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Abstract

Objective: To compare Prostate Health Index (PHI) and prostate-specific antigen
(PSA) density as secondary tests after multiparametric magnetic resonance imag-
ing (mpMRI) in improving the detection accuracy of Gleason grade group (GG) 2-5
prostate cancer (PCa) and in decreasing unnecessary biopsies in a multiethnic biopsy-
naive population.

Methods: From February 2017 to February 2020, we recruited consecutive biopsy-
naive men in participating urology clinics for elevated PSA levels. They all had a PHI
score, mpMRI, and prostate biopsy. Experienced genitourinary radiologists read all
mpMRI studies based on PIRADS version 2.0. Logistic regression models were used
to generate receiver operating characteristic curves. Models were tested for effect
modification between Race (Black vs White) and both PHI and PSA density, and Race
and PIRADS to determine if race impacted their prediction accuracy. Sensitivity, spec-
ificity, and predictive values of PHI and PSA density thresholds were calculated by
PIRADS scores. The primary outcome was GG2-5 PCa, that is, Gleason score 23 + 4.
Results: The study included 143 men, of which 65 (45.5%) were self-reported Black.
Median age was 62.0 years and 55 men (38.4%) had GG2-5 PCa. Overall, 18.1% had
PIRADS 1-2, 32.9% had PIRADS 3, and 49.0% had PIRADS 4-5. For the binary logistic
regressions, the interactions between PIRADS and Race (P =.08), Log (PHI) and Race
(P =.17), and Log (PSA density) and Race (P = .42) were not statistically significant.
Within PIRADS 3 lesions, a PHI 249 prevented unnecessary biopsies in 55% of men
and missed no GG2-5 PCa, yielding a negative predictive value of 100%. There was
no reliable PHI or PSA density threshold to avoid PCa biopsies in PIRADS 1-2 or 4-5.
Conclusions: PHI and PSA density can be used after mpMRI to improve the detec-

tion of GG2-5 PCa in a biopsy-naive cohort. PHI may be superior to PSA density in

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2021 The Authors. BJUI Compass published by John Wiley & Sons Ltd on behalf of BJU International Company

370 wileyonlinelibrary.com/journal/bco2

BJUI Compass. 2021;2:370-376.


www.wileyonlinelibrary.com/journal/bco2
mailto:﻿
https://orcid.org/0000-0001-5297-3611
mailto:﻿
https://orcid.org/0000-0001-6894-0291
mailto:﻿
https://orcid.org/0000-0002-2142-5206
mailto:﻿
mailto:﻿
mailto:﻿
mailto:﻿
mailto:﻿
mailto:﻿
mailto:﻿
mailto:﻿
mailto:﻿
mailto:﻿
mailto:﻿
mailto:﻿
https://orcid.org/0000-0002-9439-2900
mailto:﻿
mailto:﻿
https://orcid.org/0000-0001-9977-3473
http://creativecommons.org/licenses/by/4.0/
mailto:a-murphy2@northwestern.edu

CARBUNARU ET AL.

371

of each biomarker.
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1 | INTRODUCTION

While prostate-specific antigen (PSA) testing has led to improved
detection of prostate cancer (PCa) and a reduction in PCa-specific
mortality,' its poor specificity in detecting clinically significant
Gleason grade group (GG) 2-5 PCa (ie, Gleason score 23 + 4) has
resulted in over-detection and overtreatment of indolent PCa.?®
Multiparametric magnetic resonance imaging of the prostate
(mpMRI) has emerged as an important tool to enhance the detec-
tion of GG2-5 PCa and guide targeted biopsies while reducing the
detection of indolent PCa.*® However, by itself, it is an imperfect
test. The rate of detection of GG2-5 PCa varies widely, and it may
miss up to 24% of clinically significant PCa.%” Additionally, system-
atic reviews have shown that the negative predictive value (NPV)
of mpMRI ranges from 63% to 98% for GG2-5 PCa,®’ which may
lead to a high number of unnecessary prostate biopsies.'° This is es-
pecially true in men with equivocal scores on the Prostate Imaging
Reporting and Data System (PIRADS). While scores on the higher
(PIRADS 4-5) and lower (PIRADS 1-2) ends of this scale have been
shown to have high positive predictive value (PPV) and NPV, respec-
tively, the prevalence of GG2-5 in PIRADS 3 lesions ranges between
8% and 47%,*'2 making biopsy decisions for patients in this group
difficult. Moreover, it is unclear if mpMRI performs differently in
non-White populations since most of the validations do not include
large numbers of minorities.

Given mpMRI’s limitations, many have suggested using serum-
based biomarkers, such as PSA density and the Prostate Health
Index (PHI), to improve the detection of GG2-5 PCa and better iden-
tify men who can avoid a prostate biopsy. Both PHI and PSA density
have been shown to have higher specificity for GG2-5 PCa than PSA,
which could aid in preventing unnecessary biopsies.“'18 Previous
studies have demonstrated that PSA density'?>'*2! and PHI'"2? im-
prove the PPV and NPV of mpMRI in detecting GG2-5 PCa in multi-
variable models and in series.

Few studies have investigated the effect that race has on these
biomarkers. The cohorts previously studied have had minimal rep-
resentation of Black men, a group with a higher than average inci-
dence of PCa and greater risk of GG2-5 PCa.”® No study to date
has investigated whether PHI improves the accuracy of mpMRI in
detecting GG2-5 PCa in biopsy-naive men with adequate represen-
tation of Black men. The objective of this study was to determine the

utility of PHI and PSA density in series after mpMRI in improving the

PIRADS 3 lesions by avoiding 55% of unnecessary biopsies. Using both PHI and PSA
density in series may further increase specificity and lead to fewer unnecessary bi-

opsies, but further larger studies are warranted to determine the optimal threshold

African American, biomarker, cancer detection, PIRADS 3, Prostate Health Index, prostate

accuracy for detecting GG2-5 PCa and improving the specificity in a
multiethnic population. We additionally focus on the impacts of both
markers in PIRADS 1-2, 3, and 4-5 lesions.

2 | METHODS
2.1 | Patient selection

From February 2017 to February 2020, 143 men who met the se-
lection criteria were referred to participating urology clinics for el-
evated PSA levels and who underwent mpMRI were recruited into
this prospective study. Selection criteria included men between the
ages of 40 and 79 years who never had a previous prostate biopsy.
Men with a history of a previous prostate cancer were excluded from
the study. Additionally, men with signs and symptoms of infection,
prostatitis, or who were taking 5-alpha reductase inhibitors were ex-
cluded. Participating urologists performed a digital rectal examina-
tion (DRE) on all men at diagnostic biopsy. The DRE was classified as

normal or suspicious.

2.2 | Imaging

All patients underwent mpMRI on 3.0-T scanners (Skyra or Verio,
Siemens Medical System, Erlangen, Germany) with triplanar T2-
weighted, axial dynamic contrast-enhanced (DCE), diffusion-
weighted imaging (DWI), according to previously designed protocols.
These mpMRI studies were blinded and read by two highly expe-
rienced genitourinary radiologists (DC and WM) with significant
experience in interpreting prostate MRI. Lesions were assigned sus-
picion scores from 1 to 5 based on the standardized PIRADS criteria
version 2.0.%* For our analysis, we considered PIRADS 1-2 lesions
negative, PIRADS 3 lesions equivocal, and PIRADS 4-5 lesions highly

suspicious.
2.3 | Prostate biopsy
Regardless of PIRADS score, all patients underwent MRI-informed

prostate biopsy within 3 months of mpMRI. Patients who had
PIRADS 3-5 lesions underwent MRI-transrectal ultrasound-guided
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fusion biopsy (ie, targeted biopsy and 12-core systematic biopsy).
All PIRADS 1-2 men underwent systematic transrectal ultrasound-
guided biopsy alone, with 42% of men also receiving a targeted
MRI-guided biopsy. Early in the study from 2017-2018, PIRADS
1-2 lesions were also targeted for a prostate biopsy, but this prac-
tice was stopped in 2019 as the detection rates were determined
to be low. All procedures were done by urologists with several
years of experience with transrectal and fusion biopsy using the
Invivo UroNav.

2.4 | Pathologic review

Pathological assessment of biopsy specimens was performed by
expert uro-pathologists (XY, MS, KF, and AKB) in accordance with
the 2016 International Society of Urological Pathology Consensus
Conference, that is, GG1: Gleason score <6; GG2: Gleason score
3 + 4 = 7; GG3: Gleason score 4 + 3 = 7; GG4: Gleason score = 8;
and GG5: Gleason score = 9-10.%° The primary outcome was GG2-5
PCa on biopsy.

2.5 | PHIand PSA assay

Serum PHI samples were drawn immediately before the biopsy
and centrifuged to extract plasma on the day of biopsy in accord-
ance with the manufacturer's recommendations (Beckman Coulter).
Blood was collected at least 4 days after any prostate manipulation
(eg, DRE). PSA density was derived from the PSA in the PHI assay
and the MRI-derived prostate volume which has been shown to be
very similar to prostate volume derived from transrectal ultrasound

and is available for biopsy decision making.?’

2.6 | Statistical analysis

PHI and PSA density were evaluated for their ability to increase the
accuracy in predicting GG2-5 PCa beyond clinical data and PIRADS.
Logistic regression models were used to generate receiver operat-
ing characteristic (ROC) curves and the area under the ROC curves
(AUC), and their 95% confidence intervals were calculated. To evalu-
ate the added accuracy of PHI with PIRADS, the following models
were tested: 1) Log(PSA) + DRE, 2) Log(PSA) + DRE +Log(PHI), 3)
Log(PSA) + DRE +PIRADS, 4) Log(PSA) + DRE +PIRADS + Log(PHI),
and 5) Log(PSA) + DRE +PIRADS + Log(PHI) + Race (Black vs White).
Models were tested for effect modification between Race and PHI
and Race and PIRADS to determine if race modified the prediction
accuracy of either tool. The PSA used in the models was the PSA
that prompted the urologic referral. Similar models were created
with PSA density. PSA, PSA density, and PHI were log base 10 trans-
formed. The DRE was coded as a binary variable (ie, suspicious vs
non-suspicious). PIRADS was coded as an ordinal four-level variable
with PIRADS = 1-2; = 3,and =4 and = 5.

Thresholds of PHI and PSA density were generated, and the sen-
sitivity, specificity, PPV, and NPV were compared for GG2-5 PCa de-
tection at each threshold and stratified by PIRADS scores as PIRADS =
1-2, = 3, and = 4-5. The highest GG reported for both the MRI-
targeted and systematic transrectal ultrasound-guided biopsies was
used as the outcome. Different PHI and PSA density thresholds were
tested as a serial screening test after mpMRI to assess their impact
on sensitivity, specificity, PPV, and NPV for GG2-5 PCa detection.

Assuming a baseline AUC of 0.66 for PHI alone, we had 80%
power to detect a 0.10 difference in AUC between a logistic regres-
sion model with PHI alone compared with a model with PHI and
PIRADS. Using an alpha = .05, there was 83% power to detect a
difference in accuracy using both tools in series with n = 143 men
with correlated samples. All comparisons were two-sided and P-
values <.05 indicated statistical significance. Statistical analysis was
performed using SPSS 25 (IBM corporation 2017, United States) and
MedCalc 19.0.5 (MedCalc Software, Belgium).

3 | RESULTS

The study included 143 men, of which 78 identified as White and
65 as Black. Median age was 62.0 years, and 55 men (38.4%) had
GG2-5 PCa. Compared with White men, Black men had statisti-
cally higher medians for BMI (28.1 vs 26.6 kg/m2), PSA (7.2 vs 5.3
ng/mL), and PSA density (0.14 ng/mL/cm® vs 0.10 ng/mL/cm?®)
and had greater frequencies of abnormal DRE (25.8% vs 9.0%) and
GG2-5 PCa (58.5% vs 21.8%) (see Table 1). There were no statistical
differences between racial groups in age, PHI scores, family history
of PCa, history of BPH/LUTS, marriage rates, and smoking history.

PIRADS risk groups were as follows: 18.1% PIRADS 1-2, 32.9%
PIRADS 3, and 49.0% PIRADS 4-5. As seen in Table 2, the rates of
abnormal DREs and median PIRADS scores were significantly higher
in men with GG2-5 PCa compared to men with GG1 PCa and nega-
tive biopsies (P =.002 and P < .001, respectively). The proportion of
men with GG2-5 PCa was 23% in PIRADS 1-2 men, 19% in PIRADS
3 men, 57% in PIRADS 4-5 men. All six GG2-5 PCas in the PIRADS
1-2 group were found in Black men, even though Black men only
constituted 42% of this group.

For the logistic regression models developed to identify GG2-5
PCa, the base model included Log(PSA) + DRE and yielded an AUC
of 0.66. The addition of PIRADS (AUC 0.78) or Log(PHI) (AUC 0.72)
to the base model led to statistically significant higher AUCs com-
pared with the base model alone (P = .001 and P = .03, respectively;
Figure 1). When combining both PIRADS and Log(PHI) with the base
model, the AUC increased to 0.81. Further adding race to such model
yielded an AUC of 0.84, which was statistically better than the base
model with PHI (P =.001) or PIRADS alone (P = .049). To assess for
effect modification of race on the prediction accuracy of PIRADS
and PHI, we tested the multiplicative interaction in the base model +
PIRADS + Log(PHI) + Race. The interactions between PIRADS and
Race (P =.08) and Log(PHI) and Race (P = .17) variables did not reach

statistical significance.
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TABLE 1 Patient sociodemographic and clinical characteristics by racial group

White Black

(n=78) (n = 65)
Continuous variables Median [IQR] Median [IQR] P-value?
Age, years 62.5[55.0, 69.0] 61.0 [54.5, 70.0] 0.95
BMI, kg/m? 26.6 [24.4,29.7] 28.1[25.8, 31.4] 0.02
PSA, ng/mL 5.3[3.7,7.3] 7.2[4.7,10.9] 0.002
%free PSA 0.16 [0.11, 0.20] 0.11 [0.07,0.18] 0.004
PSA density, ng/mL/cm?® 0.10 [0.07,0.16] 0.14 [0.09, 0.37] <0.001
PHI 63.0[40.4, 101.3] 60.9 [41.8, 98.2] 0.85
Categorical variables n (%) n (%) P-value?
Family History of PCa 17/68 (25.0%) 18/59 (30.5%) 0.49
History of BPH/LUTS 16/78 (20.5%) 14/65 (21.5%) 0.88
Abnormal DRE 7/78 (9.0%) 16/62 (25.8%) 0.008
PIRADS 0.053
1-2 15/78 (19.3%) 11/65 (16.9%)
8 31/78 (39.7%) 16/65 (24.6%)
4-5 32/78 (41.0%) 38/65 (58.5%)
Any PCa (GG 21) 29/78 (37.2%) 46/65 (70.8%) <0.001
Clinically significant PCa (GG 22) 17/78 (21.8%) 38/65 (58.5%) <0.001
Currently married 61/78 (78.2%) 37/65 (57.8%) 0.009
College completion 65/77 (84.4%) 31/64 (48.4%) <0.001
Income < $60,000/year 9/77 (11.7%) 25/65 (39.1%) <0.001
Smoking History, yes 29/78 (37.2%) 32/64 (50.0%) 0.17

Abbreviations: BMI, body mass index; BPH/LUTS, clinical diagnosis of benign prostatic hyperplasia; DRE, digital rectal exam; GG, Gleason grade
group; PCa, prostate cancer; PHI, Prostate Health Index; PIRADS, Prostate Imaging Reporting and Data System score; PSA, prostate-specific antigen.

'Using Mann-Whitney U test; 2Using 4? test.

The models discussed were also constructed using PSA density in-
stead of PHI scores. The base model +Log(PSA density) yielded an AUC
of 0.79, which was higher than the base model alone (P = .002, Figure 2).
The model with both PIRADS and Log(PSA density) increased the AUC
to 0.85. The addition of race to the model resulted in an AUC of 0.86,
which was statistically higher than the base model with Log(PSA density)
(P = .04) or PIRADS alone (P = .005). The interaction between Log(PSA
density) and Race (P = .42) was not statistically significant (Figure 2).

The last models were also constructed using both PSA density
and PHI scores. The base model +Log(PHI) + Log(PSA density) had
an AUC of 0.83 for the detection of GG2-5 PCa, which was statisti-
cally higher than the base model +Log(PHI) alone (P = .002), but not
for the Log(PSA density) model alone (P = .08). Overall, PSA density
led to higher AUCs relative to PHI scores across all model iterations,
yet these were not statistically significant.

Sensitivity and specificity analysis for PHI and PSA density were per-
formed for PIRADS 1-2, 3, and 4-5 lesions. In men with a negative MRI
(n = 26), that is, PIRADS 1-2 scores, a PSA density zO.llng/mL/cm3 de-
tected 100% of the GG2-5 PCa (n = 6) but subjected 30% of men with a
negative MRI to biopsy (false positives). Meanwhile, a PHI 245 also de-
tected 100% of GG2-5 PCa in men with a PIRADS 1-2 lesion but would

subject 60% of men with negative MRIs to an unnecessary prostate biopsy.

In PIRADS 3 men, a PSA density threshold of >0.07 ng/mL/cm3
detected 88.9% of GG2-5 PCa, while avoiding 32% of unnecessary
biopsies. While a PHI score of 249 prevented unnecessary biopsies
in 55.3% of men and missed zero cases of GG2-5 PCa (see Table 3).
This cutoff had a PPV of 34.6% and NPV of 100%. A combination
of both PHI and PSA density thresholds was also calculated. If only
men with PHI scores 249 and PSA density 20.07 were biopsied, one
GG2-5 PCa would be missed, making the sensitivity 88.9% but in-
creasing the specificity to 71.1%. A sensitivity of 88.9% is achieved
with a PHI threshold of 252, but the specificity (57.9%) is lower com-
pared with the combination of both biomarkers.

In PIRADS 4-5 men, a sensitivity of 97.5% was achieved with a
PHI score 227 and PSA density >.05 but they only avoided biopsies

in 3.3% and 10% of men, respectively.

4 | DISCUSSION

Our ROC analyses showed that PHI, PSA density, and PIRADS are in-
dependent predictors of GG2-5 PCa in biopsy-naive men. Black race
was an independent predictor of GG2-5 PCa but did not modify the
effect of PHI, PSA density, or PIRADS scores. Our current sample
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TABLE 2 Patient clinical characteristics by biopsy status

Negative Biopsy GG1 PCa GG2-5 PCa

(n=68) (n=20) (n =55)
Continuous variables Median [IQR] Median [IQR] Median [IQR] P-value?
Age, years 63 [55, 69] 64 (58, 70] 61 [54, 69] 0.36
PSA, ng/mL 5.7 [3.8,8.9] 5.1[4.0,7.0] 7.0 [4.7,10.5] 0.75
%free PSA 0.16[0.13,0.22] 0.15[0.87,0.18] 0.095 [0.06, 0.14] <0.001
PSA density, ng/ml/cm® 0.09 [0.06, 0.13] 0.11 [0.05, 0.14] 0.19 [0.12,0.39] <0.001
PHI 54.0[30.2,92.1] 56.2[42.3,95.3] 72.9 [56.3,107.7] 0.012
Categorical variables n (%) n (%) n (%) P-value?
DRE abnormal 5/68 (7.3%) 2/20 (10.0%) 16/52 (29.1%) 0.002
PIRADS <0.001°
1-2 15/68 (22.1%) 5/20(25.0%) 6/55 (10.9%)
3 31/68 (45.6%) 7/20 (35.0%) 9/55 (16.4%)
4-5 22/68 (33.3%) 8/20 (40.0%) 40/55 (72.7%)

Abbreviations: DRE, digital rectal exam; PCa, prostate cancer; PHI, Prostate Health Index; PIRADS, Prostate Imaging Reporting and Data System

score; PSA, prostate-specific antigen.
1Using Kruskal-Wallis test; 2Using x2 test;30verall distribution.

FIGURE 1 Areaunderthe ROC curves 1.0
(AUC) for detection of Gleason grade
group 2-5 prostate cancer from logistic

regression models using PHI score 0.8
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size precludes a thorough analysis of sensitivity and specificity by
race.

PHI and PSA density resulted in improved detection of GG2-5
PCa in PIRADS 1-2 lesions but subjected a lot of men to unneces-
sary prostate biopsies. PHI and PSA density minimally increased
the number of safely avoided biopsies in men with PIRADS 4-5
lesions but missed too many GG2-5 PCas. Interestingly, among
PIRADS 1-2 lesions, all six of the GG2-5 PCas were from the Black
participants, who only comprised only 42% of participants with
PIRADS 1-2 lesions. This suggests that the NPV of a negative MRI
may be lower in Black men. However, this warrants validation in

larger studies.

0.4 0.6 0.8 1.0

1- Specificity

Although across all PIRADS categories PSA density yielded
higher AUCs, in men with PIRADS 3, PHI proved to be more useful
than PSA density in eliminating unnecessary biopsies. Since PIRADS
3 lesions are considered equivocal with 8%-47% rates of GG2-5 PCa,
this is an area where an additional screening test used in series with
adequate specificity would allow more men to avoid unnecessary
biopsies.“‘12 PIRADS 3 lesions were present in 32.9% of participants
and was the most frequently detected score on mpMRI. Our study
demonstrated that when PHI is used as a serial test to PIRADS 3
lesions, a PHI threshold of 249 avoided unnecessary biopsies in 55%
of men without missing any GG2-5 PCa. Reducing the rate of unnec-

essary biopsy by half among PIRADS 3 lesions prevents avoidable
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FIGURE 2 Areaunder the ROC
curves (AUC) for detection of Gleason
grade group 2-5 prostate cancer from
logistic regression models using PSA
density
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TABLE 3 Sensitivity and specificity analysis for the detection of
clinically significant prostate cancer by PHI and PSA density cutoffs
in men with PIRADS 3 lesions (n = 47)

Sensitivity Specificity PPV NPV
PHI
235 100.0% 26.3% 24.3% 100.0%
240 100.0% 36.8% 27.3% 100.0%
245 100.0% 50.0% 32.1% 100.0%
249 100.0% 55.3% 34.6% 100.0%
250 88.9% 55.3% 32.0% 95.5%
PSA density
20.05 100% 7.9% 20.5% 100%
>0.07 88.9% 31.6% 23.5% 92.3%
>0.09 66.7% 42.1% 21.4% 84.2%
20.11 66.7% 60.5% 28.6% 88.5%

biopsies in nearly one of seven men (13.7%) with a positive MRI (ie,
PIRADS 3-5 lesion). Additionally, we found that using a combination
of PHI and PSA density scores might further decrease the number
of unnecessary biopsies. If only men with PHI scores 249 and PSA
density 20.07 were biopsied, 15% more men would be spared from
an unnecessary biopsy with only one case of GG2-5 PCa missed.

To date, no US studies have investigated the effect of PHI on
prostate cancer detection in exclusively biopsy-naive patients un-
dergoing biopsy following mpMRI. While PSA density was shown
to be helpful in PIRADS 3 lesions in biopsy-naive patients, PHI has
not been investigated explicitly within PIRADS 3 scores. A study by
Gnanapragasam et al. assessed PHI in a cohort of men undergoing
repeat biopsy and reported that adding PHI improved overall and
GG2-5 PCa detection determined by AUC, compared with mpMRI
and PSA alone.?? In their cohort, a PHI threshold of =35 demon-
strated a NPV of 0.97 for GG2-5 PCa and spared 42% of men an

unnecessary biopsy, while missing 5% of GG2-5 PCa. However, this

study did not report sensitivity, specificity, or NPV of PHI in PIRADS
3 lesions. Furthermore, their results were based on the older PIRADS
version 1 criteria. Our study adds to existing knowledge by assessing
the use of PHI in biopsy-naive men with equivocal PIRADS 3 lesions,
as these patients have the most uncertainty regarding GG2-5 PCa
risk.

Certain limitations of our study should be noted. Our sample
size in this study was relatively small, recruited from tertiary and
publicly funded medical centers, and included only Black and White
men, which may limit the generalizability of our results to men of
other races. We were also not powered for race-stratified analy-
ses. Furthermore, we could have missed some men with GG2-5 PCa
by not directly targeting all PIRADS 1-2 lesions at prostate biopsy.
However, this is consistent with the current prostate biopsy stan-
dard of care.?® Our findings should be validated in a larger cohort

with representation of other ethnic minorities.

5 | CONCLUSION

PHI, PSA density, and mpMRI of the prostate are independent pre-
dictors that aid in the detection of GG2-5 PCa in a biopsy-naive pros-
tate biopsy cohort. PHI is particularly useful in men with equivocal
PIRADS 3 lesions where it safely avoids over 50% of unnecessary
biopsies and is superior to PSA density in this regard. Using both PHI
and PSA density in series may further increase specificity and lead to
fewer unnecessary biopsies, but further larger studies are warranted

to determine the optimal threshold of each biomarker.
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