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Summary. In order to investigate the reproducibility of 
grading systems for prostatic carcinoma currently in use, 
a comparative histological grading study was done. 
These studies were carried out on tissue sections from 
radical prostatectomy specimens (N= 50) stained with 
hematoxylin and eosin. Five pathologists with varying 
professional experience participated in the study, using 
five different grading systems: those of Broders, Brawn, 
Gleason (for statistical compilation the modified ver- 
sion), Mostofi, and a modified Mostofi grading method 
recently described by Schroeder and Mostofi. Weighted 
kappa coefficients ranged from 0.21 to 0.52. None of the 
systems investigated demonstrated a high degree of 
reproducibility (k>0.70). Reproducibility of the systems 
described by Broders and Brawn was reasonably good 
(k = 0.52 and 0.41, respectively). With the modified 
Gleason method (rearrangement of Gleason scores into 
3 grades), a considerable difference was noted between 
the numerical agreement score (among at least 3 observ- 
ers) and the measured kappa value (100% and 0.30, 
respectively). The methods described by Mostofi and 
Schroeder-Mostofi revealed only limited reproducibility 
(k = 0.21 and 0.34, respectively). 

Introduction 

Prostatic carcinoma is a maj or cause of death among the 
male population in most developed countries [8, 36]. Its 
prevalence and incidence is even higher, making this 
malignancy the most common neoplasm of the male 
urogenital tract [36]. The discrepancy between mortality 
and morbidity rates reflects the wide scope of its clinical 
behavior, ranging from neoplasms found only incident- 
ally at post mortem examination (nearly 10%) to those 
that metastasize early and eventually lead to death [8, 36]. 

In order to predict the clinical behavior and aggres- 
siveness of prostatic carcinoma so that the most appro- 
priate therapeutic regimen can be chosen and the prog- 
nosis determined, several grading systems have been 
developed by pathologists [10,11,13,15,19, 21]. Neverthe- 
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less, much controversy still exists as to the most reliable 
grading method [1, 12, 17, 28]. 

B6cking et al. [5] have described the main objectives 
that a grading system should fulfill: 
1. Each microscopic diagnostic criterion has to correlate 

with biological behavior and prognosis. 
2. It must display sufficient reproducibility. 
3. Grading done on random biopsies should, whenever 

possible, be representative of the tumor as a whole. 
In some systems, grading is performed upon the least 

differentiated areas; in others, a selection of the most pre- 
dominant, growth patterns is made. Thus far, approxi- 
mately 30 grading systems have been described. Some 
use low-power microscopy, taking into consideration 
only histological growth characteristics and their rela- 
tionships to the surrounding stroma [5, 20, 39]. However, 
in most, prognostic significance has been attributed to 
cytological features [9, 27, 30, 38]. Combinations of both 
histological and cytological features form the basis of yet 
other systems. Also, in some studies, cytological features 
are examined by use of morphometry [9, 12]. 

To investigate the degree of reproducibility, we have 
examined the interobserver variation of five grading sys- 
tems in current use. Two methods, described by Broders 
[7] and Brawn (M. D. Anderson Hospital) [6], were 
chosen as their prognostic value is predominantly based 
upon histological criteria. The method described by 
Gleason [16, 18, 20, 22, 25, 37] was included for its gen- 
eral reputation and the attention given to both growth 
characteristics and interaction of tumor with the sur- 
rounding stroma. To incorporate a system that utilizes 
cytological features as a prognostic indicator, the method 
of Mostofi was selected [27, 28]. Finally, a recently intro- 
duced method described by Schroeder and Mostofi was 
included [33, 34, 35]. The latter system was based upon a 
retrospective multivariate analysis of a large number of 
histological and cytological criteria. 

Materials and methods 

Patients and materials 

Out of 464 patients of the original series of Belt and Schroeder (1930- 
1970), who had had total perineal prostatectomy for limited prostatic 
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Table 1. Major grading criteria of the five systems evaluated in this study 

Broders (1926) [7] 

Grade 1 100%-75% glandular differentiation; 0%-25%undifferentiated 
Grade 2 75%-50% glandular differentiation; 25%-50% undifferentiated 
Grade 3 500/0-25% glandular differentiation; 50%-75% undifferentiated 
Grade 4 0%-25% glandular differentiation; 100%-750/0 undifferentiated 

Gleason (1966) [18, 19, 20] 

Pattern 1 well-differentiated, small, closely packed, uniform glands in essentially circumscribed masses 
Pattern 2 similar to pattern 1 with moderate variation in shape and size of glands and more atypia in the tumor cells; more loosely arranged 

though still circumscribed 
Pattern 3 similar to pattern 2 with marked irregularity in size and shape of glands with small glands or individual cells invading the stroma 
Pattern 4 raggedly infiltrating, fused glandular tumor, frequently with pale cells, may resemble hypernephroma of kidney 
Pattern 5 anaplastic carcinoma with minimal glandular differentiation, diffusely infiltrating prostatic stroma 

Mostofi (1975) [27] 

Grade 1 glandular differentiation with slight nuclear anaplasia 
Grade 2 glandular differentiation with moderate nuclear anaplasia 
Grade 3 glandular differentiation with marked nuclear anaplasia or undifferentiated tumor 

Brawn (M. D. Anderson, 1982) [6] 

Grade 1 75%-100% glandular differentiation; 0%-25% of the tumor does not form glands. Excluded are cribriform-papillary tumors 
Grade 2 50%-75% glandular differentiation; 25%-50% of the tumor does not form glands. Included are tumors consisting of 50% or more 

of a cribriform-papillary pattern 
Grade 3 25%-50% glandular differentiation; 50%-75% of the tumor does not form glands 
Grade 4 0%-25% glandular differentiation; the remainder is undifferentiated 

Schroeder/Mostofi (1985) [33, 34, 35] 

Class 1 glandular differentiation, absence of mitoses, slight nuclear anaplasia 

Class 2 glandular differentiation, absence of mitoses, moderate nuclear anaplasia 

or: glandular differentiation, mitotic activity, slight nuclear anaplasia 

or: undifferentiated tumor or cribriform growth variant, absence of mitosis and slight nuclear anaplasia 

Class 3 glandular differentiation and mitotic activity combined with moderate or marked nuclear anaplasia 

or: glandular differentiation, absence of mitoses, marked nuclear anaplasia 

or: undifferentiated or cribriform growth variant, absence of mitoses, moderate anaplasia 

or: undifferentiated or cribriform growth variant, presence of mitoses, slight nuclear anaplasia 

Class 4 undifferentiated tumor or cribriform growth variant, absence of mitoses, marked nuclear anaplasia 

or: undifferentiated or cribriform growth variant, presence of mitoses, moderate nuclear anaplasia 

Class 5 undifferentiated tumor or cribriform growth variant, presence of mitoses, marked anaplasia 

cancer, 50 patients were randomly selected [4, 32]. Average age at the 
time of surgery was 66 years, ranging from 48 to 80 years. The mean 
period of follow-up lasted for 125 months, ranging from 8 to 317 
months. The survival curves and curves of time interval until first 
recurrence for the 50 patients included in this grading stlady did not 
differ significantly from that of a much larger random selection in the 
series of Belt and Schroeder. None of the 50 patients of this study were 
lost to follow-up. In some of these cases the histology was not optimal. 
These 50 patients are a random selection of those previously graded 
by Mostofi and Schroeder [33, 34, 3511 one of the few series to date 
with a follow-up of more than 10 years. The data recorded by Mostofi 
were also utilized for statistical analysis. 

Prostatectomy specimens were fuxed in a buffered 40/0 formalde- 
hyde solution, and sectioned in a stepwise fashion. All sections were 
routinely stained with hematoxylin and eosin and an average of 4 
slides per case were available for histological examination. The num- 
ber of slides per prostatectomy specimen varied from 2 to 11. The 
number of slides in which tumor was present varied from 1 to 9 
(mean: 3). 

Grading systems 

The 50 cases were evaluated by five pathologists using five grading 
systems in common use. The major criteria as well as the scoring sys- 
tems are summarized briefly in Table 1 [6, 7, 18, 25, 27, 33, 34, 35]. 

The final Gleason score was assessed by the total of the scores of 
the two quantitatively predominating growth patterns. In those 
tumors in which only one growth pattern was recognized, the value of 
the growth pattern selected was doubled. For statistical compilation, 
as proposed in the literature [2, 14], Gleason scores were rearranged in 
3 main grades (or groups) in the following manner: specimens 
assigned as Gleason score 2, 3, and 4 tumors were included in grade 1; 
tumors with Gleason scores 5, 6, and 7 in grade 2, and those with 
Gleason scores 8, 9, and 10 in grade 3. This is referred to as the modi- 
fied Gleason grading method. 

Statistical analysis. Data was analyzed by calculating a measure of 
agreement among the five pathologists for each grading system. For 
most grading methods included in this study, "standard" scores 
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Table 2. Distribution of grades (l-5) and Gleason scores (1-10) tabulated separately for each grading system as assessed by the participating 
pathologists (A-E) and by Mostofi himself" 

Grading systems Grade 

1 2 3 4 5 6 7 8 9 I0 

Broders 144 63 31 12 . . . . . .  
(58%) ( 2 5 % )  (12%) (5%) 

M. D. Anderson 102 108 26 14 . . . . . .  
(41%) ( 4 3 % )  (10%) (6%) 

Mostofi 22 120 108 . . . . . . .  
(9%) (48%) (43%) 

Mostofi a 1 32 17 . . . . . . .  
(2%) (64%) (34%) 

Gleason - 0 4 24 45 117 27 21 6 6 
(0%) (2%) (10%) ( 1 8 % )  ( 4 7 % )  (11%) (8%) (2%) (2%) 

Modified Gleason 28 189 33 . . . . . . .  
(11%) ( 7 6 % )  (13%) 

Mostofi-Schroeder 5 34 91 84 36 . . . . .  
(2%) (14%) ( 3 6 % )  ( 3 4 % )  (14%) 

Mostofi-Schroeder a 1 3 21 17 8 
(2%) (6%) (42%) ( 3 4 % )  (16%) 

Total no. 
of scores 

250 

250 

250 

50 

250 

250 

250 

50 

Table 3. Absolute and percentual measure of agreement and kappa values for each grading method tabulated separately 

Broders Anderson Mostofi Mod. Gleason Mostofi-Schroeder 
4-grade system 4-grade system 3-grade system 3-grade system 5-grade system 

Agreement among: 

5 observers 13 (260/0) 12 (240/0) 6 (12°/o) 18 (360/0) 1 (20/0) 

4 observers 14 (280/0) 16 (320/0) 19 (380/0) 15 (300/0) 8 (16°/o) 

3observers 18 (36%) 15 (30%) 20 (40%) 17 (34%) 29 (58%) 

At least 3 observers 45 (90%) 43 (86%) 45 (90%) 50 (100%) 38 (76%) 

A difference of more 
than 2 grades 14 (28%) 16 (32%) 12 (24%) 2 (4%) 29 (58%) 

Total no. of specimens 50 (100%) 50 (100%) 50 (100%) 50 (100%) 50 (100%) 

Kappa values 0.52 0.41 0.21 0.30 0.34 

assigned by referee pathologists were not available. Therefore, 
weighted kappa coefficients were calculated as the best parameter of 
interobserver agreement. In order to incorporate the ordinal scales of 
the grading systems and to make the agreement of assessments for 
each system comparable, the so-called weighted kappa (k) coefficients 
were used together with quadratic disagreement weights [31]. 

Results 

Grading results obtained for all five methods are sum- 
marized in Tables 2 and 3. Table 2 presents the number 
of scores assigned by all pathologists to each grade for the 
five different methods evaluated in this study. 
A total of  250 scores per method were available (5 patho- 
logists and 50 specimens). For the Mostofi and Mostofi- 
Schroeder methods, referee scores recorded by Mostofi 
himself were available and are included in this table. 

Table 3 presents data related to the measure of agree- 
ment and disagreement for each grading method. 

Broders grading method 

Tumors in which glandular formation predominates (i.e. 
at least 50% consists of glandular formation) relatively 
outnumber tumors in which a minor part is differentiat- 
ed. Of the 250 gradings performed, 207 (83O/o) were 
recorded as grade 1 or 2 (Table 2). Most agreement was 
also observed in the lower grades, i.e., 62% and 18% 
agreement for grades 1 and 2, respectively, by at least 
3 observers (data not shown). The weighted kappa coef- 
ficient measured for the Broders method was 0.52 (Table 
3). In 14 cases, the recorded scores differed by more than 
one grade. In 5 cases, only 2 pathologists agreed with 
each other (10%). The latter demonstrates almost total 
disagreement among the participating pathologists. 
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M. D. Anderson grading method 

Of the total of 250 scores, 210 were conferred upon 
tumors predominantly characterized by a glandular or 
cribriform-papillary growth pattern (84% (Table 2). The 
kappa coefficient calculated for the Anderson system 
was 0.41 (Table 3). Most agreement was found for grade 
1 and 2. Agreement existed between at least 3 patho- 
logists in 78% related to grade 1 and 2 tumors. In 16 cases 
(320/0), more than one grade difference was observed. 
Concordance between only 2 pathologists was noticed in 
7 cases (140/0). 

Mostofi grading method 

Glandular differentiation combined with slight nuclear 
anaplasia was only recorded in 22 scores out of a total of 
250 (90/0) (Table 2). The scores assessed earlier by 
Mostofi for the same material are also summarized in 
Table 2. The overall weighted kappa score was calculated 
as 0.21 (Table 3). Complete agreement among all patho- 
logists was never found for grade 1 tumors (data not 
shown). More than one grade difference per specimen 
was observed in 12 cases (240/0). Only in 5 cases was a 
total lack of concordance seen. 

To obtain insight into the measure of agreement (or 
disagreement) of each participating pathologist with the 
grading results obtained by Mostofi himself, an indivi- 
dual kappa score was assessed. None of the 5 patholo- 
gists attained a weighted kappa coefficient of agreement 
above 0.40. 

Gleason grading method 

Grading results determined according to the traditional 
and modified Gleason methods are shown in Table 2. 
None of the tumors received a traditional Gleason score 
of 2. In Table 3, the measure of agreement is presented 
only for the modified results of  the rearranged Gleason 
scores [2, 14). The weighted kappa score was calculated 
as 0.30. In all 50 cases (1000/0), at least 3 investigators 
agreed with each other concerning the chosen modified 
Gleason grade. As group/grade 2 was most frequently 
chosen, maximal agreement was found in this category. 
More than one grade disagreement of the modified sys- 
tem was found in only 2 cases. 

Mostofi-Schroeder grading method 

In Tables 2, 3 and 4, results using the Mostofi-Schroeder 
method are shown. Besides the distribution of scores 
obtained by the 5 participating pathologists, Table 2 also 
includes the results obtained by Mostofi. The weighted 
kappa coefficient as a measure of agreement among 
pathologists was calculated as 0.34. An overall percent- 
age for all prognostic classes of 76% was a measure of 
agreement of at least 3 pathologists. In only 5 cases was 
grade 1 recorded. Regarding grade 5 tumors, agreement 
among 3 pathologists was only achieved in 2 cases. Dis- 

agreement reflected in the number of cases in which 
pathologists differed by more than one grade was record- 
ed in 29 cases. Using the data recorded by Mostofi him- 
self as a "standard", the individual weighted kappa coef- 
ficient as a measure of agreement for each pathologists 
was assessed (Table 4). With the Mostofi-Schroeder 
method, unlike the Mostofi method, 2 of the 5 patholo- 
gists scored a kappa value above 0.40. 

Discussion 

Kappa values for each method separately indicate that 
none of the grading systems had a high degree of concor- 
dance (k>0.70). Kappa values reflecting fair to reason- 
able reproducibility (kappa ranging from 0.40 to 0.70) 
were only found by the Broders and Anderson grading 
methods (Table 3). However, in contrast to these values, 
in both the Broders system and the Anderson grading 
method (in 14 and 16 cases, respectively), disagreement 
among observers of more than two grading steps was 
noted (Table 3). Such lack of agreement may be partly 
attributed to impaired tissue preservation and fxation. 
Furthermore, when the distribution of grades is con- 
sidered for both methods, by far the most tumors were 
assessed as grade 1 or 2 (Table 2). Preponderance of such 
a relatively large number of well-differentiated tumors 
may be attributed to the inclusion of only prostatectomy 
specimens in this study. 

In contrast to the low kappa score obtained by the 
Mostofi method, the percentual agreement was mark- 
edly better (Table 3). In fact, in 900/0 of the cases, at least 3 
observers shared the same opinion about the assignment 
of tumor grade (Table 3). However, when this agreement 
per tumor grade was analyzed (data not shown), concor- 
dance was achieved most frequently for grade 2 tumors. 
Discrepancy of kappa values and percentual agreement 
score may be explained by the fact that observers are 
often inclined to classify tumors most frequently as grade 
2 when a three-step grading method is used. In addition, 
inadequate preservation of tissue slides has undoubtedly 
influenced precise judgement of cytological features 
such as degree of anaplasia. Furthermore, lack of suffi- 
cient experience and poor definability of slight, moder- 
ate and marked nuclear anaplasia may also contribute to 
this low kappa value. 

Applying the modified Gleason method, a maximal 
numerical agreement score was achieved. In all speci- 
mens investigated, at least 3 observers agreed after rear- 
rangement of results into a three-step grading system 
(1000/0). However, a low kappa value was a measure re- 
flecting the low degree of accuracy. The latter may be 
explained by an unbalanced distribution, since grade 1 
and 3 tumors are scarcely represented (Table 2). 
Although a kappa value was not determined for the tra- 
ditional Gleason system, our results seem to be in con- 
trast to those presented by others [16, 22, 24, 26, 29, 37]. 
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Table 4. Measure of agreement of each participating pathologist (A-E) compared to the scores of Mostofi (M) using the Mostofi-Schroeder 
method (1-5) 

Pathologist A Pathologist B 

I(M) 2(M) 3(M) 4(M) 5(M) 
I(A) 0 0 0 0 0 0 
2(A) 1 2 2 2 1 8 
3(A) 0 0 10 9 3 22 
4(A) 0 0 9 5 4 18 
5(A) 0 1 0 1 0 2 

1 3 21 17 8 50 

I(M) 2(M) 3(M) 4(M) 5(M) 
I(B) 0 1 0 1 0 2 
2(B) 0 1 4 1 1 7 
3(B) 1 1 10 4 1 17 
4(B) 0 0 6 8 5 19 
5(B) 0 0 1 3 1 5 

1 3 21 17 8 50 

Weighted kappa coefficient A k = 0.14 Weighted kappa coefficient B k = 0.35 

Pathologist C Pathologist D 

I(M) 2(M) 3(M) 4(M) 5(M) 
l(C) 1 0 0 0 0 1 
2(c) 0 1 2 0 0 3 
3(c) 0 1 6 3 2 12 
4(c) 0 1 10 9 2 22 
5(c) 0 0 3 5 4 12 

1 3 21 17 8 50 

I(M) 2(M) 3(M) 4(M) 5(M) 
I(D) 0 0 0 0 0 0 
2(D) 1 0 0 1 0 2 
3(D) 0 3 10 3 2 18 
4(D) 0 0 8 7 2 17 
5(D) 0 0 3 6 4 13 

1 3 21 17 8 50 

Weighted kappa coefficient C k = 0.46 Weighted kappa coefficient D k = 0.42 

Pathologist E 

1 (M) 2(M) 3 (M) 4(M) 5(M) 
I(E) 0 0 1 1 0 2 
2(E) 1 2 7 3 1 14 
3(E) 0 1 11 8 2 22 
4(E) 0 0 1 4 3 8 
5(E) 0 0 1 1 2 4 

1 3 21 17 8 50 

Weighted kappa coefficient E k = 0.35 

Harada et al. [23] stated that, for the primary growth 
pattern, agreement was found in 64% of cases; for the 
secondary pattern, agreement was 44 %. When the prim- 
ary and secondary patterns were compared to those of 
Gleason, agreement was recorded in only 38% [23]. 
Gleason [23] postulates that the margin of  error of repro- 
ducibility from one institution to another could be as 
much as 50% and probably reflects the degree of  experi- 
ence of the particular observer. Bain et al. [3] stated in 
their study concerning the reproducibility of  the Gleason 
method that agreement was reached among 7 patholo- 
gists in 74%-93% of the cases studied ( N =  58; kappa 
ranged from 60.5% to 83.6%). However, grading in this 
study was performed predominantly upon transurethral 
resection specimens. 

Although the percentual numerical scores of the 
Schroeder-Mostofi method demonstrate a nearly total 
lack of agreement (Table 3), the weighted kappa coeffi- 
cient can be considered as relatively high (0.34). Again, 
lack of numerical concordance may be partly due to the 
fact that, in addition to histological criteria, cytological 
features, especially nuclear anaplasia and mitotic activity 
are incorporated in this grading system. Ordinal scale 
correction for this five-step grading method has un- 
doubtedly influenced the kappa score favorably. 

As the treatment decision for prostatic cancer is often 
influenced by the results of grading, accuracy and repro- 
ducibility of grading methods are of  the utmost import- 
ance. However, even when sufficient tissue sections are 
available, accuracy of grading, as this study shows, is con- 
sidered to be relatively low. Simple methods involving 
only histological features seem to have a better inter- 
observer agreement than those systems using cytological 
features. However, low agreement scores found for the 
Mostofi method and the recently described system intro- 
duced by Schroeder and Mostofi may be attributed to 
lack of  optimal fixation and preservation of  tissue sec- 
tions, resulting in difficulty of  evaluating nuclear anapla- 
sia. In addition, our results may also indicate that, in 
practice, pathologists are more accustomed to dealing 
with well-defined (histological) criteria as compared to 
less circumscribed criteria such as degree of nuclear 
anaplasia. 

Calculation of the weighted kappa scores may ham- 
per precise interpretation of the accuracy of grading 
scores, especially when the tumors selected are not 
equally divided among the diverse grades. Finally, repro- 
ducibility is largely dependent upon training and experi- 
ence and is considerably facilitated by the elimination of  
ambiguity in the definition of  predictive morphological 
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criteria. As yet, it remains to be determined to what 
extent morphometrical techniques will enhance the 
accuracy and reproducibility of grading methods. 

Since the final aim of grading is to predict the clinical 
behavior of neoplasms, grading results obtained so far 
will be correlated with survival and recurrence rates and 
the data presented in a second report. 
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