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Gleason grading is now the most widely used grading system for
prostatic carcinoma in the United States. However, there are only a
few studies of the interobserver reproducibility of this system, and no
extensive study of interobserver reproducibility among a large num-
ber of experienced urologic pathologists exists. Forty-six needle bi-
opsies containing prostatic carcinoma were assigned Gleason scores
by 10 urologic pathologists. The overall weighted kappa coefficient
kw for Gleason score for each of the urologic pathologists compared
with each of the remaining urologic pathologists ranged from 0.56 to
0.70, all but one being at least 0.60 (substantial agreement). The
overall kappa coefficient k for each pathologist compared with the
others for Gleason score groups 2-4, 5-6, 7, and 8-10 ranged from
0.47 to 0.64 (moderate-substantial agreement), only one less than

0.50. At least 70% of the urologic pathologists agreed on the Gleason
grade group (2-4, 5-6, 7, 8-10) in 38 (“consensus” cases) of the 46
cases. The 8 “nonconsensus” cases included low-grade tumors, tu-
mors with small cribriform proliferations, and tumors whose histol-
ogy was on the border between Gleason patterns. Interobserver re-
producibility of Gleason grading among urologic pathologists is in an
acceptable range. HUM PATHOL 32:74-80. Copyright © 2001 by W.B.
Saunders Company
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Gleason grading is the most widely used grading
system for prostatic carcinoma in the United States.1
However, there have been relatively few large studies of
interobserver reproducibility of Gleason grading (re-
viewed in ref 2). Further, there has never been an
extensive study of interobserver reproducibility of Glea-
son grading among a large number of pathologists who
specialize in urologic pathology. The current study as-
sesses interobserver reproducibility of Gleason grading
among 10 urologic pathologists.

MATERIALS AND METHODS

Two of the authors (W.C.A. and J.I.E.) collected, from
several sources, 46 hematoxylin and eosin-stained glass slides

of prostatic needle biopsies containing prostatic carcinoma.
The amount of tumor on each slide ranged from microscopic
foci to extensive. Examples of the spectrum of Gleason scores
were included. No effort was made to make the cases partic-
ularly difficult.

The slides were distributed for Gleason grading to 9
additional urologic pathologists (M.B.A., D.G.B., P.A.H.,
E.C.J., V.E.R., W.S. I.A.S., P.T., and T.M.W.). Their scores
were analyzed, along with the scores jointly assigned by
W.C.A. and J.I.E., giving 10 sets of data from urologic pathol-
ogists.

In addition to the assigned Gleason scores, the scores
were categorized into 4 groups (Gleason scores 2-4, 5-6, 7, and
8-10) for analysis. The interobserver agreement between the
pathologists for all 46 cases was calculated using simple kappa
(k) and weighted kappa (kw) coefficients and an overall k
and kw coefficient for each urologic pathologist, each being
used as the reference standard.3,4 Simple kappa (k) is a
measure of interobserver agreement. When the observed
agreement exceeds chance agreement, k is positive, with its
magnitude reflecting the strength of the agreement. The kw
uses weights to quantify the relative difference between cate-
gories. Close disagreement (eg, 61 Gleason score) is not
weighted as heavily as more serious disagreements. The over-
all k coefficient combines all of the k, in which a pathologist
is considered the comparison pathologist against all the re-
maining pathologists, into an overall estimate of the value of
k. All analyses were performed using SAS/STAT Software
(Release 6.12, 1998; SAS Institute, Inc, Cary, NC). Kappa 0.00
to 0.20 reflects slight agreement, 0.21 to 0.40 fair agreement,
0.41 to 0.60 moderate agreement, 0.61 to 0.80 substantial
agreement, and 0.81 to 1.00 almost perfect agreement.

Seven or more urologic pathologists agreed on Gleason
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score group (2-4, 5-6, 7, and 8-10) in 38 of 46 cases. These
were designated “consensus” cases. Kappa, kw, and overall k
and kw were not calculated for each urologic pathologist for
the “consensus” cases because they would obviously be higher
than those for the total 46 cases.

RESULTS

The overall kw for interobserver agreement for
exact scores 2-10 for each of the urologic pathologists,
used as the reference standard for each of the others
(Table 1, pathologists not in alphabetical order),
ranged from 0.56 to 0.70, with only one kw (0.56) less
than 0.60 (substantial agreement). For pathologists 1
and 10, at least one of the kw combinations was signif-
icantly different from the others. kw combinations for
each of the remaining pathologists were not signifi-
cantly different.

For Gleason score groups of the 46 cases for all
possible pair combinations of urologic pathologists,
each used as the reference standard (Table 2, pathol-
ogists not in alphabetical order), k ranged from 0.31 to
0.79. Kappa for 4 (4.4%) of 90 possible pair combina-
tions was less than 0.40 (fair agreement), for 56 (62%)
k ranged from 0.41 to 0.60 (moderate agreement), and

for 30 (33%) k ranged from 0.61 to 0.80 (substantial
agreement). Seventy-eight percent of the pair combi-
nations had k greater than 0.50 (midrange of moderate
reproducibility). Overall k for each of the 10 urologic
pathologists compared with each of the other urologic
pathologists ranged from 0.47 to 0.64, only 1 (0.47) less
than 0.50 and 4 greater than 0.60.

One of the “consensus” cases was group 2-4, 12
were group 5-6, 9 group 7, the remaining 16 were
group 8-10. Eleven (2.9%) of the responses for the 38
“consensus” cases were group 2-4. All possible pair com-
binations had, on average, perfect agreement on Glea-
son score in 24 of 46 (52%) cases and within 61
Gleason score on an additional 16 cases (87% cumula-
tive agreement for exact score 6 1), within 62 scores
on an additional 5 cases, and within 63 scores on 1
case.

The greatest variability in primary pattern assign-
ment among the urologic pathologists was seen for
pattern 2 and pattern 5. Only 3 of 460 total responses
were assigned primary pattern 1. Of the 46 total cases
and the 38 “consensus” cases, 9.8% and 5.6% of re-
sponses, respectively, were primary pattern 2. Of the 32
“consensus” cases with “consensus” primary patterns,
3.8% of the urologic pathologist responses were pattern

TABLE 1. Weighted Kappa, All Possible Pair Combinations of Urologic Pathologists, 46 Cases,
Gleason Scores 2-10

Comparison
Pathologist

Reference Pathologist

1 2 3 4 5 6 7 8 9 10

1 .63 .52 .70 .59 .58 .74 .66 .69 .84
2 .63 .59 .78 .74 .70 .67 .76 .68 .64
3 .52 .59 .55 .58 .61 .56 .58 .48 .56
4 .70 .78 .55 .70 .60 .70 .77 .72 .67
5 .59 .74 .58 .70 .65 .65 .65 .56 .62
6 .58 .70 .61 .60 .65 .66 .64 .65 .67
7 .74 .67 .56 .70 .65 .66 .63 .66 .75
8 .66 .76 .58 .77 .65 .64 .63 .70 .68
9 .69 .68 .48 .72 .56 .65 .66 .70 .68

10 .84 .64 .56 .67 .62 .67 .75 .68 .68
Overall .68* .69 .56 .70 .64 .64 .68 .68 .66 .70*

*At least 1 kw in this group is significantly different from the others.

TABLE 2. Kappa, All Possible Pair Combinations of Urologic Pathologists,
46 Cases, 4 Grade Groups (2-4, 5-6, 7, and 8-10)

Comparison
Pathologist

Reference Pathologist

1 2 3 4 5 6 7 8 9 10

1 .576 .435 .666 .541 .481 .694 .693 .643 .788
2 .576 .529 .709 .739 .587 .454 .679 .559 .487
3 .435 .529 .526 .574 .518 .379 .515 .308 .455
4 .666 .709 .526 .710 .495 .542 .777 .657 .576
5 .541 .739 .574 .710 .521 .443 .678 .471 .570
6 .481 .587 .518 .495 .521 .505 .524 .540 .572
7 .694 .454 .379 .542 .443 .505 .501 .525 .721
8 .693 .679 .515 .777 .678 .524 .501 .567 .601
9 .643 .559 .308 .657 .471 .540 .525 .567 .615

10 .788 .487 .455 .576 .570 .572 .721 .601 .615
Overall .628 .595 .470 .641 .591 .528 .539 .628 .546 .612
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2; none were pattern 1. For the “consensus” cases, 2.9%
of urologic pathologist responses were group 2-4.

The Gleason score distribution for the 8 “noncon-
sensus” cases is shown in Table 3. There were 3 cases in
which the disagreement was between groups 2-4 and 5-6
(Figs 1-3), 2 cases between 5-6 and 7 (Figs 4 and 5), and
3 cases between 7 and 8-10 (Figs 6-8).

Overall, for the 38 “consensus” cases, 20 (5.3%) of
the 380 total scores were overscores, placing the case
into the next highest group, and only 1 was by more
than 1 group. Eight of the overscores were by 1 pathol-
ogist. Thirty-three (8.7%) of 380 scores were under-
scores, placing the case into the next lowest group, but
none were by more than 1 group. These 38 “consensus”
cases are reviewed in a subsequent study in which they
were graded by general pathologists.2

Representative Cases

The 8 “nonconsensus” cases are reviewed in Table
3 and Figures 1 through 8.

Case A. Most of the pathologists placed this at the
lower end of the grading spectrum (Fig 1). The tumor
was given a score of 4 by six pathologists, a score of 5 by
3, and a score of 6 by 1. Seven assigned a primary
pattern of 2, and 3 assigned a primary pattern of 3.

Case B. Six pathologists assigned a primary pat-
tern of 3 and 4 assigned a pattern of 2 for this tumor
(Fig 2A and B). It was placed in group 2-4 by 3 pathol-
ogists; 1 assigned a score of 3 and 2 assigned a score of
4. Six pathologists placed the lesion in the 5-6 group; 2
assigned a score of 5 and 4 assigned a score of 6. One
assigned a score of 7.

Case C. All urologic pathologists recognized that
the tumor was lower grade (Fig 3). Eight pathologists
assigned a primary pattern of 2 and 1 assigned a pri-
mary pattern of 1, only 1 assigning a primary pattern of
3. However, there was not a consensus between 2-4 and
5-6. This carcinoma was placed in group 2-4 by 4 uro-
logic pathologists; 1 assigned score 2 and 3 assigned
score 4. Six placed the lesion in group 5-6, all assigning
a score of 5.

Case D. Nine of 10 pathologists assigned a pri-
mary pattern of 3, one assigning 4. Seven of 10 pathol-
ogists assigned a secondary pattern of 3 and 3 assigned
a pattern of 4 (Fig 4). The tumor was assigned a score
of 6 by 6 pathologists and a score of 7 by the remain-
ing 4.

Case E. Seven pathologists assigned a primary pat-
tern of 3 and 3 assigned 4 (Fig 5). Six assigned a
secondary pattern of 3, 3 assigned a pattern of 4, and 1
assigned a pattern of 5. It was assigned a score of 6 by 4
pathologists. Five pathologists assigned a score of 7 and
one assigned a score of 9.

Case F. All 10 pathologists assigned a primary
pattern of 4. (Fig 6A and B). Five pathologists assigned
a score of 7, 2 assigned a score of 8, and 3 assigned a
score of 9.

Case G. Eight pathologists assigned a primary pat-
tern of 4, 1 assigned 3, and 1 assigned 5 (Fig 7A and B).
Five pathologists assigned a score of 7 and 5 placed the
tumor in the 8-10 group, 3 assigned 8, and 2 assigned 9.

TABLE 3. Gleason Score Distribution for 8 Nonconsensus Cases, Urologic Pathologists

Gleason Score
by Groups

Cases

A B C D E F G H

2-4 6 3 4
6 (4) 1 (3) 1 (2)

2 (4) 3 (4)
5-6 4 6 6 6 4

3 (5) 2 (5) 6 (5) 6 (6) 4 (6)
1 (6) 4 (6)

7 1 4 5 5 5 6
1 (7) 4 (7) 5 (7) 5 (7) 5 (7) 6 (7)

8-10 1 5 5 4
1 (9) 2 (8) 3 (8) 2 (8)

3 (9) 2 (9) 2 (9)

NOTE. Agreement by less than 70% urologic pathologists for Groups 2-4, 5-6, 7, 8-10.
Bold represents number of urologic pathologists assigning this group. Number preceding parentheses is number of urologic pathologists

assigning score. Number in parentheses is actual score.

FIGURE 1. (Case A). Acini with variable size and shape and
abundant pale staining cytoplasm. Crystalloids and eosino-
philic secretions were present. Six pathologists assigned a score
of 4, 3 assigned a score of 5, and 1 assigned a score of 6.
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Case H. Eight pathologists assigned a primary pat-
tern of 4, 2 assigning 3 (Fig 8A-C). Six pathologists
assigned a secondary pattern of 3 and 4 assigned a
secondary pattern of 5. Six assigned a score of 7, 2
assigned a score of 8, and 2 assigned a score of 9.

DISCUSSION

There is some variability in interobserver agree-
ment among urologic pathologists, but the overall kw
for scores 2-10 are, with one exception (0.56), greater
than 0.60 (substantial agreement). This is better agree-
ment than most other studies in which kw was calcu-
lated. Some studies had similar or better exact or 61
agreement, but these had only a pair of participating
pathologists or a prestudy primer or agreement on
criteria (reviewed in ref 2). Further, the overall inter-

observer agreement is greater than the mid-portion of
the moderate range when scores are separated into 4
groups. This, too, is substantially better agreement than
in previous reports (reviewed in ref 2).

The greatest variability in pattern responses oc-
curred for patterns 2 and 5. The latter is less of a
problem because identifying pattern 5 as pattern 4
usually does not result in the tumor being removed
from the score group 8-10.

The “nonconsensus” cases are instructive. There
is a particular problem with grading prostatic carci-
noma at the lower end of the Gleason spectrum. Two
of the “nonconsensus” cases (A and C) are similar
and both were recognized to be at the lower end of
Gleason grade, 7 and 8 pathologists, respectively,
assigning a primary pattern of 2. Six placed one of
the tumors (case A) in the 2-4 group and 6 placed the
other (case C) in the 5-6 group, all assigning a score

FIGURE 2. (A and B; Case B). Acini smaller and more crowded, and cytoplasm more amphophilic than Case A (A). Occasionally,
acini more loosely arranged (B). Focus of more complex acini not shown. One pathologist assigned a score of 3, 2 assigned a score
of 4, 2 assigned a score of 5, 4 assigned a score of 6, and 1 assigned a score of 7.

FIGURE 3. (Case C). Variability in acinar size and shape,
some crowded, others more loosely arranged. The cytoplasm
is abundant and pale. Intraluminal crystalloids are present.
One pathologist assigned a score of 2, 3 assigned a score of 4,
and 6 assigned a score of 5.

FIGURE 4. (Case D). In addition to the cribriform growth pat-
tern, there are also scattered smaller acinar structures. Six pa-
thologists assigned a score of 6 and 4 assigned a score of 7.
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of 5. Case B was an even greater problem, with scores
ranging from 3 to 7. It is obvious that the criteria for
low-grade tumors must be more clearly defined, as
even experienced urologic pathologists do not show
good interobserver agreement. Another critical issue
related to this group of tumors is the demonstration
of excessive placement of tumors in Gleason group
2-4 (undergrading) by general pathologists.2 One of
the senior authors (J.I.E.) has recently recom-
mended that Gleason’s 2-4 prostatic carcinoma
should not be diagnosed by needle biopsy.5

Although urologic pathologists recognize large
cribriform sheets of tumor as pattern 4,2 tumors com-
posed of smaller circumscribed cribriform prolifera-
tions were another problem area (cases D and E). The
issue in these cases is the lack of consensus in the
diagnosis of cribriform Gleason pattern 3, possibly rep-
resenting variability in interpretation of intraductal
growth versus prostatic intraepithelial neoplasia, of in-
vasive versus intraductal growth, and/or assessing de-

gree of irregularity of some of the cribriform struc-
tures.6-8

The remaining 3 “nonconsensus” cases (F-H),
along with case B, present 2 additional problems in
grading. First, these cases had a large amount of
tumor in the needle biopsies, and there were multi-
ple patterns. There may be some subjective difficulty
in quantitatively assessing the most dominant and
next-most dominant pattern. Parenthetically, in
these instances, assigning a primary and secondary
pattern grade allows for some modulation of discrep-
ancies between 2 assigned patterns, as opposed to
assigning a single overall grade to the tumor. Second,
these tumors had areas lying at the border between
patterns (between patterns 2 and 3 in cases A-C, and
between patterns 3 and 4, as well as 4 and 5, in cases
F-H). Pathologists are faced with such “borderline”
cases (“Is this a ‘bad’ 3 or a ‘good’ 4?”) in all grading
systems on a daily basis. With regard to patterns 3 and
4, the major problem appeared to be defining the
limits of tiny, poorly defined acinar structures. In addi-
tion, at times, it may be difficult to determine whether
the loss of acinar spaces is caused by compression arti-
fact or by real inability to form spaces. With regards to
patterns 4 and 5, the limits and proportions of tiny,
poorly defined acinar structures versus cords and nests
of cells appeared to be a problem. Finally, there may
have been difficulty in defining the significance of cy-
toplasmic vacuoles as compared to true, albeit tiny,
lumena. In cases F through H, there was essentially an
even split between score group 7 and group 8-10. This
is important because placing the tumor in the former
would more likely lead to treatment by radical prosta-
tectomy, and the latter group would more likely lead to
treatment by radiation therapy.

In summary, for this series of cases, urologic
pathologists have variable, but overall acceptable,
interobserver reproducibility of Gleason grading, in-
cluding actual Gleason score as well as Gleason grade
groups. The interobserver reproducibility for any se-

FIGURE 5. (Case E). This tumor also has a predominant crib-
riform growth pattern. Four pathologists assigned a score of 6,
5 assigned a score of 7, and 1 assigned a score of 9.

FIGURE 6. (A and B; Case F). Small acini with areas of poorly defined to absent lumena (A). Areas of classic Pattern 3 not shown.
In other areas (B), nests or sheets of cells, at times with vacuolization but only rare true lumen formation. Five pathologists assigned
a score of 7, 2 assigned a score of 8, and 3 assigned a score of 9.
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ries of cases will depend on the number of problem
cases studied. Problem cases include low-grade tu-
mors, tumors with small circumscribed cribriform
structures, and tumors borderline between classic
Gleason patterns. The problem of low-grade tumors
can be eliminated by following the recommendation
discussed previously not to diagnose them by needle
biopsy, at least until more precise criteria are defined

that correlate with prognosis.5 Cribriform tumors are
the subject of a number of recent studies, and hope-
fully a clearer understanding of them will lead to
more precise grading.6-8 Finally, there are the tumors
with “borderline” patterns, at times, with large
amounts of tumor. It is not possible to determine the
actual percentage of these tumors in day-to-day prac-
tice, but in our experience they are a minority. We

FIGURE 7. (A and B; Case G). Mostly infiltrating nests of cells with only occasional lumena (A, left). In other areas, well-defined
acini with rare cribriforming (A, right). Another area (B) with smaller nests and cords with only occasional, and at times no, lumena.
Five pathologists assigned a score of 7, 3 assigned a score of 8, and 2 assigned a score of 9.

FIGURE 8. (A-C; Case G). Infiltrating somewhat irregular
acini with well-defined lumena (A, left). Other areas have
smaller nests with only occasional lumena (A, right and B). In
foci, small nests and cords with no lumena (C). Six patholo-
gists assigned a score of 7, 2 assigned a score of 8, and 2
assigned a score of 9.
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anticipate that these cases would give rise to similar
problems in any grading system.
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