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Abstract

Introduction: A functional tool to optimize patient selection for
magnetic resonance imaging (MRI)-guided prostate biopsy (MRGB)
is an unmet clinical need. We sought to develop a prostate cancer
risk calculator (PCRC-MRI) that combines MRI and clinical charac-
teristics to aid decision-making for MRGB in North American men.
Methods: Two prospective registries containing 2354 consecutive
men undergoing MRGB (September 2009 to April 2019) were ana-
lyzed. Patients were randomized into five groups, with one group
randomly assigned to be the validation cohort against the other
four groups as the discovery cohort. The primary outcome was
detection of clinically significant prostate cancer (csPCa) defined as
Gleason grade group =2. Variables included age, ethnicity, digital
rectal exam (DRE), prior biopsy, prostate-specific antigen (PSA),
prostate volume, PSA density, and MRI score. Odds ratios (OR)
were calculated from multivariate logistic regression comparing
two models: one with clinical variables only (clinical) against a
second combining clinical variables with MRI data (clinical+MRI).
Results: csPCa was present in 942 (40%) of the 2354 men available
for study. The positive and negative predictive values for csPCa
in the clinical+MRI model were 57% and 89%, respectively. The
area under the curve of the clinical+MRI model was superior to
the clinical model in discovery (0.843 vs. 0.707, p<0.0001) and
validation (0.888 vs. 0.757, p<0.0001) cohorts. Use of PCRC-MRI
would have avoided approximately 16 unnecessary biopsies in
every 100 men. Of all variables examined, Asian ethnicity was
the most protective factor (OR 0.46, 0.29-0.75) while MRI score
5 indicated greatest risk (OR15.8, 10.5-23.9).

Conclusions: A risk calculator (PCRC-MRI), based on a large North
American cohort, is shown to improve patient selection for MRGB,
especially in preventing unnecessary biopsies. This tool is available
at https://www.uclahealth.org/urology/prostate-cancer-risk-
calculator and may help rationalize biopsy decision-making.

Introduction

Prostate cancer diagnostics have evolved in the last dec-
ade due to the addition of multiparametric magnetic res-
onance imaging (mMpMRI) to guide biopsy." Prostate MRI
allows visualization of most clinically significant prostate
cancers (csPCa) and permits targeted biopsy of the lesion.**
The American Urological Association and the Society of
Abdominal Radiology released a joint recommendation that
MRI-guided biopsy (MRGB) should be performed in all men
undergoing prostate biopsy when quality MRI imaging is
available.” Consequently, use of MRGB is growing.® Because
MRGB is resource-intensive, there is a need to improve
selection of patients for whom the new technology would
best be applied. Thus, an accessible tool that incorporates
MRI data into prostate cancer risk stratification would fill an
important unmet need.

Improving efficiency of prostate biopsy is also important
because of the potential complications of the procedure.”
As many as 6.9% of men may be hospitalized within 30
days after prostate biopsy, most often for bacterial infec-
tion.” Infectious complications are increasing and expensive,
costing a median of over $4000 U.S. for each event.® In
fact, approximately 50% of the costs attributed to a pros-
tate biopsy are due to complications.® Transperineal biopsy,
which has not yet been widely adopted in the U.S., may
reduce infectious complications, but pain, urinary reten-
tion, hematospermia, and hematuria remain common.® Thus,
increasing efficiency of biopsy would ease a current burden
on healthcare systems.
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3692 patients with clinical suspicion for PCa

—> 72 MRI contraindicated
3620 patients underwent MRIGB

1266 excluded:

—> -1149 previously diagnosed with PCa
-117 incomplete data

2354 patients included for analysis
-946 (40%) benign
-466 (20%) GG1
-448 (19%) GG2
-205 (9%) GG3
-136 (6%) GG4
-153 (6%) GG5

Fig. 1. Flow diagram of participants. Of the final 2354, 1594 came from UCLA and
760 from Cornell. Study dates were between 9/2009 and 4/2019. GG: Gleason
grade group; MRI: magnetic resonance imaging; MRGB; MRI-guided biopsy;
PCa: prostate cancer.

Risk calculators are tools that use available data to pre-
dict the likelihood of an outcome and assist informed deci-
sion-making. Regarding prostate cancer, several “pre-MRI
era” risk calculators that assist with the decision to biopsy
have been published. These include the Prostate Cancer
Prevention Trial Risk Calculator (PCPTRC) and the European
Randomized Study of Screening for Prostate Cancer (ERSPC)
risk calculator.’®" While the ERSPC risk calculator has been
updated to include MRI data,' currently lacking is an inter-
active utility for predicting biopsy outcomes based on a
North American cohort that includes MRI data. This distinc-
tion in data source is a pitfall of risk calculators because it
limits their use outside of the population from which they
are derived." Therefore, we sought to create a risk calculator
to predict csPCa in men undergoing MRGB in a large North
American cohort.

Methods

Study design

We analyzed data from prospective, observational cohorts
of men undergoing MRGB at UCLA and Cornell between
September 2009 and April 2019 (Fig. 1). These sites were
selected because of lengthy commonality of personnel and
technology for MRGB (>10 years). Men previously diag-
nosed with prostate cancer (active surveillance) were exclud-
ed. Subjects were randomized equally into five groups. We
randomly chose one group (n=469) to be the validation
cohort against the other four groups (n=1885) as the dis-
covery cohort.

Primary outcome: Detection of csPCa defined as Gleason grade group =2

Imaging

Multiparametric MRI of the prostate was performed with 3
Tesla magnets with pelvic phased-array coils. MRIs were inter-
preted by experienced genitourinary radiologists. Before the
Prostate Imaging Reporting and Data System (PI-RADS) was
introduced, regions of interest (ROI) were graded using an
in-house Likert scale with scores concordant to those used in
PI-RADS, version 2 (v2)."* Beginning in late 2014, ROIs were
graded using the PI-RADSv2 scoring system. The ROIs were
interpreted and contoured by radiologists using DynaCAD
(Invivo/Philips, U.S.) and ProFuse software (Eigen, U.S.).

MRI-guided biopsy

Combined targeted and systematic biopsies detect more
csPCa than either strategy alone.’'® Therefore, all men
underwent combined targeted and systematic sampling. The
Artemis (Eigen, U.S.) MRI/ultrasound (US) fusion device was
used as previously described (Fig. 2)."

Statistical analyses

T-tests (or Wilcoxon rank-sum) and Chi-squared tests were
used to compare patient and clinical characteristics between
discovery and validation cohorts. We conducted multivariate
logistic regressions on the discovery and validation cohorts
to calculate odds ratios (OR) for covariates and subsequent
predicted probabilities for each patient. We chose two sets
of covariates a priori based on risk factors identified in other

KEY: @Prostate @MRI-ROl () Systematic Bx @ Targeted Bx

Fig. 2. Biopsy schema: magnetic resonance imaging (MRI)-targeted biopsies
(green) and systematic biopsies (yellow), magnetic resonance imaging region
of interest (MRI-ROI) (blue), and prostate (brown). Combined targeted and
systematic biopsy was performed in all patients.''®
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Table 1. Baseline characteristics of study sample (n=2354)

Age (years), mean (SD) 65.0 (7.8)
Ethnicity, n (%)

Caucasian 1491 (63)

African American 141 (6)

Asian 171 (7)

Other 116 (5)

Unknown 435 (18)
Abnormal DRE, n (%)

Yes 231 (10)

No 1655 (70)

Unknown 468 (20)
Family history of prostate cancer*, n (%)

Yes 332 (21)

No 1220 (79)
Previous negative biopsy, n (%)

Yes 905 (38)

No 1449 (62)
PSA (ng/mL), median (IQR) 6.5 (4.7, 9.5)
Prostate volume (cc), median (IQR) 48 (35, 68)
PSA density, n (%)

<0.15 1344 (57)

=0.15 1010 (43)
MRI score

Negative (<2) 452 (19)

3 677 (29)

4 730 (31)

B 495 (21)

*n=1552, UCLA data only. DRE: digital rectal exam; IQR: interquartile range; MRI: magnetic
resonance imaging; PSA: prostate-specific antigen; SD: standard deviation.

models:'*'” the clinical covariates were age, ethnicity, abnor-
mal digital rectal exam (DRE), prior negative biopsy, and
prostate-specific antigen (PSA); the MRI covariates were
prostate volume, PSA density (<0.15 vs. =0.15 ng/mL/cc)
and MRI score. Family history of first-degree relative with
prostate cancer was included in a post-hoc analysis as an
exploratory clinical variable. We constructed a “clinical”
model that included only the clinical covariates and a
“clinical+MRI” model that included both sets of covariates.
Models using MRI score only, and MRI score in addition to
PSA density were also constructed. A two-sided p-value of
0.05 was considered significant. Receiver operating char-
acteristic (ROC) curves were plotted to evaluate the value
of the final models, as well as components of each model.
We also calculated net benefit (using true-positive and false-
positive rates) and net reduction in “unnecessary” biopsies
for both models.” All analyses were conducted in SAS 9.4
(Cary, NC U.S.) by co-author LK.

Clinical and MRI data to predict biopsy outcome in PCa

Ethical approval

UCLA and Cornell human research ethics boards approved of
the collection and usage of patient data (UCLA: #11001580;
Cornell: #1509016548).

Results

MRGB was performed in 2354 consecutive men (1594 from
UCLA, 760 from Cornell). Mean (standard deviation [SD])
age was 65 years (7.8) and 63% were Caucasian. Median
(interquartile range [IQR]) PSA and prostate volume were
6.5 ng/mL (4.7, 9.5) and 48 cc (35, 68), respectively. Twenty-
one percent of men had a family history of prostate cancer,
38% previously had a negative biopsy, and 81% had an MRI
score =3 (Table 1). At MRGB, 40% of men had benign histol-
ogy, 20% had Gleason grade group 1, and 40% had csPCa
(Fig. 1). There were no significant differences between men
randomized to the discovery and validation cohorts used
for analysis (Supplementary Table 1; available at cuaj.ca).
The ORs from the clinical and clinical+MRI multivari-
ate logistic regressions for detecting csPCa in the discovery
cohort are shown in Table 2 (univariate logistic regressions
are shown in Supplementary Table 2; available at cuaj.ca).
The two covariates that were associated with the greatest
reduction in csPCa risk were clinical covariates Asian eth-
nicity (OR 0.46, 95% confidence interval [CI] 0.29-0.75)
and previous negative biopsy (OR 0.54, 95% CI 0.42-0.69),
while the covariate associated with the greatest increase in

Table 2. Adjusted odds ratio of clinically significant
prostate cancer in the discovery cohort (n=1885)

Clinical + MRI model
OR (95% CI)

1.06 (1.04, 1.07)

Clinical model
OR (95% CI)

1.05 (1.03, 1.06)

Age ay biopsy
Ethnicity

African American vs.
Caucasian

Asian vs. Caucasian
Other vs. Caucasian
Unknown vs. Caucasian

DRE abnormality (yes vs.
no/unknown)

Previous negative biopsy
(yes vs. no)

PSA
PSA volume
PSA density
MRI score
3 vs. negative
4 vs. negative
5 vs. negative

1.25 (0.82, 1.92)

0.62 (0.41, 0.95)
1.21 (0.75, 1.94)
0.98 (0.76, 1.28)
3.06 (2.15, 4.34)

0.41 (0.33, 0.51)

1.06 (1.04, 1.08)

1.27 (0.78, 2.07)

0.46 (0.29, 0.75)
1.21 (0.70, 2.08)
0.92 (0.67, 1.25)
2.37 (1.56, 3.63)

0.54 (0.42, 0.69)

1.02 (1.00, 1.04)
0.98 (0.98, 0.99)
2.41 (1.81, 3.22)

1.67 (1.15, 2.42)
3.96 (2.79, 5.62)

15.85 (10.51, 23.89)

Cl: confidence interval; DRE: digital rectal exam; MRI: magnetic resonance imaging; PSA:

prostate-specific antigen.
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risk was the MRI score (score 4: OR 3.96, 95% Cl 2.79-5.62;
score 5: OR 15.8, 95% Cl 10.5-23.9; referent is MRI score
<3). Age, abnormal DRE, PSA, and elevated PSA density
were also independently associated with increased risk of
csPCa (Table 2). A post-hoc analysis including available
family history data (n=1552) in the clinical+MRI model gives
an insignificant OR of 1.07 (95% Cl 0.77-1.47, p=0.72).

The area under the curve (AUC) of the clinical+MRI model
was superior to that of the clinical model in both discovery
(0.843 vs. 0.707, p<0.0001) and validation (0.888 vs. 0.757,
p<0.0001) cohorts (Fig. 3). The AUC of the clinical+MRI model
outperformed MRI+PSA density (0.843 vs. 0.796, p<0.0001)
and MRI alone (0.843 vs. 0.760, p<0.0001) (Fig. 3).

To estimate the value of the prostate cancer risk calculator
(PCRC-MRI), the concept of a risk threshold was employed.
Risk threshold is the actionable level of risk at which biopsy
would be recommended. At a risk threshold of 20% (i.e.,
0.20 probability of csPCa detection), the clinical+MRI model
reduced the number of false-positives by 37% and improved
the positive predictive value by 14% compared to the clin-
ical model (Supplementary Table 3; available at cuaj.ca).
Furthermore, using a 20% biopsy threshold, we calculated
a net benefit of 23.7% from the clinical model and 27.6%
from the clinical+MRI model. The additional 3.9% net bene-
fit conferred a net reduction of 16 unnecessary biopsies in
every 100 men by using the PCRC-MRI.

Data from 2354 North American men undergoing MRGB
were used to create a predictive tool for prostate cancer, the
PCRC-MRI risk calculator. This instrument uses conventional
clinical data and data derived from prostate MRI to deter-
mine the probability of detecting csPCa at biopsy. With a
large, multi-institutional sample of patients and an AUC of
0.89 in the validation cohort, the PCRC-MRI risk calculator
compares favorably to other risk-assessment tools for pre-
dicting presence of csPCa.'*!”"

Approximately one million prostate biopsies are performed
annually in the U.S. and 191 930 new prostate cancer cases
were anticipated in 2020.7*° The majority of these biopsies are
currently performed using US-guided sampling of the organ,
an approach that dates from the 1980s. However, US fails to
visualize most prostate cancers, leaving detection to a chance
encounter of the biopsy needle with cancerous tissue. This
“blind” technique appears to detect fewer clinically significant
cancers and more clinically insignificant tumors compared
to MRGB.? Usage of MRGB is increasing,® but nevertheless,
prostate biopsy is not without complication. Nearly 7% of
men may be hospitalized within one month of biopsy, most
often for bacterial infection.” Other complications are less
severe, but still bothersome and may require additional med-
ical evaluation. Use of the PCRC-MRI may help patients avoid
unnecessary biopsy, mitigating detection of clinically insignifi-
cant disease and procedural complications.
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Fig. 3. ROC of models from the discovery cohort. (A) Overall comparison. Note that the clinical+MRI model is superior to
clinical model (AUC 0.843 vs. 0.707, p<0.0001). (B) Components of the clinical+MRI model, compared to the full model. (€)
Comparison of the clinical+MRI model to MRI+PSA density and MRI score alone. Clinical+MRlI is superior to both MRI+PSA
density (AUC 0.843 vs. 0.796, p<0.0001) and MRI alone models (AUC 0.843 vs. 0.760, p<0.0001). AUC: area under the curve;
DRE: digital rectal exam; MRI: magnetic resonance imaging; PSA: prostate-specific antigen; ROC: receiver operating
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Accuracy of prostate biopsy for csPCa is increased when
MRI guidance is used.?*'> After a decade of study and
hundreds of supportive conclusions, MRGB is now recom-
mended for all men undergoing prostate biopsy if resources
permit.> csPCa is most likely to be detected if MRGB com-
bines targeted and systematic biopsies.’>'® The combina-
tion is required because as many as 15-25% of csPCa are
invisible on MRI, necessitating the addition of systematic
cores.'®?! This strategy accurately predicts final tumor grade
in 96.5% of radical prostatectomy specimens.’® All patients
in the cohort used to create PCRC-MRI underwent combined
targeted and systematic template biopsy.

The PI-RADS scoring system is a universally accepted
method for determining suspicion of prostate cancer on MRI.
Using template mapping biopsy as “ground truth,” a score
of 5 on the updated version of PI-RADS (v2) has high sensi-
tivity and specificity for the presence of csPCa.?? However,
mid-range scores are only moderately predictive of csPCa,
and there is debate as to whether PI-RADS 3 lesions even
require biopsy.>'> One strategy that has been commonly
adopted to aid in biopsy decision-making is the combination
of PI-RADS score with PSA density. For example, the likeli-
hood of detecting csPCa is elevated in a man with a PI-RADS
3 lesion and a PSA density >0.15 ng/mL/cc compared to a
PI-RADS 3 lesion and a low PSA density.?

PCRC-MRI, which combines multiple variables of clinical
and MRI data, may especially help biopsy decision-making
in a man with a mid-range PI-RADS score. PCRC-MRI out-
performs the commonly employed strategies of decision-
making discussed above. Therefore, this tool may improve
patient selection for MRGB and reduce the number of
unnecessary biopsies. For example, two men — both 64
years old with PSA 6 ng/ml, normal DRE, and PI-RADS 3
lesions in prostates of 45 cc volume — may be advised to
undergo biopsy. However, using PCRC-MRI, the first man
(Caucasian with no previous negative biopsy) is predicted to
have a 21% risk for csPCa (Supplementary Fig. 1; available
at cuaj.ca), while the second man (Asian with a previous
negative biopsy) has a predicted risk of 6%. If using only MRI
score to determine need for biopsy, the risk for each man
is approximately 25% and biopsy would be performed in
both.* However, at a risk threshold of 10%, 15%, or 20%, a
biopsy would be performed on the first man and not recom-
mended for the second.

While other risk calculators have been proposed, none
have been developed as an interactive tool using MRI data
for men in North America. This is important because prostate
cancer risk is influenced by variables such as ethnicity and
geography. A strength of PCRC-MRI is the inclusion of ethni-
city as a variable. It is of interest to note that African American
ethnicity did not increase risk of csPCa. Access to care rather
than biology may account for putative aggressiveness of pros-
tate cancer in African American men.* Specifically, when

Clinical and MRI data to predict biopsy outcome in PCa

MRI-guided biopsy is used, there is no appreciable difference
in detection rate or aggressiveness of csPCa between African
American and other men.?* Asian ethnicity was the single
most important protective factor indicating absence of csPCa,
in accordance with recently published work.?® Other avail-
able tools either do not report ethnicity or include relatively
few absolute numbers of minority men.'>"”

The interaction between ethnicity and geography, influ-
enced by environmental factors such as diet, may affect
prostate cancer biology. For example, Japanese men living
in Japan have markedly different gene expression in radical
prostatectomy specimens compared to Japanese men living
in the U.S.?” Furthermore, the age-standardized rate for pros-
tate cancer is greater in North America than Europe (73.7 vs.
62.1 per 100 000 people).?® In fact, when the PCPTRC (U.S.
men) was used to predict prostate cancer in Europeans, the
benefit of that risk calculator was lost.?* While the updated
ERSPC risk calculator was externally validated in another set
of Western European men, its value has not been established
in a North American population.*® Taken together, these data
help to explain the limitations of a risk calculator used out-
side of the population from which it is derived.

The risk threshold at which to perform biopsy will likely
be the result of an informed decision discussion between
doctor and patient. In this regard, the PCRC-MRI provides
information beyond that of clinical data alone. Specifically,
the risk calculator improved positive predictive and negative
predictive values at any biopsy risk threshold above 10%
(Supplementary Table 3; available at cuaj.ca). At a biopsy
threshold of 20%, use of the PCRC-MRI would avoid 16
unnecessary biopsies in every 100 men. Importantly, it
accomplishes this refinement at no additional cost to the
healthcare system, as all the input data required are stan-
dard-of-care for MRGB.

Limitations of the study include that all biopsies were
performed using a transrectal approach via the same fusion
device (Artemis). However, published results with other
fusion devices and other biopsy approaches (transperine-
al) are similar to those reported here, suggesting that the
biopsy platform should not materially affect the predictive
utility of the instrument. The risk calculator only applies to
North American men. While somewhat under-represented,
African American men are not at any greater risk for pros-
tate cancer than Caucasian men, as discussed above. Men
of Asian descent, who comprise the most rapidly growing
ethnicity in North America, were well-represented. All MRI
studies and MRGBs were performed by highly experienced
radiologists and urologists, which may limit generalizability
of the results. Family history of prostate cancer data were not
available from one site. Nevertheless, the large sample size
and prospective, uniform data collection offset the above
limitations. Future modifications of the PCRC-MRI risk cal-
culator might involve addition of biomarker or genomic data
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and expansion of the study sample to include men from
other populations, allowing general application.

Conclusions

A prostate cancer risk calculator (PCRC-MRI), which
employs both clinical and MRI data, provides a useful tool
to predict presence of csPCa at biopsy in North American
men. Usage of PCRC-MRI would reduce unnecessary biop-
sies and requires only standard-of-care inputs.
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