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Article info Abstract
Article history: Background: TMPRSS2:ERG (T2:ERG) and prostate cancer antigen 3 (PCA3) are the most ad-
Accepted April 29, 2015 vanced urine-based prostate cancer (PCa) early detection biomarkers.

Objective: Validate logistic regression models, termed Mi-Prostate Score (MiPS), that incorpo-

Associate Editor: rate serum prostate-specific antigen (PSA; or the multivariate Prostate Cancer Prevention Trial

> . risk calculator version 1.0 [PCPTrc]) and urine T2:ERG and PCA3 scores for predicting PCa and
Giacomo Novara high-grade PCa on biopsy.

Design, setting, and participants: T2:ERG and PCA3 scores were generated using clinical-grade

transcription-mediated amplification assays. Pretrained MiPS models were applied to a valida-

Keywords: tion cohort of whole urine samples prospectively collected after digital rectal examination from
Prostate cancer 1244 men presenting for biopsy.
Urine biomarkers Outcome measurements and statistical analysis: Area under the curve (AUC) was used to

. compare the performance of serum PSA (or the PCPTrc) alone and MiPS models. Decision curve
Early detection analysis (DCA) was used to assess clinical benefit.
Gene fusions Results and limitations: Among informative validation cohort samples (n = 1225 [98%], 80% from
PCA3 patients presenting for initial biopsy), models incorporating T2:ERG had significantly greater AUC
than PSA (or PCPTrc) for predicting PCa (PSA: 0.693 vs 0.585; PCPTrc: 0.718 vs 0.639; both
p < 0.001) or high-grade (Gleason score >6) PCa on biopsy (PSA: 0.729 vs 0.651, p < 0.001; PCPTrc:
0.754 vs 0.707, p = 0.006). MiPS models incorporating T2:ERG score had significantly greater AUC
(all p < 0.001) than models incorporating only PCA3 plus PSA (or PCPTrc or high-grade cancer
PCPTrc [PCPThg]). DCA demonstrated net benefit of the MiPS_PCPTrc (or MiPS_PCPThg) model
compared with the PCPTrc (or PCPThg) across relevant threshold probabilities.
Conclusions: Incorporating urine T2:ERG and PCA3 scores improves the performance of serum
PSA (or PCPTrc) for predicting PCa and high-grade PCa on biopsy.
Patient summary: Incorporation of two prostate cancer (PCa)-specific biomarkers (TMPRSS2:ERG
and PCA3) measured in the urine improved on serum prostate-specific antigen (or a multivariate
risk calculator) for predicting the presence of PCa and high-grade PCa on biopsy. A combined test,
Mi-Prostate Score, uses models validated in this study and is clinically available to provide
individualized risk estimates.
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1. Introduction

Approximately 1 million men undergo prostate biopsy
each year in the United States, most for elevated serum
prostate-specific antigen (PSA or KLK3). Serum PSA’s lack
of prostate cancer (PCa) specificity, the unclear benefits
of PSA screening for reducing PCa deaths, and the harms
of overdiagnosing indolent disease have called PSA
screening into question [1-3]. Although aggressive PCa-
specific biomarkers may eventually replace serum PSA, at
present, methods to individualize management of elevated
PSA are needed. Such approaches include multivariate risk
models, such as the Prostate Cancer Prevention Trial
risk calculator (PCPTrc), which includes serum PSA and
clinical factors [4-6]. Likewise, multiple PSA derivatives
and other related kallikreins have been advanced as early
detection biomarkers, including free PSA and [-2]proPSA
(both of which are incorporated, with total PSA, in the
Prostate Health Index [PHI]), with free PSA and PHI
approved by the US Food and Drug Administration
(FDA) for PCa risk estimation in men with serum PSA of
4-10 ng/ml [7-9]. Similarly, a panel of free and total PSA,
single-chain intact PSA, and a related kallikrein (KLK2)
outperforms serum PSA alone for predicting PCa on
biopsy, and a test incorporating these kallikreins along
with clinical parameters (4Kscore) is available [7,9].

An alternative to using tissue-specific biomarkers, such
as serum PSA and other Kkallikreins, for predicting the
presence of PCa is to utilize PCa-specific biomarkers.
Prostate cancer antigen 3 (PCA3; a noncoding RNA) and
TMPRSS2:ERG (T2:ERG) gene fusions are the most advanced
PCa-specific early detection biomarkers [10-13]. In tissues,
both biomarkers show markedly improved PCa specificity
compared with PSA or derivatives or related kallikreins
[12,14,15]. In addition, both PCA3 and T2:ERG transcripts
are detectable and quantifiable in urine collected after
digital rectal examination (DRE) [10-13]. The Progensa
PCA3 test (Hologic Inc, Bedford, MA, USA), which reports a
quantitative PCA3 score using a transcription-mediated
amplification (TMA) assay, has been extensively studied as
a urine-based PCa biomarker [11-13] and is FDA approved
for estimating PCa risk following a negative biopsy.

Previously, we reported the development and applica-
tion of a clinical-grade TMA assay for quantifying T2:ERG
messenger RNA (mRNA), which generates a T2:ERG score by
normalizing urine T2:ERG mRNA to urine PSA mRNA (to
control for prostate cell and mRNA abundance) [16]. This
assay is based on the same technology as the Progensa PCA3
test and can be performed on the same post-DRE whole
urine sample. Previously, we applied initial T2:ERG TMA
assay versions to post-DRE whole urine from 1312 men
presenting for biopsy or prostatectomy at multiple centers
[16]. More recently, we and others have evaluated the
performance of a final clinical-grade T2:ERG TMA assay
[17-20]. In this study, we evaluated pretrained multivariate
regression models combining urine T2:ERG and/or PCA3
scores with serum PSA (or the PCPTrc) in a large
independent validation cohort to develop methods for
individualized PCa risk estimates.

2. Materials and methods
2.1. Patients

The regression models were developed in a training cohort and validated
in an independent cohort. For the training cohort, post-DRE urine was
prospectively collected from 733 patients presenting for diagnostic
prostate biopsy at three US academic institutions and assessed for urine
T2:ERG and PCA3 scores at the University of Michigan Health System
(training cohort), predominantly as part of an Early Detection Research
Network (EDRN) biopsy cohort [21], using standardized protocols. For
the validation cohort, prospectively collected post-DRE urine samples
were obtained from 1244 men presenting for diagnostic biopsy at seven
community clinics throughout the United States. In both cohorts, men
with prior treatment for PCa or surgical treatment of the prostate within
6 mo of urine collection (or previous biopsy within 6 wk) were excluded.
In the validation cohort, men with a history of PCa were excluded. A flow
diagram of all specimens from the training and validation cohorts is
shown in Figure 1. Additional cohort information is available in the
Supplement and Supplementary Table 1.

2.2. Urine T2:ERG and PCA3 score generation

Urine processing and T2:ERG and PCA3 score determination on the same
post-DRE whole urine specimen using TMA assays were performed as
described [16,17,19]. Details of the T2:ERG and PCA3 (Progensa) assays
are provided in the Supplement and Supplementary Table 2.

2.3. Statistical analysis

Statistical analyses were performed using R version 2.10.1 (R Foundation
for Statistical Computing, http://www.R-project.org) or MedCalc,
version 12.4.0.0. Two-tailed tests were used, and p values <0.05 were
considered statistically significant.

The ability of combinations of various biomarker (serum PSA, PCPTrc
[version 1.0], high-grade cancer PCPTrc [PCPThg; version 1.0], and urine
T2:ERG and PCA3 scores) to predict cancer (vs no cancer) or high-grade
cancer (Gleason score >6 vs 6 plus no cancer) on biopsy was assessed
by multivariable logistic regression models. Diagnostic potential was
quantified using the area under the receiver operating characteristic
curve (AUC). Decision curve analysis (DCA) was performed using the DCA
R package, as described [22]. All models and additional details, including
AUC comparison and DCA methodology, are described in the Supplement
and Supplementary Table 3.

3. Results

3.1. Development of logistic regression models incorporating
urine T2:ERG and PCA3 scores

The multivariable logistic regression models evaluated in
this study were developed using a 733-specimen training
cohort. Of the 711 samples (97%) that were informative for
both urine T2:ERG and PCA3 scores (sufficient urine PSA
[10 000 copies per milliliter] to ensure adequate prostatic-
derived RNA), 689 samples were collected as part of an
EDRN protocol [21] and were from men without PCa
presenting for biopsy. The remaining 22 informative
samples were collected in the same manner from men
with PCa (on active surveillance) presenting for rebiopsy.
Models were trained on all 711 informative samples in the
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Fig. 1 - Flow diagram of specimens in the training and validation cohort. Specimen cohorts for all urine samples assessed for TMPRSS2:ERG (T2:ERG)
and PCA3 are shown. Samples excluded from various analyses (indicated by legend and described in the text) are indicated in orange. Samples
assessed using version 2 or version 3 (final assay) T2:ERG transcription-mediated amplification assays are indicated.

AS = active surveillance; EDRN = Early Detection Research Network; PCPTrc = Prostate Cancer Prevention Trial risk calculator; PCPThg = PCPT high grade
cancer risk calculator; PSA = prostate-specific antigen; ROC = receiver operating characteristic; T2:ERG = TMPRSS2:ERG;UMHS = University of Michigan

Health System; v3 = version 3.

training cohort (98% of men underwent >12 core biopsy)
and incorporated serum PSA (or PCPTrc), urine T2:ERG
score, and/or PCA3 score for predicting PCa presence on
biopsy. Similar models were also trained using serum PSA
(or PCPThg) for predicting high-grade (Gleason score >6)
cancer (Supplementary Table 3).

These pretrained models were then evaluated in an
independent cohort consisting of 1244 prospectively col-
lected, post-DRE urine samples from seven US community
clinics assessed for urine T2:ERG and PCA3 scores at Gen-
Probe (San Diego, CA, USA; validation cohort). Clinicopath-
ologic characteristics of the 1225 of 1244 (98%) validation
cohort specimens informative for both urine T2:ERG and
PCA3 scores are given in Table 1. Of note, in the validation
cohort, no patient had a previous history of PCa, 80% were
from initial biopsy, 73% were white, and 99% underwent
>12 core biopsy. Moreover, 42% and 18% of patients were
diagnosed with cancer and high-grade cancer, respectively,
on biopsy. A flow diagram of all samples from training and
validation cohorts is shown in Figure 1. Associations with

clinicopathologic parameters are shown in Table 1 and
described in the Supplement.

3.2 Incorporating urine T2:ERG and PCA3 with serum prostate-
specific antigen or the PCPT risk calculators for predicting cancer or
high-grade cancer on biopsy

We next assessed the ability of the trained models
incorporating urine T2:ERG and PCA3, either alone or in
combination, to improve on serum PSA or the PCPTrc
for predicting the presence of cancer on biopsy in the
validation cohort using AUC comparisons (Table 2).
Among 1225 informative validation cohort patients, AUCs
for PSA, PSA plus T2:ERG score, PSA plus PCA3 score, and
Mi-Prostate Score (MiPS) were 0.585, 0.693, 0.726, and
0.751, respectively. Among 1166 informative validation
cohort patients with calculable PCPTrc scores, AUCs for
PCPTrc, PCPTrc plus T2:ERG, PCPTrc plus PCA3, and PCPTrc
plus T2:ERG plus PCA3 (MiPS_PCPT) were 0.639, 0.718,
0.739, and 0.762, respectively (Table 2). Calibration
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Table 1 - Associations of urine T2:ERG score, urine PCA3 score, and the Mi-Prostate Score risk model for predicting cancer on biopsy and
clinicopathologic parameters in evaluable validation cohort patients (n =1225)

Parameter Patients, n Median, T2:ERG p value PCA3 p value MiPS model p value
IQR score, T score, TI's risk, r
Age, yr 1225 64 (58-70) 0.10 0.0004 0.32 < 0.0001 0.32 <0.0001
Serum PSA 1225 4.7 (3.3-6.5) 0.07 0.01 0.11 < 0.0001 0.33 <0.0001
Ultrasound volume, ml 1181 48 (35-68) -0.02 0.55 —0.08 0.006 0.00 0.90
PSAD 1181 0.091 (0.057-0.140) 0.08 0.008 0.17 < 0.0001 0.32 <0.0001
PCPTrc risk, % 1166 40 (33-51) 0.09 0.002 0.16 < 0.0001 0.32 <0.0001
PCPTrc high-grade risk, % 1218 11 (6-18) 0.09 0.001 0.25 < 0.0001 0.40 <0.0001
Bx cores, positive, no. 518 3(1-5) 0.24 <0.0001 0.24 < 0.0001 0.34 <0.0001
Bx cores, positive, % 518 25 (8-42) 0.23 <0.0001 0.23 < 0.0001 0.34 <0.0001
Greatest involvement of 201 38 (17-64) 0.27 0.0001 0.03 0.67 0.25 0.0003
a single bx core, %
Parameter Total Patients, T2:ERG score, p value PCA3 score, p value MiPS model risk, p value
patients, n n (%) median (IQR) median (IQR) median (IQR)
Diagnosis 1225
Noncancer 707 (58) 2 (0-14) <0.0001 15 (8-36) <0.0001 30 (17-50) <0.0001
Cancer 518 (42) 15 (1-71) 40 (19-84) 60 (38-76)
Diagnosis 707
Atypia and/or HGPIN 269 (38) 6 (0.5-25) <0.0001 26 (12-57) <0.0001 43 (26-63) <0.0001
Other benign 438 (62) 1 (0-7) 12 (6-26) 24 (14-39)
Race 1222
White 890 (73) 5 (0.1-35) 0.07 26 (11-58) 0.002 42 (23-67) 0.01
Not white 332 (27) 4 (0-25) 21 (8-50) 38 (19-62)
Family History 1170
Negative 940 (80) 4(0.1-33) 0.44 23 (10-55) 0.23 39 (21-65) 0.10
Positive 230 (20) 6 (0.3-28) 28 (11-61) 46 (24-67)
DRE 1223
Normal 936 (77) 5 (0.2-31) 0.40 24 (10-54) 0.22 42 (23-66) 0.17
Abnormal 287 (23) 5 (0-35) 27 (10-58) 37 (20-65)
Previous biopsy 1223
No 977 (80) 5 (0.1-33) 0.25 24 (10-57) 0.51 40 (21-66) 0.21
Yes 246 (20) 4(0-31) 24 (12-53) 43 (25-65)
Bx cores (#) 773
<12 11 (1) 6 (0.5-70) 0.96 39 (17-68) 0.98 62 (50-79) 0.28
12 687 (89) 7 (0.3-48) 32 (15-73) 50 (30-71)
>12 75 (10) 6 (0.2-94) 32 (16-76) 44 (32-75)
Bx Gleason score 518
6 294 (57) 11 (0.7-52) 0.008 34 (16-75) 0.0006 53 (32-72) <0.0001
>6 224 (43) 23 (2-113) 50 (23-94) 67 (46-81)
Clinical stage 517
T1 382 (74) 16 (1-68) 0.81 37 (19-78) 0.17 59 (39-76) 0.92
>T1 135 (26) 12 (0.4-95) 47 (20-95) 59 (35-77)
Bx signficance® 195
Insignificant 32 (16) 5 (0.3-29) 0.24 34 (15-55) 0.008 44 (28-66) 0.007
Significant 163 (84) 15 (0.4-70) 50 (23-96) 63 (42-78)
Bx significance (pathology)” 201
Insignificant 65 (32) 5 (0.3-29) 0.004 36 (16-71) 0.002 45 (28-64) <0.0001
Significant 136 (68) 22 (1-97) 55 (28-103) 68 (45-82)

Bx = biopsy; bx = previous biopsy; DRE = digital rectal examination; HGPIN = high-grade prostatic intraepithelial neoplasia; IQR = interquartile range;
MiPS = Mi-Prostate Score, serum PSA plus T2:ERG plus PCA3; PCPTrc = Prostate Cancer Prevention Trial risk calculator; PSA = prostate-specific antigen;

T2:ERG = TMPRSS2:ERG.

For all evaluable patients in the validation cohort, the number of patients with data for each parameter, the median (and interquartile range), and correlations
(Spearman'’s rho [rs]) and p values with urine T2:ERG score, urine PCA3 score, and the urine T2:ERG score plus urine PCA3 score plus serum PSA (MiPS) logistic
regression model (logit) for predicting the presence of prostate cancer on biopsy are given in the upper panel. In the lower panel, the total number of patients
with data for each parameter, the number (and percentage) of patients within each categorical parameter, and the median T2:ERG score, PCA3 score, and MiPS
model (logit*100) and p value for each categorical comparison (Mann-Whitney or Kruskal-Walis test) are given.

2 Any clinical stage higher than T1c, PSA density (serum PSA/prostate volume on ultrasound) >0.15 ng/ml/ml, Gleason score >6, >25% cores positive,

or >50% greatest single core involvement as significant.

> Any Gleason score >6, >25% cores positive, or >50% greatest single core involvement as significant.

plots demonstrate that MiPS_PCPT predicted and observed
cancer risks were similar in this cohort, with the
MiPS_PCPT model showing enhanced risk stratification
compared with the PCPT model (Fig. 2A; Supplementary
Fig. 1a).

We then assessed the ability of the trained models
incorporating urine T2:ERG and PCA3, either alone or in
combination, to improve on serum PSA or PCPThg for
predicting the presence of high-grade cancer (Gleason score
>6) on biopsy. Among 1225 informative validation cohort
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Table 2 - Performance of serum prostate-specific antigen, Prostate Cancer Prevention Trial, and Mi-Prostate Score-based models for

predicting cancer and high-grade cancer on biopsy

Model Prediction n AUC p value vs p value vs T2:
PSA (or PCPT) ERG or PCA3

PSA Cancer 1225 0.585 NA NA

PSA plus T2:ERG 0.693 <0.001 NA

PSA plus PCA3 0.726 <0.001 <0.05

PSA plus T2:ERG plus PCA3 (MiPS) 0.751 <0.001 <0.001, <0.001

PCPTrc Cancer 1166 0.639 NA NA

PCPTrc plus T2:ERG 0.718 <0.001 NA

PCPTrc plus PCA3 0.739 <0.001 NS

PCPTrc plus T2:ERG plus PCA3 (MiPS_PCPT) 0.762 <0.001 <0.001, <0.001

PSA HG cancer 1225 0.651 NA NA

PSA plus T2:ERG 0.729 <0.001 NA

PSA plus PCA3 0.747 <0.001 NS

PSA plus T2:ERG plus PCA3 (MiPShg) 0.772 <0.001 <0.01, <0.001

PCPThg HG cancer 1218 0.707 NA NA

PCPThg plus T2:ERG 0.754 <0.01 NA

PCPThg plus PCA3 0.752 <0.01 NS

PCPThg plus T2:ERG plus PCA3 (MiPS_PCPThg) 0.779 <0.001 <0.05, <0.001

AUC = area under the curve; HG = high grade; MiPS = Mi-Prostate Score; MiPShg = Mi-Prostate Score, high grade; NA =not available; NS = not significant;
PCPThg = Prostate Cancer Prevention Trial high-grade risk calculator; PCPTrc = Prostate Cancer Prevention Trial risk calculator; PSA = prostate-specific antigen;

T2:ERG = TMPRSS2:ERG.

Trained logistic regression models incorporating urine T2:ERG and/or PCA3 scores along with serum PSA, the PCPTrc or PCPThg for predicting cancer or HG
cancer (Gleason score >6) were evaluated in a separate validation cohort of 1225 evaluable patients. The number of patients with clinicopathologic information
needed for the given model and informative urine samples are given, along with AUCs for each model. Significant differences in AUCs (for combined models
compared with PSA (or PCPTrc-based models) are indicated. Significant differences for PSA plus T2:ERG vs PSA plus PCA3 models or MiPS vs PSA plus T2:ERG

and PSA plus PCA3 models (or equivalent PCPTrc-based models) are also given.

patients, AUCs for PSA, PSA plus T2:ERG score, PSA plus
PCA3 score, and PSA plus T2:ERG plus PCA3 (MiPShg) were
0.651, 0.729, 0.747, and 0.772, respectively (Table 2).
Among 1218 informative validation cohort patients with
calculable PCPThg scores, AUCs for PCPThg, PCPThg plus
T2:ERG score, PCPThg plus PCA3 score, and PCPThg plus
T2:ERG plus PCA3 (MiPS_PCPThg) were 0.707, 0.754, 0.752,
and 0.779, respectively (Table 2). As shown in Table 2, all
MiPS models showed significantly greater AUC than single-
biomarker (PSA or PCPT) or two-biomarker (PSA or PCPT
plus T2:ERG or PCA3) models. Calibration plots demonstrate
that MiPS_PCPThg modestly overestimated high-grade
cancer risk (most notably at observed vs predicted risks
likely to trigger biopsy regardless), and the MiPS_PCPThg
model showed enhanced risk stratification compared with
the PCPThg model (Fig. 2B; Supplementary Fig. 1b).

3.3. Impact of MiPS-based models on biopsies averted and
high-grade cancer diagnoses delayed

Clinical consequences of using various cut-offs of the MiPS
and PCPT-based model risk predictions (compared with the
strategy of biopsying all patients), including the number of
biopsies that could have been avoided and the number of
high-grade cancer diagnoses that would have been delayed,
is shown in Table 3. To further assess potential clinical
benefit of incorporating T2:ERG and PCA3 scores into the
PCPTrc and PCPThg, we performed DCA using predicted risk
probabilities in the validation cohort. DCA sums net benefits
(true positives) and subtracts harms (false positives) to
determine net clinical benefit. False positives are weighted
by a factor related to the relative harm of a missed cancer

compared with a negative biopsy; this factor is derived
from the probability of PCa (or high-grade cancer) at
which a patient would choose to be biopsied (threshold
probability). As shown in Figure 2C and 2D, compared with
the PCPT-based models or the strategy of biopsying all
patients, the MiPS-based models resulted in net
clinical benefit across a wide range of relevant threshold
probabilities. Likewise, across relevant threshold proba-
bilities, DCA demonstrated that biopsying based on MiPS-
based models would reduce the number of biopsies
compared with PCPT-based models or biopsying all
patients (Fig. 2E and 2F). Together, these results demon-
strate that at relevant threshold probabilities, MiPS-based
strategies are clinically superior to serum PSA (or PCPT)-
based strategies for making biopsy decisions.

34. MiPS performance across clinical subsets

Although urine PCA3 is FDA approved in the repeat biopsy
setting, recent reports demonstrate utility at initial biopsy
[10-12,21,23]. Hence, we assessed the performance of
MiPS-based models in comparison to serum PSA and PCPT-
based models in subsets of our validation cohort stratified
by presentation for initial versus repeat biopsy, normal
versus abnormal DRE status, and serum PSA (<3, >3 and
<10, and >10 ng/ml). As shown in Supplementary Table 4,
in 55 of 56 comparisons (98%) from 14 subsets with >50
patients, MiPS-based models had higher AUC than serum
PSA or PCPT-based models for predicting cancer or high-
grade cancer on biopsy. For example, among 557 patients
who presented for initial biopsy with serum PSA >3 and
<10 ng/ml and normal DRE, AUCs for PCPThg and
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Fig. 2 - Calibration plots and decision curve analysis (DCA) demonstrate enhanced risk stratification and net clinical benefit of Mi-Prostate Score (MiPS)
models compared with Prostate Cancer Prevention Trial risk calculators for predicting prostate cancer (PCPTrc) or high-grade cancer (PCPThg) on
biopsy. Logistic regression models incorporating serum prostate-specific antigen (or PCPT risk calculators), urine TMPRSS2:ERG (T2:ERG) score, and
urine PCA3 scores were trained on a cohort of 711 evaluable patients for predicting prostate cancer on biopsy. Trained models were then evaluated in
a separate validation cohort of 1225 evaluable patients. (A) Calibration plot (observed vs predicted risks of prostate cancer on biopsy) using predicted
probabilities from the PCPTrc version 1.0 (PCPTrc, dark orange points) and the trained MiPS_PCPT model (PCPTrc plus T2:ERG plus PCA3, medium
orange points) in the validation cohort. Plots from groups of n =10 are shown (Supplementary Fig. 1 shows plots from group of n=5 and n =15).
Perfect calibration is indicated by the dashed 45° line. (B) As in panel (A) but predicting high-grade cancer (Gleason score >6) on biopsy and using the
PCPThg (dark orange points) and the trained MiPS_PCPThg model (PCPThg plus T2:ERG plus PCA3, medium orange points). (C-F) Decision curve
analysis (DCA) demonstrated net clinical benefit of biopsying patients in the validation cohort based on MiPS- versus PCPT-based models across a
range of clinically relevant threshold probabilities (the risk of cancer [or high-grade cancer] on biopsy that a patient would choose to undergo biopsy
based on their weight of relative harms of false-positive and false-negative predictions). (C) Net clinical benefit of the PCPTrc (dark orange line) and the
MiPS_PCPT model (medium orange line) are shown (using 5% increments) compared with strategies of biopsying everyone (light orange line) and
biopsying no one (x-axis). The MiPS_PCPT-based strategy shows net clinical benefit compared with PCPTrc across a range of relevant threshold
probabilities. (D) As in panel (C) but comparing the PCPThg (dark orange line) and the MiPS_PCPThg model (medium orange line). (E, F) DCA can also be
used to visualize the percentage of biopsies avoided (compared with biopsying all patients) without missing any events across threshold probabilities.

(E) Percentage of biopsies avoided without missing any cancers using the PCPTrc (dark orange line) and the MiPS_PCPT model (medium orange line)

in the validation cohort. (F) Percentage of biopsies avoided without missing any high-grade cancers using the PCPThg (dark orange line) and the
MiPS_PCPThg model (medium orange line). As an example, at a threshold probability of 10% chance of high-grade cancer on biopsy, biopsying patients on
the basis of MIPS_PCPThg would result in an 18.5% reduction in biopsies without missing any high-grade cancers compared to only 3.2% for PCPThg.
MiPS = Mi-Prostate Score; PCPTrc = Prostate Cancer Prevention Trial risk calculator; PCPThg = PCPT high grade cancer risk calculator.
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Table 3 - Impact of using Prostate Cancer Prevention Trial or Mi-Prostate Score-based risk predictors on biopsies avoided and all and

high-grade cancers detected or delayed

Model Predicted Biopsies Biopsies Cancer HG cancer
risk cut-off, ¥ performed, n  avoided, n (%)
Detected, n (%) Missed, n (%) Detected, n (%) Delayed, n (%)

PCPT or MiPS_PCPT 0 1166 0 (0) 491 (42 0 (0) 208 (17) 0 (0)
PCPT >20 1115 51 (4.4) 489 (42) 2(0.2) 208 (17) 0 (0)
MiPS_PCPT >20 909 257 (22) 453 (39) 38 (3.3) 202 (17) 6 (0.5)
PCPT >30 974 192 (16) 446 (38) 45 (3.9) 198 (17) 10 (0.9)
MiPS_PCPT >30 754 412 (35) 421 (36) 70 (6.0) 196 (17) 12 (1.0)
PCPT >40 583 583 (50) 301 (26) 190 (16) 152 (13) 56 (4.8)
MiPS_PCPT >40 617 549 (47) 370 (32) 121 (10) 181 (16) 27 (2.3)

PCPThg or MiPS_PCPThg 0 1218 0 (0) 515 (42) 0 (0) 223 (18) 0 (0)
PCPThg >5 1002 216 (17) 472 (39) 43 (3.5) 214 (18) 9(0.7)
MiPS_PCPThg >5 1149 69 (5.9) 506 (42) 9(0.7) 222 (18) 1(0.1)
PCPThg >10 639 579 (48) 321 (26 194 (16) 169 (14) 54 (4.4)
MiPS_PCPThg >10 932 286 (23) 469 (39) 46 (3.8) 217 (18) 6 (0.5)
PCPThg >15 391 827 (68) 212 (17) 303 (25) 125 (10) 98 (8)
MiPS_PCPThg >15 777 441 (36) 430 (37) 85 (7.0) 204 (17) 19 (1.6)

HG = high-grade; MiPS = Mi-Prostate Score; PCPT = Prostate Cancer Prevention Trial; PCPThg = Prostate Cancer Prevention Trial high-grade risk calculator.
The number and percentage of biopsies that would be avoided and the number and percentage of biopsies with all and HG (Gleason score >6) cancers detected
and delayed from applying the indicated predicted risk cut-off (from PCPT or MiPS-based models) as the threshold for undergoing biopsy are shown.

MiPS_PCPThg prediction of high-grade cancer were
0.637 and 0.752, respectively (p = 0.0004).

4. Discussion

We developed and validated risk models, termed MiPS,
combining urine T2:ERG and PCA3 scores with serum PSA or
the PCPTrc for predicting the presence of PCa (or high-grade
cancer) on biopsy. T2:ERG and PCA3 represent the most
advanced urine biomarkers for PCa [11,12]. The Progensa
PCA3 test (used in this study) is FDA approved in the setting
of a prior negative biopsy, and recent reports support utility
in the initial biopsy setting [10-13,21,23]. Of note, in our
large validation cohort, MiPS showed significantly in-
creased AUC compared with serum PSA (or PCPT-based
models) for predicting cancer or high-grade cancer in the
initial biopsy setting and in subsets of patients presenting
for repeat biopsy (Supplementary Table 4).

T2:ERG is one of the most well-characterized tissue-
based PCa biomarkers, with independent reports of
>99.99% specificity using ERG immunohistochemistry as
a surrogate for T2:ERG fusions [ 14]. Importantly, in addition
to studies using the quantitative T2:ERG TMA assay (or
earlier versions) evaluated in this study to assess urine
specimens, studies have also used assays reporting binary
T2:ERG status [11,12]. In a prospective study, for example,
Leyten et al used whole transcriptome amplification of
urine sediment followed by quantitative polymerase chain
reaction to assess T2:ERG status (positive or negative) for
men presenting for biopsy [24]. They found that incorpo-
rating T2:ERG status (along with PCA3, as assessed in this
study) increased the European Randomised Study of
Screening for Prostate Cancer risk calculator (ERSPCrc)
from 0.799 to 0.842; T2:ERG status (unlike PCA3 score) also
added significant predictive value to the ERSPCrc for
predicting Gleason score and clinical stage. Because

T2:ERG fusions are present in only about 50% of PCa, this
binary approach for early detection is appealing. However,
in a study of 41 men from our training cohort who later
underwent prostatectomy, approximately 75% of prostates
harbored at least one T2:ERG-positive cancer focus, and
urine T2:ERG scores and total T2:ERG-expressing cancer
tissue volume were highly correlated (rs = 0.68) [19]. Like-
wise, in our current study, biopsy-detectable cancer risk is
continuously associated with T2:ERG score (Supplementary
Fig. 2). Together, these findings support quantitative urine
T2:ERG assays as providing more individualized risk
assessment.

DCA demonstrates that across the range of clinically
relevant threshold probabilities (the probability of cancer or
high-grade cancer at which a patient would elect to undergo
biopsy), biopsy decision making based on MiPS models
shows increased net clinical benefit compared with serum
PSA or PCPT-based approaches. Likewise, as shown in
Table 3, using various MiPS_PCPT (>30% or >40%) or
MiPS_PCPThg (>15%) cut-offs for biopsying patients in our
validation cohort would avoid 35-47% of biopsies while
delaying the diagnosis of only 1.0-2.3% of high-grade
cancers. Although cross-study comparisons are challenging,
MIPS results compare favorably to those from other early
detection tests, including 4Kscore and PHI [25,26].

A complete comparison of MiPS and other early
detection biomarkers (including multiparametric magnetic
resonance imaging [MRI]) and cost-benefit analysis has not
been performed. However, our current study validating the
MiPS models will enable head-to-head (and combined)
assessment with 4Kscore, PHI, and multiparametric MRI, as
required for a true cost-benefit analysis, to determine the
optimal early detection approach for various clinical
scenarios. MiPS requires a DRE prior to urine collection,
unlike 4Kscore and PHI, which require a blood draw. Unlike
the binary urine T2:ERG assay described by Leyten et al that
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requires sedimented urine [24], both the T2:ERG and PCA3
assay in MiPS are performed on the same whole urine
specimen.

Multiple studies have demonstrated that TMPRSS2:ERG
gene fusions are more common at the tissue level in early
onset PCa and in men presenting with low serum PSA
[27,28].In an exploratory analysis shown in Supplementary
Table 5, we found that PSA or (PCPT) plus T2:ERG models
showed nearly equivalent or greater AUC than full MiPS
models for predicting cancer and high-grade cancer in
men with serum PSA <3 ng/ml. Hence, MiPS (or models
including only T2:ERG, given its cancer specificity) may
have particular utility in this setting, supporting formal
assessment in future studies.

A limitation of our study was the use of PCPTrc_v1
and PCPThg_v1, rather than updated version 2 (v2) risk
calculators, because our MiPS models were locked for
subsequent validation studies prior to PCPT_v2 risk
calculator development. Of note, PCPTrc_v2 and PCPThg_v2
were poorly calibrated in our validation cohort (Supple-
mentary Table 6), with no significant difference in AUCs
compared with version 1 (PCPThg_v1 showed significantly
increased AUC compared to PCPThg_v2). In addition, we
observed greater improvement for predicting all cancers,
compared with high-grade cancer only, when incorporating
T2:ERG plus PCA3 scores. Although overdiagnosis of low-
grade cancer drives overtreatment, whether our models
show utility in identifying the subset of patients with low-
grade cancer who harbor undiagnosed higher grade cancer
(approximately 20-40%) or can be combined with novel
imaging or tissue-based prognostic tests should be
investigated. Of note, tissue and urine assessment of
PCA3 and/or T2:ERG have been variably associated with
significant disease and progression [10-14,29,30], sup-
porting the need for additional investigation in these
settings. Last, our validation cohort consisted of men
without cancer undergoing biopsy based on current
standard of care (ie, elevated serum PSA), so no conclusions
can be drawn from this study regarding performance in
active surveillance or screening cohorts.

5. Conclusions

In summary, we reported validated individualized risk
models (MiPS) incorporating serum PSA (or the PCPTrc) and
urine T2:ERG and PCA3 scores for predicting PCa and high-
grade PCa risk on needle biopsy. By AUC, assessment of
unnecessary biopsies avoided, and DCA, MiPS models
significantly outperformed serum PSA (or PCPTrc)-based
strategies, supporting the use of the MiPS test as a decision-
making aide for men (and their physicians) concerned about
serum PSA test results, particularly in the initial biopsy
setting. The MiPS test, which uses these validated models to
report quantitative risk assessments for PCa and high-grade
PCa on biopsy, is clinically available through a College
of American Pathology/Clinical Laboratory Improvement
Amendments-certified laboratory. Additional studies will
be needed to compare MiPS performance with other early

detection-based strategies and to determine costs and
benefits of various early detection approaches.
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