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Background: Recent data suggest that up to 21% of positive circumferential margins (PCM) and 47% of
extraprostatic extension (EPE) samples may be missed when partial embedding methods are employed.
Kim and colleagues (2009) suggested that total inclusion of the periphery (3 mm rim) of the prostate
prevented the failure to detect PCM and EPE.

Design: Radical prostatectomy specimen (n=148) slides were reviewed after adoption of a protocol that
included a ~3 mm rim of peripheral tissues. We evaluated whether the analysis of supplemental slides

Ilffg :::gis;eoplasms of prostate periphery changed margin status, presence of EPE, Gleason score and extent of PCM and EPE.
Results: Partial sampling resulted in missing 29% of PCM and 20% of EPE without using data from the sup-
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Prostatectomy plemental slides of prostate periphery. Changes from focal to extensive disease were found in 11/21 (52%)

cases of positive circumferential margins and in 5/13 (38%) cases of extraprostatic extension. Changes in
the Gleason score were uncommon.
Conclusions: These results indicate the importance of including all the prostate peripheral tissue for

microscopic analysis when partial embedding methods are adopted.

© 2015 Elsevier GmbH. All rights reserved.

1. Introduction

The widespread use of prostate cancer screening based on digital
rectal examination and serum specific prostatic antigen concentra-
tion in the last three decades has increased the number of minimal
volume prostate adenocarcinoma detected in needle biopsies and,
as a consequence, small volume carcinomas in prostatectomy
specimens. In the current practice, most radical prostatectomy
specimens show small tumors that are not grossly visible [4,13].

Acinar adenocarcinoma of the prostate is a major public health
problem, and radical prostatectomy specimens are common in
most laboratories dedicated to surgical pathology worldwide.
Surprisingly, there is still no consensus on how such specimens

* Corresponding author at: Universidade Federal da Bahia, Faculdade de Medicina
da Bahia, Departamento de Patologia e Medicina Legal, Praca XV de novembro s/n,
Largo do Terreiro de Jesus, 40025010 Salvador, BA, Brazil.

E-mail address: daa@ufba.br (D.A. Athanazio).

http://dx.doi.org/10.1016/j.prp.2015.12.014
0344-0338/© 2015 Elsevier GmbH. All rights reserved.

should be handled even if some authorities are strong defend-
ers of total embedding of prostatic tissues for all cases [4]. Based
on the International Society of Urological Pathology (ISUP) con-
sensus meeting, both total embedding and partial embedding are
acceptable. It was consensual, however, to recommend that “if
partial embedding is performed, a specific protocol should be
followed, and the methodology should be documented in the
pathology report [13]. Epstein and colleagues retrospectively stud-
ied 380 radical prostatectomy specimens from T1c (non-palpable,
needle biopsy confirmed cancers) cases. The study population pre-
sumably contained small tumors that were likely to be grossly
invisible. All specimens were processed in their entirety (mean of
34 slides). Adverse findings were defined as high Gleason score
(=7), positive margins and extraprostatic extension. Nine alter-
native partial sampling strategies were compared with the entire
embedding to determine the feasibility of detecting these adverse
findings. The approaches were based on extensive sampling of the
posterior regions with several different methods for the midante-
rior areas. The finding of high Gleason scores oscillated from 83% to
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98% in the evaluated methods, while positive margins (71-100%)
and extraprostatic extension (62-96%) had considerably broader
ranges. The authors recommended two methods: embedding every
posterior section plus one midanterior slice of each side (and all
remaining anterior sections of one side if a sizable tumor was
detected using microscopy) and a similar method that examined
every posterior section that had been obtained only from the ipsi-
lateral areas of previously positive needle biopsies. Using these two
methods, high Gleason scores, positive margins and extraprostatic
extensions were detected in 98, 100%, and 96% and 92%; 93% and
85% of cases for each method, respectively [14]. The asymmetric
sampling of the prostate using these methods may possibly induce
a potential bias in the calculation of either the tumor volume or
the percentage of gland involvement [19]. It is an important issue
because some assessment of the tumor extent is now part of the rec-
ommendations for the pathology reports of radical prostatectomy
specimens [18]. The percentage of gland involvement and tumor
volume are popular methods of estimation of the tumor size in rad-
ical prostatectomy specimens because they do not require whole
mount sections as does the measurement of the linear extent of the
index tumor [1].

Some reports disagree about the extent of relevant missed data
by partial embedding methods. Vainer and colleagues reported that
alternate slicing missed extraprostatic extension in two cases and
positive margins in one case, from a case series of 238 prostatec-
tomies [17]. Similar results were obtained by Llanos and colleagues
in a smaller series of 48 specimens in which one case of extrapro-
static extension and no case of positive circumferential margin
were missed [10]. Recently, a large series of 618 specimens strongly
discouraged partial sampling. Positive margins and extraprostatic
extension were detected in 87% and 72% for the alternate slices,
79% and 53% for alternate posterior slices plus one midanterior sec-
tion, and 95% and 93%, respectively, for the previously mentioned
method recommended by Epstein and colleagues [8].

In a series of 148 specimens, Kim and colleagues evaluated
five different methods. Positive margins and extraprostatic exten-
sion were detected in the following rates: 83% and 84% for the
alternate slicing; 87% and 88% for the alternate slicing with the
complete embedding of the biopsy-positive posterior quarters; 89%
and 88% for every posterior half; 91% and 90% for every poste-
rior half plus one midanterior section; and 100% and 100% for the
alternate slicing with 3 mm of the peripheral rim of the remaining
prostate, respectively. Importantly, the fourth method when used
as the same protocol proposed by Epstein and colleagues (adding
the remaining ipsilateral anterior section with the detection of
a sizeable tumor) could also allow the detection of all cases of
extraprostatic extension and positive margins; however, the num-
ber of blocks was similar to that of entire sampling [9].

Since the start of 2013, we have adopted the suggestion by Kim
and colleagues of supplemental inclusion of 3 mm peripheral tis-
sues of the prostate. Such change was implemented both at an
academicand private laboratories in Salvador, Brazil. The aim of this
study was to compare our standard method of partial embedding
(representing two slides of each of 12 regions of the prostate) [1]
with additional examination of supplemental sections of margins
and extraprostatic tissues (SSMEPT). It may be useful for practicing
pathologists to estimate how much relevant data are missed when
using the currently adopted partial embedding methods and how
much extra work is required to adopt the inclusion of SSMEPT.

2. Materials and methods
2.1. Patients and protocols

All consecutive radical prostatectomy specimens examined in
the Laboratory of Pathology IMAGEPAT (Salvador, Brazil) between

Fig. 1. Partial sampling method of the gross specimen. Upper cassettes contain sam-
ples of twelve different regions of the prostate (separated into apical, intermediate
and basal regions/right and left/posterior and anterior). Central cassettes contain
samples from the apical and basal regions.

January 2013 (the date on which the proposed protocol was
adopted) and December 2014 were included in the study. The
project was approved by the Research Ethics Committee of Hospi-
tal Universitario Professor Edgard Santos (number 679163 ) located
in Salvador, Brazil.

All radical prostatectomy specimens were examined using the
same protocol as described in detail elsewhere [1]. Briefly, both
the apical and basal margins were sectioned according to the cone
method and sliced in the sagittal plane. The remnant prostate
was transversally sectioned into three thirds of comparable thick-
ness, representing an apical, an intermediary and a basal third
sections. Each region was sectioned into quadrants (resulting in
twelve zones). Each zone was further sliced, alternating one slice
for the gross specimen archive and one slice to be processed. Two
slices were processed for each region, skipping one slice (24 slices
in the quadrant shape, including the circumferential margin). In
most prostates, this approach was equivalent to embedding alter-
nate slices. However, it could range from total embedding in cases
of small specimens to large volumes sent to gross archive in cases
of larger glands. Since January 2013, we have prospectively evalu-
ated the results of this method with examination of SSMEPT, which
were processed in independent blocks. A representative case is
illustrated in Fig. 1.

In the academic institution (Hospital Universitario Professor
Edgard Santos), the Pathology residents were trained, and per-
formed the gross examination and handling of specimens. In the
private laboratory (Imagepat), all procedures were performed by
the same pathologist experienced in urologic pathology. A periph-
eral 3mm rim of peripheral prostate tissue was processed in its
entirety for all cases as suggested by Kim and colleagues [9]. When
grossly visible adipose extraprostatic tissue was detected, all that
material (even if thicker than 3 mm) was processed to ensure detec-
tion of the transition between prostate and extraprostatic tissue.
Inked margins of the two distal thirds of the seminal vesicles and
deferent ducts were not processed routinely. At the first institu-
tion, residents included all SSMEPT in additional cassettes without
a standard pattern of distribution. At the second institution, all
SSMEPT sections were processed in the pattern of six slices per
cassette (Fig. 1). As a result, we used only the data from the latter
to calculate how many additional blocks and slides were required
to ensure examination of all SSMEPT.

Positive margins and the presence of extraprostatic extension
were detected and reported as recommended [11]. For both the
quantification of positive circumferential margins and extrapro-
static extension, we used the criteria suggested by Wheeler and
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colleagues for the classification of extraprostatic extension [21]:
focal for involvements of less than one high-power field on <2
separate sections, and non-focal (extensive) for more extensive
involvements. For analysis purposes, changes in Gleason grade
were defined as modification of total Gleason score, change of
primary pattern (e.g., 3+4 to 4+3) or detection of a tertiary
Gleason 5 pattern.

3. Results

A total of 149 radical prostatectomy specimens were included
in the study: 46 from Hospital Universitario Professor Edgard San-
tos (public hospital) and 143 from Imagepat (private laboratory).
In only one case, prostate cancer was detected only in the sup-
plemental slides. Thus, all further analysis was conducted with
the remaining 148 specimens. In the private laboratory setting, a
mean + SD of 11.4 + 4.2 additional blocks and slides were required
for all prostate peripheral tissue. The range was 4-27 additional
slides.

In this series, the rate of positive circumferential margins was
39/148 (26%) before examination of SSMEPT, and rose to 55/148
(37%) after the study of supplemental slides. In other words,
16/55 (29%) cases of positive circumferential margins would have
been missed without processing all prostate peripheral tissue
(Tables 1 and 2). The rate of extraprostatic extension was 24/148
(16%) before examination of SSMEPT, and rose to 30/148 (20%)
after the study of supplemental slides. In other words, 06/30 (20%)
cases of extraprostatic extension would have been missed with-
out processing all prostate peripheral tissue (Tables 1 and 2). Of
note, eleven cases out of the 21 cases that would have been labeled
as focal positive circumferential margins before examination of
SSMEPT proved to have non-focal (extensive) margin involvement
after evaluation all prostate periphery, i.e., 11/21(52%) (Table 1).In
addition, five cases out of the 13 cases that would have been labeled
as focal extraprostatic extension before examination of SSMEPT
proved to have non-focal (extensive) extraprostatic extension after
evaluation all prostate periphery, i.e., 5/13 (38) (Table 1).

Examination of supplemental sections changed the Gleason
grading (score, primary pattern or detection of a tertiary pattern
5)in 8 out of 148 cases (5%).

We were also interested in how factors associated with prostate
size, tumor size and morphologic features of tumor aggressiveness
influenced the rate of missed relevant information when excluding
data from SSMEPT. As shown in Table 2, positive circumferential
margins were more likely to be missed in prostates with higher
volumes (7/18: 39%), Gleason score <6 (5/10: 50%) and Gleason
score>7 (3/7: 43%) and were missed in both cases with posi-
tive apical margins (2/2: 100%). Extraprostatic extension was more
likely to be missed in prostate glands with <10% involvement by
carcinoma (2/6: 33%), prostate carcinoma volume < 3 ml (3/9: 33%)
and Gleason score <6 (3/4: 75%).

Table 1

601
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0
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Fig. 2. Main changes in morphologic parameters of prostatectomy specimens after
adoption of supplemental analysis of all prostate periphery. (1) Percentage of cases
in which main findings would be missed if supplemental slides of prostate periph-
ery were not processed. (2) Percentage of cases with findings initially labeled as
focal that would have non-focal (extensive) involvement missed if supplemental
slides of prostate periphery were not processed. Main findings shown are positive
circumferential margins (white bars) and extraprostatic extension (solid bars).

4. Discussion

Partial sampling without evaluation of the whole prostate
periphery missed 29% of positive circumferential margins and
20% of extraprostatic extension. Changes from focal to extensive
involvement occurred in 11/21 (52%) cases with positive circum-
ferential margins and in 5/13 (38%) cases with extraprostatic
extension (Fig. 2).

In recent years, considerable attention has been focused on the
role of the extent of positive margins and extraprostatic extension
on outcome of patients with prostate cancer. From the consensus
meeting of ISUP regarding surgical margins, it was agreed upon
that pathologists should give a measure of the extent of posi-
tive margins while participants were divided between a subjective
estimation (focal versus extensive) and measurement in mm of
involved inked margins [16]. The importance of this information
in pathology reports has highlighted differences in disease recur-
rence rates ranging from 0-13% in margin negative, 26-40% for
focal and 65-69% for extensive positive margins [6,20]. In a series
of 265 prostatectomies, recurrence rates were 14% for <3 mm pos-
itive margins and 53% for >3 mm positive margins [2]. In contrast,
other studies did not show that the linear extent of margin posi-
tivity is an independent predictor of recurrence when adjusted for
Gleason score and preoperative factors [12]. After the consensus

Frequency of positive circumferential margins, extraprostatic extension and Gleason score changes in radical prostatectomy specimens —comparison of a partial embedding

method with supplemental total inclusion of peripheral tissues.

Before supplemental sections

After supplemental

How many cases were How many focal lesions

sections interpreted as focal before became non focal/extensive
supplemental sections? after supplemental sections?
n/N (%) n/N (%) n n/N (%)

Positive 39/148 (26) 55/148 (37) 21 11/21(52)

circumferential

margins
Extraprostatic 24/148 (16) 30/148 (20) 13 5/13 (38)

extension
Supplemental sections 8/148 (5)

changed Gleason
sore or primary
Gleason pattern
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Table 2

Frequency of missing cases of positive circumferential margins and extraprostatic extension without inclusion of supplemental sections of prostatic periphery and its

association with prognostic factors reported in radical prostatectomy specimens.

Positive circumferential margins
55/148 (37%)

How many cases would have positive
margins missed without supplemental

Extraprostatic extension
30/148 (20%)

How many cases would have
extraprostatic extension missed

sections? without supplemental sections?
n/N (%) n/N (%)
Total 16/55 (29) 06/30 (20)
HUPES (Public Hospital) 08/26 (31) 04/16 (25)
IMAGEPAT (Private laboratory) 08/29 (26) 02/14 (14)
Prostate volume >33 ml 07/18 (39) 01/09(11)
Prostate volume <32 ml 09/37 (24) 05/21 (24)
>10 sections involved by carcinoma 07/23 (30) 03/18(17)
<10 sections involved by carcinoma 09/32(28) 03/12 (25)
>10% of prostate gland involvement by carcinoma 07/29 (24) 04/24 (17)
<10% of prostate gland involvement by carcinoma 09/26 (35) 02/06 (33)
Prostate carcinoma volume >3 ml 08/25(32) 02/17 (12)
Prostate carcinoma volume <3 ml 08/27 (30) 03/09 (33)
Primary Gleason 3 08/43 (19) 05/21 (24)
Primary Gleason 4 or 5 04/12 (33) 01/09(11)
Gleason score <6 05/10 (50) 03/04 (75)
Gleason score 7 08/38 (21) 01/17 (06)
Gleason score>7 03/07 (43) 01/08 (13)
>3% of prostate gland involved by high grade carcinoma 04/19 (21) 03/17 (18)
<3% of prostate gland involved by high grade carcinoma 07/24 (29) 01/08 (13)
High grade prostate carcinoma >1 ml de volume 05/34(15) 02/16 (13)
High grade prostate carcinoma <1 ml de volume 06/23 (26) 02/09 (22)
Apical margin - negative 14/53 (26) 06/29 (21)
Apical margin - positive 02/02 (100) 00/00 (00)
Basal margin - negative 10/52 (19) 06/29 (21)
Basal margin - positive 00/03 (00) 00/00 (00)
Seminal vesicles - free of disease 00/07 (00) 00/00 (00)
Seminal vesicles infiltrated by carcinoma 16/50 (32) 06/25 (24)

meeting, Billis and colleagues tested the influence of focal (defined
as presence in up to two quadrants as focal) and extensive margins
in a series of 360 prostatectomies, and biochemical recurrence was
found in 38% of focal cases and 61% of cases with extensive mar-
gins. The extent of positive margins proved to be an independent
risk factor for recurrence in that study [3].

A similar discussion has been taking place for extraprostatic
extension. The majority of patients with extraprostatic extension
will not progress over 10 years of follow-up after prostatectomy.
At the ISUP consensus, a clear majority of pathologists confirmed
that reporting extent of extraprostatic extension is required in
pathology [11]. No consensus was reached, however, for the pre-
ferred method for quantification. A subjective estimation of focal
(few glands outside the prostate) versus established (more than a
few glands) involvement suggested by Epstein could separate the
rates of disease progression of 18% and 35%, respectively, after an
8 year follow-up [5]. A more objective estimation as proposed by
Wheeler (see Section 2) could separate the rates of disease pro-
gression of 27% and 52%, respectively, after a 5 year follow-up [21].
Sung and colleagues compared different methods of quantification
of extraprostatic extension, including both mentioned above, and
only the radial measurement of extraprostatic extension proved to
be an independent predictor of disease progression when adjusted
for preoperative PSA: 4-year PSA recurrence was 65% and 82% for
patients with <0.75 mm and >0.75 mm extension, respectively [15].
After the consensus meeting, Billis and colleagues tested the influ-
ence of focal (defined as presence in up to one quadrant as focal)
and extraprostatic extension in a series of 360 prostatectomies, and
biochemical recurrence occurred in 26% of focal cases and 72% of
cases with diffuse extraprostatic extension. Diffuse extraprostatic
extension was not an independent predictor of disease progression
when adjusted for other [3].

Our results mirror those from Kim and colleagues in the sense
that the evaluation of all prostate peripheral avoided missing a
substantial rate of positive margins and extraprostatic extension

when compared to alternate slides [9]. In the original series of 148
prostatectomies, five strategies were compared to entire specimen
embedding. The rates of positive margins and extraprostatic exten-
sion were, respectively, 83% and 84% for alternate slices, 87% and
88% for alternate slices plus embedding of all quarters with posi-
tive needle biopsies, 89% and 88% for total embedding of posterior
quarters, 91% and 90% for total embedding of posterior quarter
plus one midanterior section of each side, and, finally, 100% and
100% for alternate slices plus total embedding of a ~3 mm rim of
peripheral prostate tissue. Our protocol is slightly different from
the above mentioned original strategy because we sample two
quadrant-shaped slices for each of 12 regions (apical, intermedi-
ate and basal; further divided into anterior/posterior and right/left
zones [1]). For Kim and colleagues’ strict alternate slicing method,
the mean number of blocks was 16 in contrast with 27 blocks for
entire embedding. In our experience, sampling alternate slices of
12 regions of the prostate resulted in 12 blocks (24 sections) in
all cases, with a variable number of additional slides (standard
deviation of 11.4) for SSMEPT (Fig. 1). As an adaptation of the men-
tioned method, all the material (even if thicker than 3 mm) was
processed to ensure detection of the transition between prostate
and extraprostatic tissue when grossly visible amounts of adipose
extraprostatic tissue were detected. This was important to insure
that all extraprostatic tissue was available for histologic examina-
tion.

A limitation of our study is that we did not compare our samp-
ling strategies with entire embedding. It is unlikely, however, that
examination of all residual deep/central prostate could change the
main diagnostic information that should be expressed in pathology
reports of radical prostatectomies. By definition, positive mar-
gins and extraprostatic extension could be detected only in inked
peripheral tissue of SSMEPT (see discussion above on the inclusion
of all grossly visible adipose tissue). Previous works have shown
that the Gleason score or measurements of tumor extent are usu-
ally comparable in entire and partial sampling methods and are not
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the main concern when partial embedding strategies are adopted.
Many authors will not agree on the rationale for total embedding of
the prostate because the bulk of the gland will remain unexamined
in paraffin blocks - with the actual histologic examination of the
whole gland being approximately 0.17% of processed tissues [7,10].

Based on the present results, the authors suggest that inclusion
of SSMEPT sampling should be part of all protocols of radical prosta-
tectomy examination. It can be readily adopted by any academic or
community pathology laboratory that currently uses partial samp-
ling methods. Table 2 shows that some factors influenced the rate
of missing positive circumferential or extraprostatic extension.
These differences were not, in our view, indicative that inclusion
of SSMEPT could be advocated for only a subset of specimens.
Positive circumferential margins were more likely to be missed
in prostates with higher volumes (7/18: 39%), which is intuitive
because larger areas of inked margins will not be evaluated by
partial sampling. Gleason score <6 (5/10: 50%) had a high rate of
missing positive margins that may be explained by a stronger trend
for this involvement to be focal in such cases. Aggressive tumors
with Gleason score > 7 (3/7: 43%) also had a higher rate of missing
positive margins. Both cases with positive apical margins also had
apical margins missed by partial sampling (2/2: 100%), which may
be explained by the fact that positive margins are more frequent in
apical [16], and apical margins are surely an indication of a higher
risk of positive margins in the apical third of the gland.

Extraprostatic extension has been more likely to be missed in
prostate glands with <10% involvement by carcinoma (2/6: 33%),
prostate carcinoma volume < 3 ml (3/9: 33%) and Gleason score <6
(3/4: 75%). All these characteristics would be indicative of smaller
and more indolent tumors, which may be associated, when present,
with focal extraprostatic extension. Therefore, examination of all
SSMEPT would be required to detect these small foci.

5. Conclusion

In conclusion, partial sampling resulted in missing 29% of pos-
itive circumferential margins and 20% of extraprostatic extension.
Changes from focal to extensive occurred in 11/21 (52%) cases
of positive circumferential margins and in 5/13 (38%) cases of
extraprostatic extension. Changes in Gleason score were uncom-
mon. These results indicate the importance of inclusion of all
prostate peripheral tissue for microscopic analysis when partial
embedding methods are adopted.
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