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BACKGROUND. Extraprostatic extension (EPE) is an unfavorable prognostic factor in

patients with prostate carcinoma. Prior studies have reported the linear extent of

EPE measured circumferentially along the edge of the prostate. In this study, the

authors defined and evaluated a novel measure of EPE in a large series of radical

prostatectomy specimens. These results have important clinical implications in the

management of localized prostate carcinoma by brachytherapy and other modal-

ities.

METHODS. The authors reviewed the preoperative records and biopsy findings from

376 patients who underwent radical retropubic prostatectomy between September

1991 and June 1993. Whole mount radical prostatectomy specimens were exam-

ined, and the location of EPE for each specimen was recorded. The radial EPE

distance was measured perpendicular to the edge of the prostate. For specimens

with multiple EPE sites, the maximum radial EPE distance was recorded. Estab-

lished eligibility criteria for prostate brachytherapy were evaluated using these

results, with emphasis placed on achieving adequate radiation dose coverage 3–5

mm beyond the capsule or the edge of the prostate.

RESULTS. EPE was identified in 105 of 376 specimens (28%) at 248 sites. The radial

EPE distance in these specimens had a mean of 0.8 mm (range, 0.04 – 4.4 mm) and

a median of 0.5 mm. Of these 105 patients, the median and mean preoperative

prostate specific antigen (PSA) concentrations were 11.8 ng/mL and 17.9 ng/mL,

respectively. The mean and range of the Gleason score and prostate volume for all

specimens were 6.3 (range, 3–9) and 39 cc (range, 8 –294 cc), respectively. In 107

patients who met the selection criteria for prostate brachytherapy eligibility of a

PSA level , 10 ng/mL, Gleason score , 7, and gland volume , 60 cc, the maximum

and mean radial EPE distances were 0.6 mm and 0.03 mm, respectively.

CONCLUSIONS. The radial distance of EPE is an important measure that influences

treatment strategies for patients with localized prostate carcinoma. Currently

described criteria for the treatment of early stage prostate carcinoma by brachy-

therapy alone appear satisfactory to ensure effective radiation dose coverage of

EPE of prostate tumors. Treating the prostate with a 3–5 mm margin by brachy-

therapy would encompass all known tumor in approximately 99% of the specimens

examined in this study. Cancer 1999;85:2630 –7.

© 1999 American Cancer Society.
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In 1998, it is estimated that 184,500 men in the United States will be
diagnosed with adenocarcinoma of the prostate, and 39,200 men

will die from this carcinoma.1 Early detection efforts, including the
use of serum prostate specific antigen (PSA) concentration, identify
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patients with organ-confined prostate carcinoma.2 Ex-
ternal beam radiation therapy (EBRT) and radical
prostatectomy are two common treatment options for
low stage prostate carcinoma.3 In many medical cen-
ters, the presence of clinically evident extraprostatic
extension (EPE) is a contraindication to surgery. In
such cases, patients often receive EBRT, which allows
for treatment of a wider margin of periprostatic tis-
sues. Recently, prostate brachytherapy with tempo-
rary or permanent placement of radionuclides has
reemerged as an alternative method of treatment for
patients with clinically localized prostate carcinoma.
This resurgence has stemmed from technical ad-
vances in the use of transrectal ultrasound (TRUS) for
needle guidance with perineal templates4,5 and com-
puted tomography (CT) and TRUS-based dosimetry
with sophisticated treatment planning software.

Prostate brachytherapy has several advantages,
including its application to an outpatient setting, min-
imal invasiveness, rapid patient recovery period, and
cost effectiveness. Although the published follow-up
of patients treated with prostate brachytherapy is
shorter than for other treatment modalities, relapse
free survival rates appear comparable to EBRT or rad-
ical prostatectomy at 7 years.6,7 The presence of EPE is
important in determining acceptable treatment for
localized adenocarcinoma of the prostate. We hypoth-
esized that the technical approach to its treatment
also depends on the radial extent of EPE perpendicu-
lar to the prostatic capsule, a concept that, to our
knowledge, has not been studied previously. For
EBRT, the treatment volume typically extends 1 cm or
more beyond the edge of the prostate, as identified by
CT.8 –10 For brachytherapy, the goal is to encompass
the entire prostate with a dose considered adequate
for eradication of all cancer. This dose for a perma-
nent iodine-125 (I-125) implant is typically 14,500 –
16,000 centigrays (cGy) at the periphery of the target
volume, which typically extends 3–5 mm beyond the
edge of the prostate.7 At the periphery of a prostate
implanted with radioactive seeds, the dose gradient
can be .2000 cGy/mm in the region of the dose fall-
off.11 This steep dose gradient results from the sum of
the dose profiles of each radioactive seed, which, in-
dividually, have a dose profile obeying the inverse
square law, D } 1/r2, where the dose, D, is propor-
tional to 1/r2, and r2 represents the square of distance
from the source.12 It is the location of this dose gra-
dient relative to the prostate periphery in the presence
of EPE and adjacent normal structures that deserves
critical attention.

Failure to cover the entire prostate with a suffi-
cient dose results in local tumor recurrence,13,14 which
probably is associated with a poorer distant metastasis

free survival.15 Significant differences in local relapse
free survival were found for delivered doses ,14,000
cGy in the Memorial Sloan-Kettering experience with
retropubic implants13,14 and for the transperineal ap-
proach, as reported recently by Stock et al.16 When
treatment margins are too generous, rectal ulceration
and fistulae may result from radiation injury.17 There-
fore, close examination of the location and magnitude
of the radial distance of EPE of tumor may allow an
objective means by which to plan for adequate cover-
age of the cancer and minimize radiation exposure of
adjacent normal tissues.

The predictive accuracy for determining the
presence of EPE by digital rectal examination or by
radiographic means is low.18 –22 In one series of 311
serially sectioned radical prostatectomies removed
for localized carcinoma, clinical understaging and
overstaging were observed in 59% and 5% of cases,
respectively.23 Other series have confirmed this ten-
dency toward clinical understaging, with rates rang-
ing from 43% to 63%.18 –22 The presence of EPE has
been shown to be associated with serum PSA con-
centration, clinical stage (as determined by digital
examination), grade, and percent of specimen in-
volved with tumor.23,24 Another model25,26 adapted
from the prostatectomy data of Partin et al.22 used
preoperative PSA and Gleason score to predict EPE.
However, these predictive models did not examine
the radial distance of EPE.

Some patients with clinically organ-confined dis-
ease are not considered suitable candidates for pros-
tate brachytherapy by current practice parameters
due to adverse prognostic factors that predict a high
likelihood of clinically occult extraprostatic carcino-
ma.27 These patients may be treated by combination
brachytherapy and EBRT27 or by EBRT alone. The
rationale for this approach is clear: The greater the
likelihood of clinically occult yet significant extrapros-
tatic carcinoma, the smaller the probability that ade-
quate radiation will be delivered to the extraprostatic
disease from an intraprostatic permanent interstitial
implant. Although some5,27–29 have proposed selection
criteria for patients receiving treatment with prostate
brachytherapy alone (monotherapy), these criteria are
related to the probability of EPE but not to its radial
distance. In this context, we evaluated the radial ex-
tent of EPE to relate these findings to typical prostate
brachytherapy dosimetry. This effort was conducted
to facilitate further development of treatment selec-
tion criteria for prostate brachytherapy and to provide
useful data for EBRT and surgical management of
early stage prostate carcinoma.
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MATERIALS AND METHODS
Patients
Between September 1991 and June 1993, a total of 416
consecutive radical retropubic prostatectomy speci-
mens from three urologic surgeons were submitted for
total embedding and wholemounting. Forty patients
with prior androgen ablation, radiotherapy, or clinical
T3 disease were excluded, leaving a total of 376 pa-
tients for evaluation. Clinical staging of tumors was
based on the 1997 American Joint Committee on Can-
cer (AJCC) system;30 T1 was defined as tumor that
clinically was not apparent by digital examination or
imaging, and T2 was defined as tumor clinically con-
fined to the prostate. Preoperative serum PSA concen-
trations were determined by using the Hybritech Tan-
dem R PSA assay (Hybritech, Inc., San Diego, CA)
through August 30, 1992. Thereafter, the Abbott IMX
automated assay (Abbott Laboratories, Abbott Park,
IL) was used.

Method of Wholemounting
The Mayo Clinic routine partial sampling protocol for
preparing and reporting serially sectioned whole-
mount prostates has been described previously.31 Bi-
opsy and radical prostatectomy specimens were
graded histologically according to the Gleason system.
The wholemount sections were examined, and
“maps” of tumor size, shape, and location were made
by tracing the outlines of the prostate and the mass-
(es) within it on each slide simply by placing the glass
slide and the recording form on 8.5 3 11 inch paper on
a lighted X-ray viewing box. Each slide was marked
with ink to show the three possible conditions of tu-
mor spread relative to the capsule: 1) no involvement
of capsule, 2) extension into the capsule but not
through it, and 3) extension through the full thickness
of the capsule and into the extraprostatic tissue. Pa-
tients in the third group form the primary focus of this
study.

Measurement of the Radial Distance of EPE
Radial extension is the measurement taken for EPE.
An example of EPE is shown in the photomicrograph
in Figure 1. The corresponding EPE measurement
shown in schematic representation also is presented
in Figure 1. Radial EPE distance is defined as the
distance that the tumor protrudes perpendicularly be-
yond the outer margin of the capsule. If the collagen
fibers of the usual prostate capsule were not visible,
then the interface between microscopically recogniz-
able prostate tissue and fat cells or a desmoplastic
reaction of inflammatory cells and fibroblasts were
considered to be the equivalent of the capsule. When-

FIGURE 1. (A) Photomicrograph of extraprostatic extension (EPE) of

adenocarcinoma. (B) Schematic representation of the radial EPE dis-

tance from A. Note that this distance is measured perpendicular to the

capsule and is centered on the urethra. (C) Schematic representation of the

prostate from which the radial EPE distance was measured with inset

shown.

2632 CANCER June 15, 1999 / Volume 85 / Number 12



ever possible, the urethra was used as the anatomic
center in each section along which the radial EPE
distance direction was measured (see Fig. 1). Obser-
vations and measurements were made by using a
Zeiss Axioskop microscope (Zeiss, Inc., Thornwood,
NY). A commercially manufactured stage micrometer
(2.00 mm ruled in 0.01 mm increments) (American
Optical Co.) was used to calibrate the corresponding
100-unit ocular reticle. Calibrations were performed
before each series of measurements.

In contrast to studies in which volume is calcu-
lated and a shrinkage factor associated with tissue
processing is employed,23 no linear shrinkage factor
was used in this study. The overall net linear shrinkage
factor is between 4.3%32 and 7.7%23 (volume correc-
tion factor1/3 5 linear correction factor, 1.251/3 5
1.077), which is small and not considered significant
for the purposes of this study.

The location of all EPE sites was recorded for all
specimens with respect to the craniocaudad (bladder
base, superior, middle, or inferior), lateral (right or
left), and anterior-posterior (anterior, lateral, or pos-
terior) directions. Measurement of radial EPE distance
in specimens with multiple sites of EPE was recorded
for the site of maximum extension. For example, if
there were four sites of EPE in a specimen, then the
value recorded was that for the site with the maximum
radial distance but not for the radial EPE distances for
the other three sites. If there was a positive margin at
the site of EPE but this was the maximal distance, then
the distance from the capsule or periphery of the
prostate to the positive margin at the EPE site was
recorded.

RESULTS
The mean and range of Gleason score and prostate
volume were 6.3 (range, 3–9) and 39 (range, 8 –294 cc),
respectively, for all specimens. Preoperative serum
PSA levels ranged from 0.3 ng/mL to 98 ng/mL, with
median and mean values of 8.6 ng/mL and 12.4 ng/
mL, respectively. Information regarding patient age,
date of operation, Gleason score, and nuclear grade is
shown in Table 1.

A total of 248 EPE sites were identified in 105
prostatectomies. The mean, median, and range of ra-
dial distance of EPE for those specimens with EPE
were 0.8 mm, 0.5 mm, and 0.04 – 4.4 mm, respectively.
The distribution of the radial EPE distance is shown in
Figure 2. The cumulative percentage of cases with a
radial distance of EPE less than a given distance also is
shown in Figure 2. For example, 96% of all specimens
with EPE have a radial EPE distance # 2.5 mm. In 27
specimens, the site of maximal EPE distance was mea-
sured at a site of positive margin (Table 2).

Among the patients with EPE, sites of EPE were
distributed evenly between left (52%) and right (48%)
sides of the prostate. The majority of sites were in the
midprostate (57%) compared with inferior (5%) or su-
perior (38%) locations. The anterior prostate had 15%
of sites compared with the lateral (28%) and posterior
(56%) locations. The bladder base had ,1% of all sites
of EPE. For specimens with EPE, the mean number of
sites was 2.4, the median number was 2 sites, and the
range was 1–10 sites. Forty-three specimens (41%)
showed one site of EPE, 22 specimens (21%) showed 2
sites, 19 specimens (18%) showed 3 sites, 9 specimens
(9%) showed 4 sites, and 12 specimens (11%) showed
5–10 sites.

The observed rate and radial distance of EPE also
were evaluated with respect to pretherapy serum PSA,
Gleason score, and prostate volume characteristics
that may be considered as criteria for the selection of
patients for prostate implantation as monotherapy.

TABLE 1
Relation between Disease Related Characteristics and Extraprostatic
Extension in 376 Patients

Preoperative variable and
specimen characteristic

Extraprostatic extension (%)

No. of
patients None

0.01–
3.00 mm >3.0 mm

Age at operation (yrs)
, 60 85 71 29 0
60–69 196 73 26 1
$ 70 95 71 29 0

PSA (ng/mL)
, 4 61 88 12 0
4.0–9.9 158 78 22 0
10.0–19.9 105 68 30 2
$ 20.0 52 44 56 0

Clinical T stage
T1a–T2a 163 86 13 1
T2b 213 61 39 0

Gleason score
3–4 16 100 0 0
5–6 134 84 16 0
7–9 226 63 36 1

Nuclear grade
1 14 100 0 0
2 348 72 27 1
3 14 36 64 0

Prostate volume (cc)
, 30 168 70 30 0
30–39 97 74 25 1
$ 40 111 73 26 1

Date of surgery
9/91–3/92 136 71 28 1
4/92–9/92 110 67 33 0
10/92–6/93 130 77 22 1

PSA: prostate specific antigen.
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These patient categories are shown in Table 3, along
with the entire study population and the cohort with
EPE for comparison purposes. For patients with EPE,
the median and mean preoperative PSA were 11.8
ng/mL and 17.9 ng/mL, respectively. In the 219 pa-
tients (58% of the total) with PSA , 10 ng/mL, the
maximum radial distance of EPE was 2.1 mm. In the
150 patients (40% of the total) with Gleason score , 7,
the maximum radial distance of EPE was 2.16 mm. In
the 107 patients (28% of the total) who met the selec-
tion criteria for prostate brachytherapy eligibility of
PSA , 10 ng/mL, Gleason score , 7, and gland vol-
ume , 60 cc, the maximum and mean radial EPE
distances were 0.6 mm and 0.03 mm, respectively.
Only 11 such patients (10%) had EPE.

DISCUSSION
We measured the radial distance of EPE present in 376
wholemount radical prostatectomy specimens. Accu-

rate preimplantation knowledge of anatomic extent of
disease is clinically useful for brachytherapy planning.
Brachytherapy preplanning includes determining ra-
dioisotope type, number, activity (in milliCuries), and
desired seed location within and around the prostate.
Selection of an appropriate treatment margin around
the prostate is instrumental in defining properly the
planning target volume that is to receive the minimum
prescribed radiation dose. A quantitative pathologic
assessment of subclinical tumor invasion from the
primary tumor into adjacent structures or regional
lymphatic tissues forms the basis for EBRT or brachy-
therapy planning. Examples of this concept have been
applied successfully for other cancer sites, including
EBRT for melanoma,33,34 high grade gliomas,35,36 and
early stage breast carcinoma.37 The observations pre-
sented in this report may have similar clinical rele-
vance in the context of prostate carcinoma manage-
ment.

The presence of positive margins in these data is
an expected feature of a prostatectomy series. In some
cases (26%), the EPE sites where the radial distance
was measured included tumor positive surgical mar-
gins. The location of the positive margins with respect
to the measured radial distances is included in Figure
2. The true radial EPE distance may be underesti-
mated at sites of positive margins. It is unlikely, how-
ever, that the radial EPE distance is underestimated
substantially for tumors that are clinically organ con-
fined, because significant EPE may be appreciated by
DRE or by radiographic means, such as CT, magnetic
resonance imaging, or TRUS.

A potential limitation of this study is the inherent
selection bias associated with using pathologic data
from prostatectomy specimens and applying it to

FIGURE 2. (A,B) Distribution and cumulative percentage of radial extraprostatic extension (EPE) distance (mm) with information regarding margin status at

measurement sites.

TABLE 2
Distribution of Radial Distance of Extraprostatic Extension

Distance (mm) No. (%)
Cumulative
% of cases

Number (%) positive
margins at EPE site

# 0.5 51 (49) 49 11 (22)
0.51–1.0 26 (25) 73 6 (23)
1.01–1.5 13 (12) 86 5 (38)
1.51–2.0 7 (7) 92 3 (43)
2.01–2.5 4 (4) 96 0 (0)
2.51–3.0 2 (2) 98 1 (50)
3.01–4.0 1 (1) 99 0 (0)
4.01–5.0 1 (1) 100 1 (100)

EPE: extraprostatic extension.

2634 CANCER June 15, 1999 / Volume 85 / Number 12



prostate brachytherapy. The widespread use of serum
PSA identifies patients with clinically impalpable pros-
tate carcinoma.2 Since the time these specimens were
obtained (1991–1993), there has been a progressive
decrease in the proportion of patients who present for
prostatectomy with palpable tumors, as reported re-
cently by Amling et al.2 The selection bias favoring
palpable tumors in our data may serve to overestimate
the proportion of patients with clinically significant
EPE who are ineligible for prostate brachytherapy. To
confirm our data, additional specimens collected in a
prospective manner from patients who are found suit-
able for prostate brachytherapy but who elect to un-
dergo prostatectomy would be desirable.

Previous studies have quantified EPE in terms of
the area of capsular perforation38 or the linear exten-
sion along or parallel to the capsule.39 These ap-
proaches do not provide the critical measurement ap-
plicable to prostate brachytherapy that is provided by
the radial EPE distance measurement. The steepest
radiation dose gradient for prostate brachytherapy is
in the direction away from the center of the implanted
gland and not in a direction circumferential or tan-
gential to it.11 Clearly, the radial distance perpendic-
ular to the capsule is the limiting factor in treatment of
extraprostatic carcinoma with intraprostatic radioac-
tive sources.

The information presented in Table 3 suggests a
possible correlation between preoperative serum PSA
level, Gleason score, and radial distance of EPE. As
criteria become more restrictive with respect to pa-
tient eligibility, the maximum radial distance of EPE
and the percent of patients with EPE decreases. To
verify this correlation, we contemplated developing
models to predict the radial distance of EPE as a
function of preoperative and specimen variables.
Standard statistical modeling approaches using our
data require clinically meaningful breakpoints for ra-
dial EPE distance, such as 3 mm or 5 mm. However,

only two patients (less than 1% of the total series)
showed a radial distance of EPE .3 mm, which is an
insufficient number of patients to provide adequate
statistical power for such an analysis.

The site of EPE is important in planning prostate
brachytherapy and for other forms of local therapy for
early stage disease. In this study, the midposterior
prostate was the most likely location for EPE. Fully
one-third of EPE sites were at this location, suggesting
that significant attention should be paid to the accu-
rate placement of radioactive seeds in this region.
Placement of seeds too close to or into the rectal wall
may lead to rectal complications, including ulceration
and fistulae caused by a high radiation dose.17,29 If EPE
is present, then these results suggest that implantation
of seeds too far from the midposterior prostatic cap-
sule may lead to radiation underdosage. Implantation
of seeds in the periprostatic tissues particularly near
the prostatic apex and base is a common practice.5

This practice allows radiation to be delivered to extra-
prostatic sites but, in some instances, may be limited
because a small portion of seeds may migrate through
the venous circulation and become lodged in pulmo-
nary capillaries.40,41 The data presented here indicate
that few sites of EPE are found near the bladder base
or prostatic apex. Routine implantation of seeds in
these extraprostatic locations might not be necessary
so long as the entire prostate itself is adequately
treated.

Commonly used criteria for prostate brachyther-
apy alone without adjuvant external beam radiother-
apy include PSA , 10 ng/mL, Gleason score , 7,
prostate volume , 60 cc, peak urine flow rate on
urodynamic study . 10 cc/second, and American
Urological Association Obstructive Symptom Index
, 16.5,7,29 The often stated purpose of these criteria is
to select for patients with a low probability of extra-
prostatic disease (including seminal vesicle invasion,
lymph node metastases, and distant metastases), pu-

TABLE 3
Influence of Common Treatment Selection Criteria on the Radial Distance of Extraprostatic Extension and Patient Number

Patient group
Number of
patients

Number of
patients with
EPE > 0 mm

Range of
EPEr (mm)

Mean EPEr

(mm)
Median
EPEr (mm)

Positive
margins at
EPE site (%)

All Patients 376 105 0–4.4 0.22 0 9
Patients with EPE 105 105 0.04–4.4 0.81 0.5 26
Patients with PSA , 10 ng/mL 219 42 0–2.1 0.13 0 3
Patients with Gleason score , 7 150 21 0–2.16 0.06 0 1
Patients with PSA , 10, Gleason score , 7, and prostate

volume , 60 cc 107 11 0–0.6 0.03 0 0

EPE: extraprostatic extension; EPEr: radial distance of EPE; PSA: prostate specific antigen.
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bic arch interference, and postimplant obstructive
symptoms. Patients with Gleason score , 7, PSA , 10,
and prostate volume , 60 cc had maximum and mean
radial EPE distances of 0.6 mm and 0.03 mm, respec-
tively. By using these criteria, all patients had a radial
EPE distance , 3 mm and would therefore have re-
ceived adequate radiation dose coverage had these
patients undergone brachytherapy. In addition, no pa-
tients who met these criteria had EPE measured at a
positive margin site, thus eliminating a potential
source of uncertainty.

The selection of PSA concentration and Gleason
score criteria that make patients eligible for mono-
therapy should be correlated with a patient’s risk of
seminal vesicle invasion,42 lymph node involvement,43

or bone metastases.44 The appropriate and tolerable
risk levels for these parameters should dominate the
decision making process for patient eligibility. Clini-
cally occult EPE is likely to be treated adequately by a
prostate seed implant when suitable radiation dose
margins are achieved. Examining wholemount pros-
tatectomy specimens for the radial distance of EPE is
useful for evaluating prostate brachytherapy tech-
nique and selection criteria. Positive surgical margins
are a significant predictor of recurrence in Stage
pT2N0 disease45 and may be unavoidable with the
limits of resection allowed by current techniques and
the radial distance of EPE. Similar to the approach
taken in this study, measurement of the radial dis-
tance of resection margins and positive margins like-
wise may be beneficial.

In conclusion, we present data on the radial dis-
tance of EPE perpendicular to the edge of the prostate
that, to our knowledge, have not been reported previ-
ously. These data are useful for evaluating treatment
strategies for successful prostate brachytherapy and
other modalities in the treatment of localized prostate
carcinoma. With respect to prostate brachytherapy by
permanent transperineal interstitial implantation of
radioactive sources, currently described criteria for
treatment of early stage prostate carcinoma by
brachytherapy alone appear satisfactory to allow radi-
ation dose coverage of EPE of cancer and may be
unnecessarily restrictive. Nevertheless, treatment of
the prostate with a 3–5 mm margin by brachytherapy
would encompass all known disease in 99 –100% of the
specimens with EPE and in 99.5–100% of all speci-
mens that were examined in this study.
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