel PRIMARY score with

PSAD will help reduce unnecessary biopsies. To test our
hypothesis, we developed and compared different biopsy
strategies combining PRIMARY score or PI-RADS with PSAD to
determine the optimal biopsy strategy and the proportion of men
who can safely avoid unnecessary biopsies.

PATIENTS AND METHODS
Study population
A total of 688 consecutive men who underwent both MRI and 68Ga-PSMA
PET/CT prior to biopsy were retrospectively reviewed at our institution
from June 2017 to November 2022. Finally, 343 patients were included for
the final analysis (Supplementary Fig. 1). Patients with suspicious MRI
findings, as well as patients with persistent clinical concern despite a
normal MRI underwent 68Ga-PSMA PET/CT and subsequent biopsy. The
institutional review board (Ethics Committees of Xijing Hospital, Fourth
Military Medical University) approved this study and all subjects signed a
written informed consent. This study conforms with the Declaration of
Helsinki and national regulations.

PSMA PET protocols
Patients were prepared and images were acquired according to standard
clinical protocols. All images were scanned with a Biograph 40 system
(Siemens Medical Solutions, Erlangen, Germany). According to the Joint
EANM and SNMMI Procedure Guideline [18], a whole-body PET scan was
performed 60min after the intravenous injection of 1.8–2.2 MBq/kg 68Ga-
PSMA-11. Low-dose CT scans (pitch 0.8, 50mA, 120 kV [peak]) of PET
attenuation were collected (automatic mA, 120 keV, 512 ×512 matrix, 5-mm
slice thickness, 1.0-s rotation time), followed by a PET scan performed with 5
bed positions (3min/bed, from head to the proximal thighs) performed.
Finally, all PET/CT images were sent to multimodal workstations (Syngo
TrueD and HD Truepoint Siemens Medical Solutions) for analysis.

PSMA PET and PRIMARY score interpretation
All 68Ga-PSMA PET/CT images were blinded reviewed by two experienced
nuclear medicine physicians. Each discrepancy was resolved in consensus
with a third nuclear medicine physician. Three-dimensional (3D) spherical
regions of interest (ROIs) in PCa lesions were manually delineated to
calculate standardized uptake values (SUVs). SUVmax was measured in all
volumes of interest. The PRIMARY score was assessed and reported
according to the original PRIMARY score study [17]. PRIMARY score 1-2 was
regarded as low-risk patterns and PRIMARY score 3–5 was regarded as
high-risk patterns.

MRI acquisition protocol and interpretation
All patients underwent MRI and the protocol consisted of T1-weighted
imaging (T1WI), T2-weighted imaging (T2WI), and diffusion-weighted
imaging (DWI) imaging sequences. The MRI scans were analyzed and
reported according to Pl-RADS v2.0 [19] and, since 2019, PI-RADS v2.1 [20].
For MRI analysis, PI-RADS 1-2 was regard as negative and PI-RADS 3–5 was
defined as positive.

Histopathology examination
All patients received at least 12-core transrectal ultrasound-guided
systematic biopsies (depending on the prostate volume). When possible,
additional target biopsies were performed using cognitive fusion
techniques. All biopsies were processed and reported according to
International Society of Urological Pathology (ISUP) protocols [21]. The
ISUP Grade Group was taken from the highest ISUP grade group in the
combined dataset (i.e., systematic biopsy +target biopsy). csPCa was
defined as any ISUP Grade Group ≥2 based on biopsy histology.

Statistical analysis
Continuous variables were present as median and interquartile ranges
and the categorical variables were presented as frequencies and
percentages. Prostate volume was calculated by ellipsoid formula (width
* height * length * π/6) based on MRI, and PSAD was divided into four
groups: <0.10 ng/ml2, 0.10–0.15 ng/ml2, 0.15–0.20 ng/ml2 and ≥0.20 ng/
ml2. Six risk stratification strategies based on PRIMARY score + PSAD and
six same risk stratification strategies for PI-RADS+ PSAD were defined
(Supplementary Table 1). The sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of each biopsy strategy
for detecting csPCa were calculated, as well as the reduction of
unnecessary biopsies and the missed csPCa cases. Clinical utility was
assessed by decision curve analysis (DCA) [22]. The DCA estimates a net
benefit for models by summing the benefits (true positives) and
subtracting the harms (false positives). The net benefits of the proposed
strategies were compared with that of ‘Biopsy-all’ and ‘Biopsy-none’ to
select the optimal strategy. All statistical analyses were performed by
IBM SPSS statistics software, version 26.0 (IBM, Inc., Chicago, IL, USA) and
R software, version 4.2.1 (R Foundation for Statistical Computing, Vienna,
Austria).

Table 1. Clinical characteristics of 343 patients included.

Variable Total cohort (n= 343)

Age (yr), median (IQR) 67 (62–73)

PSA (ng/ml), median (IQR) 9.3 (6.3–13.0)

Prostate Volume (ml), median (IQR) 49.4 (33.9–70.1)

PSAD (ng/ml2), median (IQR) 0.17 (0.11–0.31)

SUVmax, median (IQR) 6.0 (4.2–8.7)

DRE, n (%)

Normal 214 (62.4)

Abnormal 129 (37.6)

ISUP grade group, n (%)

No cancer 163 (47.5)

1 39 (11.4)

2 57 (16.6)

3 37 (10.8)

4 32 (9.3)

5 15 (4.4)

PRIMARY score, n (%)

1 53 (15.5)

2 74 (21.6)

3 51 (14.9)

4 117 (34.1)

5 48 (14.0)

PI-RADS, n (%)

1 38 (11.1)

2 75 (21.9)

3 66 (19.2)

4 95 (27.7)

5 69 (20.1)

PSAD group, n (%)

<0.10 63 (18.4)

0.10–0.15 83 (24.2)

0.15–0.20 61 (17.8)

≥0.20 136 (39.7)

PSA prostate specific antigen, SUVmax maximum standard uptake value,
DRE Digital Rectal Examination, ISUP International Society of Urological
Pathology, PI-RADS Prostate Imaging Reporting and Data System, csPCa
clinically significant prostate cancer, PSAD PSA density, IQR interquartile
range.
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RESULT
Demographics and clinical characteristics
Of the 343 patients enrolled for analysis, 52.5% (180/343) had any
form of PCa and 41.1% (141/343) were diagnosed with csPCa. The
clinical characteristics were presented in Table 1.

Diagnostic performance
The sensitivity, specificity, PPV and NPV for detecting csPCa at
different thresholds of PRIMARY score alone, PSAD alone and PI-
RADS alone were presented in Table 2. According to the Youden
index, the optimal cutoff for recommending a biopsy was
PRIMARY score ≥4, PSAD ≥ 0.20 ng/ml2, and PI-RADS ≥ 4. However,
the corresponding proportion of missed csPCa was 18.4% (26/
141), 39.0% (55/141), and 24.1% (34/141), respectively.

Effect of PSAD group on diagnostic performance of
PRIMARY score
Within each PRIMARY score level, increased PSAD was associated
with increased detection of csPCa (Fig. 1). Confirmatory biopsies
showed that the prevalence of csPCa was 11.8% (15/127), 21.6%
(11/51), 69.7% (115/165) in the PRIMARY score results within
PRIMARY score 1–2, PRIMARY score 3 and PRIMARY score 4-5
(Supplementary Table 2). The distribution of csPCa in patients with

PSAD < 0.10 ng/ml2, 0.10–0.15 ng/ml2, 0.15–0.20 ng/ml2, and
≥0.20 ng/ml2 were 8.5% (12/141), 14.2% (20/141), 16.3% (23/
141), 61.0% (86/141), respectively.
In addition, PSAD had a significant effect on the predictive

values of PRIMARY score≥3 for the detection of csPCa (Table 3).
The lowest PPV (28.9%) was found in patients with PSAD < 0.10
ng/ml2, while the lowest NPV (80.0%) was found in patients with
PSAD ≥ 0.2 ng/ml2.

Combined strategies impact on biopsy
According to DCA (Fig. 2) and the net benefit (Supplementary
Table 3), the strategies of PRIMARY score+ PSAD (strategy #1,
strategy #2, strategy #6) had a higher net benefit than the
strategies of PI-RADS+ PSAD at the risk threshold of 8–20%. The
results of different biopsy strategies for detecting and ruling out
prostate cancer were presented in Table 4. The best diagnostic
strategies were the strategy #1 (PRIMARY score 4-5 or PSAD ≥
0.20), which avoided 38.2% biopsy procedures and 35.9%
overdiagnosis of insignificant PCa while missing 9.2% csPCa.
Similar performances were shown with strategy #2 (PRIMARY
score ≥4 or PSAD ≥ 0.15) and strategy #6 (PRIMARY score ≥3 or
PSAD ≥ 0.15), resulting in 28.6% and 20.7% biopsy avoidance and
5.7% and 3.5% of csPCa missed, respectively.

Table 2. Diagnostic performance for detecting clinically significant prostate cancer at various thresholds of PRIMARY score alone, PSAD and PI-RADS
alone.

Restrict biopsies
to

Biopsy
avoided

csPCa
missed

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Youden
index

PRIMARY score, n (%)

≥4, n= 165 (48.1) 178 (51.9) 26 (18.4) 81.6 (74.0–87.4) 75.2 (68.6–80.9) 69.7 (62.0–76.5) 85.4 (79.1–90.1) 0.568

≥3, n= 216 (63.0) 127 (37.0) 15 (10.6) 89.4 (82.8–93.7) 55.4 (48.3–62.4) 58.3 (51.4–64.9) 88.2 (81.0–93.0) 0.448

PSAD, n (%)

≥0.20, n= 136
(39.7)

207 (60.3) 55 (39.0) 61.0 (52.4–69.0) 75.2 (68.6–80.9) 63.2 (54.5–71.2) 73.4 (66.8–79.2) 0.362

≥0.15, n= 197
(57.4)

146 (42.6) 32 (22.7) 77.3 (69.3–83.7) 56.4 (49.3–63.3) 55.3 (48.1–62.3) 78.1 (70.3–84.3) 0.337

≥0.10, n= 280
(81.6)

63 (18.4) 12 (8.5) 91.5 (85.3–95.3) 25.2 (19.5–31.9) 46.1 (40.2–52.1) 81.0 (68.7–89.4) 0.167

PI-RADS, n (%)

≥4, n= 164 (47.8) 179 (52.2) 34 (24.1) 75.9 (67.8–82.5) 71.8 (65.0–77.8) 65.2 (57.4–72.4) 81.0 (74.3–86.3) 0.477

≥3, n= 230 (67.1) 113 (32.9) 16 (11.3) 88.7 (81.9–93.2) 48.0 (41.0–55.1) 54.3 (47.7–60.9) 85.8 (77.7–91.4) 0.367

PPV positive predictive value, NPV Negative predictive value, PSAD prostate specific antigen density, PI-RADS Prostate Imaging Reporting and Data System,
csPCa clinically significant prostate cancer, 95% CI 95% confidence interval.

Fig. 1 Distribution of ISUP grade group by PRIMARY score suspicion levels and PSAD groups. PSAD prostate-specific antigen density, ISUP
International Society of Urological Pathology.
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DISCUSSION
In this study, we developed and compared different prostate
biopsy strategies by combining the PRIMARY score or PI-RADS
with PSAD to optimize the diagnostic pathway and reduce
unnecessary biopsy procedures, effectively balancing the benefits
and harms of biopsy. We found that PSAD significantly affects the
performance of the PRIMARY score in detecting csPCa. When
combining with PSAD respectively, the PRIMARY score had a
higher net benefit and was superior to PI-RADS in the diagnosis of
prostate cancer. Further prospective studies were needed to be
validated these findings.
Previous research in the diagnosis of PCa by PSMA-PET/CT

mainly relied on the SUVmax value. However, the use of different
PET instruments and variable PSMA ligands resulted in different
optimal SUVmax cutoff values. For instance, the PRIMARY trial
suggested an optimal cut-off value of 4.0 [23], while other studies
recommended values ranging from 5 to 9 [24–27]. To overcome
this deficiency, by incorporating tumor location information,
PSMA patterns, and very high SUVmax (>12), the PRIMARY score
showed higher accuracy and inter-rater agreement in detecting
csPCa than SUVmax and mpMRI alone [17].
As a newly proposed scoring system, few studies have

investigated the diagnostic performance of the PRIMARY score +

PSAD in the diagnosis of prostate cancer, let alone compared with
the risk stratification strategies of PI-RADS+ PSAD. The European
Association of Urology (EAU) guidelines pointed that combining
PSAD with the PI-RADS score may help define patients who need
biopsy [6]. In the present study, the PRIMARY Score + PSAD
strategies (strategy #1, strategy #2, strategy #6) had a higher net
benefit at a risk threshold probability of 8% to 20% and were
superior to the strategies of PI-RADS+ PSAD. Our results provided
an evidence-based possibility that combing PRIMARY score with
PSAD could provide better guidance for biopsy decisions.
In the present study, according to the DCA, performing biopsy

in men with PRIMARY score 4-5 or PSAD ≥ 0.20 (strategy #1) was
shown to be the strategy with the highest net benefit in terms of
biopsy avoidance and detection of csPCa. Similar performances
were shown with strategy #2 (PRIMARY score 4-5 or PSAD ≥ 0.15)
and strategy #6 (PRIMARY score 3–5 or PSAD ≥ 0.15). To give a
specific example, at a 20% threshold probability, the net benefit of
strategy #1 and PRIMARY score ≥3 was 0.312 and 0.302,
respectively. According to the previously proposed formula [22],
the difference in net benefit was 0.010, meaning that strategy #1
could reduce 4 unnecessary biopsy procedures per 100 patients
without missing any csPCa compared to PRIMARY score ≥3.
Similarly, strategy #1 compared to PI-RADS ≥ 3 could reduce 10

Table 3. The diagnostic performance of PRIMARY score ≥3 within different PSAD groups for detecting clinically significant prostate cancer.

PSAD groups Total n (%) csPCa n (%) Sensitivity 95% CI Specificity 95% CI PPV 95% CI NPV 95% CI

<0.10 ng/ml2 63 (18.4) 12 (8.5) 91.7 (59.8–99.6) 47.1 (33.2–61.4) 28.9 (16.0–46.1) 96.0 (77.7–99.8)

0.10–0.15 ng/ml2 83 (24.2) 20 (14.2) 80.0 (55.7–93.4) 66.7 (53.6–77.7) 43.2 (27.5–60.4) 91.3 (78.3–97.2)

0.15–0.20 ng/ml2 61 (17.8) 23 (16.3) 82.6 (60.5–94.3) 57.9 (40.9–73.3) 54.3 (36.9–70.8) 84.6 (64.3–95.0)

≥0.20 ng/ml2 136 (39.7) 86 (61.0) 93.0 (84.9–97.1) 48.0 (33.9–62.4) 75.5 (66.0–83.1) 80.0 (60.9–91.6)

PSAD prostate specific antigen density, PPV positive predictive value, NPV Negative predictive value, 95% CI 95% confidence interval, csPCa clinically significant
prostate cancer.

Fig. 2 Decision curve analysis assessing the net benefit of different biopsy strategies for clinically significant prostate cancer. The
strategies were based on (A) PRIMARY score+ PSAD or (B) PI-RADS+ PSAD. PI-RADS Prostate Imaging Reporting and Data System, PSAD
prostate specific antigen density. strategy 1= PRIMARY score 4-5 or PSAD ≥ 0.20; strategy 2= PRIMARY score 4-5 or PSAD ≥ 0.15; strategy
3= PRIMARY score 4-5 or PRIMARY score 3 if PSAD ≥ 0.20; strategy 4= PRIMARY score 4-5 or PRIMARY score 3 if PSAD ≥ 0.15; strategy
5= PRIMARY score 3-5 or PSAD ≥ 0.20; strategy 6= PRIMARY score 3–5 or PSAD ≥ 0.15; strategy 7= PI-RADS 4–5 or PSAD ≥ 0.20; strategy
8= PI-RADS 4-5 or PSAD ≥ 0.15; strategy 9= PI-RADS 4-5 or PI-RADS 3 if PSAD ≥ 0.20; strategy 10= PI-RADS 4-5 or PI-RADS 3 if PSAD ≥ 0.15;
strategy 11= PI-RADS 3–5 or PSAD ≥ 0.20; strategy 12= PI-RADS 3–5 or PSAD ≥ 0.15.
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unnecessary biopsy procedures per 100 patients without missing
any csPCa.
The best strategy requires individual decision making, taking

into account personal preferences and balancing the benefits and
risks of biopsy. Therefore, we present biopsy results based on
PRIMARY score and PSAD in Fig. 1 and Table 4, providing an
available tool for men regarding their individual risk of csPCa.
However, it must be stressed that strategy #1 has a relatively high
rate (9.2%) of missed csPCa. In contrast, strategy #2 and strategy#6
missed only 5.7% and 3.5% csPCa cases, respectively. From a
clinical perspective, if patients and physicians have particular
concerns about the risk of missing csPCa, then strategy #2 and
strategy #6 were more appropriate choice compared to strategy
#1. Previous research found that the prevalence of csPCa in
autopsies from unscreened Caucasian men was 9% [28]. In
addition, the Prostate Cancer Prevention Trial (PCPT) found that
the prevalence of csPCa in men with benign DRE and a PSA of
2.1–4.0 ng/ml was 5.2% [29]. Therefore, the absence of 5.7%
(strategy #2) and 3.5% (strategy #6) of csPCa from an immediate
biopsy in this study seems acceptable.
The present study is not without limitations. Firstly, the analysis

was retrospective and limited to a single center. PSMA PET/CT has
not been the standard of care for the diagnosis of intraprostatic
malignancies in the past few years, most of the included patients
underwent risk assessment prior to PSMA PET/CT screening,
leading to a selection bias. More data from different centers are
still needed to further explore inter-center differences. Secondly,
the included patients were not from a PSA-based screening
population. Although we restricted PSA to <20 ng/mL, it was still
high with a median of 9.3 ng/mL, resulting in a high PSAD rate of
>0.2 ng/ml2. The diagnostic performance of the PRIMARY score
and PSAD might differ in other populations (e.g., a screened
population with low median PSA values). External validation of the
presented results was needed prior to safely implement. Thirdly,
since not all patients in the cohort underwent radical prostatect-
omy, biopsy pathology was used as a reference rather than the
whole-mount pathology, resulting in an imperfect standard bias.
Finally, PSMA PET/CT is a relatively new and expensive technology,

its cost-effectiveness and long-term outcomes have not been
explored fully.

CONCLUSION
The combination of PRIMARY score+ PSAD allows individualized
decisions to avoid unnecessary biopsy, outperforming the
strategies of PI-RADS+ PSAD. Further prospective trials are
needed to validate these findings.

DATA AVAILABILITY
The datasets generated and analyzed during the current study are available from the
corresponding author on reasonable request.
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