Prostatic Diseases and Male Voiding
Dysfunction

Models to Predict Positive Prostate
Biopsies Using the Tyrol Screening Study

Prasanna Sooriakumaran, Majnu John, Paul Christos, Jasmin Bektic, Georg Bartsch,
Robert Leung, Michael Herman, Douglas Scherr, and Ashutosh Tewari

OBJECTIVES To describe two predictive models that predict for prostate cancer on biopsy derived from a large
screening population. There are no published predictive models that predict prostate cancer in
a screened population.

The patients from the Tyrol screening study of known age, total prostate-specific antigen (PSA)
level, digital rectal examination (DRE) findings, prostate volume, and percentage of free PSA,
and who underwent an initial prostate biopsy from January 1992 to June 2004 were included
(n = 2271). Multivariate logistic regression models were used to develop the biopsy positivity
predictive models: nomogram 1, age, DRE, and total PSA; and nomogram 2, age, DRE, total
PSA, and percentage of free PSA. The predictive accuracy of the models was assessed in terms
of discrimination and calibration. External validation of the nomograms was performed using a
urologically referred population of patients who underwent prostate biopsy (n = 599).

Both nomograms were well-calibrated internally and externally and discriminated well between
patients with positive and negative biopsy findings for both the European and U.S. cohorts
(model 2 better than model 1).

Our nomogram with age, total PSA, and DRE had good predictive ability to differentiate
between screened patients with cancer on the initial prostate biopsy and those without. Adding
the percentage of free PSA improves this predictive power further. These models might aid in
clinical decision making regarding the need for biopsy in both European and U.S.
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cancer affecting men in the Western world, with an

estimated 217 730 new cases and 32 050 deaths
occurring in 2010 in the United States alone.! Prostate
cancer is also the third most common cause of death from
cancer among men in many Western countries, including
the United States and Austria after lung and colorectal
cancer.'* The diagnosis of prostate cancer is determined by
the histologic findings; thus, a prostate biopsy remains the
reference standard test. However, prostate biopsy is an in-
vasive test and is associated with a number of adverse
effects. These include hematuria, hematospermia, bleeding
per rectum, and infection, which can range in severity from
a mild urinary tract infection to severe, life-threatening
septicemia.’ Patients also invariably experience some dis-
comfort despite the use of local anesthesia.® Hence, whether

| )rostate cancer is the most common nondermatologic
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to subject a man to prostate biopsy is determined by his risk
of having prostate cancer. A patient deemed at high risk of
a positive biopsy will be more likely to undergo biopsy than
a patient at low risk of biopsy positivity. Thus, it is impor-
tant to determine the risk with the greatest precision pos-
sible. There are established criteria for predicting prostate
cancer risk according to age, digital rectal examination
(DRE) findings, and prostate-specific antigen (PSA) level.
However, it is known that most men with a PSA level
greater than the age-specific reference range will not be
found to have prostate cancer on biopsy. Adding DRE does
not aid significantly in limiting the need for biopsy.”
More sophisticated methods of predicting whether a
given patient will be diagnosed with prostate cancer on
biopsy have been developed. Two artificial neural net-
works for the early detection of prostate cancer in men
with a total PSA (tPSA) level of 2.5-4 ng/mL and 4-10
ng/mL were prospectively developed using a referral da-
tabase from the European Prostate Cancer Detection
Study.®® Two predictive models have also been pub-
lished for the early detection of prostate cancer in men
with abnormal DRE findings and tPSA values of <4

ng/mL."*!!" However, these methods were developed us-
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ing study populations consisting of men referred for early
cancer detection or for lower urinary tract symptoms and,
hence, might not be applicable to nonreferral patient
populations. In the current era, screening for prostate
cancer has become widespread, with established programs
in the United States and many other countries. These
programs identify a large number of potential candidates
for biopsy if current criteria including DRE and age-
specific tPSA are used. Approximately 70% of men with
an increased PSA level identified in prostate cancer
screening programs will not have prostate cancer.'? Thus,
it would be invaluable to the clinician to have a visual
model to predict the risk of a prostate cancer diagnosis on
biopsy. In the present report, we describe 2 predictive
models created using the Tyrol cohort that can predict
the risk of positive biopsy in a screened population.

MATERIAL AND METHODS

Patient Population

Since 1988, early prostate cancer detection has been promoted
by the Department of Urology, University of Innsbruck (Inns-
bruck, Austria), using both PSA and DRE in the diagnostic
evaluation of asymptomatic healthy men. Since 1993, an early
prostate cancer detection program has been carried out in the
Federal State of Tyrol (1 of the 9 Federal States of the Republic
of Austria) with prospective data collection and documentation
and the development of an associated biorepository. From Sep-
tember 1993 to September 1995, tPSA levels greater than the
age-specific normal ranges'® (40-49 years, 0-2.5 ng/mL; 50-59
years, 0-3.5 ng/mL; 60-69 years, 0-4.5 ng/mL; and 70-79 years,
0-6.5 ng/mL) and a percentage of free PSA (%fPSA) level
of <22% were used as criteria for recommending biopsy. Since
October 1995, lower age-specific tPSA normal ranges'* (40-49
years, 0-1.25 ng/mL; 50-59 years, 0-1.75 ng/mL; 60-69 years,
0-2.25 ng/mL; and 70-79 years, 0-3.25 ng/mL) and the percent-
age of free PSA level of 18% were used.

The present study included a total number of 3838 men from
the Tyrol Prostate Cancer Screening study, who underwent biopsy
from January 1992 to June 2004. The data, including age and DRE
results, were recorded for each patient. tPSA values were available
for 3798 men (99.0%) and the %fPSA was available for 2402 men
(62.5%). Because men with missing %fPSA data were older and to
have greater tPSA levels, on average, than the rest of the cohort
(data not shown) and no other variables were identified that could
reliably be used to impute their values, these men were excluded.

Thus, the final study sample included 2271 patients (59.2%) with
complete information for all variables of interest (age, DRE, tPSA,
and %fPSA) and had a tPSA level of <100 ng/mL and prostate
volume of <200 cm’.

Although the primary aim of the present study was to determine
whether we could develop predictive models in a screened popu-
lation, we also wanted to see whether our models based on the
aforementioned screened population could be used to predict bi-
opsy positivity in a urologically referred population. A total of 1180
patients underwent prostate biopsy at Weill Cornell Medical Col-
lege (WCMC) for a tPSA elevated to greater than the age-specific
normal levels and/or abnormal DRE findings from October 1990
and November 2005. However, the tPSA level and DRE findings
were missing for 13 patients (1.1%), prostate volume data were
missing for 37 patients (2.6%), and the %fPSA was missing for 564
patients (47.8%). Because this data set from WCMC was to be
used for external validation, only patients with complete informa-
tion for age, DRE, tPSA, prostate volume, and %fPSA were
included; thus, the final data set used for external validation

included 599 patients (52.5%).

Statistical Analysis
Multivariate logistic regression models were used to develop the
biopsy positivity predictive models. We considered 2 different
models: model 1 used the standard risk factors of age, DRE, and
tPSA; and model 2 included those variables plus the %fPSA.
Any possible nonlinear relationship between the predictive
factors and biopsy outcome was evaluated using a multiple
fractional polynomial method.'®

The predictive accuracy of the models was assessed in terms
of discrimination and calibration. Discrimination is the ability
to differentiate between men with positive and negative biopsy
findings and is measured using the receiver operating charac-
teristic curve, summarized by the area under the curve (ie,
concordance index). Bootstrap methods with 200 bootstrap
samples were used to correct for overoptimism of each predic-
tive model during internal validation. Calibration is the corre-
lation between the number of those with positive biopsy find-
ings predicted and the number found to be positive and was
assessed by fitting locally weighted scatterplot smoothing curves
to the observed proportion versus the predicted probability of
biopsy positivity for prostate cancer. Confidence intervals were
evaluated using the bootstrap method,'® with 95% coverage.

A decision analysis was performed to illustrate the clinical
implications of performing biopsy according to the predicted
risk of prostate cancer using the different predictive models
developed from the Tyrol screening study sample and applying
them separately to the Tyrol and WCMC cohorts.

Table 1. Summary of overall patient characteristics for Tyrol and WCMC cohorts

Characteristic Tyrol WCMC P Value
Patients (n) 2271 599
Age (y) 58.7 (9.6) 62.6 (8.8) <.0001
tPSA (ng/mL) <.0001
Median 3.8 5.2
Interquartile range 2.56.1 4.1-7.2
Patients with suspicious DRE findings (n) 208 (9.2) 211 (35.2) <.0001
Prostate volume (cm®) 33.0 = 14.8 54.7 (31.3) <.0001
%fPSA 14.0 = 5.9 19.5(10.4) <.0001
Positive needle biopsy findings (n) 659 (29.0) 184 (30.7) 4460

WCMC, Weill-Cornell Medical College; tPSA, total prostate-specific antigen; DRE, digital rectal examination; %fPSA, percentage of free PSA.

Data in parentheses are percentages.
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The normality of each continuous variable was assessed by
plotting the histograms and using Shapiro-Wilks tests. t tests
and Wilcoxon rank sum tests were used to compare normal
and non-normal continuous variables, respectively; chi-
square tests were used for the categorical variables. All
analyses were done using R, version 2.9.1'7 and the Regres-

sion Modeling Strategies package.'®

RESULTS

The patient characteristics of the men undergoing biopsy
from the Tyrol and WCMC cohorts are listed in Table 1.
The Tyrol group was on average younger, had lower
tPSA values, and had fewer patients with suspicious DRE
findings. The Tyrol group also had smaller prostates and
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Figure 1. Predictive models to predict probability of positive prostate biopsy. To obtain model-predicted probability of
positive biopsy result, locate patient values on each axis. Draw vertical line to points axis to determine how many points
attributed for each variable’s value. Sum points for all variables. Locate sum on total points line to assess individual
probability of positive biopsy result on probability of positive biopsy result line. (A) Model 1 (age, tPSA, and DRE). (B) Model

2 (age, tPSA, DRE, and %fPSA).
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Table 2. Clinical implications of using prediction models for prostate cancer (Tyrol sample)

Biopsy (n) Prostate Cancer (n)

Variable Performed Avoided Found Missed
Biopsy all 2271 (100) — 659 (100) —
Biopsy of those with =10% risk of cancer

Model with age, tPSA, and DRE 2241 (98.7) 30(1.3) 657 (99.7) 2(0.3)

Model with age, tPSA, DRE, and %fPSA 2176 (95.8) 95 (4.2) 653 (99.1) 6 (0.9)
Biopsy of those with =20% risk of cancer

Model with age, tPSA, and DRE 1554 (68.4) 717 (31.6) 540 (81.9) 119 (18.1)

Model with age, tPSA, DRE, and %fPSA 1484 (65.3) 787 (34.7) 531 (80.6) 128 (19.4)

Abbreviations as in Table 1.
Data in parentheses are percentages.

lower %fPSA values than the WCMC group. However,
the proportions from both cohorts with positive prostate
biopsies were similar. For both the Tyrol and the WCMC
cohorts, biopsy-positive men were on average older and
had greater tPSA levels; a greater proportion also had
suspicious DRE findings. The biopsy-positive men in
both cohorts also had smaller prostates and lower %fPSA
values (data not shown).

The 2 biopsy positivity predictive models are shown in
Figure 1. Model 1, which includes age, DRE, and total PSA,
has a bootstrap corrected internally validated concordance
index of 0.691 (95% confidence interval [CI] 0.667-0.716)
and externally validated concordance index of 0.663 (95%
CI 0.617-0.709). Adding the %fPSA to that model in-
creased the discriminative ability, as evidenced by the im-
proved concordance indexes for both internal (Tyrol) and
external (WCMC) validation (concordance index 0.710,
95% CI 0.687-0.735; and concordance index 0.717, 95% CI
0.673-0.761, respectively). Both models were also well cal-
ibrated internally and externally on locally weighted scat-
terplot smoothing plots (data not shown).

The clinical implications of performing biopsy accord-
ing to the predicted risk of prostate cancer of =10%
and =20% using the 2 predictive models (Table 2). Only
performing biopsy on those with a =10% risk of prostate
cancer from the full model (age, DRE, tPSA, and
%fPSA) would have resulted in 95 fewer biopsies (4.2%),
while only missing 6 cases of prostate cancer (0.9%).
Increasing this threshold to 20% would spare 787 biopsies
(34.7%) and miss 128 cases of cancer (19.4%).

Similarly, the clinical implications of performing bi-
opsy according to the predicted risk of prostate cancer

of =10% and =20% using the 2 predictive models and
applying them to the external WCMC study sample are
listed in Table 3. Only performing biopsy on those with
a =10% risk of prostate cancer from the full model (age,
DRE, tPSA, and %fPSA) would have resulted in 45 fewer
biopsies (7.5%), while missing only 6 cases of prostate
cancer (3.3%). Increasing this threshold to 20% would
have spared 169 biopsies (28.2%) and miss 19 cases of
prostate cancer (10.3%).

COMMENT

Predicting the risk of prostate cancer is a noble goal for
the prostate cancer specialist. It can better determine the
need for prostate biopsy, which is an invasive, unpleasant
test with significant morbidity and, rarely, mortality. Al-
though there are published models that predict biopsy
positivity risk, none have been shown to be accurate
enough without becoming too cumbersome to gain ac-
ceptance into widespread clinical practice. The Prostate
Cancer Prevention Trial (PCPT) and European Ran-
domized Study of Screening for Prostate Cancer cohorts
have generated their own risk calculators.!”?® The
PCPT-derived cancer risk calculator was created from
data from 5519 men in the placebo arm of the PCPT
aged >55 years with normal DRE findings and a PSA
level of =3 ng/mL at study entry. This group underwent
biopsy when the DRE findings were abnormal or the PSA
level increased to =4 ng/mL and also at the end of the
study (7 years). The European Randomized Study of
Screening for Prostate Cancer risk calculator was created
from the data from 6288 Dutch men in the screening arm

Table 3. Clinical implications of using prediction models for prostate cancer (WCMC sample)

Biopsy (n) Prostate Cancer (n)

Variable Performed Avoided Found Missed
Biopsy all 599 (100) — 184 (100) —
Biopsy of those with =10% risk of cancer

Model with age, tPSA, and DRE 591 (98.7) 8(1.3) 183 (99.5) 1(0.5)

Model with age, tPSA, DRE, and %fPSA 554 (92.5) 45 (7.5) 178 (96.7) 6 (3.3)
Biopsy of those with =20% risk of cancer

Model with age, tPSA, and DRE 473 (79.0) 126 (21.0) 166 (90.2) 18 (9.8)

Model with age, tPSA, DRE, and %fPSA 430 (71.8) 169 (28.2) 165 (89.7) 19(10.3)

Abbreviations as in Table 1.
Data in parentheses are percentages.
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of the study and, unlike the PCPT cancer risk calculator,
was based on the first round of screening results only.
Although both tools have been shown to be superior to
PSA alone in the prediction of biopsy positivity,?! the
risk assessments show significant intermodel discrepan-
cies. This is likely related to differences in study design
that resulted from the different populations selected for
entry (eg, the PCPT cancer risk calculator had a much
larger proportion of black subjects than did the European
Randomized Study of Screening for Prostate Cancer).?
The Prostate Biopsy Collaborative Group analyzed the
prebiopsy PSA levels from 25 772 biopsies and 8503
cancer cases from 8 different cohorts in 6 different coun-
tries”” and found that the European and U.S. populations
had significant differences in the terms of risk of positive
biopsy for the same baseline criteria. They attributed this
to the more extensive workup of U.S. patients for other
conditions before being selected for biopsy. In contrast to
this, our study showed good external calibration for our
models derived from a European cohort when validated
in our U.S. sample.

Another population-based European screening trial
was performed in Finland. In this, white men aged
55-67 years were screened during 1996 and 1997 and
those with a serum PSA level of 4-20 ug/L (n = 758)
were used to establish the predictive risk models.'” In
the present study, the prostate cancer probability de-
pended most strongly on the %fPSA. The tPSA level,
prostate volume, and DRE findings also contributed to
prostate cancer probability, although age and family
history of prostate cancer did not. However, in the
Tyrol screening study, the patients were referred for a
biopsy according to their age-matched PSA level and
%fPSA, with no restriction on age. In contrast to the
Finnish study results, we found that age was a strong
predictor of biopsy positivity.

In the present study, we developed 2 visual models that
predict biopsy positivity in a population screened for
prostate cancer. Our models are based on simple, easily
available clinical parameters, such as age, DRE findings,
tPSA, and %fPSA. We internally validated our models
and used bootstrap samples to reduce overfit bias. This
validation revealed that both our models generally had
good discrimination according to concordance indexes of
0.691 and 0.710, respectively, for model 1 (age, DRE,
tPSA) and model 2 (criteria in model 1 plus %fPSA).
Thus, there is a 69.1% and 71.0% chance that a pair of
biopsy-positive and biopsy-negative men will be correctly
classified by model 1 and 2, respectively. Both predictive
models were well calibrated internally and externally,
meaning that the physician can give a reasonably accu-
rate prediction of the probability that a screened patient
will be positive at the initial biopsy test. The external
validity of our models is reassuring, especially because
other studies have found discrepancies in the risk assess-
ment for models derived from European and U.S. co-
horts. Our model appears of use in counseling men who
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are screened for prostate cancer on the need to undergo
prostate biopsy regardless of the locality of the popula-
tion. For example, if model 2 was used and suggested
a >20% risk of cancer, almost 35% of unnecessary biop-
sies would be avoided but at the expense of missing
almost 20% of the cancers. What would be useful is to
know whether how many of the missed cancer cases
would be clinically significant (ie, of high grade); how-
ever, data were not available in our study and constitutes
a limitation of this decision analysis. It should also be
noted that our predictive models do not apply to patients
who have already undergone a previous negative prostate
biopsy, and we have not tried to validate our models for
these difficult-to-treat patients.

The present study had are other limitations. Our pre-
dictive models were based on data only from 2271
(59.2%) of the 3838 patients who underwent biopsy,
because we excluded those who had missing tPSA and
%fPSA values (37.5%). The men with missing %fPSA
values were older (mean age 67.0 vs 58.9 years, P <
.0001) and also had greater total PSA values (median
tPSA 6.6 vs 3.8 ng/mL, P < .0001) compared with the
whole Tyrol cohort. Hence, only our first model, which
included age, DRE, and tPSA, was representative of the
entire Tyrol cohort undergoing biopsy. However, because
the concordance index (0.691) of the first model was very
similar to that of model 2 (concordance index 0.710), it
could be used in the absence of information about the

%fPSA.

CONCLUSIONS

We have developed 2 simple predictive models of in-
creasing predictive power that appear reasonably reliable
in predicting initial biopsy positivity in men screened for
prostate cancer. These predictive models might aid clin-
ical decision making about the need for prostate biopsy in
screened men and might be equally applicable to U.S.
and European populations.
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