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Histological grade is one of the most important prognosticators of breast cancer which is available for nearly all
cases. It also makes part of several multivariable analysis derived combined prognostic profiles despite concerns
about its reproducibility. The aims included a reproducibility study of grading in the light of a recently described
statistical approach, ONEST (Observers Needed to Evaluate Subjective Tests) and review earlier reproducibility
studies in the light of the ONEST analysis. Nine pathologists reviewed 50 core needle biopsies and 50 slides from
different excision specimens and recorded the scores for gland (tubule) formation, nuclear pleomorphism and
mitotic activity as well as histological grade. Overall percent agreement, Fleiss kappa and the intraclass corre-
lation coefficient (ICC) were used for the analysis of reproducibility. ONEST data and curves were generated from
100 random permutations of the participants. ONEST suggested a minimum of 4 observers for the reliable
evaluation of reproducibility for both the scored components and grade in either type of specimen. Our results
suggested moderate or moderate to good reproducibility of grading (kappa values of 0.51 for excisions, and 0.54
for biopsies and ICCs of 0.70 and 0.69, respectively) with gland formation being the most and nuclear pleo-
morphism the worst consistently evaluated feature. In studies with sufficient participants (at least 4) and non-
pairwise comparisons in the analysis, the reproducibility of histological grading is fair to moderate, whereas
studies with fewer participants or pairwise kappa analysis suggest moderate to almost prefect agreement of the
results. ONEST is a valuable complementation of reproducibility analyses.

the mandatory items of breast cancer reporting [5-7]. As a factor with
proven prognostic impact [8], it is also part of a number of multivariable
analysis derived multiparameter prognostic tools like the Nottingham

1. Introduction

The grade of differentiation is a prognostic parameter reflecting the
biology of the tumor, and histologic grade has been part of breast cancer
classification since the first edition of the World Health Organization
(WHO) histological typing of breast tumors [1]. This grading scheme
stemming from the original publications of Patey and Scarff from 1928
[2] and Bloom and Richardson from 1957 [3], was refined and stan-
dardized according to the Nottingham protocol [4], and is still part of

Prognostic Index [9], Adjuvant!Online! [10] and Predict [11] or the
prognostic staging of breast carcinomas defined by the 8th edition of the
Cancer Staging Manual by the American Joint Committee on Cancer
[12].

Despite the recognized prognostic impact of histological grade, is-
sues about the less than perfect reproducibility of grading have been the
subject of several publications summarized by van Dooijeweert et al.
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Nomenclature

CNB Core Needle Biopsy

ER Estrogen Receptor

EXC EXCision (specimen)

ICC Intraclass Correlation Coefficient

ONEST Observers Needed to Evaluate Subjective Tests
OPA Overall Percent Agreement

OPAC Overall Percent Agreement Curve

PR Progesterone Receptor

WHO World Health Organization

[8]. Most often, overall agreement and kappa statistics have been used
to reflect the consistency of defining the histological grade of breast
cancers. ONEST (Observers Needed to Evaluate Subjective Tests) is a
recently described complementary method to characterize reproduc-
ibility [13,14]. It has been known for a long time that 2 observers
generally agree on all cases better than 3 or more observers, and ONEST
tries to approximate the number of observers required for a sufficiently
confident assessment of reproducibility.

In brief, ONEST involves the plot (ONEST plot) of overall percent
agreement (OPA, the proportion of cases on which the given number of
raters agree) as a function of the increasing number of observers from a
random selection of 100 permutations of observers (resulting in 100
OPA curves (OPACs) for one ONEST plot; see also Fig. 2 in the Results
section for illustration). A given (n) number of observers can be listed in
ranked order in n! (factorial product of n) series. In a previous work, we
have shown that the ONEST plot from 100 random permutations reliably
reflect all OPACs from 9! = 362,880 possible permutations when 9 ob-
servers were involved in evaluating the estrogen receptor (ER) and
progesterone receptor (PR) status along with the Ki67 labeling index of
breast carcinomas. Therefore, ONEST is a good approximation which is
easy to handle with only 100 permutations to analyze.

In this study, as a new approach, we have used ONEST to charac-
terize histologic grading, and have looked at previous studies in the light
of the number of observers involved in them and their reliability to
assess reproducibility.

2. Materials and methods

A series of breast cancer cases including 50 nearly consecutive core
needle biopsies (CNB) and 50 single slides from different excision (EXC)
specimens used previously for an ER, PR and Ki67 assessment study
were used for determining the histological grade of the tumors by 9
observers involved in breast cancer reporting for at least more than 1
year up to more than 25 years. Details of case selection are not of specific
importance, and are described in the previous study [13].

All observers were asked to grade the 100 cases according to current
practice, as recommended by the most recent WHO Classification of
breast tumors [7] and report the scores for tubule/gland formation,
nuclear pleomorphism and mitotic counts, along with the histological
grade of the tumors.

Beside descriptive statistics, the intraclass correlation coefficients
(two-way random effects, absolute agreement, single rater/measure-
ment; ICC(2,1) [15]), Fleiss kappa values [16] and ONEST analysis [13,
14] were used. For the ICC values (based on the lower 95% confidence
interval, CI), the following categorical interpretation was used: < 0.5,
poor; 0.5-0.749, moderate; 0.750-0.9, good and > 0.9, excellent
agreement [15]. For kappas, the interpretation by Landis and Koch was
considered with values < 0 reflecting poor, 0-0.20 slight, 0.21-0.40 fair,
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0.41-0.60 moderate, 0.61-0.80 substantial and 0.81-1 almost perfect (i.
e. excellent) agreement [17]. For ONEST, instead of using the 100 in-
dividual OPACs, the minimum and maximum values were drawn along
with an average curve derived from the OPA values belonging to the 100
random permutations [14]. For the comparison of ICCs, the
Kruskal-Wallis test was used, with p < 0.05 used as significance level.
Calculations were performed in Excel with the Real Statistics Add-Ins
[18].

In the light of our findings, previous reproducibility studies of the
histological grading using the Nottingham modification of the original
Scarff Bloom Richardson scheme [4] were looked at, and their results
analyzed on the basis of their statistical approaches, and the number of
observers involved in generating the figures. A recent review by van
Dooijeweert, van Diest and Ellis [8] was used to identify the relevant
reproducibility studies, with additional ones from the references of these
studies or personal involvement.

No ethical permission was deemed necessary for this retrospective
non-interventional study, which did not involve any patient data; all
slides used were anonymous.

3. Results

The individual ratings for the component scores of histological grade
and the grade itself are represented in Fig. 1. Less than third (n = 29) of
the cases were unanimously graded with a rather equal distribution of
cases within each grade. As the majority grades were G1 (22 =9 +13),
G2 (50 =26 +24) and G3 (28 =15 +13) on CNB and EXC cases, the
proportion of uniformly graded cases also reflects the worse consistency
of determining the middle category of G2. The majority grades are also
reflected on Fig. 1.

The kappa and ICC values are shown in Tables 1 and 2, respectively.
These values reflect that the reproducibility of histological grading was
moderate or moderate to good, with individual components being less
reproducible; tubule / gland formation being the most consistently
assessed feature. Interestingly, the consistency of scoring tubule for-
mation and nuclear pleomorphism assessment was somewhat better on
excision specimens. Pleomorphism was the least reproducibly scored
component of histological grade. In general, the middle categories were
less reproducible than the extremes (Table 1).

Regarding ONEST, the plots are reproduced in Fig. 2, and the main
values are shown in Table 3. The graphs and table are in keeping with
previous analyses based on kappa and ICC values, demonstrating that
tubule formation is the most consistently reproducible part of histo-
logical grading, and nuclear pleomorphism is the least consistent one.
About one quarter of the cases on both CNB and EXC specimens are
differently graded by 2 pathologists in the worst scenario, whereas 78%
(EXC) to 80% (CNB) are identically graded in the best one; on average,
two pathologists are agreeing on the grade in 70% of the cases. Impor-
tantly, the ONEST plots suggest that a minimum of 4 pathologists would
be required for the reliable assessment of grade reproducibility; this is
where the minimum OPACs start to level off and reach a plateau
(Table 3, Fig. 2).

The comparison of the average OPA values for tubule formation,
nuclear pleomorphism, mitotic activity and grade demonstrated no
significant difference between CNB and EXC specimens (Kruskal Wallis
test, p ranging between 0.14 and 0.85). For the minimum OPA values,
these were significantly different for CNB and EXC specimens in the
cases of nuclear pleomorphism (p = 0.006) and histological grade
(p = 0.042), being worse for CNB specimens in the first, and better for
CNB specimens in the second.

Tables 4 and 5 demonstrate the results of previous studies on histo-
logical grading on the basis of kappa values (Table 4) [19-35] and OPA
of all observers (Table 5) [19,21,22,24-27,29-32,36,37]. Both of these
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Fig. 1. Representation of individual scores for tubule/gland formation (A), nuclear pleomorphism (B), mitotic activity (C) and histological grade (D). Obs: observer,
1 DEV: 1 deviation from majority rating; 2 DEVs: 2 deviations from majority rating; CON: concordance with majority. Note: red represents 3, white 2 and blue 1.
Cases are represented from top to bottom as majority scores/grade 3, 2 and 1 with decreasing number of majority ratings and case serial numbers; cases 1-50 are CNB
(core needle biopsy specimens) and 51-100 are EXC (excision specimens). (For interpretation of the references to color in this figure legend, the reader is referred to
the web version of this article. In greyscale, red becomes black, white stays white and blue turns to grey.)
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Fig. 2. ONEST plots with minimum (MIN), average (AVG) and maximum (MAX) OPA values for tubule/gland formation (A and B), nuclear pleomorphism (C and D),
mitotic activity (E and F) and histological grade (G and H) for CNB (A, C, E and G) and EXC (B, D, F and H) specimens.
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Table 1
Kappa values for component scores of histological grade and grade itself.

Kappa
Fleiss kappa scale Interpretation [17]
Parameter Score 1 Score2 Score3 Overall poor
Tubule scores (CNB) 0.64 0.45 0.62 0.56 slight
Tubule scores (EXC) 0.76 0.50 0.47 0.61 slight
Pleomorphism score (CNB) 0.44  [0.25  JOH9 0.32 0.21-0.30 | fair
Pleomorphism score (EXC) 0.54 0.35 0.25 0.42 0.31-0.40 fair
Mitosis score (CNB) 0.58 - 0.58 048 0.41-0.50  moderate
Mitosis score (EXC) 0.57 0.58 0.47 0.51-0.60  moderate
Grade (CNB) 0.59 0.43 0.62 0.54 0.61-0.70  substantial
Grade (EXC) 0.50 0.37 0.70 0.51 0.71-0.80  substantial
- almost perfect
almost perfect
Table 2

ICC values for component scores of histological grade and grade itself.

Parameter ICC 95%CI ICC Scale Interpretation [15]
Tubule scores (All 0.735 (0.673-0.795) poor

Tubule scores (CNB) 0.732 (0.644-0.814) moderate to poor
Tubule scores (EXC) 0.733 (0.642-0.817) 0.5-0.749 moderate

Pleomorphism score (All) 0.507 95%CI>0.749 good to moderate

Pleomorphism score (CNB) 0.75-0.9 good
Pleomorphism score (EXC) 1 0.561 excellent
Mitosis score (All) 0.673 (0.600-0.744)
Mitosis score (CNB) 0.685 (0.587-0.779)
Mitosis score (EXC) 0.667 (0.565-0.765)
Grade (All) 0.692  (0.623-0.758)
Grade (CNB) 0.687  (0.588-0.781)
Grade (EXC) 0.700  (0.605-0.791)
Table 3
Main data from the ONEST analysis.
Minimum observer needed: ONEST curve reading Maximum difference in OPA for 2 Average OPA for 2 Overall agreement of all
(MIN) observers observers observers
CNB EXC CNB EXC CNB EXC CNB EXC
TUB 4 4 20%  26% 81%  78% 48%  50%
PLEOM 4 4 42%  24% 60%  67% 12%  20%
MIT 4 4 30%  34% 70%  70% 32%  30%
Grade 3 4 26%  24% 70%  69% 34%  24%

CNB: core needle biopsy; EXC: excision; MIN: minimum curve/values; MIT: mitoses; OPA: overall proportion agreement, PLEOM: pleomorphism; TUB: tubule
formation.

tables suggest that reproducibility figures gained with less than 4 ob- tumor deviates from normal lumen forming breast parenchyma, how
servers or by pairwise comparisons are better. much the nuclei enlarge and become different in shape from the normal
epithelial cells, and how much it is proliferating on the basis of its

4. Discussion mitotic activity, grade gives a morphological assessment of the potential
biological behavior of the given carcinoma. Despite concerns about the

Histological grade is one of the most important traditional prog- less than perfect reproducibility of grading, this factor has retained its
nosticators of breast cancer. Semi-quantitatively reflecting how much a importance over the years and has been included in several
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Table 4
Kappa values gained in different studies of histological grade reproducibility.
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almost
Interpretation [17] poor |slight | fair moderate | substantial | perfect
Scale
3 B - =
> ¢ % E Z
§ 2 S 2
~ O
Jacquemier [19] 2121) 24 a 0.53 <0
Sicca [20] 23) 40 b 0.68- h
Meyer [21] 2(7) 49 ¢ 0.50- |-0.59
Robbins [22]* 2(5) 50 d 0.73 0.21-0.30
Robbins [22]** 2(5) 50 d 0.58 0.31-0.40
Anderson [23] 2 520 0.54 0.41-0.50
Frierson [24] 2 (6) 75 b 0.43- -0.74 0.51-0.60
Rabe [25] 2(6) 100 b 0.58- 0.86 0.61-0.70
Ginter [26] 2(6) 143 b 0.35- -0.68 0.71-0.80
Postma [27] 2 310 e 0.80
Reed [28] 2 613 b 0.69
Bueno-de-Mesquita [29] 2 694 f 0.56
Cserni [30] 3 75 g 0.41
Rabe [25] 6 100 g 0.68
Ginter [26] 6 143 ¢ 0.50
Boiesen [31] 7 93 g 0.54
present (CNB) 9 50 g 0.54
present (EXC) 9 50 g 0.51
Longacre [32] 13 35 h 0.40- -0.70
Sloane [33] 23 57 i 0.53
Ellis [34]*** >200 76 j 0.24- |-0.36
Ellis [34]%*** i 0.45- | -0.53
Rakha [35] >600 104 j 0.34- -0.56

CNB: core needle biopsy; EXC: excision.

a: mean (expert vs non-expert); b: pairwise; c: average pairwise in 5 consecutive tests of 10-23 cases; d: 3 pathologists’ consensus vs 2 pathologists’ consensus; e:
central vs local; f: mean (local vs central); g: Fleiss; category specific kappa (0.40 for G2, 0.7 for G1 and G3); i: weighted; j: Fleiss kappa (overall) range for consecutive

circulations.

*B5-fixed; ** buffered formal saline fixed; *** before application of revised guidelines; **** after application of revised guidelines.

multivariable analysis derived combined prognosticators [9-12],
proving that the degree of subjectivity in its determination does not
interfere with its independency in multivariable models.

Our study reproduced several previous observations on the repro-
ducibility of histological grading. In keeping with the long-term expe-
rience of the United Kingdom external quality assurance scheme in
breast pathology, tubule formation is the best reproducible component
of the 3 elements, and nuclear pleomorphism is the worst [35]. The
middle categories are generally less reproducible than the extremes (the
low and the high score categories), and the middle category of mitotic
activity was the worst reproducible element [35]. Overall, we found that
the reproducibility of grading was moderate (kappa values >0.50, but
<0.6; Table 1) or good to moderate (ICC values 0.687-0.700, Table 2).
OPA values would suggest a somewhat poorer reproducibility with full
agreement of all 9 observers seen in only 29% (with fewer cases in EXC
specimens than in CNBs), but 47% of the cases had 9/9 or 8/9 majority
grade allocation. Deviations from majority opinion were generally of
one grade with only 2/450 ratings showing the opposite: both of these

were G3 allocations for two different cases by two different pathologists
for 6/9 and 7/9 majority grade 1 lesions, respectively (Fig. 1). The fact
that discrepant grade allocations are always or almost always only at
one grade difference from majority rating is also a common finding in
previous reproducibility studies [19-37]. In 1994, Dalton et al. have
assumed that virtually all pathologists should be able to adequately
grade breast cancers. However, breast cancer grading requires experi-
ence and routine: the least experienced participant of this study had the
highest deviation rate from majority ratings, whereas the most experi-
enced one had the least deviation. Training and adequate guidelines are
also necessary, since the revised guidelines led to a relevant improve-
ment in the consistency of grading in the United Kingdom external
quality assurance scheme (Table 4) [34]. Following a Dutch nationwide
study documenting relevant inter- and intradepartmental variations in
the distribution of histological grades [38], both anonymized specific
feedback to the laboratories and pathologists [39] and e-learning [40]
have helped to decrease this variation. Not least, optimal tissue pres-
ervation is also required for adequate grading, better fixation has been
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Table 5
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Overall proportion agreement (OPA) values gained in different studies of histological grade reproducibility.

Scale

(@]

& 2 & £

& B S
Robbins [22]* 5 50 a
Robbins [22]** 5 50 a 0.74
Postma [27] 2 310 0.21-0.30
Bueno-de-Mesquita [29] 2 694 0.72 0.31-0.40
Cserni [30] 3 75 0.44 0.41-0.50
Theissig [36] 3 166 0.72 0.51-0.60
Frierson [24] 6 75 0.40 0.61-0.70
Rabe [25] 6 100 b 0.54 0.71-0.80
Ginter [26] 6 143 0.30
Meyer [21] 5-7 72 ¢ 0.67 | 0.74
Boiesen [31] 7 93 0.31
present (CNB) 9 50 0.34
present (EXC) 9 50 0.24
Longacre [32] 13 35 0.40
Jacquemier [19] 21 24 0.69
Dalton [37] 25 10 0.30

CNB: core needle biopsy; EXC: excision.
*B5-fixed; ** buffered formal saline fixed.

a: statistically different OPA between the reproducibility with the two fixatives; b: 2 rounds evaluated, 54% agreement in round 1 and 58% in round 2; c: best and worst

OPA from 5 consecutive tests of 10-23 cases by 5-7 pathologists.

documented to result in better grading consistency [22]. When looking
at national databases or greater cohorts of patients, it also appears that
the frequency of a given grade may be different. For example, the pre-
viously cited Dutch nationwide report on grade suggests that the pro-
portion of grade 1 tumors makes up 28% of 33,043 patients [38],
whereas data from the Survival Epidemiology and End Results database
suggest only 21% of 746,507 breast cancers being of this grade [41], and
the United Kingdom registry data of 5694 breast cancers from which the
multivariable predictive tool PREDICT had been derived from included
only less than 18% grade 1 tumors [42]. Although such differences may
stem from differences in populations, as a higher rate of screen detected
cancers leads to a greater proportion of well differentiated carcinomas
[43], differences in training, teaching may also contribute to differences
in grade distribution by countries. As all participants of the present study
were from the same country, no such factor had to be considered.
ONEST is a recently introduced method to complement other mea-
sures of reproducibility assessment [13,14]. Our analysis suggested that
a minimum of 4 observers are needed to adequately reflect reproduc-
ibility both for components of grade and the grade itself. In keeping with
this figure, our tables reflecting the literature highlight that OPA figures
from studies with less than 4 raters are somewhat better than those
gained with more observers (Table 5). Studies reporting kappa statistics
reflect the same trend (Table 4). Many studies on the reproducibility of
grading have used Cohen’s kappa, which is devised for 2 observers, 1°
therefore pairwise comparisons were made, and the range or average
was reported (Table 4), but these basically reflect data derived from 2
observers, which may mirror a better performance than what the ONEST

analysis implies. Although Cohen’s kappa has a weighted version, where
more weight is given to greater deviations, the unweighted and
weighted kappas should be very similar for grade, because this has no or
just minimum deviation of two steps from majority opinion. Weighted
kappa may be more important for the components of grade, especially
for mitoses and pleomorphism which had the most deviations. Seldom
has a weighted kappa been used to reflect greater deviations [33]. Fleiss
has also devised a kappa coefficient for multiple observers [16], and this
has been used in several studies with more than two raters (Table 4), and
seems more appropriate in this setting.

5. Conclusions

Considering the ONEST analysis, it is suggested that 4 or more ob-
servers are needed to reliably assess the reproducibility of grading, and
consistently with this finding, previous studies with fewer observers or
pairwise comparisons show a somewhat better consistency for grading
either on the basis of OPA values or on the basis of Fleiss kappa values.
Our results are fitting the results of previous studies with more than 3
observers, and suggest that grading has moderate or moderate to good
reproducibility, and this still allows histological grade to be part of
multivariable analysis derived combined prognostic tools of breast
cancer. Variability in grading needs to be accepted [35], but can be
diminished with training, feedback and dedicated assessment.
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