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Study Need and Importance: Black men face higher
incidence and mortality than non-Black men with
respect to prostate cancer (PCa). Multivariable risk cal-
culators (RCs) were developed to stratify patients un-
dergoing prostate biopsy to reduce unnecessary biopsies
and improve detection of clinically significant prostate
cancer (csPCa). These calculators have historically relied
on homogenous cohorts with few ethnic minorities, with
concern for poorer calibration in low-risk Black men.

What We Found: We developed and validated 3 RCs
tailored specifically to Black men using 2 cohorts of pa-
tients undergoing prostate biopsies in Chicago, Illinois.
Using 2 modeling approaches, we created Mistry-Sun
(MS) RCs 1 to 3 that use clinical variables likely avail-
able in (1) primary care office settings, (2) initial urologist
consultation, and (3) subsequent urologist evaluation.
We found that our models had an improved or similar
area under the curve when compared against several
available RCs. Our models showed better calibration for
low-risk men resulting in fewer unnecessary biopsies

(a combination of benign or Gleason Grade Group 1) than
other available calculators with similar and appropriate
risks of missed csPCa. The Table demonstrates how MS
and other calculators perform in our external validation
cohort with respect to missed csPCa and unnecessary
biopsies. At lower risk thresholds, MS3 outperforms all
other calculators since prostate volume addresses PSA
elevation from benign prostatic hyperplasia. MS models
1, 2, and 3 reduce unnecessary biopsies at the 30% risk
threshold compared to other RCs with a commensurate
proportion of missed csPCa.

Limitations: Our study recruited a relatively small
sample size and only within Chicago. We also did not
incorporate more modern components of the PCa
workup including MRI and biomarkers.

Interpretation for Patient Care: This is the first study
to develop and validate a PCa risk-stratification tool spe-
cifically for Black men. Our tailored RCs can reduce un-
necessary biopsies for Black men and addresses access
disparities in precision oncology tools (Table).

Table. Comparison of Biopsy Outcomes at 10% and 30% Risk Thresholds in the External Validation Cohort (N [ 276)

Mistry-Sun 1 Mistry-Sun 2 Mistry-Sun 3 PCPT PBCG Kaiser

10% biopsy threshold
Men below 10% threshold, No. 6 1 30 15 12 0
Total biopsies performed, No. 270 275 246 261 264 276
Missed GG2-5 among men below the 10% threshold, No. (%) 0 (0) 0 (0) 0 (0) 3 (20.0) 3 (25) 0 (0)
Unnecessary biopsies, No. 169 174 145 163 166 175

30% biopsy threshold
Men below 30% threshold, No. 202 219 183 172 137 17

Total biopsies performed, No. 74 57 93 104 139 259
Missed GG2-5 among men below the 30% threshold, No. (%) 55 (27.2) 60 (27.4) 42 (23.0) 46 (26.7) 31 (22.6) 4 (23.5)
Unnecessary biopsies, No. 28 16 34 49 69 162

Abbreviations: GG, Gleason Grade Group; Kaiser, Kaiser Permanente Prostate Cancer risk calculator; PBCG, Prostate Biopsy Collaborative Group risk calculator; PCPT, Prostate
Cancer Prevention Trial risk calculator version 2.0.
For men willing to undergo prostate biopsy if there is 10% or 30% risk of GG2 to GG5 prostate cancer, we list the number of men who fall below the threshold (tests negative), the
total number of biopsies performed (tests positive), the number of missed GG2 to GG5 cancers (false-negatives, which should be� 10% or� 30% from the patient's perspective),
and the number of unnecessary biopsies performed for men with GG1 prostate cancer or a negative biopsy. There were complete data in 276 out of the 292 men.
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Purpose: We sought to develop and validate a prostate biopsy risk calculator for
Black men and compare it with the Prostate Cancer Prevention Trial version 2.0,
Prostate Biopsy Collaborative Group, and Kaiser Permanente Prostate Cancer Risk
Calculators for the detection of Gleason Grade Group (GG)� 2 prostate cancer (PCa).

Materials and Methods: We prospectively recruited 2 cohorts of men undergoing
prostate biopsy from 5 facilities in Chicago. The first cohort was split into
development (70%) and internal validation (30%) groups. The second was used
for external validation. Iterative logistic regression was used to develop 3 models
for predicting GG � 2 PCa. Models were compared for discrimination using the C
statistics, calibration curves, and net benefit curves. The frequency of unnec-
essary biopsies and missed PCas was compared at 10% and 30% risk thresholds.

Results: The 2 cohorts included 393 and 292 Black men, respectively. Our first
model, Mistry-Sun 1, used serum PSA and prior negative biopsy. Mistry-Sun 2
added abnormal digital rectal exam (DRE) and an interaction term with
abnormal DRE and PSA to Mistry-Sun 1. Mistry-Sun 3 added prostate volume,
abnormal DRE, and age to Mistry-Sun 1. The C statistics were 0.74, 0.74, and
0.78, respectively, and were similar to or higher than established calculators. At
the 10% and 30% risk thresholds our models had the fewest unnecessary biopsies
and an appropriate proportion of missed GG � 2 PCas.
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Conclusions: Tailoring a risk calculator to detect clinically significant PCa in Black men may improve biopsy
decision-making and outcomes compared to tools developed in non-Black populations.

Key Words: prostate cancer, risk calculator, disparities, prostate biopsy, risk prediction

PROSTATE cancer (PCa) is the leading malignancy
among USmen and the second leading cause of cancer-
related deaths in the US.1 Black men have 70% higher
PCa incidence and twice the mortality rate of White
men.2 PSA is the most widely used biomarker for PCa
screening and reduces mortality by about 50%.3,4 But
its low specificity results in excessive unnecessary
prostate biopsies and risk of pain, bleeding, urinary
retention, and sepsis.5,6 As a biomarker, PSA does not
distinguish benign prostatic hyperplasia, prostatitis,
high-grade prostatic intraepithelial neoplasia and PCa,
especially in the diagnostic gray zone of 2 to 10 ng/mL.
PSA cannot reliably discriminate clinically significant
high-grade PCa Gleason Grade Group (GG) 2 to 5 from
low-grade disease (GG1).

Multivariable risk calculators (RCs) have been
developed to stratify patients undergoing prostate bi-
opsy to improve the prediction of GG � 2 PCa while
reducing unnecessary biopsies and the overdiagnosis of
GG1 PCa. These RCs are based on large European or
American cohorts, such as the Prostate Cancer Pre-
vention Trial version 2.0 (PCPT)7 and the Prostate
Biopsy Collaborative Group (PBCG),8 which included
few ethnic minorities. This homogeneity can lead to
poor calibration in populations with differing PCa
prevalence such as Chinese9 or Korean10 men. In
Black men, our prior work has demonstrated the
PBCG RC had poorer calibration in Black men in the
lower range of risk, resulting in unnecessary biopsies.6

Contemporary RCs have tried to mitigate these issues
with diverse patient cohorts to better predict PCa in
minority patients. One example is the Kaiser Perma-
nente Prostate Cancer (Kaiser) RC, whose population
includes 10.3%African Americans.11 Another approach
is to tailor RCs to men with differing prevalence to
improve the prediction of GG � 2 PCa while reducing
unnecessary biopsies. This was demonstrated in the
Korean12 and the Huashan13 RCs tailored to native
Korean and Chinese populations, respectively.

Our primary objective was to develop and validate
an RC for Black men undergoing prostate biopsy to
predict GG � 2 PCa while reducing unnecessary bi-
opsies and compare it with established RCs. Given the
proliferation of biomarkers and multiparametric MRI
in biopsy decision making and accuracy, future iter-
ations of the calculator will incorporate these tools.

MATERIALS AND METHODS

Patient Recruitment
This study used 2 separate prospectively recruited co-
horts. One cohort was split into the development and

internal validation groups, and a second cohort was used
for external validation. Both were recruited from men
referred for abnormal PSA or digital rectal exam (DRE)
seen at Urology clinics in Chicago, Illinois.

The first cohort was recruited between 2009 and 2014
from the following 5 urology clinics: Northwestern Me-
morial Hospital, Cook County Health, University of
Chicago, Jesse Brown Veteran’s Administration Medical
Center, and University of Illinois at Chicago. These men
were recruited as part of an R01-funded study evalu-
ating serum vitamin D levels and PCa risk (IRB No.
STU00005398).

The second cohort was recruited using a DOD-funded
protocol from 2017 - 2021 from 3 Chicago-institutions
(Northwestern Memorial Hospital, Cook County Health,
and University of Illinois at Chicago) to externally vali-
date this RC (IRB No. STU00205089).

Inclusion and Exclusion Criteria
Eligible men must have a PSA < 50 ng/dL, self-report as
Black race, and undergo a systematic � 10 core trans-
rectal ultrasound (TRUS)eguided prostate biopsy. The
exclusion criteria included prior diagnosis of PCa or
pelvic radiation. Since prostate MRI did not become
available at our institution until after recruitment began
and is underutilized in Black men nationally, patients
who underwent prostate MRI were excluded from the
study.14,15

Pathology
The pathology was reviewed by each institutions’ uropa-
thologist who assigned Gleason score using the 2005 and
the 2014 International Society of Urological Pathology
Guidelines.16

Clinical Data
Data were manually collected through electronic medical
records and a coordinator administered the demographic
and medical history questionnaire. Various mathematical
forms were assessed for their association with GG2-5 PCa
and the form with the strongest association by P value
were preferred. The continuous variables included age
(years), BMI (kg/m2), prebiopsy PSA (ng/mL), prostate
volume (cm3) by TRUS, number of prior negative biopsies,
and PSA density (ng/mL/cm3).

The categorical predictors include history of prior
negative prostate biopsy (0 vs �1), first-degree family
history of PCa (yes vs no/unknown), abnormal DRE (yes
vs no/not palpable), and use of 5-alpha reductase in-
hibitors in the past 6 months (yes vs no).

Missing Data
Complete case analysis was undertaken. Cases were
excluded if data for any of the relevant predictor variables
were missing.

VALIDATION OF A PROSTATE BIOPSY RISK CALCULATOR IN BLACK MEN 225

https://www.auajournals.org/servlet/linkout?type=rightslink&url=startPage%3D223%26pageCount%3D11%26copyright%3D%26author%3DNeil%2BA.%2BMistry%252C%2BZequn%2BSun%252C%2BJamila%2BSweis%252C%2Bet%2Bal%26orderBeanReset%3Dtrue%26imprint%3DWoltersKluwer%26volumeNum%3D211%26issueNum%3D2%26contentID%3D10.1097%252FJU.0000000000003774%26title%3DDevelopment%2Band%2BValidation%2Bof%2Ba%2BProstate%2BBiopsy%2BRisk%2BCalculator%2Bin%2BBlack%2BMen%26numPages%3D11%26pa%3D%26oa%3DCC-BY-NC-ND%26issn%3D0022-5347%26publisherName%3DWoltersKluwer%26publication%3Djuro%26rpt%3Dn%26endPage%3D233%26publicationDate%3D11%252F02%252F2023


Outcomes of Interest
The outcome of interest for the RC is the uropathologists’
interpretation of the prostate biopsy modeled as GG � 2
PCa vs GG1 PCa or negative biopsy/atypical small acinar
proliferation. We followed the guidelines from the Trans-
parent Reporting of Multivariable Prediction Models for
Individual Prognosis or Diagnosis.17 The models were
developed to detect GG � 2 PCa vs GG1 or negative biopsy/
atypical small acinar proliferation. We calculated the pre-
dicted probabilities for GG � 2 PCa using the formula
provided in the supplemental data in the initial validation
for the Kaiser RC and using the R code kindly provided by
the first author for the initial validations of the PCPT and
PBCG RCs.

Statistical Analysis

Clinical and Demographic Factors. For comparisons of
clinical variables across biopsy outcomes, we used Kruskal-
Wallis tests to compare medians for continuous variables
and c2 tests for categorical variables. c2 trend tests were
used to compare the distributions of nonbinary categorical
variables.

Model Development and Internal Validation. We created
3 models similar to the Kaiser RC to mimic what is avail-
able to primary care providers, to urologists on the first
visit, and to urologists with a prostate volume measured
from prior imaging. We split the first patient cohort by
randomly assigning participants into the development (n [
275, 70%) and internal validation (30%) groups. The vari-
ables of interest tested for use within our models were
selected based on literature review and prior risk nomo-
grams. PSA was log-transformed (base 2) as in the previous
RCs. We created a binary logistic regression model for GG�
2 PCa vs GG1 and negative biopsy. We then performed a
univariate analysis of each independent variable, selecting
the mathematical forms of the variables that had the
strongest univariate associations with GG � 2 PCa or
were included in prior iterations of RCs. We also tested
interaction terms between each predictor and used
forward and backwards selection for the core predictive
variables and tested all combinations for interaction terms
in the Development cohort. The top 5 models that
reported the highest C statistics for “GG � 2 PCa” vs
“GG1 PCa or negative biopsy” were tested in the internal
validation cohort. Predictive discrimination was examined
using C statistics; models with the lowest Akaike
Information Criterion score were preferred in cases of ties.18

External Validation. The performance of our models was
compared with the PCPT, PBCG, and Kaiser RCs using
C statistics and corresponding 95% confidence intervals
of “GG � 2 PCa” vs “GG1 PCa or negative biopsy”; P
values were calculated with DeLong’s test19 for external
validation. We computed the individual-level predicted
risk of GG � 2 PCa in our 3 models and the PCPT,
PBCG, and Kaiser RCs (model 2). We used the actual
biopsy outcome of each participant to compute the
discrimination (C statistic) and the corresponding 95%
confidence intervals.

To produce output like the established RCs, the cova-
riates from the binary logistic models were used to create
multinomial logistic regression models with 3 prostate

cancer outcome categories: GG � 2 PCa, GG1 PCa, and
negative biopsy with negative biopsy as the reference
group. The predicted probabilities of GG � 2 PCa for each
patient in the multinomial and binomial versions of the
models were directly compared to assure concordance.

Calibration. The biopsy outcomes were used to create cali-
bration curves that graphed the RC models’ predicted pro-
portion of GG � 2 PCa vs the actual proportion of GG � 2
PCa in men in each group in 10% intervals. The Hosmer-
Lemeshow test was used to evaluate goodness-of-fit
between 0% to 30% to compare each model’s calibration for
low-risk men (�30%) to aid in avoidance of unnecessary
biopsies. Thirty percent reflects real-world risk thresholds
for biopsy and the average risk of GG � 2 PCa on prostate
biopsy.20

Net Benefit Curves. Net benefit curves were constructed
from the calculated net benefit reported across probabili-
ties by increments of 10% up to 100%, defined as the
minimum probability of disease at which further inter-
vention would be warranted, as net benefit [ sensitivity
� prevalence � (1 � specificity) � (1 � prevalence) � w,
where w is the odds ratio at the threshold probability.21

Biopsy Outcomes Comparison. Since patients have
different risk thresholds for choosing to undergo biopsy
with a median of 25% (IQR 10%-50%),20,22 we evaluated
the biopsy outcomes at the 10% and 30% risk thresholds.

RESULTS

Clinical and Demographic Factors

Black men in this study self-identified as African
American, West African, Central African, and Afro-
Caribbean. The development and internal valida-
tion cohort included 437 Black men and included
393 eligible men in the study. Among the 393 men,
there were 123 negative biopsies, 148 GG1 PCas,
and 122 GG � 2 PCas. The external validation
cohort included 402 Black men; 292 were eligible;
110 were excluded for prebiopsy MRI. Of 292 men in
the external validation cohort, there were 121
negative biopsies, 66 GG1 PCas, and 105 GG � 2
PCas. Tables 1 and 2 show the clinical characteris-
tics of both cohorts. Supplemental Table 1 (https://
www.jurology.com) compares both cohorts.

The Mistry-Sun Models

Three binary logistic models were developed,
Mistry-Sun 1-3, with negative biopsy D GG1 PCa
as the reference category for predicting GG � 2 PCa.

The C statistics and 95% confidence intervals for
the binary outcome of GG � 2 PCa vs negative bi-
opsy D GG1 PCa for the Mistry-Sun models and the
PCPT, PBCG, and Kaiser RCs are displayed in
Table 3. The covariates from the binary models were
used to create multinomial versions with negative
biopsy as the referent category for both GG1 and GG
� 2 PCa. The multinomial regression models’ odds
ratios with 95% confidence intervals for each model

226 VALIDATION OF A PROSTATE BIOPSY RISK CALCULATOR IN BLACK MEN

https://www.auajournals.org/doi/suppl/10.1097/JU.0000000000003774
https://www.auajournals.org/doi/suppl/10.1097/JU.0000000000003774
https://www.auajournals.org/servlet/linkout?type=rightslink&url=startPage%3D223%26pageCount%3D11%26copyright%3D%26author%3DNeil%2BA.%2BMistry%252C%2BZequn%2BSun%252C%2BJamila%2BSweis%252C%2Bet%2Bal%26orderBeanReset%3Dtrue%26imprint%3DWoltersKluwer%26volumeNum%3D211%26issueNum%3D2%26contentID%3D10.1097%252FJU.0000000000003774%26title%3DDevelopment%2Band%2BValidation%2Bof%2Ba%2BProstate%2BBiopsy%2BRisk%2BCalculator%2Bin%2BBlack%2BMen%26numPages%3D11%26pa%3D%26oa%3DCC-BY-NC-ND%26issn%3D0022-5347%26publisherName%3DWoltersKluwer%26publication%3Djuro%26rpt%3Dn%26endPage%3D233%26publicationDate%3D11%252F02%252F2023


for GG � 2 PCa are in Table 4. When comparing the
predicted probabilities for each patient in the
multinomial and binomial versions of the models,
the mean difference was less than 1% between the
predicted probabilities for GG � 2 PCa.

Internal Validation Cohort

The models were internally validated for discrimi-
nation in the Vitamin D cohort. The Mistry-Sun 1
model includes log2(PSA) and history of prior
negative biopsy. The C statistic for this model was
0.68 for GG � 2 PCa. This model excluded DRE and
volume estimates to mimic data in the primary care
setting. Our second model, Mistry-Sun 2, adds
abnormal DRE and an interaction term between
abnormal DRE and log2(PSA) to the Mistry-Sun 1
model to represent the first urology consultation for
elevated PSA. The C statistic was 0.69. The Mistry-
Sun 3 model adds prostate volume, age, and first-
degree family history of PCa to the Mistry-Sun 1
model, with a C statistic of 0.72.

External Validation Cohort

We used C statistics to compare across the 3 Mistry-
Sun and the established models in external vali-
dation. Mistry-Sun 3 performed the best with a C
statistic of 0.78. For volume-free models, the C sta-
tistic for Mistry-Sun 2 (0.74) was higher than those
for the other RCs such as PCPT (0.71), PBCG (0.73),
and Kaiser (0.72); but discrimination was statistically
significant compared against PCPT. Table 3 contains
a comparison of the C statistics. Receiver Operative
Characteristics Curves were generated to show that
the Mistry-Sun RCs had a similar tradeoff between
sensitivity and specificity relative to the established
RCs for the binary logistic regression models (see
Supplemental Figure 1, https://www.jurology.com).

Calibration

Using risk thresholds between 0% to 30% for risk of GG
� 2 PCa, which is consistent with patient risk thresh-
olds and average risk of GG � 2 PCa, the Mistry-Sun
models demonstrate better calibration via the Hosmer-

Table 1. Patient Characteristics of the Development and Internal Validation Cohort (n [ 393)

Negative biopsy (N [ 123) GG1 PCa (N [ 148) GG2-5 PCa (N [ 122) P valuea

Continuous variables
Age .69
Median (IQR), y 62.0 (56.0, 67.0) 60.0 (56.0, 66.0) 60.50 (58.0, 65.8)
Missing 0 0 0

BMI .73
Median (IQR), kg/m2 27.50 (24.6, 31.4) 28.30 (25.2, 32.3) 28.00 (25.0, 31.3)
Missing 4 3 5

PSA < .01
Median (IQR), ng/mL 7.0 (5.1, 10.9) 6.5 (5.0, 10.1) 9.2 (5.6, 20.0)
Missing 0 0 0

Prostate volumeb < .01
Median (IQR), cm3 51.1 (36.8, 76.1) 37.2 (29.4, 50.9) 35.00 (25.4, 50.0)
Missing 4 4 7

Total cores .98
Median (IQR) 12.0 (12.0, 12.0) 12.0 (12.0, 12.0) 12.0 (12.0, 12.0)
Missing 0 0 0
Categorical variables

Abnormal DREc < .01
Yes, No. (%) 36 (29.3) 25 (16.9) 50 (41.0)
Missing 0 0 0

PCa family historyd

Yes, No. (%) 18 (14.6) 35 (23.6) 21 (17.2) .28
Missing 0 0 0

Prior biopsies, No. (%)e .23
0 86 (69.9) 129 (87.2) 110 (90.2)
1 19 (15.4) 12 (8.1) 5 (4.1)
2þ 4 (3.3) 5 (3.4) 3 (2.5)
Missing 9 (7.3) 1 (0.7) 3 (2.5)

Publicly funded site, No. (%) .35
Yes 102 (82.9) 120 (81.1) 91 (74.6)
Missing 1 (0.8) 0 (0) 0 (0)

5-ARI use, No. (%) .03
Yes 20 (16.3) 10 (6.8) 8 (6.6)
Missing 0 0 0

Abbreviations: ARI, alpha reductase inhibitor; BMI, body mass index; DRE, digital rectal examination; GG, Gleason Grade Group; IQR, interquartile range; PCa, prostate cancer; PSA,
prostate-specific antigen.
a Kruskal-Wallis tests were used to compare medians for continuous variables, andc2 tests were used for categorical variables; P values< .05 are bolded to highlight statistical significance.
b Transrectal ultrasound derived prostate volume using the ellipsoid formula.
c Abnormal DRE: digital rectal examination coded as abnormal vs normal/not palpable/not performed.
d Family history: patient has 1 or more first-degree relatives with prostate cancer vs no or unknown family history.
e Prior biopsies: 1 or more prior negative prostate biopsies.
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Lemeshow Goodness-of-Fit test than the PCPT, PBCG,
and Kaiser RCs (Figure 1). The P values for the
Hosmer-Lemeshow test for Mistry-Sun 1 (0.092),
Mistry-Sun 2 (0.166), and Mistry-Sun 3 (0.053) all
exceed 0.05 at the predicted risk cutoff, which fails to
reject the null hypothesis that the observed rates are
the same as the predicted rates across 5 predicted
probability intervals from 0% to 30%. The PCPT (0.021),
PBCG (0.046), and Kaiser (0.003) RCs have P values
< .05 and suggest that the predicted probabilities are
different than the observed probabilities of GG� 2 PCa.

Net Benefit Curves

The net benefit curves shows that the 3 Mistry-Sun
models have similar net benefit to the other estab-
lished RCs and are superior to the biopsy-all strat-
egy (Figure 2).

Biopsy Outcomes Comparison

To compare the hypothetical outcomes of the different
RC thresholds, we modeled the number of biopsies

performed, missed GG � 2 PCa diagnoses, and the
number of unnecessary biopsies (negative or GG1)
using the models’ predicted probability of GG � 2
PCa. Table 5 summarizes those findings. The Mistry-
Sun models identify more men as low risk below both
thresholds and has a lower number of unnecessary
prostate biopsies than other RCs. Mistry-Sun models
1, 2, and 3 reduce unnecessary biopsies at the 30%
risk threshold compared to all of the other RCs with a
commensurate proportion of missed high-grade can-
cer. The percentage of men with missed GG � 2 PCa
was appropriate for men with thresholds of less than
10% (Mistry-Sun models’ mean percentage of missed
GG � 2 PCa was 0%) and 30% (Mistry-Sun models’
mean was 25.9%). Calculated sensitivity and speci-
ficity for all models is reported in Supplemental
Table 2 (https://www.jurology.com).

DISCUSSION
Black men face a higher risk of being diagnosed
with, and dying from PCa than their non-Black

Table 2. Patient Characteristics of the External Validation Cohort (n [ 292)

Negative biopsy (N [ 121) GG1 PCa (N [ 66) GG2-5 PCa (N [ 105) P valuea

Continuous variables
Age .43
Median (IQR), y 61.0 (56.0, 65.0) 63.0 (59.0, 66.0) 61.0 (57.0, 67.0)
Missing 0 0 0

BMI .37
Median (IQR), kg/m2 29.0 (25.5, 32.9) 30.0 (26.9, 34.3) 29.4 (25.0, 31.9)
Missing 0 0 1

PSA < .01
Median (IQR), ng/mL 5.3 (3.7, 7.6) 6.3 (4.6, 9.9) 9.1 (6.1, 14.7)
Missing 0 0 0

Prostate volumeb < .01
Median (IQR), cm3 51.0 (31.8, 67.3) 40.2 (27.8, 50.6) 32.4 (22.0, 46.0)
Missing 0 2 3

Total cores .66
Median (IQR) 12.0 (12.0, 12.0) 12.0 (12.0, 12.0) 12.0 (12.0, 12.0)
Missing 0 0 0

Categorical variables
Abnormal DREc .02
Yes, No. (%) 20 (16.5) 11 (16.7) 35 (33.3)
Missing 1 1 0

PCa family historyd .33
Yes, No. (%) 23 (19.0) 19 (28.8) 19 (18.1)
Missing 5 2 0

Prior biopsies, No. (%)e .25
0 106 (87.6) 62 (93.9) 99 (94.3)
1 10 (8.3) 2 (3.0) 2 (1.9)
2þ 5 (4.1) 0 (0) 1 (1.0)
Missing 0 2 3

Publicly funded site, No. (%) .11
Yes 14 (11.6) 6 (9.1) 22 (21.0)
Missing 0 0 0

5-ARI use, No. (%) .07
Yes 10 (8.3) 1 (1.5) 2 (1.9)
Missing 0 0 0

Abbreviations: ARI, alpha reductase inhibitor; BMI, body mass index; DRE, digital rectal examination; GG, Gleason Grade Group; IQR, interquartile range; PCa, prostate cancer; PSA,
prostate-specific antigen.
a Kruskal-Wallis tests were used to compare medians for continuous variables, andc2 tests were used for categorical variables; P values< .05 are bolded to highlight statistical significance.
b Transrectal ultrasound derived prostate volume using the ellipsoid formula.
c Abnormal DRE: digital rectal examination coded as abnormal vs normal/not palpable/not performed.
d Family history: patient has 1 or more first-degree relatives with prostate cancer vs no or unknown family history.
e Prior biopsies: 1 or more prior negative prostate biopsies.
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counterparts, but the risk is not uniformly distrib-
uted. There is a demonstrable need for risk strati-
fication tools to directly address the disparity and
more accurately identify the men who may benefit
most and least from a biopsy. The established RCs
have poorer calibration in low-risk ranges for Black
men. In our prior publication, we showed that the
PBCG overestimated risk based on calibration. In
our current publication, we see that PBCG and
PCPT underestimated risk while Kaiser over-
estimated it using the calibration plots. This is
likely due to the validation cohort having inherently
higher risk as evidenced by higher rates of overall
and high-grade prostate cancer.

To our knowledge, this is the first study to
develop and validate a tailored risk-calculator in a
cohort of Black men undergoing prostate biopsy.
The most important clinical factors in Mistry-Sun 2
(lacking prostate volume) are PSA level, prior

negative biopsy, abnormal DRE, and an interaction
term between PSA and abnormal DRE. This model
had better calibration and correspondingly identi-
fied more men who could avoid biopsy. All 3 Mistry-
Sun models were similar or outperformed the
established models in discrimination. This perfor-
mance was only statistically significant for Mistry-
Sun 1 and Mistry-Sun 2 vs PCPT. Mistry-Sun
models were better calibrated, based on the
Hosmer-Lemeshow test at lower risk thresholds,
resulting in fewer unnecessary biopsies. While the
Mistry-Sun models underpredict risk at predicted
probabilities of 40% or higher, we believe this ex-
ceeds most urologists’ and patients’ probability
thresholds and will lead to recommending a biopsy.
The impact of the improved calibration becomes
especially clear when modeling the numbers of un-
necessary biopsies, where Mistry-Sun 2 has the
lowest number of unnecessary biopsies at a higher

Table 3. Comparison of the 3 Mistry-Sun Models With the Established Risk Calculators by Their C Statistics in the External Validation
Cohort

Model

Internal validation External validation

Mistry-Sun models Mistry-Sun models
PCPT PBCG Kaiser

C statistic (95% CI) C statistic (95% CI) C statistic (95% CI) P valuea C statistic (95% CI) P valuea C statistic (95% CI) P valuea

Mistry-Sun 1: Log2(PSA) þ prior
negative biopsy

0.677 (0.58, 0.79) 0.744 (0.69, 0.80) 0.711 (0.68, 0.80) .048 0.728 (0.67, 0.79) .22 0.716 (0.65, 0.78) .18

Mistry-Sun 2: Log2(PSA) þ prior
negative biopsy þ abnormal DRE
þ log2(PSA) � abnormal DRE

0.698 (0.62, 0.82) 0.743 (0.68, 0.80) 0.711 (0.68, 0.80) .06 0.728 (0.67, 0.79) .18 0.716 (0.65, 0.78) .14

Mistry-Sun 3: Log2(PSA) þ prior
negative biopsyþ prostate volume
þ abnormal DRE þ prostate
cancer family history þ age

0.715 (0.62, 0.86) 0.783 (0.73, 0.84) 0.711 (0.68, 0.80) .003 0.728 (0.67, 0.79) .006 0.716 (0.65, 0.78) .006

Abbreviations: CI, confidence interval; DRE, digital rectal examination; Kaiser, Kaiser Permanente Prostate Cancer risk calculator; PBCG, Prostate Biopsy Collaborative Group risk
calculator; PCPT, Prostate Cancer Prevention Trial risk calculator version 2.0; PSA, prostate-specific antigen.
Prior negative biopsy was coded as 0 vs 1 or more.
a P value of each established risk calculator compared to Mistry-Sun Models using the DeLong test.

Table 4. Odds Ratios and 95% Confidence Intervals for Each Covariate in the Mistry-Sun Risk Calculator Models

Mistry-Sun 1 Mistry-Sun 2 Mistry-Sun 3

Covariates GG1 vs no cancer GG2-5 vs no cancer GG1 vs no cancer GG2-5 vs no cancer GG1 vs no cancer GG2-5 vs no cancer

Log2(PSA) 1.027 (0.778, 1.357) 1.667 (1.233, 2.254) 0.922 (0.656, 1.297) 1.264 (0.856, 1.866) 1.270 (0.926, 1.741) 1.883 (1.331, 2.664)
Prior negative biopsy, yes
vs no (ref)

0.613 (0.293, 1.284) 0.432 (0.178, 1.045) 0.571 (0.271, 1.205) 0.461 (0.189, 1.122) 0.504 (0.225, 1.125) 0.363 (0.136, 0.965)

Abnormal digital rectal
exam, yes vs no or not
palpable (ref)

- - 0.160 (0.021, 1.194) 0.285 (0.031, 2.652) 0.460 (0.204, 1.038) 1.725 (0.792, 3.755)

Prostate cancer family
history, yes vs no/
unknown (ref)

- - - - 2.912 (1.281, 6.621) 1.548 (0.584, 4.101)

Age, y - - - - 1.036 (0.99, 1.083) 1.061 (1.008, 1.116)
Prostate volume,a cm3 - - - - 0.974 (0.963, 0.986) 0.965 (0.950, 0.980)
Log2(PSA) � abnormal
digital rectal exam

- - 1.418 (0.762, 2.639) 1.738 (0.907, 3.332) - -

Abbreviations: GG, Gleason Grade Group; PSA, prostate-specific antigen; ref, reference group.
The models are for 3 different clinical settings with varied data availability. Category of “no cancer” includes men with atypical small acinar proliferation who were not biopsied
again.
a Prostate volume is measured by the transrectal ultrasound ellipsoid formula.
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risk threshold for missed GG � 2 PCa (30%)
compared to all the other models while maintaining
an appropriate number of missed GG � 2 cancers.

Mistry-Sun 3 included volume and was antici-
pated to improve performance over the comparison
models that did not include volume. Mistry-Sun
model 3 reduces unnecessary biopsies at the 10%
risk threshold when compared to Kaiser (another
volume-based calculator), without missing any
high-grade cancer. These volumes were derived
from TRUS measurements at time of biopsy, which
can differ from those on MRI especially at larger
volumes and may not be available in biopsy-na€ıve
men.23 It is well documented that larger glands can
produce more PSA, which is why PSA density can
risk-stratify patients. Furthermore, MRI can pro-
vide a noninvasive measurement of volume for
patients with high PSA values who otherwise have

no prior known volume and would end up with a
TRUS and prostate biopsy.15 This may strengthen
the rationale for prebiopsy prostate MRI for Black
men.

The biggest strength of our study was the pro-
spective cohorts of Black men. Our recruitment
featured both publicly funded (University of Illinois
at Chicago, Jesse Brown Veteran’s Administration
Medical Center, and Cook County Health) and pri-
vate (Northwestern Medicine and University of
Chicago) institutions, capturing the socioeconomic
diversity of Chicago. Additionally, our cohorts reflect
contemporary practice by selecting men referred to a
urologist for abnormal PSA or DRE and biopsied
using a standard 12-core approach.

Among our limitations are the relatively small
sample size and geographic homogeneity. Another
limitation is the lack of a centralized pathological

Figure 1. The calibration plots from 0% to 45% risk threshold for each of the Mistry-Sun models compared against the Prostate Cancer

Prevention Trial risk calculator version 2.0 (PCPT), the Prostate Biopsy Collaborative Group risk calculator (PBCG), and the Kaiser

Permanente Prostate Cancer risk calculator (Kaiser).
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Figure 2. The net benefit curves from 0% to 50% risk threshold for each of the Mistry-Sunmodels compared against the Prostate Cancer

Prevention Trial risk calculator version 2.0 (PCPT), the Prostate Biopsy Collaborative Group risk calculator (PBCG), and the Kaiser

Permanente Prostate Cancer risk calculator (Kaiser).

Table 5. Comparison of Biopsy Outcomes at 10% and 30% Risk Thresholds in the External Validation Cohort (N [ 276)

Mistry-Sun 1 Mistry-Sun 2 Mistry-Sun 3 PCPT PBCG Kaiser

10% biopsy threshold
Men below 10% threshold, No. 6 1 30 15 12 0
Total biopsies performed, No. 270 275 246 261 264 276
Missed GG2-5 among men below the 10% threshold, No. (%) 0 (0) 0 (0) 0 (0) 3 (20.0) 3 (25) 0 (0)
Unnecessary biopsies, No. 169 174 145 163 166 175

30% biopsy threshold
Men below 30% threshold, No. 202 219 183 172 137 17
Total biopsies performed, No. 74 57 93 104 139 259
Missed GG2-5 among men below the 30% threshold, No. (%) 55 (27.2) 60 (27.4) 42 (23.0) 46 (26.7) 31 (22.6) 4 (23.5)
Unnecessary biopsies, No. 28 16 34 49 69 162

Abbreviations: GG, Gleason Grade Group; Kaiser, Kaiser Permanente Prostate Cancer risk calculator; PBCG, Prostate Biopsy Collaborative Group risk calculator; PCPT, Prostate
Cancer Prevention Trial risk calculator version 2.0.
For men willing to undergo prostate biopsy if there is 10% or 30% risk of GG2-5 prostate cancer, we list the number of men who fall below the threshold (tests negative), the total
number of biopsies performed (tests positive), the number of missed GG2-5 cancers (false-negatives, which should be � 10% or � 30% from the patient's perspective), and the
number of unnecessary biopsies performed for men with GG1 prostate cancer or a negative biopsy. There were complete data in 276 out of the 292 men.
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review and 2 different International Society of Uro-
logical Pathology Gleason grading standards,
although we attempted to mitigate this by including
uropathologists for review. Additionally, our nomo-
gram did not include some modern components of the
PCa workup such as biomarkers, prostate MRI, and
fusion prostate biopsy. MRI was deliberately excluded
to build a base model and to reflect the reality of our
patient population. An analysis of the Surveillance,
Epidemiology, and End ResultseMedicare cohort
shows that Black men have 60% lower odds of
receiving a prostate MRI before biopsy.15 Future it-
erations of the Mistry-Sun RCs will include addi-
tional tools and seek validation in diverse patient
populations.

CONCLUSIONS
Specific gaps identified in prior RCs are based on
the overestimation of high-grade PCa risk by adding
Black race as a static model covariate, which ex-
poses Black men to unnecessary biopsies.6 The
Mistry-Sun 2 RC features good discrimination and
better calibration for low-risk men and highlights
the predictive power of deriving an RC within a
Black cohort.

Overall, by tailoring our nomogram to Black men,
Mistry-Sun 2 can reduce unnecessary biopsies. While
the goal of many RCs is to maximize utility across
the US population, developing calculators in high-
prevalence populations is reasonable for improving
the performance and reducing potential harm.
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EDITORIAL COMMENT

Mistry et al report the development and validation of a
novel risk calculator for predicting clinically significant
prostate cancer in Blackmen.1 This study addresses an
important need in a population underrepresented in
the development of existing risk calculators. Impor-
tantly, the authors found that some well-known risk
calculators, including one derived from the Prostate
Cancer Prevention Trial whose study population
included only 3.2% African Americans,2 performed
poorly in this population of Black men.

A notable omission, and one being addressed by the
authors in future iterations of their risk calculator, is
the absence of a prebiopsy MRI. Undoubtedly, the
addition of MRI lesions and MRI-calculated volume
will be of great value in reducing unnecessary biopsies
and detecting clinically significant cancer.

So why is the development of this risk calculator
relevant in the current MRI era? While it may
seem to many of us that MRI has become ubiqui-
tous, contemporary studies still show less than
20% utilization in both White and Black prostate
cancer patients throughout the United States.3

These types of instruments will, therefore, remain
valuable to patients and providers with limited
access to MRI. More broadly, this study highlights
the limitations of widely used prostate cancer in-
struments developed from predominantly White
populations.

Michael Feuerstein1

1Lenox Hill Hospital

New York, New York
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