Influence of Focal and Diffuse Extraprostatic Extension
and Positive Surgical Margins on Biochemical Progression

Following Radical Prostatectomy

Athanase Billis, Luciana L. Meirelles, Leandro L. L. Freitas, Luis A. Magna, Leonardo O. Reis, Ubirajara

Ferreira

Department of Pathology (AB, LLM, LLLF), Department of Medical Genetics/Biostatistics (LAM), and
Department of Urology (LOR, UF), School of Medicine, University of Campinas (Unicamp), Brazil

ABSTRACT

Purpose: The amount of extraprostatic extension and positive surgical margin corre-
lates in most studies with biochemical recurrence following radical prostatectomy. We
studied the influence of focal and diffuse extraprostatic extension and positive surgi-
cal margins on biochemical progression using a simple method for quantification.
Materials and Methods: A total of 360 prostates were step-sectioned and totally pro-
cessed from 175 patients with stage T1c and 185 patients with clinical stage T2 sub-
mitted to radical retropubic prostatectomy. Extraprostatic extension was stratified
into 2 groups: present up to 1 quadrant and/or section from the bladder neck or apex
(Group 1, focal) and in more than 1 quadrant or section (Group 2, diffuse); and, posi-
tive surgical margin present up to 2 quadrants and/or sections (Group 1, focal) and
in more than 2 quadrants or sections (Group 2, diffuse). The Kaplan-Meier product-
limit analysis was used for the time to biochemical recurrence, and an univariate and
multivariate Cox stepwise logistic regression model to identify significant predictors.
Results: Extraprostatic extension was found in 129/360 (35.8%) patients, 39/129
(30.2%) in Group 1 and 90/129 (69.8%) in Group 2. In univariate analysis but not in
multivariate analysis, patients showing diffuse extraprostatic extension (Group 2) had
a significant higher risk to develop biochemical recurrence in a shorter time. Positive
surgical margin was present in 160/360 (44.4%) patients, 81/160 (50.6%) patients in
Group 1 and 79/160 (49.4%) patients in Group 2. Patients with diffuse positive surgi-
cal margins (Group 2) had a significant higher risk in both univariate and multivariate
analyses. Diffuse positive surgical margin was the strongest predictor on both analy-
ses and an independent predictor on multivariate analysis.

Conclusion: Diffuse extraprostatic extension in univariate analysis and positive surgi-
cal margins on both univariate and multivariate analyses are significant predictors of
shorter time to biochemical progression following radical prostatectomy:.
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INTRODUCTION However, during the International Society of Uro-
logical Pathology (ISUP) consensus conference

The amount of extraprostatic extension  on handling and staging of radical prostatectomy

(EPE) and positive surgical margins (PSM) has  specimens held in Boston during the 98th meet-
prognostic importance in most studies (1-10).  ing of the United States and Canadian Academy
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of Pathology (USCAP), no consensus could be
reached as to how evaluate extent of EPE and
PSM (11,12). In this study we evaluated the in-
fluence of focal and diffuse extraprostatic exten-
sion and positive surgical margins on biochemi-
cal progression of patients submitted to radical
prostatectomy using a simple method for EPE and
PSM extent quantification that can be used in the
daily practice of all pathologists who step-section
and totally process the surgical specimen.

MATERIALS AND METHODS

This retrospective study was based on 360
consecutive patients with clinical stage T1c (175
patients) or T2 (185 patients) submitted to radical
retropubic prostatectomy (RP) by one surgeon (UF).
The clinicopathological variables studied included
age at surgery, preoperative prostate-specific anti-
gen (PSA) level, RP Gleason score, tumor extent at
RP, EPE, PSM, seminal vesicle invasion and bio-
chemical recurrence (BCR) following surgery.

After RP, serum PSA was drawn every 3
months during the first year, every 6 months dur-

ing the second year, and annually thereafter. No
patient of this series had radiotherapy or androgen
manipulation before or after surgery. Only those
with undetectable PSA after RP were included.
Total serum PSA was measured utilizing
previous validated Immulite® PSA kit. BCR fol-
lowing surgery was considered as PSA > 0.2ng/
mL according to recommendation of the Ameri-
can Urological Association (13). Patients without
evidence of BCR were censored at last follow-up.
The present study was approved by the Institu-
tional Committee of Ethics of our Institution.
The surgical specimens were step-sec-
tioned at 3 to 5mm intervals and totally embed-
ded in paraffin. A mean of 32 paraffin blocks
were processed and 6 pm sections from each
block were stained with hematoxylin and eosin.
Each transversal section of the prostate was sub-
divided into 2 anterolateral and 2 posterolateral
quadrants (Figure-1A). Using the cone method,
8 sections from the bladder neck and 8 sections
from the apex were obtained (Figure-1B). The
number of sections obtained from the bladder
neck and the apex were constant (8 from each

Figure 1. (A) Three transversal sections of the prostate specimen subdivided into 2 anterolateral and 2 posterolateral qua-
drants. (B) Eight sections from the bladder neck using the cone method.
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location), but the number of transversal sections
varied according to the weight of the prostate.
The median (range) of the prostate weight was
35g (11g-190g).

PSM was defined as cancer cells in con-
tact with the inked specimen surface. EPE was
diagnosed whenever cancer was observed in adi-
pose tissue and, in case of desmoplastic response,
whenever a protuberance corresponding to exten-
sion of tumor into periprostatic tissue was seen.
Seminal vesicle invasion occurred whenever there
was involvement of the muscular coat. Tumor ex-
tent at RP was evaluated by a semiquantitative
point-count method previously described (14).
Briefly, drawn on a sheet of paper, each quadrant
of the transversal sections contained 8 equidis-
tant points. During the microscopic examination
of the slides, the tumor area was drawn on the
correspondent quadrant observed on the paper.
At the end of the examination the amount of pos-
itive points represented an estimate of the tumor
extent. All cases were reviewed by a senior pa-
thologist (AB).

EPE was stratified into 2 groups: present
up to 1 quadrant of the transversal sections and/
or sections from the bladder neck or apex (Group
1, focal EPE) and in more than 1 quadrant or sec-
tions (Group 2, diffuse EPE); PSM was stratified
into 2 groups: present up to 2 quadrants and/or
sections from the bladder neck or apex (Group 1,
focal PSM) and in more than 2 quadrants or sec-
tions (Group 2, diffuse PSM).

Statistical analysis

The data were analyzed using the Fish-
er’s exact test for comparison of proportions, the
Mann-Whitney test for comparison of means, the
Kaplan-Meier product-limit analysis for the time
to biochemical recurrence (TBCR) using the log-
rank test for comparison between the groups, and
an univariate and multivariate Cox stepwise logis-
tic regression model to identify significant predic-
tors of shorter TBCR. The P-values were two-sided
at the significance level of < 0.05. All statistical
analyses were performed using the commercial
available PASW Statistics (SPSS) 18.0.

RESULTS

PATHOLOGICAL FINDINGS

Extraprostatic extension. EPE was found
in 129/360 (35.8%) patients, 39/129 (30.2%) in
Group 1 and 90/129 (69.8%) in Group 2. Compar-
ing the clinicopathological features between the
groups (Table-1) there was no significant differ-
ence related to age of the patients (p = 0.31). In
Group 2, preoperative serum PSA (p = 0.02) and
RP Gleason score (p < 0.01) were significantly
higher, tumors were more extensive at RP (p =
0.04), and more tumors presented seminal vesicle
invasion (p < 0.01).

Positive surgical margin. PSM was present
in 160/360 (44.4%) patients. The single most fre-
quently site involved was circumferential (quad-
rant of a transversal section). The second most
frequently involvement was the concomitance
of a quadrant and the apex. Only 3 specimens
showed PSM concomitantly in the bladder neck,
apex and circumferential. Considering extent of
PSM, 81/160 (50.6%) patients were in Group 1
and 79/160 (49.4%) patients in Group 2. Com-
paring the clinicopathological features between
the groups (Table-2), there was no significant dif-
ference related to age of the patients (p = 0.75),
preoperative serum PSA (p = 0.27), and seminal
vesicle invasion (p = 0.11). Group 2 tumors were
more extensive at RP (p < 0.01) and with higher
RP Gleason score (p = 0.04).

TIME TO BIOCHEMICAL RECURRENCE

From the total of 360 men following radi-
cal prostatectomy, 115 (31.9%) patients had BCR
at a mean, median and range follow-up of 18, 9,
and 3-129 months; 229 (62.1%) censored men re-
mained at risk at a mean, median and range follow-
up of 46, 39, and 3-138 months, respectively; and,
16 (4.4%) men had no serum PSA data.

Extraprostatic extension. At 5 years of
follow-up, 69% of patients without EPE vs 74% of
patients with EPE in Group 1 were free of BCR (log-
rank, p = 0.98); and, 69% of patients without EPE
vs 38% of patients with EPE in Group 2 (log-rank,
p < 0.01) (Figure-2). The weight of the prostates
did not influence the results. Considering the me-
dian value of the weight, for prostates weighting
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Table 1 - Clinicopathological features comparing 39 patients with focal EPE (Group 1) vs. 90 patients with diffuse EPE (Group 2).

Characteristic Focal EPE Diffuse EPE p Value
(Group 1) (Group 2)

Age (years)
mean + SD 63.44 £+ 6.30 63.30 + 6.38 0.31*
median 65 63.50
range 45-75 47-74

Preoperative PSA
mean + SD 9.43+£4.72 13.17 £ 8.34 0.02*
median 8.2 12.0
range 2.3-21 0.60-51

RP Gleason score
mean + SD 6.79 £ 0.41 7.39£0.74 <0.01*
median 7 7
range 6-7 7-9

Tumor extension (positive points)
mean + SD 50.94 + 37.94 71.30 £ 50.21 0.04*
median 36 50
range 7-192 9-225

Seminal vesicle invasion
absent 30 (88.2%) 37 (58.7%) <0.01**
present 4 (11.8%) 26 (41.3%)

* Mann-Whitney test; ** Fisher’s exact test

up to 35g, at 5 years of follow-up 67% of patients
without EPE vs 83% of patients with EPE in Group
1 were free of BCR (log-rank, p = 0.15); and, 67%
of patients without EPE vs 43% of patients with
EPE in Group 2 (log-rank, p = 0.03). For prostates
weighting > 35g, at 5 years of follow-up 71% of pa-
tients without EPE vs 67% of patients with EPE in
Group 1 were free of BCR (log-rank, p = 0.12); and,
71% of patients without EPE vs 30% of patients
with EPE in Group 2 (log-rank, p < 0.01).

Positive surgical margin. At 5 years of fol-
low-up, 70% of patients with negative margins vs
629% of patients with PSM in Group 1 were free of

BCR (p = 0.12); and, 70% of patients with negative
margins vs 39% of patients with PSM in Group 2
(log-rank, p < 0.01) (Figure-3). This latter differ-
ence was also significant considering only speci-
mens with pathologic stage T2 (p < 0.01) as well
as specimens pT2 and Gleason score < 6 (p < 0.01).
No influence was found according to the location
of PSM as well as weight of the prostates. For pros-
tates weighting up to 35g, after 5 years of follow-
up 69% of patients without PSM vs 65% of patients
with PSM in Group 1 were free of BCR (log-rank,
p = 0.26); and, 69% of patients without PSM vs
47% of patients with PSM in Group 2 (log-rank, p
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Table 2 - Clinicopathological features comparing 81 patients with focal PSM (Group 1) vs. 79 patients with diffuse PSM (Group 2).

Characteristic Focal PSM Diffuse PSM p Value
(Group 1) (Group 2)

Age (years)
mean + SD 63.03 + 6.63 63.53+7.15 0.75*
median 64 64
range 47-74 43-75

Preoperative PSA
mean + SD 9.91+£6.49 11.00 £ 7.07 0.27*
median 8.74 7.07
range 0.90-35 1.22-51

RP Gleason score
mean = SD 6.81 £ 0.56 7.05+0.76 0.04*
median 7 7
range 5-9 5-9

Tumor extension (positive points)
mean = SD 38.86 + 31.72 60.61 + 47.26 0.01*
median 27.50 45
range 1-147 4-225

Seminal vesicle invasion
absent 52 (64.2) 40 (50.6) 0.11**
present 29 (35.8) 39 (49.4)

* Mann-Whitney test; ** Fisher's exact test

< 0.01). For prostates weighting > 35g, at 5 years
of follow-up 78% of patients without PSM vs 59%
of patients with PSM in Group 1 were freee of BCR
(log-rank, p = 0.21); and, 78% of patients without
PSM vs 28% of patients with PSM in Group 2 (log-
rank, p < 0.01).

RISK FOR SHORTER TIME TO BIOCHEMI-
CAL RECURRENCE

In univariate Cox regression analysis, age (p
= 0.64), EPE Group 1 (p = 0.98), and PSM Group 1
(p = 0.12) were not significantly predictive of shorter
TBCR. EPE Group 2 (p < 0.01), PSM Group 2 (p <

0.01), preoperative PSA (p < 0.01), RP Gleason score
(p < 0.01), RP tumor extent (p < 0.01), and seminal
vesicle invasion (p < 0.01) were significantly pre-
dictive of shorter TBCR (Table-3). PSM Group 2 was
the strongest predictor. In multivariate analysis, the
best model predictive of shorter TBCR was PSM
Group 2 (p < 0.01) + preoperative PSA (p < 0.01) +
seminal vesicle invasion (p = 0.04).

DISCUSSION

Several studies have shown that the
amount of EPE has prognostic importance. Our
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Figure 2 - Kaplan-Meier biochemical (PSA) progression-free survival curve comparing 219 surgical specimens without EPE
vs 37 surgical specimens with focal EPE (Group 1), and 88 surgical specimens with diffuse EPE (Group 2).
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Figure 3 - Kaplan-Meier biochemical (PSA) progression-free survival curve comparing 183 surgical specimens without PSM
vs 81 surgical specimens with focal PSM (Group 1), and 78 surgical specimens with diffuse PSM (Group 2).
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Table 3 - Cox proportional hazard analysis of several clinicopathological factors predicting time to biochemical recurrence

following radical prostatectomy.

Predictors Hazard ratio (95% Cl) Wald test P

Univariate analysis
Age 0.99 (0.97-1.02) 0.22 0.64
Focal EEP (Group 1) 1.01 (0.53-1.92) <0.01 0.98
Focal PSM (Group 1) 1.47 (0.91-2.38) 2.41 0.12
Diffuse EEP (Group 2) 1.48 (1.22-1.80) 15.17 <0.01
Diffuse PSM (Group 2) 3.45 (2.25-5.30) 32.18 <0.01
Preoperative PSA 1.05 (1.03-1.07) 27.15 <0.01
Seminal vesicle invasion 2.74 (1.72-4.38) 17.81 <0.01
RP Gleason score 1.44 (1.14-1.81) 9.28 <0.01
RP tumor extent 1.01 (1.00-1.01) 8.09 <0.01

Multivariate analysis
Diffuse PSM (Group 2) 1.71 (1.37-2.13) 22.48 <0.01
Preoperative PSA 1.04 (1.02-1.06) 11.64 <0.01
Seminal vesicle invasion 1.79 (1.02-3.14) 410 0.04

study is in accordance with a more favorable bio-
chemical progression following radical prostatec-
tomy for patients with focal EPE than patients
with extensive EPE (1,4,6). In the 7th edition of
the TNM Classification of Malignant Tumours
(15), the bladder neck involvement is considered
pT3a and not pT4. Therefore, involvement of the
bladder neck was considered EPE in this study.
The incidence of EPE in the literature ranges from
28% to 48% (16). In our study the frequency was
35.8%.

Epstein et al. (1) subdivided extrapros-
tatic extension into focal and established. Focal
extraprostatic extension was defined as a few
glands immediately exterior to the prostate in 1
to 2 sections. Cancers with established EPE had a
higher risk of progression than those with focal
EPE. Wheeler et al. (4) defined focal EPE as tumor
outside the prostate to a depth of less than one

high-power field on no more than two separate
sections and established EPE any amount of ex-
traprostatic tumor more than focal. Extensive EPE
was associated with progressively increased risk
of seminal vesicle invasion and positive lymph
nodes and lower progression free probabilities.
Sung et al. (6) measured EPE considering the radi-
al distance defined as the distance that the tumor
protrudes perpendicular beyond the outer margin
of the prostatic stroma. In univariate analysis, the
radial distance of extraprostatic tumor measured
by ocular micrometer was associated with PSA
recurrence. In the multivariate analysis, radial
distance remained an independent predictor of
PSA recurrence.

Surgical margin status is a major pre-
dictor of biochemical recurrence following radi-
cal prostatectomy. Coupled with other variables
might serve to further discriminate those patients
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most likely to benefit from immediate adjuvant ra-
diotherapy after RP. Qur results are in accordance
with most studies that correlate extent of margin
positivity in radical prostatectomies with biochem-
ical recurrence (2,3,5,7-10,16-18). Diffuse PSM was
significantly associated to shorter time of biochem-
ical progression and was predictive of time to TBCR
in both univariate and multivariate analyses. The
incidence of PSM in the literature ranges from 16%
to 50% (16). In our study the incidence was 44.49%.
One of the largest potential sources of discrepancy
for incidence of PSM is the different methods used
to process the radical prostatectomy specimens (2).

Epstein et al. (2) defined focal margin posi-
tivity as margins in which the tumor reached the
inked transected exterior surface, and the involved
site(s) were limited and present in only one or two
areas. Cases with extensive positive margins were
those in which multiple positive margins were
present at different sites in the prostate. Forty-one
percent of the prostate specimens studied had posi-
tive margins, 37% had focally positive margins,
and 4% had extensive margins. The difference in
biochemical progression in patients with focally
positive versus extensively positive margins was
significant. Weldon et al. (3) defined focal positive
margins those present on a single step-section and
3mm long or less. Any larger positive margins were
designated as extensive. Forty-four percent of the
specimens had positive surgical margins, 23% focal
and 21% extensive. The difference in biochemical
progression between patients with focal and exten-
sive positive margins was significant. Babaian et
al. (5) stratified PSM into focal and diffuse using a
cutoff of 3mm linear extent adding the length of all
areas of tumor in contact with ink. The biochemi-
cal failure rate was 10% when the positive margin
length was < 3mm and 77.8% when the positive
margin length was > 3mm. The authors concluded
that the result stratify the probability of failure and
suggested that adjuvant local therapy may be ben-
eficial if the positive margin exceeds 3mm.

During a consensus conference held by the
ISUP, no consensus could be reached as to how
evaluate extent of EPE and PSM (11,12). The con-
ference recommended that until such a consensus
is reached, EPE and PSM should be reported as
millimeters of linear involvement. However, mea-

surement is tedious, time consuming and not used
in the daily practice of pathologists. Our proposal
of EPE and PSM quantitation does not need any
time consuming measurement. It implies only to
consider the number of quadrants and/or sections
from the bladder neck or apex showing EPE and/
or PSM and can be used in the daily practice of all
pathologists who step-section and totally process
the surgical specimen.

The present proposal of diffuse PSM was
significantly predictive of TBCR following sur-
gery. Only patients with diffuse PSM showed sig-
nificantly shorter time to BCR. This difference was
also significant considering only specimens with
pathologic stage T2 as well as specimens pT2 and
Gleason score < 6. No influence was found accord-
ing to the location of PSM as well as weight of the
prostate which influences the number of transver-
sal sections. In the present cohort of patients, dif-
fuse positive surgical margins were the strongest
predictors of TBCR in univariate and multivariate
analyses. It is interesting to point out why patients
with positive margins may not inevitably prog-
ress to BCR. The main reason may be local tissue
destruction as a result of the effects of disrupted
vasculature, cautery, and inflammation related to
surgery (17).

A limitation of the present study is the rel-
atively short mean follow-up time. Johansson et
al. (19) reported that local tumor progression and
distant metastases developed even after 15 years
of follow-up. However, it is recognized that over
90% of patients submitted to radical prostatecto-
my will have a relapse within 5 years after surgery
(19,20). Therefore, it is likely that the majority of
cases with biochemical progression have already
been identified in this study. It is also worth men-
tion that Gleason grade in multivariate analysis
was not a significant predictor of TBCR due to the
small number of patients with score 8-10 (n = 21).
If Gleason grade was significantly predictive, then
maybe the significance of some of the multivariate
models tested would have been different.

CONCLUSIONS

In this study we showed a statistically
significant predictive value for shorter time to
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biochemical progression following radical pros-
tatectomy in patients with diffuse EPE or PSM
using a simple method for EPE and PSM extent
quantitation that can be used in the daily prac-
tice of all pathologists who step-section and to-
tally process the surgical specimen. In univariate
analysis but not in multivariate analysis, patients
with EPE in more than 1 quadrant and/or section
from the bladder neck or apex have a significant
higher risk to develop biochemical recurrence in
a shorter time. Patients with PSM in more than 2
quadrants and/or sections from the bladder neck
or apex have a significant higher risk to develop
biochemical recurrence in a shorter time in uni-
variate and multivariate analyses. PSM was the
strongest predictive finding for shorter time of re-
currence in both analyses. We advocate reporting
the extent of EPE and PSM as part of the surgical
pathology report.

ABBREVIATIONS:

PSA: prostate specific antigen;

SD: standard deviation;

CI: confidence interval;

RP: radical prostatectomy;

BCR: biochemical recurrence;

TBCR: time to biochemical recurrence;

EPE: extraprostatic extension;

PSM: positive surgical margin;

ISUP: International Society of Urological Pathology;
USCAP: United States and Canadian Academy of
Pathology.
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