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This study reports a modified point-count method for quantifying the extent of carcinoma in prostatec-
tomy specimens (n=143), as adapted from Billis et al. (2003) [3]. The prostates were studied as follows:
the basal/apical margins were sampled using the cone method. The remainder of the gland was divided
into 12 quadrant-shaped regions that were sampled using two slices. Eight equidistant points were
marked directly on the coverslip over each fragment. The points inside the tumoral areas were counted

ifeyv‘t/o:.ds" | and expressed as both the percentage of prostate gland involvement by carcinoma (PGI) and the tumor
p;?:l;l;gcynew asms volume (TV). A significant correlation between the preoperative PSA levels and each of the three quanti-

tative estimations were observed, with improved correlations with the PGl and TV values obtained using
the point-count method (viz. number of slices involved (NSI) (r=0.32), PGI (r=0.39) and TV (r=0.44)).
With the data sets stratified into three categories, all three methods correlated with multiple parameters,
including Gleason scores >7, primary Gleason scores >4, perineural/angiolymphatic invasion, extrapro-
static extension, seminal vesicle invasion and positive margins. All three quantitative methods were
associated with morphologic features of tumor progression. The results obtained using this modified
point-count method correlate more strongly with preoperative PSA levels.
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Introduction

Prostate carcinoma has a high incidence in developed countries,
with more than 643,000 new cases in 2008, representing 20% of
all malignancies in males. Compared with the 70% ten-year sur-
vival rate observed by patients in developed countries, mortality
rates from prostate carcinoma are asymmetrically higher in devel-
oping regions of the world [32]. In Brazil, more than 60,000 new
cases were diagnosed in 2012, reflecting an annual incidence of
62/100,000 [14]. The College of American Pathologists (CAP) clas-
sifies prognostic factors in categories I (proven prognostic value
and useful in daily practice), Il (factors supported by preliminary

* Corresponding author at: Universidade Federal da Bahia, Faculdade de Medicina
da Bahia, Departamento de Patologia e Medicina Legal, Pragca XV de novembro, s/n -
Largo do Terreiro de Jesus, 40025010 Salvador, BA, Brazil. Tel.: +55 71 32835563x41;
fax: +55 71 32408406.

E-mail addresses: daa@ufba.br, dathanazio@gmail.com (D.A. Athanazio).

http://dx.doi.org/10.1016/j.prp.2014.02.002
0344-0338/© 2014 Elsevier GmbH. All rights reserved.

experimental and clinical data, but waiting validation in large
clinical studies) and III (other suggested factors). The category I
prognostic factors for prostate carcinoma include pre-operative
serum prostatic specific antigen (PSA) levels, Gleason grade, staging
and surgical margin involvement at prostatectomy. Upon comple-
tion of the examination of a prostatectomy specimen, the relevant
morphologic findings that are consequential in guiding patient
treatments and follow up include the Gleason grade, extrapro-
static extension, seminal vesicle invasion, positive surgical margins,
intraprostatic perineural invasion, tumor volume and nodal metas-
tasis [7].

According to a survey by the American Society of Clinical Pathol-
ogists, only 12% of pathologists use total embedding as the routine
method for the examination of radical prostatectomy specimens
[28].In arecent survey, the International Society of Urologic Pathol-
ogy (ISUP) made efforts to reach minimal consensus on the handling
of prostatectomy specimens. Several widespread practices, such as
inking margins and the cone method for the examination of both
apex and base, were included in the consensus determination.
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Both the total embedding of the prostate and the use of whole
mounted sections (to assure the identification of the diameter of
the largest tumor focus) were not included in this consensus [23].
In the last ISUP survey, the consensus determination suggested
that the pathology report of a prostatectomy specimen should
include a quantitative estimate of the cancer volume, with the
specific protocol decided by each laboratory. As part of this recom-
mendation, this protocol should be well-defined and standardized
for the appropriate use by all pathologists within the institution
[30]. Several experts, however, explicitly recommend a reporting
of the percentage of tumor involvement in all prostatic tissue spec-
imens [12,26]. The report from the consensus conferences of ISUP
recognized that a unified method to measure and report the cancer
volume from a radical prostatectomy has long been a controversial
issue in urologic pathology, with considerable debate on the
magnitude of effort that pathologists should invest in determining
the cancer volume values to be included in the pathology reports.

Tumor volume has been previously associated with decreased
survival and has been included in the morphologic criteria for
poor prognoses, including high grade and advanced stage diagnoses
[11,13,18,20,21]. Many studies on this issue have failed to support
these observations [25,30]. Several studies have been limited by the
inclusion of locally advanced disease cases, while both tumor size
and percentage are considered to be important measures in par-
ticular for those patients with organ confined tumors [10]. Large
tumors may display indolent behaviors, remaining confined in a
large prostate with concomitant nodular hyperplasia. Several stud-
ies have shown that the percentage of the gland involved by the
carcinoma has prognostic value [4,17,20,22], with this factor more
predictive than the tumor volume [17,20]. Recently, several authors
have suggested the use of the diameter of the largest tumor focus as
a morphologic feature with prognostic value [6,8]. The estimation
of this factor would most likely require the use of whole mounted
sections, which is the current practice used by 16% of surveyed
uropathologists [23].

The authors of this present study recognize that a major step in
the advancement to develop the method to quantify and report the
extent of the tumor in prostatectomy specimens was presented in
the proposal by Billis and colleagues [2,3]. This advancement in the
protocol included several elements: (1) the basal (bladder neck)
and apical margins were sectioned into cones and cut into sagi-
ttal slices; (2) the serial transverse sections of the specimen were
further sliced into quadrants; (3) the tumor areas were contoured
in the hematoxylin-eosin glass slides; (4) the contoured areas were
manually transferred onto a sheet of paper (drawn) using quadrants
containing eight equidistant points; (5) the total amount of posi-
tive points (inside the countered areas) represented an estimation
of the tumor extent. This method has been adopted as a recom-
mended method to handle radical prostatectomy specimens by the
Brazilian Society of Pathology [1]. Even with the simplicity and
practicality of this protocol (avoiding computer based morphom-
etry, for instance), the point count method has not been widely
adopted. The authors of this present study suggest that there are
several disadvantages in the original proposal:

- transferring the drawings from glass slides to sheets of paper
may not be attractive for most pathologists, as this method is
time consuming;

- the pathologist who draws in the points within the quadrants
may be influenced by previous observations of the points;

- the number of quadrants examined in each specimen can be vari-
able (12-56), possibly as result of a method of obligatory total
embedding;

- the results are expressed as a number of positive points, which
is not an estimate that is easily understood by urologists and
oncologists. Other parameters, such as either the percentage of

Fig. 1. The point count method. Each hematoxylin-eosin stained glass slide (con-
taining two slices) had eight equidistant points painted directly over the fragments.

prostate involvement by the carcinoma or the tumor volume, are
universal with an obvious interpretation in a pathology report.

In this present report, an alternative point count method is pro-
posed that provides improved simplicity, allowing an expression of
the results as a direct estimate of either the percentage of prostate
involvement by the carcinoma or the tumor volume.

Materials and methods
Patients and protocols

All consecutive radical prostatectomy specimens examined in
the Laboratory of Pathology IMAGEPAT (Salvador, Brazil) from May
2010 (the date that the proposed protocol was adopted) to May
2013 were included in the study. The project was approved by the
Research Ethics Committee of Centro de Pesquisas Gongalo Moniz
(CPqGM/FIOCRUZ) located in Salvador, Brazil.

All radical prostatectomy specimens were examined using the
same protocol. For each specimen, the weight, measurement and
volume were documented. The entire external surface was inked.
Both the apical and basal margins were sectioned according to
the cone method and sliced in the sagittal plane. Two sections
of the proximal third of each seminal vesicle and deferent duct
were processed. The remnant prostate was transversally sectioned
into three thirds of equivalent thickness, representing an apical, an
intermediate and a basal third. Each region was sliced into quad-
rants (resulting in twelve zones). Each zone was further sectioned,
alternating one slice for the gross specimen archive and one slice to
be processed. Two slices were processed for each region, alternating
one slice (24 slices in the quadrant shape, including the circum-
ferential margin). Each resultant hematoxylin-eosin stained glass
slide (containing two slices) had eight equidistant points painted
directly over the fragments (Fig. 1). The points were inserted in the
same manner used in the quadrants on the sheets of paper from the
original point count protocol [3]. After a microscopic examination,
points that were inside the tumor area were counted. The point
count was recorded from the slice with more involved points in
each one of the twelve sampled regions. The microscopic report
included the number of slices involved (x of 2) and the points
involved (x of 8) for each one of the 12 different regions. As the
number of possible points to be counted was 96, the total point
count was used to approximate the percentage of gland involve-
ment by the prostate carcinoma. The conversion of the percentage
of gland involvement in the tumor volume was based on an assump-
tion that the area fraction of a phenomenon in a solid is equivalent
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Fig. 2. (A) Pearson’ correlation between the number of involved slices and the pre-operative serum PSA levels; (B) Pearson’ correlation between the percentage of prostate
involvement and the pre-operative serum PSA levels; (C) Pearson’ correlation between the tumor volume and the pre-operative serum PSA levels.

to the volume fraction of that phenomenon. The tumor volume was
calculated from the total volume of the prostate multiplied by the
proportion of the gland involved by the cancer [31].

Two estimates of the tumor extent based on the point count
method (percentage of gland involvement (PGI) and tumor vol-
ume) and the more widely used number of slices involved (NSI)
were evaluated for possible correlations with the pre-operative
levels of total prostate specific antigen (PSA) and multiple mor-
phologic parameters of prognosis that are routinely reported in
radical prostatectomy specimens, including histologic grade (Glea-
son score and primary Gleason), intraprostatic perineural invasion,
angiolymphatic invasion, extraprostatic extension, circumferential
margins, apical and basal margins, microscopic invasion of bladder
neck and seminal vesicle invasion.

Statistical analyses

Statistical analyses were performed using the GraphPad Prism
4.03 software package (Graph Pad, CA, USA). Categorical data were
compared by a Chi-square test for trend, and the numerical data
were compared using a student’s t-test.

Results

A total of 143 radical prostatectomy specimens were examined
during the study period. One case (0.7%) had no tumor in the initial
24 slides and required a total embedding process for the detection
of a small cancer focus in one of 144 slices. As shown in Fig. 2, all
three measurements exhibited a significant moderate positive cor-
relation with pre-operative PSA levels, with improved correlations
for both values (PGl and TV) obtained using the point-count method
(viz.: NSI (r=0.32), PGI (r=0.39) and tumor volume (r = 0.44)).

For the measured values, the means of the tumor extent strati-
fied by cases either with or without the ten morphologic features
with prognostic value that are routinely reported in radical prosta-
tectomy specimens were determined and shown in Table 1. Among
the parameters examined, the PGI was significantly higher in those
cases presenting all features except for positive circumferential and

Table 1

basal margins, and the NSI also had significantly higher values in
those cases presenting these features, except for the circumfer-
ential and basal margins, as well as the microscopic invasion of the
bladder neck. The tumor volume was significantly higher in those
cases presenting Gleason score >7, Primary Gleason >4, intrapro-
static perineural invasion and extraprostatic extension.

The measurements of tumor extent were categorized into three
groups that were stratified based on 33rd and 66th percentiles as
shown in Table 2. For NSI, significant differences between the three
categories were observed for all ten morphologic features with
prognostic values. For both measurements that were based on the
point count method (PGI and tumor volume), significant differences
between the three categories were observed for all morphologic
features except for the positive basal margins.

Discussion

The rising incidence of prostate carcinoma and the widespread
use of serum PSA screening have resulted in a remarkable increase
in the number of radical prostatectomies. Most of these tumors
(especially the early diagnosed non-palpable ones) were not grossly
detected. Both the quantity of the sampling requirements and the
assessments of the quantitative estimation of the tumor volume
have considerably increased the workload in many pathology lab-
oratories. In particular, several recommended methods of tumor
quantification require specialized tools, such as grids or software,
using methods that can be time consuming, such as the demarca-
tion of the tumor by permanent pen directly on the glass slides.
The magnitude of effort that pathologists should invest in deriv-
ing cancer volume for the pathology reports is still a matter of
debate.

Our proposed method assumed that the use of 12 regions of
the prostate sample could represent of the entire prostate volume.
Several previous reports have suggested that partial embedding
methods could generate the same quantification results produced
using entire embedding protocols [29]. In a study enrolling 447
patients who underwent prostatectomies, Vollmer concluded that

Morphologic features of prostate carcinoma with prognostic value and the associations with three estimates of the tumor extent (n=143).

Involved slices [x/24] mean & SD

Percentage of prostate

Tumor volume [cm?]

involvement [%] mean + SD mean + SD
Yes No Yes No Yes No
Gleason score (>7) 11 £5 7+5 21+ 12 10+ 10 6+4 2+£2
Primary Gleason (>4) 11+£6 9+5 26 + 14 13 £ 10 745 4+3
Intraprostatic perineural invasion 11+4 5+ 4 20 + 12 06 + 06 544 2+2
Angiolymphatic invasion 14+6 9+5 28 + 11 14 + 12 7+2 4+4
Extraprostatic extension 13£5 9+5 27 £13 12 £ 10 7+5 444
Positive circumferential surgical margin 11+4 9+5 16 £ 10 14 £ 12 5+3 4+ 4
Positive basal surgical margin 12+7 9+5 22 +£09 14+ 12 6+5 4+4
Positive apical surgical margin 13+4 9+5 26 +13 14 £ 12 5+2 444
Seminal vesicle invasion 13+£5 9+5 26 £+ 15* 14 £ 11 7+7 4+ 4

" Student t-test p<0.05.



Table 2

=143).

Stratifications of the three estimates of the tumor extent and the associations with morphologic features of prostate carcinoma with prognostic value (n

Tumor volume [cm3] n/N (%)

Percentage of prostate involvement [%] n/N (%)

Involved slides [x/24] n/N (%)

Morphologic features

>4

2-4

0-1

>19

7-19

0-6

>12

7-12

1-6

25/45 (36) 30/48 (62) 8/45 (18) 23/49 (47) 34/49 (69)' 8/44 (18) 22/50 (44) 35/49 (72)
4/45 (7) 5/49 (10) 4/50 (18)

5/45 (11)

10/50 (20)
5/50 (10)

Gleason score (>7)

16/49 (33)’
46/49 (94)
5/49 (10)"

4/44(7)

15/49 (31)

14/48 (29)

Primary Gleason (>4)

46/48 (96) 11/45 (25) 35/49 (71) 46/49 (94) 12/44 (28) 34/50 (68)
0/50 (0)

33/45 (73)

13/50 (26)

Intraprostatic perineural invasion

Angiolymphatic invasion

14/49 (29)
8/49 (16)
2/49 (4)
3/49 (6)

6/50 (12)
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6/50 (12)
3/50 (6)

4/50 (8

3/49 (6)

2/49 (4)
3/49 (6)
3/49 (6)

0/45 (0)

3/48 (6)

4/49 (8)"

0/45 (0)

5/48 (10)

8/49 (16)’

1/50 (2)

6/49 (12)’

1/45 (2)

7/48 (15)

Extraprostatic extension

Positive circumferential surgical margin
Positive basal surgical margin
Positive apical surgical margin

Seminal vesicle invasion

* Chi-square test p<0.05.
™ Fisher’s exact test p<0.05.

a partial embedding method that was both systematic and unbi-
ased (not preferentially sampling the posterior half of the prostate,
for instance) may accurately be used to estimate the percentage of
gland involvement by the cancer [31].

Several methods for estimating either the tumor size or the
percentage of gland involvement in radical prostatectomy speci-
mens have been used. Three large studies (including 595 and 1850
patients with organ confined disease) suggested that a visual esti-
mation of the percentage of gland involvement (without circling the
tumor foci) could be used as an independent factor for the predic-
tion of tumor recurrence [4,22,31]. As demonstrated by Carvalhal
and colleagues, each 5% increase in the percentage of gland involve-
ment was associated with an 11% increase in disease recurrence
[4]. In another report using a visual inspection method, Vollmer
reported that, for a series of 447 prostatectomy specimens, the per-
centage of gland involvement by the cancer was a strong predictor
of overall survival (following patient age) that was independent
from stage, serum PSA levels and margin status [31]. As visual
estimation may be practical for experienced uropathologists, this
method may be highly dependent on individual training experi-
ences. The process of circling the complete set of minute tumor
foci can be prohibitively time consuming. In another recent report
using 645 samples, the percentage of gland involvement (referred
to as tumor density) was an independent predictor of cancer recur-
rence, while tumor volume was not. As a limitation, the prostate
tumors were quantified by one of two different methods, includ-
ing a method that used constructed tumor maps and a method
using tumor dimensions with a correction factor derived from the
equation for an ellipsoidal structure [17].

Currently, a consensus on the standard method for the partial
embedding of prostatectomy specimens has not been estab-
lished. Epstein and colleagues retrospectively studied 380 radical
prostatectomy specimens from T1c (non-palpable, needle biopsy
confirmed cancers), presumably containing small tumors that were
less likely to be grossly visible. All prostates were embedded in
the entirety (mean of 34 slides). Of these samples, 75 cases were
selected to include at least one of the adverse findings, such as high
Gleason score (>7), positive margins and extraprostatic extension.
Nine alternative partial samples strategies were compared with the
entire samples to determine the feasibility of detecting these three
findings using the partial samples. The strategies were based on
extensive sampling of the posterior regions with several alterna-
tive methods for the midanterior samplings. The detection of high
Gleason scores ranged from 83% to 98% in the various methods, with
positive margins (71-100%) and extraprostatic extension (62-96%)
having considerably wider ranges. Based upon these studies, the
two recommended methods included a procedure that embed-
ded every posterior section plus one midanterior section of each
right and left side (and then all remaining anterior sections of the
side if a sizable tumor was detected using microscopy) and a sim-
ilar method that examined every posterior section that had been
obtained only from the ipsilateral areas of previous positive needle
biopsies. Using these two strategies, high Gleason scores, positive
margins and extraprostatic extensions were detected in 98, 100%,
and 96%; and 92%; 93% and 85%, respectively [24]. 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. It is a relevant issue since some
estimation of tumor extent is now part of the recommendations for
the pathology reports of radical prostatectomy specimens [30].

Other reports have suggested that the partial embedding meth-
ods may result in minor misdetections of important features. As
reported for a series of 238 specimens by Vainer and colleagues,
alternate slicing missed extraprostatic extension in two cases and
positive margins in one case [29]. In a series of 148 specimens, Kim
and colleagues evaluated five protocols. The rate of detection of
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positive margins and extraprostatic extension was: 83% and 84%,
respectively, for the alternate slicing; 87% and 88%, respectively, for
the alternate slicing with the complete embedding of the biopsy-
positive posterior quarters; 89% and 88%, respectively, for every
posterior half; 91% and 90%, respectively, for every posterior sample
half plus one midanterior section; and 100% and 100%, respec-
tively, for the alternate slicing with 3 mm of the peripheral rim of
the remaining prostate. For the fourth method that used the same
protocol proposed by Epstein and colleagues (adding the remain-
ing ipsilateral anterior section with the detection of a sizeable
tumor) also could allow the detection of all cases of extraprostatic
extension and positive margins, with the number of blocks equiv-
alent to entire sampling quantity [16]. Most pathologists would
agree that this method is time consuming, requires keeping track
of withheld sections and is not suitable for general practice [29].
Recently, a large series of 618 specimens reported discouraging
results for the partial sampling methods. The rates of detection of
positive margins and extraprostatic extension produced the fol-
lowing results: 87% and 72%, respectively, for the alternate slices;
79% and 53%, respectively, for alternate posterior slices plus one
midanterior section; and 95% and 93%, respectively, for the previ-
ously mentioned method recommended by Epstein and colleagues
[15].

The main goal of this report was to describe the experience of
using a modified point count method to estimate multiple quanti-
tative parameters, such as the tumor volume and the percentage
of gland involvement. Consistent with other partial embedding
methods, the major limitations of the presented handling proto-
colinclude the possibility of underdiagnosing important pathologic
features, such as positive margins and extraprostatic extension.
After the end of the study period, a combination of the 12 region
sampling method (allowing representative sampling of the entire
prostate) with the inclusion of the entire peripheral rim of the
remaining prostate was used to avoid the potential overlook of
positive margins and extraprostatic extensions, as previously dis-
cussed in the literature [16].

The proposed method of separating the 12 regions can be readily
adopted in pathology laboratories that use either entire embedding
or partial embedding with the processing of all peripheral prostate
sections. For an average prostate, each one of the 12 regions would
result in 4 tissue slices in serial sections. Two alternate slices per
region are processed in our protocol. At microscopy, the section
with more points counted within the tumor is used to represent the
region. The same criterion could apply to the four or more slices in
each region using the entire embedding protocols.

Compared with previous recommended protocols, the estima-
tion method of the tumor size described in this study is more
practical, generating a procedure that is easy to use by any
community-based pathology laboratory and avoiding the use of
whole-mounted sections [8], rulers with grid [13], computer-based
morphometrics [19] or time consuming drawing on the glass slides
oronthe paper sheets [3]. After evaluating 447 prostatectomy spec-
imens, Vollmer concluded that the estimation of the percentage
of gland involvement by visual inspection would require no more
than five minutes. This additional workload would most likely not
be a significant issue for reporting this feature. This proposed point
count method is well balanced between practicality and reliabil-
ity, providing a reliable quantitative method that is not dependent
only on visual inspection and that could be easily adopted by any
practicing pathologist.

The proposed point count method also facilitates the discrimi-
nation of the total point count (total tumor percentage or volume)
and the specific point count of Gleason 4 and 5 areas (total tumor
percentage or volume of high grade prostate carcinoma), a method
that has also been suggested as a potential important prognostic
marker [5]. The estimation of the amount of high Gleason grade

component in each section needed for further evaluation of the
average percentage of the entire tumor can be laborious [27], pos-
sibly restricting the routine use of this method in the reporting
recommendations for pathology reports [9]. After the end of the
study period, the percentage of high Gleason grade (4/5) com-
ponents and the tumor volume of the high grade component of
prostate cancer based in the point count method were also included
in our reports. An inspection of each region was used to determine
the number of the two slides per region that were involved, the
number of the possible eight points per region that were involved
and the number of points that were involved by high grade (4/5)
Gleason components. This approach enabled the simple and fast
reporting of the total (and high grade) percent of gland involvement
by cancer and the tumor volume.

The proposed point count method has several limitations. First,
leaving the surgical pathologist to directly draw eight equidistant
(or as much as possible equidistant) on the coverslips is subject
to some error or adaptation due to variation in size and shape of
slices. This limitation is inherent from the original method. Even if
primary evaluation could be undisputedly accurate (circling tumor
foci), a similar problem of error or adaptation occurs when the
pathologist needs to transpose the circled area in perfect quadrant
shaped figures. Second, quantification of tumor burden in partially
embedded prostates is subject to additional variations. This work
was conceived based in the assumption that partial sampling of a
prostatectomy specimen may allow estimation of tumor burden if
sampling is systematic and not biased from preferentially sampling
one region over the other [31]. Small variations in tumor quantifi-
cation may be related to sampling. In addition, using 12 regions to
access percentage of tumor involvement is based on the premise
that all regions are symmetrical and with the same volume. The
gross examination is the guide to produce 12 regions with equiv-
alent volumes. Indeed, the size and shape of the formalin fixed
prostate is somewhat different due to tissue shrinkage (spherical)
from the natural anatomy of the prostate in vivo (cone-shaped)
[33].

Compared with the various quantitative methods, the use of
the ratio of involved slides was considered to be a valid method of
tumor size estimation, as this approach correlated moderately with
preoperative serum PSA values and was associated with all mor-
phological parameters of prostate cancer progression, except for
nodal metastasis. These associations were equivalent for the point
count based estimate of the percentage of gland involvement by
the carcinoma and the tumor volume. Consistent with other obser-
vations in the literature, the use of the number (of percentage) of
involved blocks as a measure of the intraglandular extent may be
misleading, as a high number of blocks may have small foci of an
overall small-sized tumor [25].

Conclusion

In conclusion, three quantitative methods to estimate the tumor
extent were examined, including the number of slices involved by
cancer and two methods based on our proposed modified point
count method that involved the determinations of the percentage
of gland involvement and the tumor volume. The three meth-
ods were associated with multiple morphologic features of tumor
progression. The two estimates obtained using the modified point-
count method had improved correlations with the preoperative PSA
levels.
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