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INTRODUCTION AND
OBJECTIVES

• Previous studies have demonstrated a negative correlation between
total prostate volume and biopsy yield,1-10 and that increasing prostate
volume is a predictor of positivity of a repeat biopsy as well as 
negativity of the initial biopsy, demonstrating that a larger prostate 
volume is associated with a higher false negative biopsy rate if core
numbers remain the same.11-14

• By decreasing total prostate volume, 5α-reductase inhibitor treatment
could in theory enhance prostate cancer detection, by reducing the
benign component of the gland and therefore increasing the likelihood
of a biopsy core sampling tumor. 

• Over the 7-year course of the Prostate Cancer Prevention Trial (PCPT),
prostate cancer prevalence was 24.8% lower in the finasteride versus
the placebo arm, but tumors of Gleason grade 7–10 were significantly
more common in the finasteride group than in the placebo group.15

A detection bias related to reductions in benign prostate volume (i.e.
under-detection for larger prostates) was hypothesized to account for
the proportions of high-grade tumors.16

• The aim of the current study was to construct a mathematical model to
predict the likelihood of a positive biopsy based on input variables of tumor
volume, peripheral and transition zone volumes, and number of biopsy
cores, to better inform the optimal biopsy protocol for a given subject.

• A secondary aim was to examine how the reduction in prostate volume
observed with finasteride in the PCPT could alter detection of tumors,
including those of high-Gleason grade. 

• Finally, the potential impact of this model on prostate cancer detection
in the ongoing REduction by DUtasteride of prostate Cancer Events
(REDUCE) clinical trial, a chemoprevention study designed to determine
if dutasteride 0.5 mg daily over 4 years reduces the risk of biopsy-
detectable prostate cancer,17 was examined.

METHODS
Model construction
• A mathematical model was constructed, utilizing geometric 

considerations similar to those used by Vashi et al,18 to analyze the
effects of tumor size (determined by using different PSA values),
peripheral zone (PZ) and transition zone (TZ) gland volumes, and the
numbers of biopsy cores taken in the PZ and TZ, on prostate cancer
detection.

• A key output of the model is the number of PZ and TZ cores needed 
to detect with probability 0.90 a specified tumor configuration of 4
nodules, the median number of tumor foci from previous data,19 based
on two ranges of PSA values translated into tumor volumes, as shown
in Table 1.

• A range of tumor nodule volumes of approximately 0.03 cc to 1.5 cc
was considered, corresponding to radii of approximately 0.2 cm to 
0.7 cm and volumes of approximately 0.4 cc to 5.0 cc. In order for the
probability of different nodule distribution in the TZ and PZ to be
accounted for, probabilities of each nodule being distributed in the PZ
and TZ were utilized as outlined below:

– Nodules 1–4 in the PZ: probability 0.40

– Nodules 1 and 2 in the PZ; 3 and 4 in the TZ: probability 0.20

– Nodules 1 and 3 in the PZ; 2 and 4 in the TZ: probability 0.20

– Nodules 2, 3 and 4 in the PZ; 1 in the TZ: probability 0.20

Modeling of the influence of prostate volume and
tumor size reduction on prostate cancer detection
• In order to study the effects of the prostate volume reduction observed

with finasteride in the PCPT, prostate volumes of 20–80 cc in 10 cc
increments were entered into the model along with a prostate volume
reduction of 25%.

xxxxxx

CONCLUSIONS
� A model has been constructed that provides guidance on the 

optimal number of biopsy cores for men with different prostate 
volumes and PSA levels, which accords with an earlier model that
utilized patient age, as opposed to PSA.18

� These data, supported by those of clinical studies,1-14 strongly 
suggest that sextant biopsy suffices only for prostate sizes 20 cc
for men with a PSA of 4–10 ng/mL, and for 40 cc for men with a
PSA of >10 ng/mL. Similarly, a 12-core biopsy suffices only for
prostate sizes 40 cc for those with a PSA of 4–10 ng/mL, and for

80 cc for those with a PSA >10 ng/mL. 

� The understanding that reductions in tumor volume of 51–66% by
finasteride would be needed to result in a 25% reduction in prostate
cancer detection, add weight to the hypothesis that 5α-reductase
inhibitor therapy is likely not only to prevent new tumors but also 
to reduce the volume of existing cancer, as suggested in other 
studies.21

� These findings also suggest that a reduction in prostate volume 
from 5α-reductase inhibitor therapy could lead to increased 
detection of prostate cancer including high-grade tumors, an 
observation that may define a role for these agents in assisting
prostate cancer diagnosis.

� A similar detection bias can be expected in the dutasteride 
REDUCE study with the effect of the greater number of cores 
counterbalancing the larger baseline prostate volume.
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Table 1. Tumor nodule volumes derived from two different PSA ranges of
4–10 ng/mL and >10 ng/mL.

Nodule number Total tumor 
volume

PSA range V1 V2 V3 V4

4–10 ng/mL 0.53 cc 0.27 cc 0.13 cc 0.07 cc 1.00 cc

>10 ng/mL 1.59 cc 0.81 cc 0.39 cc 0.21 cc 3.00 cc

• A range of tumor volumes of 0.5 cc, 0.75 cc, 1.0 cc, 1.5 cc, 2.0 cc, 
and 3.0 cc was also utilized, and 4 biopsy patterns, namely a standard
sextant (6 cores); 10 cores with 6 in the PZ and 4 in the TZ; 10 cores
with 8 in the PZ and 2 in the TZ; and 10 cores all in the PZ,  to match
the protocols used in the PCPT and the REDUCE study.

• The scenario where an equal reduction in tumor and prostate volume
size occurred was also modeled, and the potential reduction in tumor
volume needed to explain the observed difference in prostate cancer
detection of 25% between the finasteride and placebo arms of the
PCPT was also examined. 

Table 2. Minimum number of PZ and TZ biopsy cores needed for 0.90 probability of cancer detection under randomization for a total tumor volume of 1.0 cc
and 3.0 cc, by prostate volume. For each combination of prostate and tumor volume, the biopsy schedule with the highest probability of cancer detection is listed
first. Where only one is listed, only this schedule is associated with a 0.90 probability of detection. A comparison with the data from the model of Vashi et al is
also given.18

Prostate volume Tumor volume 1.0 cc Tumor volume 3.0 cc

PZ cores TZ cores Total Vashi et al PZ cores TZ cores Total Vashi et al

20 cc 6 0 6 6 4 0 4 3
4 2

30 cc 8 0 8 9 4 0 4 5

40 cc 12 0 12 12 6 0 6 6
10 2 4 2
8 4

50 cc 14 0 14 15 8 0 8 7
6 2
4 4

60 cc 16 0 16 17 8 0 8 9

70 cc 20 0 20 – 10 0 10 –
18 2 8 2

80 cc 22 0 22 — 10 0 10 11

RESULTS
Model construction
• The minimum number of PZ and TZ biopsy cores needed for 0.90

probability of cancer detection for a total tumor volume of 1.0 cc and
3.0 cc, by prostate volume, are shown in Table 2. 

• An increasing number of biopsies are required to ensure a probability 
of 0.90 as prostate volume rises and as tumor volume falls. A 
comparison of the findings of this study and those of the model of
Vashi et al are also presented in Table 2. 

Modeling of the influence of prostate volume and
tumor size reduction on prostate cancer detection in
the PCPT and REDUCE study
• Table 3 outlines the increases in prostate cancer detection for sextant

biopsy as a result of a 25% difference in prostate volume, by baseline
prostate volume prior to treatment. 

• For a typical tumor volume of 1 cc, an increase in the detection rate of
approximately 17% would be predicted for the PCPT. 

• For a 1.0 cc tumor and an initial prostate volume of 30 cc, the 
detection probability increases by a lower figure of 6% if tumor volume
is also reduced by 25%.

• The potential reduction in tumor volume needed to explain the
observed difference in prostate cancer detection of 25% between the
finasteride and placebo arms of the PCPT for a prostate volume of 
30 cc and a tumor volume of 1.5 cc determined by two methods was
51–66%.

• Table 4 outlines the increases in prostate cancer detection as a result of
a putative 25% difference in prostate volume between dutasteride- and
placebo-treated men, by baseline prostate volume prior to treatment. 

• For a typical tumor volume of 1 cc, an increase in detection rate of
11–17% for 10 cores would be predicted for the REDUCE study based
on a mean prostate volume of 46 cc.20

Table 3. Percent increase in cancer detection probabilities under 
randomization with a 25% decrease in prostate volume in men undergoing
sextant biopsy, by baseline prostate volume and tumor volume.

Prostate Tumor volume

volume 0.50 cc 0.75 cc 1.00 cc 1.50 cc 2.00 cc 3.00 cc

20 cc 17% 12% 4% 1% 0% 0%

30 cc 23% 19% 17% 9% 2% 1%

40 cc 25% 23% 21% 17% 13% 3%

50 cc 27% 25% 23% 20% 18% 9%

60 cc 28% 26% 25% 23% 20% 16%

70 cc 29% 28% 26% 24% 22% 18%

80 cc 29% 28% 27% 25% 23% 20%

Table 4. Percent increase in cancer detection probabilities under randomization
with a 25% decrease in prostate volume, by baseline prostate volume and
tumor volume, in men undergoing 10-core biopsy with all biopsies in the PZ.

Prostate Tumor volume

volume 0.50 cc 0.75 cc 1.00 cc 1.50 cc 2.00 cc 3.00 cc

20 cc 2% 1% 0% 0% 0% 0%

30 cc 16% 7% 2% 1% 0% 0%

40 cc 20% 16% 11% 2% 1% 0%

50 cc 23% 19% 17% 9% 2% 1%

60 cc 25% 22% 20% 15% 8% 2%

70 cc 26% 24% 21% 18% 15% 3%

80 cc 26% 25% 23% 20% 17% 8%
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