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Abstract

PURPOSE. In clinical prostate biopsy sessions, with PSA and peripheral and transition
zone volumes as inputs, it is desirable to choose the minimal number of cores needed for
detection with specified probability. The solution may be derived from a mathematical model
relating detection probability to these variables. Another problem, but related, is to interpret
the unexpected finding of a 25% higher (P < 0.005) rate of high-grade cancer (Gleason
grade 7-10) in the finasteride group than in the placebo group, in the recent Prostate Cancer
Prevention Trial (PCPT), which investigated whether finasteride can reduce prostate cancer
risk. Since finasteride happens to reduce prostate volume, it is important to investigate how
much this artifact can account for the observed increase in detection rate.

MATERIALS AND METHODS. We present a mathematical model for prostate cancer
detection probability. Its inputs are a specified target tumor volume (which may be selected
on the basis of a patient’s PSA), the patient’s prostate gland volume, and the numbers of
biopsy cores taken in the peripheral and transition zones. Also, the model utilizes a random
distribution of the tumor that meets several side conditions based on the literature.

RESULTS AND CONCLUSIONS. For various levels of tumor volume, peripheral and
transition zone volumes, and numbers of peripheral and transition zones biopsy cores, the
model-based cancer detection probabilities are computed. From these, minimal numbers
of biopsy cores sufficient for detection of a specified tumor volume with probability 0.90
are derived. Also, the percentage increases in detection probability associated with various
levels of prostate volume reduction are derived for representative 6-core and 10-core biopsy

scenarios. The increase in detection rate predicted by the model is found to correspond well
to that observed in the PCPT study.



INTRODUCTION

In recent years it has become understood that the success probability of detecting a prostate
cancer tumor of given volume via transrectal ultrasound guided prostate biopsy decreases as
the prostate gland size increases, as briefly reviewed below. Understanding and modeling the
relationship of this probability to the prostate volume, in conjunction with other factors such
as age or PSA, is fundamental to the problem of determining an appropriate number of cores
to take in a prostate biopsy session. In this paper we present and apply a new mathematical
probability model for prostate cancer detection which augments previous approaches. Inputs
to the model are the target tumor size (which may be selected on the basis of the patient’s
prostate specific antigen (PSA) score), the patient’s prostate peripheral and transition zone
gland volumes, and the numbers of biopsy cores taken in the peripheral and transition
zones. Also, the model utilizes a random distribution of the tumor that adheres to several
side conditions based on studies in the literature.

While thus providing a major new aid in selection of the number of biopsy cores in a biopsy
session, this model also yields a possible solution to a seemingly quite unrelated problem
that has arisen with the findings of the recently concluded Prostate Cancer Prevention
Trial (PCPT) reported in Thompson et al. [9]. The PCPT study investigated whether
taking the drug finasteride over time could reduce the risk of prostate cancer by inhibiting
the steroid ba-reductase, which converts testosterone to dihydrotestosterone, the primary
androgen involved in the development of cancer in the prostate. While, indeed, the overall
rate of prostate cancer in the finasteride group was found to be smaller by 24.8% (P < 0.001)
than that in the placebo group, an unexpected finding was that the rate of high-grade cancer
(Gleason grade 7-10) was 25% higher (P < 0.005) in the finasteride group. The possibility
of a grading bias as an explanation has been eliminated in a study by Civantos et al. A
leading speculation, therefore, is that finasteride may actually increase the risk of high-grade
prostate cancer, and this is being incorporated into guidelines for counseling patients on
whether or not to use finasteride. By application of the model developed here, however, in
conjunction with the property that finasteride has the side effect of reducing the volume
of the prostate gland, a very plausible explanation emerges: the probability of detection of
pre-existing high-grade cancers was higher in the finasteride group due to prostate gland
volume reductions, and the size of this increase predicted by the model very closely accounts
for the observed difference. Consequently, a new possible role for the use of finasteride and
related drugs is suggested: besides possibly preventing or delaying the onset of a low-grade
tumor, such volume-reducing drugs can induce an enhanced detection capability for pre-
existing high-grade tumors. Further, since finasteride taken over time also reduces PSA to
a relatively low baseline, the occurrence of a rise in PSA above this baseline can serve as
a more effective indication of the appearance of a tumor than does PSA under the usual
conditions.

The character of the probability model we develop for prostate cancer detection is de-



scribed below. Detailed development of this model and its application to the problem of
selecting the number of cores in a biopsy session are carried out in the METHODS section.
Use of the model to offer an explanation and quantification of the inluence of finasteride on
prostate cancer detection rates is treated in the RESULTS section.

Probability modeling of prostate cancer detection rates: brief background, and aims of the
present paper. In seeking to detect nonpalpable prostate cancer using transrectal ultrasound
guided prostate biopsy, a major issue is the optimal choice of the number of cores to take in a
biopsy session. Undersampling too often results in clinically significant tumors being missed,
while oversampling can too often yield only clinically insignificant tumors and unnecessarily
burden the patient. Various studies have explored this problem, with special reference to the
random systematic sextant biopsy popularized by Hodge et al. [5]. Stricker et al. [8] used
a simple mathematical probability model to quantify how the probability of at least one
positive biopsy in a biopsy session of six or less cores increases with either increasing number
of biopsy cores or increasing percent volume cancer in the prostate gland. In particular,
this illustrated that, while a sextant biopsy session detects high-volume cancer (50% of the
prostate gland by volume) with probability greater than 0.98; it also detects low-volume
cancer (5%) with probability as high as 0.26. These quantitative results underlined the
need to use the sextant biopsy session outcomes very judiciously in deciding upon a course
of action, for example also taking into account the number of positive biopsy cores as an
indication of whether the cancer is low or high volume, along with the patient’s age in
deciding whether to treat a low-volume cancer outcome aggressively or not. On the other
hand, the significance of finding low percentage volume cancer using a sextant core biopsy
pattern can quite reasonably be conjectured to depend upon the size of the prostate gland
being sampled. To explore this notion, Uzzo et al. [10] classified a set of 1021 sextant
biopsies into large (50 cc or more) and small (less than 50 cc) prostate size groups and found
a statistically significant (P < 0.01) lower detection rate for the larger size group, suggesting
a need for more biopsy cores in the case of larger prostate glands. This indication was
corroborated (P < 0.001) by Karakiewicz et al. [6] in a more detailed study of how prostate
gland size affects sextant biopsy yield, using 1974 patients and prostate volume intervals of
10 cc, and observing positive biopsy rates decreasing from a high of 40% for prostate volumes
less than 20 cc to a low of 10% for volumes between 80 and 90 cc. See also Basillote et al.
2] for further corroboration and useful discussion.

To address more directly the issue of the appropriate number of cores to take in a prostate
biopsy session, Vashi et al. [11] developed a mathematical probability model to determine
this choice systematically on the basis of prostate volume taken in conjunction with patient
age. Taking into account the volume of biopsy needles and using elementary geometry, they
derived the number of cores needed to detect with probability 0.90 a tumor configuration of
several spherical nodules of specified volumes independently distributed at random throughout
a prostate of specified volume [11, Table 2]. This computation not only corrects for under-



estimation of detection probabilities in [8] that resulted from ignoring the actual volumes of
the biopsy cores, but also incorporates into the randomization a certain multifocality model
involving 7 tumors of decreasing sizes (by approximately 50%) following specified occurrence
probabilities. Further, by introducing a connection [11, Table 1] between age and minimum
threshold ”life-threatening tumor volume” based on life expectancy, assuming exponential
growth of prostate cancer with constant 4-year doubling time, they arrived at recommended
numbers of cores per prostate biopsy based on patient age and patient prostate volume [11,
Table 3|. The recommended number of cores increases with prostate gland size, in complete
consistency with the indications suggested in [8], [10], [6], and [11], with the added feature
that the sequence of increasing core numbers depends on the patient age, ranging, for exam-
ple, from 4 cores for a 10 cc prostate to 17 cores for a 50 cc prostate for a 60-year-old patient,
but from 2 cores to 6 for a 75-year-old patient. This model thus provides an approach toward
avoiding undersampling men with larger prostates or oversampling those with smaller ones,
conditional on patient age.

Whereas Vashi et al. [11] use patient age to select an appropriate tumor volume as the
target for determining the number of biopsy cores to take, for given prostate volume, an
alternative would be to use the patient’s PSA instead of age as a tumor marker in this de-
termination. Also, it is of interest to explore via the model various allocations of the biopsy
cores in a session to the peripheral and transition zones, respectively. Further, it is desirable
to construct the randomization within the model so as to adhere to several key assumptions
concerning (i) the average fractions of tumor foci in the peripheral and transition zones,
respectively, (ii) the probability that the dominant nodule is in the peripheral zone, (iii)
the probability that the 2nd dominant is in the transition zone, (iv) the probability that
the transition zone has no cancer, and (v) the relative sizes of the nodules of a multifocal
tumor. These considerations represent the approach of the present paper, which develops
an alternative mathematical probability model utilizing geometric considerations similar to
those in [11], A key output of the model is the numbers of peripheral zone and transition
zone cores per prostate biopsy needed to detect with probability 0.90 a specified tumor config-
uration based on patient PSA, for given patient peripheral zone and transition zone prostate
volumes. Another useful output is estimated increase in prostate cancer detection probablity
for a specified tumor configuration, corresponding to a specified reduction in a given patient
prostate gland volume.

In most of our computations (Tables 2-15) we set the respective fractions of the prostate
in the peripheral and transition zones at 75% and 25%, respectively, as in Vashi et al.
[11]. We note, however, that actually our model allows as input any other allocation of the
patient’s prostate volume into the peripheral and transition zones. For illustrative purposes,
we provide a comparative exhibit (Tables 16-17) of certain of our computations for the three
cases of 70%, 75%, and 80% percentage peripheral zone volume. It is seen that the results
vary but little in these three cases, and therefore — in the interest of brevity — we give the
bulk of our results only under the rather “popular” assumption of 75% prostate volume in



the peripheral zone.

METHODS AND RESULTS

1. A NEw PROBABILITY MODEL FOR PROSTATE CANCER DETECTION RATES

Any mathematical probability model for a process as complex as prostate cancer detection
must be developed within a framework of simplifying assumptions and features which at
least are of general relevance but are not expected to be precisely accurate in every instance.
Otherwise the model would become excessively complicated and of dubious credibility and
utility. Our model entails the following general features and assumptions:

Al

A2

A3

A4
A5

A6

AT

A8

Total tumor volume is related to PSA, with higher PSA corresponding to higher tumor
volume.

The total tumor volume is represented in the model as a tumor configuration of a
specified number of Ca nodules of specified volumes. (In view of Al, the specification
of this tumor configuration is the way that PSA enters into the model.)

The volumes of the nodules within a tumor configuration conform to the assumption
adopted by Vashi et al. [11] that additional tumors after the dominant tumor are
approzimately half the volume of the next higher tumor.

The tumor nodules are spherical (an assumption for mathematical convenience).

The nodules of a given tumor configuration are distributed into the peripheral zone
(PZ) or transitional zone (TZ) of the prostate according to a special randomization
that incorporates specified probabilities and meets several side conditions. (See B1-B6
below.)

The PZ and TZ volumes are specified in each implementation of the model. For the
present paper, the total prostate volume is specified and allocated to the PZ and TZ in
the proportions 75% and 25%), respectively (except for Tables 16 and 17, which exhibit
other cases for illustrative purposes).

The numbers of biopsy cores taken in each of the PZ and TZ are specified in each
implementation of the model.

Each biopsy core is taken with a standard 18 gauge biopsy needle, with diameter 0.12
cm and sample length 1.7 cm, for a total sample volume of 0.019 cc per core (see, e.g.,

[10]).



A9

The “effective biopsy core regions” associated with each nodule do not overlap, unless
their total volume necessitates overlap. (These are the regions enclosing the biopsy
cores such that the given nodule is detected if its center falls within any such region.)

The model also entails several more specific assumptions, as follows:

B1

B2

B3

B4

B5
B6

The number of nodules in a tumor configuration is specified as 4, which is roughly the
median number of tumor foci found in typical cases [3, Table 1].

Based (roughly) on median tumor volumes for particular PSA ranges (see [4, Table 3]),
tumor configurations of nodule volumes for two PSA ranges are selected as follows:

a) PSA 4-10, “tumor configuration (0.53,0.27,0.13,0.07)”:
0.53 cc (dominant focus), 0.27 cc, 0.13 cc, 0.07 cc (total, 1.0 cc)

b) PSA > 10, “tumor configuration (1.59,0.81,0.39,0.21)":
1.59 cc (dominant focus), 0.81 cc, 0.39 cc, 0.21 cc (total, 3.0 cc)

The average fractions of tumor foci in the PZ and TZ are 75% and 25%, respectively
(7], 14].

The dominant nodule is in the PZ with probability 0.80 (e.g., Babaian [1] and Chen
et al. [4]).

The 2nd dominant is in the TZ with probability 0.20.

The TZ has no Ca nodules with probability 0.40 [4, Table 1].

The model incorporates a particular randomization scheme designed to satisfy Assumptions
B1-B6. Denoting the four nodules of B1 by V1-V4 in order of decreasing size, a random-
ization satisfying B3-B6 is given by Table 1. It attaches specific probabilities to various
outcomes concerning the locations of V1-V4. In an obvious notation, we call it “Random-
ization (0.4,0.2,0.2,0.2)”.

Table 1: Randomization (0.4,0.2,0.2,0.2).

‘ outcome ‘ probability ‘

V1-V4 in PZ 0.40
V1, V2in PZ; V3, V4 in TZ 0.20
V1, V3in PZ; V2, V4 in TZ 0.20
V2, V3, V4 in PZ; V1 in TZ 0.20




We note that this provides just one convenient example of a randomization satisfying B3-B6;
others are possible.

As in Vashi et al. [11], we let detection of a single spherical tumor nodule by a cylindrical
biopsy core occur if the center of the tumor nodule falls within an effective biopsy core region
defined by extending the core cylinder in all directions by a distance equal to the radius of
the tumor, and we call the volume of this region the effective core volume. If the tumor has
volume v (cc), its radius is then r = (3v/47)"/? (cm). Consequently, if the biopsy needle
has length L and radius s, the effective core volume is given [11] by V.(r) = Vi(r) + 2Va(r),
with Vi(r) = Lx(r + s)?, the volume of a cylinder of length L and radius r + s, and V5(r) =
(2/3)mr® + (1/2)w2r%s + wrs?, the volume of the rounded cap extending the end of such a
cylinder. For an 18 gauge biopsy needle, we use L = 1.7 cm and s = 0.06 cm. For the range
of tumor nodule volumes we consider, approximately 0.03 cc to 1.5 cc, the corresponding
radii r range from approximately 0.2 cm to 0.7 cm and the corresponding effective volumes
from approximately 0.4 cc to 5.0 cc. If there are K biopsy cores each with effective core
volume V_(r), we shall suppose that their effective core regions do not overlap unless their
total volume exceeds that of the prostate. In this case, denoting the prostate gland volume
by Vi, the probability that the tumor is not detected is (1 — K'V.(r)/Vg)T, where 2 denotes
max(x,0). If n tumor nodules with radii rq,...,r, are distributed independently and at
random throughout the prostate, then the corresponding cancer detection probability is

1—(1—=KV.(r)/Ve)t x -+ x (1 = KV.(rn)/Va)™.

In fact, however, we use in our model a similar but more elaborate probability computation
based on the randomization in Table 1 with n = 4 tumor nodules distributed into the pe-
ripheral and transition zones with specified probabilities, and taking account of the separate
volumes and numbers of biopsy cores for these zones. We omit the details here.

For each of the two tumor configurations in Assumption B2, the randomization of Table 1
yields detection probabilities corresponding to each specification of PZ and TZ volumes and
numbers of biopsy cores. Representative results are provided in Tables 2 and 3, respectively.
In turn, from these tables we can solve for the minimum numbers of PZ and TZ biopsy cores
needed to achieve cancer detection probability at least 0.90. For these two configurations,
such results are provided in Tables 4 and 5, respectively. It is of interest to compare our
results with corresponding results of Vashi et al. [11, Table 2]. Associated with Table 4 and
total tumor volume of 1.0 cc, and Table 5 and total tumor volume of 3.0 cc, respectively, we
provide appropriate comparisons in Tables 6 and 7.

2. INFLUENCE OF PROSTATE VOLUME REDUCTION ON PROSTATE CANCER DETECTION
RATES

Let us now study how the cancer detection probability changes under reduction of the
prostate gland volume, as occurs for patients taking the drugs finasteride or dutasteride
For this purpose, we consider four representative biopsy scenarios:



A: standard sextant (6 cores)

B: 10 cores, with 6 in the PZ and 4 in the TZ
C: 10 cores, with 8 in PZ and 2 in the TZ

D: 10 cores, with all in the PZ.

These scenarios are labeled in order of approximately increasing cancer detection probability.
We note that B, C, and D are close to each other in design and somewhat apart from A.
Also, we consider total prostate volumes of 20 cc, 30 cc, ..., 80 cc, along with four levels of
percent prostate volume reduction: 20%, 25%, 30%, and 35%. Further, instead of only two
tumor configurations of nodules as in Assumption B2, we consider here a range of tumor
configurations involving six different levels of total tumor volume: 0.5 cc, 0.75 cc, 1.0 cc, 1.5
cc, 2.0 cc, and 3.0 cc, with each involving four nodules having volumes satisfying Assumption
A3.

For all combinations of the four scenarios, the seven total prostate gland volumes, the four
levels of percent volume reduction, and the six total tumor volumes, we have developed cancer
detection probabilities using the randomization of Table 1 and the geometry described in the
METHODS section. These computations augment those in Tables 2 and 3. Representative
results for the case of 25% prostate gland volume reduction and tumor volume 1.0 cc or 2.0
cc are provided in Tables 8-11. Rather than repeat variations of these tables completely for
each of the other three levels of percent volume reduction, we simply indicate in Table 12,
just for the case of a 50 cc prostate, and again for the tumor volumes 1.0 cc and 2.0 cc,
and for each of Scenarios A, B, C, and D, how the percent increases in detection probability
compare across the four levels of percent volume reduction. Likewise, we illustrate in Table
13, for all seven levels of prostate volume, and for each of Scenarios A and D, how the percent
increases in detection probability due to 25% volume reduction compare across all six levels
of tumor volume.

In turn, from our entire collection of tables (extended beyond those here), we can deter-
mine the percent volume reduction needed in order to produce a specified percent increase in
cancer detection rate (under the randomization of Table 1). In particular, for 25% increase
in cancer detection rate, the ranges of these determinations under Scenarios A and D are
provided, by prostate volume and tumor volume, in Tables 14 and 15, respectively.

DISCUSSION

We make the following remarks regarding Tables 2-7.

(i) The modeling approaches in this paper and in Vashi et al. [11] are similar in character
but differ in specifics. Each entails a multifocality model and each includes the total
prostate volume and the number of biopsy cores as input variables. In the present
paper, however, specific assumptions on the PZ and TZ volumes and the PZ and TZ



(iii)

numbers of biopsy cores are utilized, and the randomization in the model is designed to
adhere to certain literature-based assumptions about the distribution of cancer in the
PZ and TZ. Despite these differences, Tables 6 and 7 nevertheless reflect very strong
consistency between the results of the two approaches. Indeed, under the model of the
present paper the minimum numbers of biopsy cores needed for 0.90 prostate cancer
detection probability, for given prostate volume and given tumor volume, either agree
exactly with those of [11, Table 2] or differ by only one. This excellent agreement
not only provides independent corroboration of the work of [11] but also indicates the
robustness of the modeling with respect to variations in the assumptions. This is quite
reassuring, as the assumptions adopted for this purpose are expected to have only
rough validity. Further supporting evidence of this robustness will be noted in the
DISCUSSION section.

Practical application of these results to any particular patient requires, of course, a
specification of a “target” tumor volume that should be detectable with probability at
least 0.90. In Vashi et al. [11], this choice is based on the patient’s age, while in the
present paper it is based on PSA. For example, in the case of a patient with prostate
size 50 cc, the recommended number of biopsy cores according to [11, Table 3] ranges
from 17 down to 6 as patient age increases from 60 to 75 years. Alternatively, in the
present paper, the recommended number for such patients is either 16 or 8, according
as PSA is in range 4-10 or > 10. Further, Tables 4 and 5 provide options for allocation
of the biopsy cores to the PZ and TZ. If, on the other hand, a higher cancer detection
probability is desired, for example at least 0.95, a guideline may be obtained from
Tables 2 and 3: 18 or 10 biopsy cores, according as PSA is in range 4-10 or > 10.

A perhaps more powerful strategy is provided by using the two approaches together.
Thus, continuing the example of a patient with a 50 cc prostate, if the patient’s age
is 60 but the PSA is > 10, then one might consider 8 biopsy cores instead of 17 to
suffice. Of course, the most conservative approach would be to take the maximum of
the two recommendations. In this case, for a 60 year old patient with a 50cc prostate
and PSA > 10, the recommendation would be 17 biopsy cores.

Another application of our results is to assess when the widely used standard sextant
biopsy is sufficient, using the criterion of a 0.90 cancer detection probability. The
results in Tables 6 and 7 suggest that the sextant suffices only for prostate sizes 20 cc
or less for PSA 4-10, and for 40 cc or less for PSA > 10. This is one way of seeing that
the sextant tends to undersample men with larger prostates, as already pointed out by
Vashi et al. [11], whose results [11, Table 3| suggest that the sextant suffices only for
prostate sizes 20 cc or less for age > 62, 30 cc or less for age > 67, 40 cc or less for age
> 72, and 50 cc or less for age > 75 (and that, on the other hand, it oversamples older
men with smaller prostates).



(v)

We may similarly assess the 12-core biopsy for prostate cancer. The results in Tables
6 and 7 suggest that the 12-core biopsy suffices for prostate sizes 40 cc or less for PSA
4-10, and for 80 cc or less for PSA > 10. Likewise, the results of [11, Table 3] suggest
that the 12-core suffices for prostate sizes 20 cc or less for age > 52, for 40 cc or less
for age > 61, for 60 cc or less for age > 67, and for 80 cc or less for age > 71.

We make the following remarks regarding Tables 8-17.

(a)

(b)

Prostate cancer detection probabilities for Scenarios B, C, and D are necessarily higher
than for Scenario A, but follow different orders among themselves, depending on the
prostate volume and the tumor configuration. See Tables 8, 10, and 16.

The change in prostate cancer detection probabilities due to 25% prostate gland volume
reduction depends primarily on the size of the original detection probability, rather than
on the particular biopsy scenario among A, B, C, and D, or on the gland and tumor
sizes. We see from Tables 8-11 that an increase of approximately 20%, for example, is
associated with several differing situations:

a 40 cc gland with tumor volume 1.0 cc, Scenario A, and detection probability 0.640;
a 60 cc gland with tumor volume 1.0 cc, Scenario B, and detection probability 0.652;
a 60 cc gland with tumor volume 2.0 cc, Scenario A, and detection probability 0.670.

Likewise, an increase of approximately 12%, for example, is associated with each of
the situations:

a 40 cc gland with tumor volume 1.0 cc, Scenario B, and detection probability 0.925;
a 40 cc gland with tumor volume 1.0 cc, Scenario C, and detection probability 0.949;
a 40 cc gland with tumor volume 1.0 cc, Scenario D, and detection probability 0.973;
a 40 cc gland with tumor volume 2.0 cc, Scenario A, and detection probability 0.968;
a 60 cc gland with tumor volume 2.0 cc, Scenario B, and detection probability 0.941.
Also evident from Tables 8-11 is the simple fact that when the original detection

probability is very high, as for the case of small prostate glands and many biopsy
cores, the maximum possible percent increase is very small.

The percent increases in cancer detection probability associated with any scenario and
either tumor volume 1.0 cc or 2.0 cec, due to 25% prostate volume reduction, change
very little if instead the volume reduction is 20%, 30%, or 35%. See Table 12. These
results also change relatively little if the percentage of prostate volume in the PZ is 70%
or 80% instead of our assumed 75%. (Of course, the detection probabilities themselves



do indeed vary with percentage volume reduction and with percentage volume in the
PZ.) See Tables 16 and 17.

(e) Further, for each biopsy scenario, the percent increases in cancer detection probability
due to 25% prostate volume reduction decrease with increasing tumor volumes 0.5,
0.75, 1.0, 1.5, 2.0, and 3.0. See Table 13.

(f) The amount of prostate volume reduction that produces a given degree of improvement
in detection rate depends upon the biopsy scenario, the tumor volume, and the prostate
volume. To obtain a 25% improvement in detection rate, for example, the starting
rate must be no more than 0.80 in order for such a degree of improvement to be
mathematically possible. In particular, for the case of a 1.0 cc tumor and the 10-core
biopsy scenarios B, C, and D, this is feasible for prostate glands of 50 cc or larger (see
Table 8). Among these, the necessary reduction is provided in Table 15: 30% or less
for glands of 65 cc or larger, 30%-35% for glands in the range 55 cc - 65 cc, and greater
than 35% for smaller glands. A similar analysis can be carried out for the case of a 1.0
cc tumor and the 6-core biopsy scenario A, using Tables 8 and 14: the improvement
in detection rate is 25% or less for glands of 60 cc or larger, 25%-30% for glands in the
range 40 cc - 60 cc, 30%-35% for glands in the range 30 cc - 40 cc, and greater than
35% for smaller glands.

A variant randomization replacing the probabilities in Table 1 by 0.400, 0.125, 0.125, and
0.350, respectively, was explored, but only minor changes resulted.
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Table 2: Cancer detection probabilities under randomization (0.4,0.2,0.2,0.2) for tumor
configuration (0.53,0.27,0.13,0.07) (total volume 1.0 cc), by prostate volume (with transition
zone volume 25%) and numbers of PZ and TZ biopsy cores.

Cores Prostate Volume (cc)

PZ|TZ] 20 | 30 | 40 [ 50 | 60 | 70 [ 80
4 J0 [0.773]0.587 [ 0.470 [ 0.390 | 0.334 | 0.291 | 0.258
4 ]2 ]0.906]0.736 | 0.609 | 0.517 | 0.447 | 0.394 | 0.352
4 |4 ]0.941]0.836 | 0.734 | 0.632 | 0.553 | 0.491 | 0.441
6 [0 ]0.950]0.773 | 0.640 | 0.542 | 0.470 | 0.414 | 0.369
6 [2 ]0.991]0.865|0.741 | 0.642 | 0.564 | 0.502 | 0.452
6 [4 ]0.9960.925]0.833 | 0.734 | 0.652 | 0.585 | 0.530
8 [0 ]0.987]0.903 |0.773 | 0.669 | 0.587 | 0.522 | 0.470
8 [2 ]0.999]0.949 | 0.843 | 0.746 | 0.664 | 0.597 | 0.541
8 |4 1 ]0.978 [0.906 | 0.816 | 0.736 | 0.668 | 0.609
10 |0 1 [0.973]0.875 | 0.773 | 0.688 | 0.618 | 0.559
10 |2 1 ]0.990 | 0.918 | 0.829 | 0.749 | 0.680 | 0.621
10 |4 1 1 [0.957 [ 0.881 | 0.807 | 0.739 | 0.679
12 |0 1 [0.987 [ 0.950 | 0.857 | 0.773 | 0.701 | 0.640
12 |2 1 [0.995 [ 0.971 | 0.896 | 0.820 | 0.752 | 0.692
12 |4 1 1 ]0.991 [ 0.932 ] 0.865 | 0.800 | 0.741
14 |0 1 ]0.997 [ 0.977 | 0.923 | 0.845 | 0.773 | 0.711
14 |2 1 ]0.999 [ 0.988 | 0.946 | 0.879 | 0.814 | 0.754
14 |4 1 1 ]0.999 | 0.969 | 0.912 | 0.852 | 0.796
16 |0 1 1 [0.987 [ 0.969 | 0.903 | 0.835 | 0.773
16 |2 1 1 [0.993 [ 0.981 | 0.926 | 0.866 | 0.809
16 |4 1 1 ]0.999 | 0.993 | 0.949 | 0.896 | 0.843
18 |0 1 1 ]0.995 [ 0.979 | 0.950 | 0.888 | 0.828
18 |2 1 1 ]0.997 | 0.987 | 0.964 | 0.910 | 0.856
18 |4 1 1 1 ]0.995]0.978 | 0.932 | 0.883
20 |0 1 1 1 [0.987]0.973 ] 0.931 | 0.875
20 |2 1 1 1 [0.992 | 0.981 | 0.946 | 0.897
20 |4 1 1 1 [0.997 [ 0.990 | 0.961 | 0.918
22 |0 1 1 1 ]0.994 | 0.981 | 0.967 | 0.916
22 |2 1 1 1 ]0.996 | 0.987 | 0.976 | 0.932
22 [4 1 1 1 ]0.998 | 0.993 | 0.985 | 0.947
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Table 3: Cancer detection probabilities under randomization (0.4,0.2,0.2,0.2) for tumor
configuration (1.59,0.81,0.39,0.21) (total volume 3.0 cc), by prostate volume (with transition
zone volume 25%) and numbers of PZ and TZ biopsy cores.

Cores Prostate Volume

PZ|TZ] 20 | 30 | 40 | 50 | 60 | 70 [ 80

4 J0 ]0.991]0.933]0.805]0.700 | 0.616 | 0.549 | 0.494
4 ]2 1 ]0.990 | 0.928 | 0.845 | 0.765 | 0.696 | 0.636
4 |4 1 ]0.993 ]0.953 | 0.906 | 0.854 | 0.804 | 0.759
6 [0 1 ]0.991 | 0.967 | 0.889 | 0.805 | 0.732 | 0.670
6 |2 1 1 1 ]0.955]0.892 ] 0.829 | 0.770
6 |4 1 1 1 ]0.978 |0.941 | 0.899 | 0.857
8 |0 1 1 ]0.991 | 0.973]0.933 | 0.867 | 0.805
8 |2 1 1 1 ]0.995]0.971]0.922 | 0.871
8 |4 1 1 1 1 ]0.990 [ 0.962 | 0.928
10 [0 1 1 1 ]0.991 [ 0.976 | 0.960 | 0.906
10 |2 1 1 1 ]0.998]0.993 [ 0.983 | 0.943
10 |4 1 1 1 1 1 ]0.999 | 0.976
12 10 1 1 1 1 [0.9910.979 | 0.967
12 |2 1 1 1 1 ]0.997 [ 0.991 | 0.984
12 |4 1 1 1 1 1 1 1

14 10 1 1 1 1 1 ]0.991 | 0.980
14 |2 1 1 1 1 1 ]0.996 | 0.991
14 |4 1 1 1 1 1 1 1

Table 4: Minimum total biopsy cores needed for least 0.90 probability of cancer detection
under randomization (0.4,0.2,0.2,0.2) for tumor configuration (0.53,0.27,0.13,0.07) (total
volume 1.0 cc), by prostate volume. Listed as (N1, N2) for numbers of PZ and TZ cores, in
order of decreasing probability within columns.

Prostate Volume (cc)
20 | 30 | 40 [ 50 | 60 | 70 | 80

(6,0) [ (8,0) [ (12,0) | (14,0) | (16,0) [ (20,0) | (22,0)
(4,2) (10,2) (18,2)
(8,4)
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Table 5: Minimum total biopsy cores needed for least 0.90 probability of cancer detection
under randomization (0.4,0.2,0.2,0.2) for tumor configuration (1.59,0.81,0.39,0.21) (total
volume 3.0 cc), by prostate volume. Listed as (N1, N2) for numbers of PZ and TZ cores, in
order of decreasing probability within columns.

Prostate Volume (cc)
20 | 30 | 40 | 50 | 60 [ 70 | 80

(4,0)* | (4,0)* | (6,0) | (8,0) | (8,0) | (10,0) | (10,0)
(4,2) | (6,2) (8,2)
(4,4)
(* Numbers below N1 = 4 were not tested.)

Table 6: Comparison of minimum number of biopsy cores for at least 0.90 cancer detection
probability, from Table 4 (odd numbers were not tested) and from Vashi et al. [11, Table 2],
for total tumor volume 1.0 cc and selected total prostate volumes.

| Prostate Volume (cc) 120 ]30]40]50]60]70]80|

Minimum Cores, Table 4 6 | 8 |12 1416|2224
Minimum Cores, [11, Table 2] | 6 | 9 |12 | 15 | 17| — | —

Table 7: Comparison of minimum number of biopsy cores for at least 0.90 cancer detection
probability, from Table 5 (* means that 4 suffices; lower values and odd numbers were not
tested) and from Vashi et al. [11, Table 2], for total tumor volume 3.0 cc and selected total
prostate volumes.

| Prostate Volume (cc) 120 [30]40[50]60[70]80|
Minimum Cores, Table 5 41416 | 8| 8 |10 10
Minimum Cores, [11, Table 2] || 3 | 5 | 6 | 7 | 9 | — | 11
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Table 8: Cancer detection probabilities under randomization (0.4,0.2,0.2,0.2) before and
after 25% prostate gland volume reduction, for tumor configuration (0.53,0.27,0.13,0.07)
(total volume 1.0 cc) and Scenarios A, B, C, and D, by initial prostate volume (with transition
zone volume 25%).

Initial Before Volume Reduction | After 25% Volume Reduction
Prostate Scenario Scenario

Volume (cc) A B C D A B C D
20 0.950 | 0.996 | 0.999 1 0.987 1 1 1

30 0.773 1 0.925 | 0.949 | 0.973 || 0.903 | 0.983 | 0.997 | 0.994

40 0.640 | 0.833 | 0.843 | 0.875 || 0.773 | 0.925 | 0.949 | 0.973

50 0.542 | 0.734 | 0.746 | 0.773 || 0.669 | 0.859 | 0.869 | 0.903

60 0.470 | 0.652 | 0.664 | 0.688 || 0.587 | 0.781 | 0.792 | 0.822

70 0.414 | 0.585 | 0.597 | 0.618 || 0.522 | 0.712 | 0.724 | 0.750

80 0.369 | 0.530 | 0.541 | 0.559 || 0.470 | 0.652 | 0.664 | 0.688

Table 9: Difference and percent increase in cancer detection probabilities under randomiza-
tion (0.4,0.2,0.2,0.2) after 25% prostate gland volume reduction, for tumor configuration
(0.53,0.27,0.13,0.07) (total volume 1.0 cc) and Scenarios A, B, C, and D, by initial prostate
volume (with transition zone volume 25%).

Initial Difference in Probability || % Increase in Probability
Prostate Scenario Scenario

Volume (cc) || A B C D A B C D
20 0.04 | 0.00 | 0.00 | 0.00 || 4% | 0% | 0% 0%
30 0.13 1 0.06 | 0.05| 0.02 || 17% | 6% | 5% 2%

40 0.13]0.09 | 0.11 | 0.10 || 21% | 11% | 13% | 11%

50 0.13]0.13 ] 0.12 | 0.13 || 23% | 17% | 17% | 1™%

60 0.12 0.13 | 0.13 | 0.13 || 25% | 20% | 19% | 20%

70 0.11 | 0.13 | 0.13 | 0.13 || 26% | 22% | 21% | 21%

80 0.10 | 0.12 | 0.12 | 0.13 || 27% | 23% | 23% | 23%
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Table 10: Cancer detection probabilities under randomization (0.4,0.2,0.2,0.2) before and
after 25% prostate gland volume reduction, for tumor configuration (1.06,0.54,0.26,0.14)
(total volume 2.0 cc) and Scenarios A, B, C, and D, by initial prostate volume (with transition
zone volume 25%).

Initial Before Volume Reduction | After 25% Volume Reduction
Prostate Scenario Scenario
Volume (cc) A B C D A B C D
20 0.998 1 1 1 1 1 1 1
30 0.968 1 1 1 0.991 1 1 1
40 0.860 | 0.967 | 0.993 | 0.987 || 0.968 1 1 1
50 0.756 | 0.914 | 0.938 | 0.968 || 0.888 | 0.978 | 0.995 | 0.991
60 0.670 | 0.858 | 0.871 | 0.906 || 0.805 | 0.941 | 0.970 | 0.977
70 0.600 | 0.795 | 0.806 | 0.837 || 0.733 | 0.900 | 0.922 | 0.959
80 0.543 | 0.735 | 0.747 | 0.775 || 0.670 | 0.858 | 0.871 | 0.906

Table 11: Difference and percent increase in cancer detection probabilities under random-
ization (0.4,0.2,0.2,0.2) after 25% prostate gland volume reduction, for tumor configuration
(1.06,0.54,0.26,0.14) (total volume 2.0 cc) and Scenarios A, B, C, and D, by initial prostate
volume (with transition zone volume 25%).

Initial Difference in Probability || % Increase in Probability
Prostate Scenario Scenario

Volume (cc) || A B C D A B C D
20 0.00 | 0.00 | 0.00 | 0.00 || 0% | 0% | 0% 0%
30 0.02 | 0.00 | 0.00 | 0.00 || 2% | 0% | 0% 0%
40 0.11 | 0.03 | 0.01 | 0.01 || 13% | 3% | 1% 1%
50 0.13 1 0.06 | 0.06 | 0.02 || 18% | ™% | 6% 2%
60 0.14 { 0.08 | 0.10 | 0.07 || 20% | 10% | 11% | 8%

70 0.13 | 0.11 | 0.12 | 0.12 || 22% | 13% | 14% | 15%

80 0.13]0.12 | 0.12 | 0.13 || 23% | 17% | 17% | 1™%
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Table 12: Percent increase in cancer detection probabilities under randomization
(0.4,0.2,0.2,0.2) after prostate volume reduction, for initial prostate volume volume 50 cc, for
tumor configurations (0.53,0.27,0.13,0.07) (total volume 1.0 cc) and (1.06,0.54,0.26,0.14)
(total volume 2.0 cc), and for Scenarios A, B, C, and D, by level of prostate volume reduction.

Prostate Tumor Volume 1.0 cc Tumor Volume 2.0 cc
Volume Scenario Scenario

Reduction A B C D A B C D

20% 18% | 14% | 13% | 13% || 14% | 6% | 6% | 2%
25% 23% | 17% | 17% | 17% || 18% | 7% | 6% | 2%
30% 29% | 20% | 20% | 20% | 21% | 8% | 6% | 3%
35% 36% | 23% | 24% | 24% || 25% | 9% | T% | 3%

Table 13: Percent increase in cancer detection probabilities under randomization
(0.4,0.2,0.2,0.2) before and after 25% prostate volume reduction, for Scenarios A and D, by
prostate volume and tumor volume.

Initial Scenario A Scenario D
Prostate Tumor Volume (cc) Tumor Volume (cc)
Volume (cc) || 0.50 0.75 1.00 1.50 2.00 3.00 || 0.50 0.75 1.00 1.50 2.00 3.00
20 17% | 12% | 4% | 1% | 0% | 0% || 2% | 1% | 0% | 0% | 0% | 0%
30 23% | 19% | 17% | 9% | 2% | 1% || 16% | 7% | 2% | 1% | 0% | 0%
40 25% | 23% | 21% | 17% | 13% | 3% || 20% | 16% | 11% | 2% | 1% | 0%
50 27% | 25% | 23% | 20% | 18% | 9% || 23% | 19% | 17% | 9% | 2% | 1%
60 28% | 26% | 25% | 23% | 20% | 16% || 25% | 22% | 20% | 15% | 8% | 2%
70 29% | 28% | 26% | 24% | 22% | 18% || 26% | 24% | 21% | 18% | 15% | 3%
80 29% | 28% | 27% | 25% | 23% | 20% || 26% | 25% | 23% | 20% | 17% | 8%
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Table 14: Percent prostate gland volume reduction necessary to achieve 25% increase in
cancer detection probability under randomization (0.4, 0.2,0.2,0.2) and Scenario A, by tumor
volume and range of prostate volume.

Tumor Prostate Necessary
Volume (cc) || Volume (cc) || Reduction
0.5 < 20 > 35%
20-40 25%-35%
> 40 25% or less
0.75 < 30 > 30%
30-50 25%-30%
> 50 25% or less
1.0 < 30 > 35%
30-40 30%-35%
40-60 25%-30%
> 60 25% or less
1.5 < 40 > 35%
40-50 30%-35%
50-80 25%-30%
> 80 25% or less
2.0 < 50 > 35%
50-60 30%-35%
> 60 30% or less
3.0 < 70 > 35%
70-80 30%-35%
> 80 30% or less
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Table 15: Percent prostate gland volume reduction necessary to achieve 25% increase in
cancer detection probability under randomization (0.4, 0.2,0.2,0.2) and Scenario D, by tumor
volume and range of prostate volume.

Tumor Prostate Necessary
Volume (cc) || Volume (cc) || Reduction
0.5 <35 > 35%
35-60 25%-35%
> 60 25% or less
0.75 < 45 > 35%
45-55 30%-35%
55-80 25%-30%
> 80 25% or less
1.0 < 55 > 35%
55-65 30%-35%
> 65 30% or less
1.5 <70 > 35%
> 70 35% or less
2.0 < 80 > 35%
> 80 35% or less
30 ] 2080 [ >>35% |
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Table 16: Cancer detection probabilities under randomization (0.4,0.2,0.2,0.2) before and
after 25% reduction of prostate volume, for tumor configuration (0.53,0.27,0.13,0.07) (total
volume 1.0 cc) and Scenarios A, B, C, and D, by prostate volume and percentage in the PZ.

Prostate Before Volume Reduction | After 25% Volume Reduction

Volume Scenario Scenario
and % PZ A B C D A B C D
30 cc, 70% || 0.805 | 0.930 | 0.961 | 0.979 || 0.931 | 0.989 | 0.995 | 0.998
30 cc, 75% || 0.773 | 0.925 | 0.949 | 0.973 || 0.903 | 0.983 | 0.997 | 0.994
30 cc, 80% || 0.743 | 0.925 | 0.945 | 0.965 || 0.875 | 0.976 1 0.990
50 cc, 70% || 0.571 | 0.725 | 0.760 | 0.805 || 0.701 | 0.850 | 0.883 | 0.931
50 cc, 75% || 0.542 | 0.734 | 0.746 | 0.773 || 0.669 | 0.859 | 0.869 | 0.903
50 cc, 80% || 0.516 | 0.761 | 0.741 | 0.743 || 0.640 | 0.862 | 0.865 | 0.875
70 cc, 70% || 0.438 | 0.578 | 0.610 | 0.649 || 0.551 | 0.703 | 0.783 | 0.783
70 cc, 75% || 0.414 | 0.585 | 0.597 | 0.618 || 0.522 | 0.712 | 0.724 | 0.750
70 cc, 80% || 0.392 | 0.609 | 0.593 | 0.589 || 0.496 | 0.739 | 0.720 | 0.720

Table 17: Difference and percent increase in cancer detection probabilities under random-
ization (0.4,0.2,0.2,0.2) after 25% reduction of prostate volume, for tumor configuration
(0.53,0.27,0.13,0.07) (total volume 1.0 cc) and Scenarios A, B, C, and D, by prostate vol-
ume and percentage in the PZ.

Prostate || Difference in Probability || % Increase in Probability
Volume Scenario Scenario

and % PZ || A B C D A B C D

30 cc, 70% || 0.13 | 0.06 | 0.03 | 0.02 || 16% | 6% | 4% 2%
30 cc, 75% || 0.13 | 0.06 | 0.05 | 0.02 || 17% | 6% | 5% 2%
30 cc, 80% || 0.13 | 0.05 | 0.06 | 0.03 || 18% | 6% | 6% 3%

50 cc, 70% || 0.13 | 0.13 | 0.12 | 0.13 || 23% | 17% | 16% | 16%
50 cc, 75% || 0.13 | 0.13 | 0.12 | 0.13 || 23% | 17% | 17% | 1%
50 cc, 80% || 0.12 | 0.10 | 0.12 | 0.13 || 24% | 13% | 17% | 18%
70 cc, 70% || 0.11 | 0.13 | 0.13 | 0.13 || 26% | 22% | 21% | 21%
70 cc, 5% || 0.11 | 0.13 | 0.13 | 0.13 || 26% | 22% | 21% | 21%
70 cc, 80% || 0.10 | 0.13 | 0.13 | 0.13 || 27% | 21% | 21% | 22%
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