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Abstract Pathological staging and surgical margin status
of radical prostatectomy specimens are next to grading the
most important prognosticators for recurrence. A central
review of pathological stage and surgical margin status was
performed on a series of 552 radical prostatectomy speci-
mens of patients, participating in the European Organisa-
tion for Research and Treatment of Cancer trial 22911.

Inclusion criteria of the trial were pathological stage pT3
and/or positive surgical margin at local pathology. All
specimens were totally embedded. Data of the central
review were compared with those of local pathologists and
related to clinical follow-up. Although a high concordance
between review pathology and local pathologists existed for
seminal vesicle invasion (94%, κ=0.83), agreement was
much less for extraprostatic extension (57.5%, κ=0.33) and
for surgical margin status (69.4%, κ=0.45). Review
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pathology of surgical margin status was a stronger predictor
of biochemical progression-free survival in univariate
analysis [hazard ratio (HR)=2.16 and p=0.0002] than local
pathology (HR=1.08 and p>0.1). The review pathology
demonstrated a significant difference between those with
and without extraprostatic extension (HR=1.83 and
p=0.0017), while local pathology failed to do so
(HR=1.05 and p>0.8). The observations suggest that review
of pathological stage and surgical margin of radical
prostatectomy strongly improves their prognostic impact
in multiinstitutional studies or trials.
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Introduction

Pathological staging of radical prostatectomy specimens is
considered an important tool for the assessment of the
prognosis of individual patients and it helps the urologist in
decision-making with regard to the installment of adjuvant
therapy. Another important role of pathological staging of
radical prostatectomy specimens is the definition of a
homogeneous patient population to be studied in the
context of a clinical study or trial.

To enable an accurate pathological staging, the radical
prostatectomy specimens should be processed in a uniform
way, allowing the whole specimen to be examined
microscopically. Several consensus guidelines on process-
ing and reporting of radical prostatectomy specimens were
published recently [9, 14], avoiding confusion and variation
among pathologists. Preferentially, the prostatectomy speci-
mens should be totally embedded and the apex and bladder
neck should be sectioned in a parasagittal plane for an
optimal appreciation of the surgical margins.

The prognostic impact of pathological stage is undisput-
ed; particularly, the invasion of seminal vesicles is
considered a highly unfavorable feature. However, as a
consequence of widespread prostate-specific antigen (PSA)
testing, a stage shift in prostatectomy specimens was noted
in recent years [5, 17] and the prognostic significance of
pathological stage in current patient populations may have
diminished. Although the prognostic impact of surgical
margin status is somewhat more controversial, most but not
all investigators were able to confirm the prognostic impact
of this parameter in multivariate analyses [1, 2, 13, 15].

Another factor that may detract from the prognostic
impact of pathological staging and determination of
surgical margin is the degree of interobserver variation
among pathologists. Most pathologists would agree that a
substantial interobserver variation exists for grading of
prostate cancer, but this issue has rarely been addressed for

pathological staging and surgical margin status [7]. Prosta-
tectomy specimens of the European Organisation for
Research and Treatment of Cancer (EORTC) trial 22911
were centrally reviewed as a part of the study protocol
designed to study the potential benefit of postoperative
external radiotherapy in patients with a pathological stage
pT3 prostate cancer and/or positive surgical margins, while
negative for locoregional or distant metastasis. The first
results of this trial were published recently [3]. Here, we
report on the degree of interobserver variation between
local pathologists and review pathology (by a single
pathologist) for pathological stage, including seminal
vesicle invasion and extraprostatic extension, and for
surgical margin status. In addition, the prognostic impact
of these parameters was analyzed using biochemical
recurrence-free survival (PSA failure after prostatectomy)
as outcome parameter.

Materials and methods

Patients and surgical specimens

Prostatectomy specimens of 566 participants of the EORTC
study 22911 were reviewed, of which 14 belonged to
ineligible cases leaving a total of 552 cases (280 in the
wait-and-see arm and 272 in the postoperative irradiation
arm) eligible. In each participating center the protocol was
approved by the local/national ethics review committee.
Informed consent was obtained from all patients in
accordance with national laws.

The total number of participants of this multiinstitutional
trial was 1,005, but only the prostatectomy specimens of 11
major participating hospitals were reviewed.

After formalin fixation, the prostatectomy specimens
were totally embedded after inking the outer surface of the
specimens essentially using the same protocol for grossing
in all participating hospitals [14, 16]. This includes separate
embedding of parasagittal sections of the apex and bladder
neck margin. Exclusion criteria for pathological review
were hormonal therapy before prostatectomy or incomplete
embedding of the prostatectomy.

Pathological review

The pathological review was performed by a single
pathologist with experience in urogenital pathology
(THvdK) and included the examination of all slides of the
radical prostatectomy specimen. In addition to Gleason
score, pathological stage [Tumor-Node-Metastasis (TNM)
1997], presence of extraprostatic extension, invasion of
seminal vesicles, and surgical margin status were recorded.
If extraprostatic (or extracapsular) extension was present,
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its extent [focal, i.e., extending <1 high power field (hpf),
or otherwise extensive, i.e., >1 hpf] and sidedness were
recorded. Extraprostatic extension was defined by either
infiltration of the carcinoma of the prostatic pseudocapsule
into the direct vicinity or beyond the adipose tissue
(Fig. 1a) or within the neurovascular bundle beyond the
outer contour of the adjacent pseudocapsule (Fig. 1b).
Bladder invasion was determined by invasion in the large
bundles of smooth muscle, characteristic of the muscu-
laris propria of the urinary bladder. Positive margin status
was recorded in case of the presence of tumor cells
within the inked margin. For positive surgical margin,
apical and nonapical (designated as lateral) involvement
was distinguished.

Follow-up and endpoint

Details of the follow-up of the EORTC trial 22911 were
described elsewhere [3]. Clinical follow-up with digital rectal
examination and PSA tests were done at 4, 8, and 12 months
after treatment, then every 6 months until the end of the fifth
year. Chest radiography and bone scans were done every year
or in case of clinical or biochemical suspicion of progression.
CT scans and liver ultrasound were used for confirmation of
progression. Biochemical recurrence was defined as a PSA
increase of more than 0.2 ng/ml over the lowest postoperative
value measured on three occasions at least 2 weeks apart.

Local recurrence had to be documented by digital rectal
examination.

The primary trial endpoint and endpoint of the present
analysis is biochemical progression-free survival defined
as the time from randomization to first clinical or
biochemical recurrence or death due to any cause.

Statistics

Agreement between local pathology and review pathology on
the 552 prostatectomy specimens was measured by the total
percentage of agreement and by simple kappa statistics [4].

The prognostic value of staging parameters and surgical
margin status defined by local and review pathology was
analyzed on the 280 cases of the wait-and-see arm of the
trial as postoperative irradiation will influence the biochem-
ical and clinical progression-free interval [3]. The prognos-
tic impact of local and review pathology for the different
parameters was analyzed by Cox regression model [6] with
estimation of hazard ratios (HR) and 95% confidence
intervals. Event-free rates were estimated by Kaplan–Meier
[12].

Results

The median follow-up time for the 552 patients included in
this analysis was 4.7 years. The age range of the patients
varied between 47 and 75 years (median 66 years) and
preoperative PSA level varied from 0.3 to 159.4 ng/ml
(median 12.5 ng/ml) (Table 1). The patients included in this
analysis had a slightly better overall prognosis than those
excluded from the analysis (p=0.056), probably owing to
differences in referral patterns between centers, as can be
inferred from the lower rate of positive surgical margins
and involvement of seminal vesicles.

Level of agreement between review and local pathology

A total of 552 radical prostatectomies were reviewed for
extraprostatic extension, seminal vesicle invasion, and

Fig. 1 a Micrograph showing adipose tissue (solid arrow) at the edge
of the pseudocapsule and a single tumor gland (double-line arrow) at
the level of and beyond the adipose tissue fulfilling the requirement of
extraprostatic extension. b Micrograph showing infiltration of neuro-
vascular bundle by scattered foci of poorly differentiated carcinoma
(double-line arrow). The contour of the outer edge of the prostatic
pseudocapsule is depicted by the interrupted line. Although adipose
tissue is not identified in the vicinity of the cancer, this is also
considered extraprostatic extension
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surgical margin status. Review data were not available for
extraprostatic extension, seminal vesicle invasion, and
surgical margin status in 5, 9, and 28 cases, respectively.
This was due to incomplete sets of slides or impossibility of
interpretation of the histological slides.

Tables 2, 3, 4, and 5 show that the agreement and
corresponding kappa value is good for seminal vesicle
invasion (Table 2), but mediocre for extraprostatic exten-
sion (Table 3) and surgical margin status (Table 4).

The local pathology more frequently judged a case
positive for extraprostatic extension (78.1%, 421/552) than
the review pathologist (54.5%, 301/552). The review

pathologist did not find extraprostatic extension in 35% of
the cases judged as extraprostatic extension by local
pathology (151/431). In contrast, 19% of the cases scored
without extraprostatic extension by local pathology were
considered positive for extraprostatic extension by review
pathology (23/121).

Surgical margin involvement was recorded in 53.3% by
the review pathologist (294/552) and in 58.9% by local
pathology (325/552). Negative margins as judged by local
pathology were scored positive by review pathology in
26.4% of the cases (60/227) and conversely, 24.9% of the

Table 2 Interobserver variation for seminal vesicle invasion

Review pathology Local pathology Total n (%)

Negative n
(%a) [%b]

Positive n
(%) [%b]

Not recorded 8 (89) [2] 1 (11) [1] 9 (2)
Negative 415 (94) [97] 26 (6) [21] 441 (80)
Positive 5 (5) [1] 97 (95) [78] 102 (18)
Total 428 (78) 124 (22) 552 (100)

aPercentage of reviewed cases of the category unknown, negative,
or positive for seminal vesicle invasion that scored negative
or positive at local pathology
bPercentage of cases scored negative (second column) or positive
by local pathology (third column)

Table 3 Interobserver variation for extraprostatic extension

Review pathology Local pathology Total n (%)

Negative n
(%)a [%]b

Positive n
(%)a [%]b

Not recorded 3 (60) [2.5] 2 (40) [0.5] 5 (1)
Negative 95 (39) [79] 151 (61) [35] 246 (45)
Focal 8 (10) [7] 76 (90) [18] 84 (15)
Extensive 15 (7) [12] 202 (93) [47] 217 (39)
Total 121 (22) 431 (78) 552 (100)

aPercentage of reviewed cases of the category unknown, negative,
focal, or extensive for extraprostatic extension that scored negative
or positive at local pathology
bPercentage of cases scored negative (second column) or positive
by local pathology (third column)

Table 1 Patient characteristics

Variable Review pathology performed? Total (n=1,005)

No (n=453) Yes (n=552)
Number of patients (%) Number of patients (%) Number of patients (%)

Age (years)
Median 64.9 66.0 65.4
Range 47.0–75.1 47.2–75.8 47.0–75.8
Previous short-term neoadjuvant hormonal treatment 46 (10.2) 55 (10.0) 101 (10.0)
Clinical TNM (UICC 1983)
T0 6 (1.3) 0 (0.0) 6 (0.6)
T1 69 (15.2) 102 (18.5) 171 (17.0)
T2 294 (64.9) 360 (65.2) 654 (65.1)
T3 83 (18.3) 90 (16.3) 173 (17.2)
TX 1 (0.2) 0 (0.0) 1 (0.1)
PSA before surgery (ng/ml, Hybritech equivalent)
Median 12.3 12.5 12.3
Range 0.3–116.0 0.3–159.4 0.3–159.4
PSA 3 weeks after surgery/before irradiation
Median 0.2 0.2 0.2
Range 0.0–38.8 0.0–48.7 0.0–48.7
Pathological risk factors (local pathology)
Positive surgical margins 304 (67.1) 325 (58.9) 629 (62.6)
Capsule perforation 343 (75.7) 431 (78.1) 774 (77.0)
Invasion of the seminal vesicles 132 (29.1) 124 (22.5) 256 (25.5)

UICC Union Internationale Contre Le Cancer (International Union Against Cancer)
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cases that scored positive by local pathology (81/325) were
judged negative by the review pathology.

The level of agreement between local and review
pathology was similar when the analysis was restricted to
the four hospitals contributing more than 75 patients each
to the study. Among these four hospitals, however, a large
variation in agreement with review pathology existed for
extraprostatic extension and surgical margin status. For
extraprostatic extension one hospital showed considerably
less agreement with review pathology (κ=0.0) than the
other three hospitals (κ>0.30). Excluding that hospital, the
agreement was κ=0.42 (0.34–0.51). For surgical margin
status, there was again significant heterogeneity among the
large hospitals (p<0.0001), and agreement was κ=0.64,
0.51, 0.13, 0.18 with review pathology.

In a separate analysis we showed that the year of entry
did not influence the level of agreement, neither did it
influence seminal vesicle invasion, extraprostatic extension,
or margin status (data not shown).

At review pathology a distinction was made between
focal and extensive extraprostatic invasion. Analysis of the
discrepancies between review and local pathology showed

that when the 84 cases with focal extension only were
excluded (i.e., only extensive extraprostatic extension at
review was considered), the agreement between review and
local pathology remained essentially the same (κ=0.31 for
extensive extraprostatic extension and κ=0.33 for all cases).

The breakdown of the surgical margin status results
according to site is given in Table 4. If review pathology
showed a positive surgical margin of the apex (n=126), the
local pathology would also judge the margin positive in
83% of the cases, but this proportion dropped to 76% of the
cases when only the lateral margin was involved, according
to the review pathologist (128/168), and the local pathol-
ogist agreed on the negative margin status in only 65% of
the cases scored negative by review pathology (149/203).

Influence of review pathology on the prognostic impact
of staging parameters

Because postoperative radiotherapy influenced the long-
term clinical outcome (biochemical progression-free sur-
vival and clinical recurrence), the analysis of the prognostic
impact of local and review pathology was restricted to the
wait-and-see arm of the trial (n=268 patients with review
pathology). Kaplan–Meier analysis for biochemical pro-
gression-free survival showed that surgical margin status by
review pathology was a stronger predictor compared to
local pathology (Fig. 2). HR of positive margins by review
pathology for biochemical recurrence was 2.16 (95% CI
1.43–3.26 and p<0.0002), while local pathology surgical
margin status was not significantly related to biochemical
recurrence (HR=1.08, 95% CI 0.74–1.56, and p>0.1) in
univariate analysis.

For extraprostatic extension, including those with focal
and extensive extension, review pathology demonstrated a
significant difference (in univariate analysis) between the
two subsets (HR=1.83, 95% CI 1.25–2.68, and p=0.0017),
while local pathology was not able to demonstrate a
significant difference (HR=1.05, 95% CI 0.66–1.68, and
p>0.1).

Seminal vesicle involvement was a strong predictor of
biochemical recurrence when assessed by the review

Table 4 Interobserver variation for margin status according to site

Margin status
by review pathology

Margin status by local
pathology

Total

Negative
(%)a [%]b

Positive
(%)a [%]b

Not recorded 4 (67) [1.8] 2 (33) [0.6] 6 (1)
Negative 149 (65) [66] 81 (35) [25] 230 (42)
Apex positive 11 (17) [5] 54 (83) 17] 65 (12)
Lateral positive 40 (24) [18] 128 (76) [39] 168 (30)
Apex and lateral
positive

9 (15) [4] 52 (85) [16] 61 (11)

Not evaluable 14 (64) [6] 8 (36) [2] 22 (4)
Total 227 (41) 325 (59) 552 (100)

aPercentage of reviewed cases scored negative or positive at local
pathology
bPercentage of cases scored negative (second column) or positive
by local pathology (third column)

Table 5 Agreement between review and local pathology

Parameter Overall agreement (%) Simple kappa (95% CI)

All centers (n=552) 4 Centers with >75 cases (n=461) 7 Centers with <50 cases
(n=91)

Seminal vesicle invasion 92.8 0.83a (0.77–0.89) 0.83a (0.77–0.90) 0.79a (0.65–0.93)
Extraprostatic extension 68.2 0.33a,b (0.25–0.39) 0.35a,b (0.27–0.42) 0.17a,b (0.0–0.36)
Surgical margin status 69.4 0.45a,c (0.37–0.53) 0.45a,c (0.39–0.55) 0.29a,c (0.08–0.50)

aThe cases classified “unknown” or “not evaluable” are excluded.
bThe categories “focal” and “extensive” are grouped together.
cThe categories “apex positive,” “lateral positive” and “apex and lateral positive” are grouped together.
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pathologist (HR=2.03, 95% CI 1.33–3.10, and P=0.0008)
and by the local pathologist (HR=1.99, 95% CI 1.35–2.95,
and P=0.0004), owing to the very high agreement between
the two assessments.

Discussion

Although it is frequently reported that grading of prostate
cancer has a high interobserver variation, irrespective of the
grading system used [10, 11] interobserver variation for
staging parameters of radical prostatectomy specimens has
rarely been investigated. Ekici et al. [7] studied a limited
series of prostatectomy specimens from a single institution.
They reported a high interobserver variation between the
findings in the pathology report and those of the review
pathologist, especially for surgical margin status and
extraprostatic extension. Similarly, we demonstrate a
surprisingly high rate of disagreement on a much larger
series of radical prostatectomy specimens retrieved from
several large institutions participating in this EORTC study
(trial 22911).

All institutions adhered to a similar embedding pathol-
ogy protocol, including total embedding of the prostatecto-
my specimen and allowing separate examination of apex
and bladder neck, following the guidelines published before
[14]. If the centers taken into account are only those
attributing more than 75 cases to the trial, the level of (dis)
agreement with review pathology remained essentially the
same. It is most likely that the discrepancies can be
attributed to differences in the interpretation of the findings
and/or overlooking of some pathological details related to
the investigated parameters. As for surgical margins, during
review we strictly adhered to the guideline that tumor cells
should really be in contact with ink to consider the margin

positive, irrespective of the (minute) distance to the inked
surface. This is in line with the finding of Epstein et al. [8]
that a close margin (i.e.,<0.1 mm) should not be designated
as positive surgical margin because this would not impact
the prognosis. Also, lacerations in the capsule were
accounted for as they may cause a false-positive diagnosis
of positive margins, even though tumor cells may be
covered by ink at these sites due to leakage. Similarly,
presence of tumor cells in the outer surface of the specimen
not covered by ink was not considered as evidence for a
positive margin.

Current guidelines prescribe that only in the case of
covering by ink (applied before the sectioning of the radical
prostatectomy specimen) should the margin be considered as
positive. It is important to note that application of these rules
during our review led to the emergence of surgical margin
status as a prognostic parameter, which was maintained after
inclusion of the (reviewed) Gleason score in the multivariate
analysis. Another potential source for discrepancies
concerning the surgical margin status may be the assumption
that the mere presence of carcinoma in sections of the apex
would automatically signify a positive resection margin. This
dates back to the time that in some institutions the apex was
cut in a transversal plane precluding a proper evaluation of
its resection margins. The observation that in our series the
agreement at the apex margin status compared to lateral
margin status is only marginally higher (Table 4) is not in
line with this explanation.

Overlooking of extraprostatic extension may have
played a role in the minority of the cases where review
pathology recorded extraprostatic extension where local
pathology failed to do so. In that case, comparatively more
often, focal extraprostatic extension would be observed by
review pathology than in the prostatectomies with consen-
sus between review and local pathology concerning the
presence of extraprostatic extension. Because this was not
the case, this explanation for the higher frequency of
extraprostatic extension during review cannot be main-
tained. Another potential source for discrepancy may be the
judgment of tumor infiltrating the neurovascular bundle.
The absence of adipose tissue may lead to underestimation
of the presence of extraprostatic extension. Variation in
agreement with central review among the four larger
hospitals was considerable for both extraprostatic extension
(one outlier) and surgical margin status (two outliers). This
might suggest that different sets of criteria are being used in
different pathology laboratories, while within a pathology
laboratory the criteria are relatively uniform.

Similar to the paper by Ekici et al. [7], the level of
agreement for seminal vesicle invasion was high. Appar-
ently, most pathologists are aware of the requirement of
tumor invasion of the muscular coat of the seminal vesicle
in the extraprostatic part of the organ.

(years) 

0 2 4 6 8 10 

0 

10
20
30
40
50
60
70
80
90

100 

O N Number of patients at risk : Margin status 

22 76 65 34 12 6
22 33 21 10 4 2
11 40 30 19 13 5
57 119 86 48 23 6

Loc - / Rev -
Loc - / Rev +
Loc + / Rev -
Loc + / Rev +

Clinical or biological PFS
Wait and See

Fig. 2 Kaplan–Meier curves relating the biochemical progression-
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A potential limitation of this study may be that only
pathological stage T3 cancers and/or those with a positive
margin status (at local pathology) were included. Our
conclusions are therefore likely to be valid particularly for
the subset of patients with more advanced prostate cancer.
Nevertheless, our study indicates that the observed strong
interobserver variation for surgical margin status and
extraprostatic extension bears consequences both directly
for optimal patient care and for the outcome of trials on
large groups of patients. A further search for the causes
underlying the discrepancies is warranted to improve and
further specify guidelines on reporting of radical prostatec-
tomy specimens.

Review of radical prostatectomy specimens of partic-
ipants of a trial is likely to improve the outcome of the
study and should be an integrated part of any trial design.
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