Human Pathology (2019) 94, 51-57

ELSEVIER

Original contribution

Human
PATHOLOGY

www.elsevier.com/locate/humpath

Interobserver variability in breast carcinoma

grading results in prognostic stage
Yo, Yo

differences

Check for
updates

Kimmie Rabe MD?, Olivia L. Snir MD®, Veerle Bossuyt MD€, Malini Harigopal MD?,
Romulo Celli MD?, Emily S. Reisenbichler MD®*

Department of Pathology, Yale University School of Medicine New Haven, New Haven, CT
®Department of Pathology, Oregon Health and Science University School of Medicine, Portland, OR
“Department of Pathology, Massachusetts General Hospital, Boston, MA

Received 8 July 2019; revised 19 August 2019; accepted 6 September 2019

Keywords:

Breast carcinoma;
Histologic grade;
Interobserver variability;
Prognostic stage;

AJCC

Summary The AJCC Cancer Staging Manual 8th edition included tumor grade in the pathologic
prognostic stage for breast carcinomas. Due to the known subjectivity of tumor grading, we aimed to
assess the degree of interobserver agreement for invasive carcinoma grade among pathologists and
determine its effect on pathologic prognostic stage. One hundred consecutive cases of invasive stage
II carcinomas were independently graded twice, with an 4-week intervening wash-out period, by 6
breast pathologists utilizing established Nottingham grading criteria. Inter- and intra-observer
variability was determined for overall grade and for each of the 3 scoring components. Interobserver
variability was good to very good (k range = 0.582-0.850) with even better intra-observer variability
(mean k = 0.766). Tubule score was the most reproducible element (k = 0.588). Complete concordance
was reached in 54 cases and 58 cases in rounds 1 and 2 respectively. In round 1 this resulted in
different pathologic prognostic stage in only 25 of discordant cases, 18 of which were stage IA versus
IB. In conclusion, grading agreement between pathologists was good to very good and discordant
grades resulted in small changes to pathologic prognostic stage.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Over the last decade, key advances in molecular diagnos-
tics have expanded our understanding of the importance of
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biologic tumor factors. Treatment decisions for patients with
breast cancer are dictated by tumor biology and as such, the
reporting of prognostic and predictive tumor biomarkers, in-
cluding estrogen receptor (ER), progesterone receptor (PR),
and epidermal growth factor receptor 2 (HER?2) is essential
to guide patient management. The most recent, 8th edition
of the American Joint Committee on Cancer (AJCC) Staging
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Manual [1] emphasizes the importance of these tumor fea-
tures, incorporating them into the staging of breast cancer.
Traditional anatomic evaluation of tumor size, lymph node
status and presence of distant metastasis (TNM) is now com-
bined with histologic grade, biomarker status and genomic
assays to form two new prognostic stage categories, the path-
ological prognostic stage (PPS) and the clinical prognostic
stage. This represents a significant change in the codification
of breast cancer staging and reflects recent advances in our
understanding of the biology of the disease.

The concept of tumor grading was originally applied to
breast carcinomas over a century ago in an effort to determine
“the degree of malignancy” and to predict patient outcomes
based on microscopic tumor features. Greenough utilized
multiple histologic characteristics to classify tumors into
three groups showing “high, medium and low malignancy”,
associating increasing degree of malignancy with a decreas-
ing potential for surgical cure [2]. This grading concept was
further refined by Scarff and Patey in 1928 and Bloom and
Richardson in the 1950s to identify three key histologic fea-
tures, tubule formation, nuclear variation and mitotic activity
as prognostic tumor features [3-5]. Further modifications by
Elston [6] and Elston and Ellis [7] led to our current under-
standing of tumor grading. This grading scheme is referred
to as the Nottingham modification of the Scarff-Bloom-Rich-
ardson system. Use of the Nottingham grading system is rec-
ommended by the AJCC, the World Health Organization
(WHO), and the College of American Pathologists (CAP).

We currently know that tumor size, histologic grade and
lymph node status are the most important prognostic mea-
sures in breast carcinoma. Histologic grade gives vital infor-
mation when combined with tumor size and lymph node
status, but has also been proven as an independent prognostic
indicator. However, there have been concerns over grading
inconsistency between observers [8]. These concerns were
cited as a specific reason for omission of tumor grade as a
staging component in the 7th edition of the AJCC Staging
Manual [9]. In this study, we focus on the inclusion of histo-
logic grade, an important marker of tumor biology, into PPS
assignment. Specifically, we aimed to assess the degree of in-
terobserver agreement for tumor grade among a dedicated
group of breast pathologists and how variability in grading
may affect the PPS.

2. Materials and methods

Following institutional review board approval, a retrospec-
tive review of the electronic pathology database from our insti-
tution was performed. From the files, sequential excision
specimens of invasive breast carcinoma with an anatomic stage
of at least II, were identified from 2010-2011. Tumor stage was
defined by the 7th Edition AJCC Staging Manual in use at the
time of the original case review. Tumors from patients who
underwent neoadjuvant chemotherapy were excluded.

Breast specimens, at the time of the primary histologic
evaluation, were fixed in 10% buffered formalin and rou-
tinely processed. Time to fixation was not known for these
specimens. One representative H&E stained slide containing
the largest tumor section was selected from each case. The
surgical pathology reports were reviewed and pathologic
data, including hormone receptor and HER?2 status, tumor
size and lymph node involvement was recorded.

The cases were independently reviewed by six pathologists
from the same academic institution. Each pathologist had spe-
cial interest in breast pathology with varying levels of subspe-
cialty training and experience. The observers had between 1
and 22 years of practice experience with residency training
from 4 different institutions. Four pathologists had completed
breast fellowship training at 3 different institutions. Although
all observers were employed at the same institution during
the study period, two had been at the institution for less than
1 year. All invasive cancer was graded using the Nottingham
grading system. The tumors were assigned combined histo-
logic grades (grade I, well differentiated; grade II, moderately
differentiated; and grade III, poorly differentiated) based on
established scoring for tubule formation, nuclear pleomor-
phism and calibrated mitotic count. Prior to the first round of
grading, pathologists were provided with grading parameters
as outlined by Elston and Ellis and adapted in the WHO Clas-
sification of Tumors of the Breast [7].

Each pathologist graded the tumors, blinded to patient and
clinical information, and recorded the scores on a Microsoft
Excel spreadsheet. Individual scores for tubule formation,
nuclear grade, and mitotic count as well as the total score
and degree of differentiation were recorded. The cases were
graded a second time by the same 6 observers following a
minimum 4-week washout period. For the second round of
grading, the scoresheet provided the hormone receptor status
and HER?2 status for each case.

Inter- and intra-observer agreement was calculated using
Cohen's k analysis from Vassarstats.net. Cohen's x was calcu-
lated by comparing grade variation between observer pairs and
within individual observers for rounds 1 and 2 of grading.
Fleiss' k for overall agreement among all observers was calcu-
lated in Microsoft Excel. Overall interobserver variation be-
tween all 6 observers for tubule, nuclear, and mitotic scores
was determined by Fleiss' k for each grading component in
both rounds 1 and round 2. The strength of agreement for k
was categorized as follows: <0.20: slight; 0.21-0.40: fair;
0.41-0.60: moderate; 0.61-0.80: good; >0.8: very good [10].

3. Results
3.1. Case details

A total of 100 H&E stained sections from 100 invasive
carcinomas were identified, representing material from 97
patients, 94 patients with unilateral and 3 with bilateral
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disease. The pathologic details obtained from the original pa-
thology reports are detailed in Table 1.

3.2. Round 1 interobserver agreement

In the first round of grading, observers graded the majority
of tumors as moderately differentiated (MD), in 49% to 58%
of cases; poorly differentiated (PD) in 31-35% and well dif-
ferentiated (WD) in 9% to 20% (Fig. 1). There was consider-
able interobserver agreement among the 6 pathologists. For
observer pairs, concordance ranged from x of 0.594 to
0.845 (moderate to very good) (mean = (0.721, Table 2).
There was an overall Fleiss' k of 0.675 (good agreement) with
complete agreement across all 6 observers in 54 cases. In the
46 cases where exact concordance was not obtained, 25 re-
sulted in the assignment of a different PPS, most commonly
prognostic stage IA to IB (n = 18). This was followed by a
change of stage IB to IIA (n = 5), IB to IIB (n = 1), and stage
B to LIC (n = 1) (Table 3). In 44 of the cases lacking com-
plete concordance across all observers, there was only a sin-
gle step difference in grade (i.e. WD vs MD or MD vs PD).
Only 2 cases were given discordant grades ranging from well
to poorly differentiated (Fig. 2). Case 63 and 79 were both tu-
mors that showed significant morphologic heterogeneity,
resulting in intra- as well as inter-observer variability. Case
63 was graded as MD by 4 observers but WD by 1 observer
and PD by the final observer (Fig. 2A-C). This case showed
foci of tubule formation and was assigned tubule scores of
2 and 3. Nuclear atypia was evident, receiving a nuclear score
of 3 from all but 1 observer. Mitotic activity was low, with a
score of 1 assigned by all but 1 observer. The second

Table 1  Pathologic characteristics of cases utilized for tumor
grading
Characteristic n

Mean tumor size (range)
Tumor grade

4.5 cm (0.95-11)

I (well differentiated) 20

II (moderately differentiated) 55

III (poorly differentiated) 25
Histologic subtype

Invasive ductal 55

Invasive lobular or ductal with lobular features 36

Other special type 9
Tumor ER/PR/HER?2 status

ER+/PR+/HER2- 77

ER+/PR-/HER2- 8

ER+/PR+/HER2+

ER-/PR-/HER2- 10

ER-/PR-/HER2 +
Lymph node status

NO 56
Nl1mi 6
Nla 35
Unknown 3

discordant case, number 79, demonstrated a 1/3/2 split with
1 WD, 3 MD and 2 PD assignments given to this tumor
(Fig. 2D-F). In this case, the interpretation of tubule forma-
tion in a tumor with a cribriform growth pattern resulted in
varying tubule scores of 2 and 3. Dramatic heterogeneity in
the proliferative activity within this single section also re-
sulted in mitotic scores of 1, 2, and 3.

Overall Fleiss' k was calculated for the individual compo-
nents of the histologic grade (Table 4). There was only mod-
erate agreement for each variable with a k range of 0.461 to
0.588 in round 1. Interobserver agreement was best for the tu-
bule score and worst for nuclear score.

3.3. Round 2 interobserver agreement

The majority of tumors were again graded as moderately
differentiated (Fig. 1). In this round, complete agreement
across all 6 observers was achieved in 58 cases. Observer pair
agreement ranged from k of 0.582 to 0.857 (moderate to very
good) (mean = 0.723; Table 2). The overall Fleiss' k¥ was
0.68 (good agreement). Of the 42 cases with discordant
grades, 29 resulted in the assignment of a different PPS, most
commonly prognostic stage IA to IB (n = 21) (Table 3).
Overall Fleiss' k calculated for the individual components
of the histologic grade, showed only moderate agreement
among observers for each variable (Table 4). Interobserver
agreement was again best for the tubule score, but worst for
mitotic count in this round.

Cases 63 and 79 remained problematic with case 63 again
showing a 1/4/1 split between WD/MD/PD. Although the
same observer designated the case as PD, the WD designa-
tion was assigned by a different observer than in the first
round. In case 79, the previous 1/3/2 WD/MD/PD split was
now 1/2/3 with 4 observers changing the grade of this tumor
between rounds 1 and 2. One observer changed their grading
assignment 2 steps from WD in round 1 to PD in round 2. In
this second grading round, 2 additional cases, cases 57 and
99, resulted in a 2-step grade discordance between observers
with a 1/4/1 split of WD/MD/PD assignments seen in each
case.

3.4. Intra-observer agreement

Intra-observer agreement was good to very good with a x
range of 0.708 to 0.833 (mean = 0.766) (Table 5). A 2-step
intra-observer grading disparity (WD to PD) occurred in only
one case with a single observer. Individual observers chan-
ged the tumor grade between rounds 1 and 2 in 11-20 cases
(mean = 15.8). This intra-observer difference in tumor grade
resulted in a change of PPS in 4-14 cases (mean = 9.6).

Reviewing individual components of the grading score re-
vealed that intra-observer consistency was best for tubule for-
mation with a x of 0.633 to 0.860 (mean = 0.781), followed
by mitoses (k range 0.575 to 0.811; mean = 0.700), and nu-
clear grade (x range 0.499 to 0.767; mean = 0.617). A score
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of 1 for tubules was assigned infrequently by individual ob-
servers (in 3—12 cases; mean = 7). Most cases were given a
tubule score of 3 (in 69-79 cases; mean = 75). A nuclear
score of 1 was rarely given (range 0-3 cases; mean = 1) with
no observer assigning a nuclear score of 1 in both rounds for
a single case. The most common scoring change, between
rounds 1 and 2, was between nuclear scores 2 and 3. The
most common score for mitoses was 1 (range 29-59 cases;
mean 53). Two-step scoring changes within a single observer
occurred most frequently with the mitotic score (9 cases).

4. Discussion

Histologic tumor grade in breast carcinoma has long been
shown to be associated with patient outcome. As a result of
the many studies linking tumor grade and patient outcomes
in breast cancer, the 8th edition of the AJCC Cancer Staging
Manual incorporated tumor grade in prognostic stage groups.
Many studies have examined the consistency of tumor grad-
ing with variable results. Gilchrist et al found that the level of
agreement decreased as the number of observers increased,
arguing that the level of agreement on histologic features in
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Distribution of tumor grade assigned by each observer (A-F) in rounds 1 and 2 of independent grading.

stage II breast carcinomas did not reach a clinically accept-
able level for prognostic use [8]. Agreement levels have im-
proved with refinement to the grading system. Elston and
Ellis modified the Bloom and Richardson grading method
to improve its accuracy, further refining the system to address
tissue preparation and give explicit details for assessing the
tubule, nuclear and mitotic scoring components [6,7]. The
study showed that reproducibility is good, achieving >90%
agreement between 2 independent pathologists, if the grading
protocol is followed consistently. Subsequent studies have
confirmed that this modified grading system remains a pow-
erful, independent prognostic indicator [11-14]. Published
studies using the Nottingham modification of the Bloom
and Richardson system have shown levels of interobserver
agreement ranging from fair to moderate (x = 0.5-0.7) [15-
18], similar to concordance rates found in our current study.

We found more consistent grading within individual ob-
servers than when comparing the grading of different ob-
servers, suggesting the possibility of personal biases that
may have been taught in early training or acquired with prac-
tice experience. One tumor feature might influence our opin-
ion of another scoring component, such as the formation of
tubular architecture, often the most readily identified feature
when grading tumors, causing an observer to lower the score

Table 2 Pairwise ks for interobserver variability
Pathologist B Pathologist C Pathologist D Pathologist E Pathologist F

Round 1

Pathologist A 0.726 0.829 0.772 0.645 0.743

Pathologist B 0.845 0.754 0.629 0.730

Pathologist C 0.778 0.709 0.734

Pathologist D 0.607 0.716

Pathologist E 0.594
Round 2

Pathologist A 0.805 0.850 0.745 0.593 0.818

Pathologist B 0.815 0.715 0.627 0.756

Pathologist C 0.727 0.666 0.857

Pathologist D 0.611 0.671

Pathologist E 0.582
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Table 3  Prognostic stage of cases with discordant tumor grades

Prognostic Stage of Cases with Discordant Tumor Grades
Round 1
1A 1B A 1B 1T A 1II B 1 c
1A 16 18°
1B 5° 1?
ITA 5
1B 1
JIN
I B 1?
Round 2
TA 1B TA 1B T A 11 B 1Ic
1A 9 21° 1°
1B 6° 1?
IA 2
B 1
I A
11 B 1

# The change in tumor grade resulted in a change in prognostic stage.

for nuclear or mitotic scores; however, a prior study has
shown that tubule formation in breast tumors does not influ-
ence nuclear scores [19]. While tubule score was the most re-
producible individual scoring element in our study, two of
the most discrepant cases reflect clear differences in defini-
tion of tubule formation as it relates to grading. Some ob-
servers do not include the complex gland formation of
cribriform architecture when quantifying tubule formation
while others do include this, leading to wide grading differ-
ences in tumors with this growth pattern, like case 79. Differ-
ences in interpretation of this pattern have been previously
reported as a source of interobserver variability [20]. Im-
proved definitions regarding the inclusion or exclusion of
cribriform spaces could lead to improved grading agreement.
Additionally, in the current study, observers avoided nuclear
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scores of 1, only assigning this score in up to 3 cases. One ob-
server never assigned a nuclear score of 1. Despite this ten-
dency to give only scores of 2 and 3, nuclear pleomorphism
is reportedly the least reproducible component of the grading
system [16], as it was in the first round of this grading study.
Dalton et al focused specifically on nuclear scoring differ-
ences between observers and found that the level of discor-
dance in assigned nuclear scores was a predictive tool for
patient outcome [21]. Those cases with discordant nuclear
grades represented “in-between” tumors with a more favor-
able prognosis than those in which there was high concor-
dance of high nuclear grade. In our study, we found high
inter- and intra-observer variation in mitotic scores. As the
seemingly most objective component of tumor grading, var-
ious tools have been suggested to increase the reproducibility
of mitotic scoring, including lowering the mitotic index or
utilizing an inmmunohistochemical labeling index [22,23].
Improved definitions for scoring tumors may improve inter-
observer agreement and help individual pathologists to be
aware of their biases.

Several studies have suggested consensus review as a
method to improve concordance, especially for borderline
cases, with reinforcement by frequent review of criteria
[12,20,22]. This is difficult in daily practice and one study
showed no improvement in concordance between “training”
and “test” sets [20]. Dalton et al found high levels of grading
agreement of 25 pathologists from 6 separate institutions
when ensuring specified guidelines are utilized [24]. Nearly
all observer pairs in our study showed at least “good” agree-
ment (x = 0.61-0.80), and up to four pairs reached the “very
good” threshold of interobserver agreement (kx > 0.80).
Without comparison to outcomes in these patients, however,
this is a measure of reproducibility only, not accuracy of
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Case 63 (A-C): A, Focal tubule formation (H&E, original magnification x100). B, Admixed with areas of linear growth (H&E, orig-

inal magnification x200). C, Nuclear atypia was noted (H&E, original magnification x200). Case 78 (D-F): D, An area of clear tubule formation
(H&E, original magnification x40). E, With predominantly cribriform architecture (H&E, original magnification x40). F, Mitotic activity was
heterogeneous throughout the tissue section but scattered foci showed high mitotic counts (mitotic figures highlighted by arrowheads (H&E,

original magnification x200).
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Table 4 Interobserver variability of individual grading

components

Component Interobserver Fleiss' k Interobserver Fleiss' k
Round 1 Round 2

Tubule 0.588 0.596

formation

Nuclear 0.461 0.530

pleomorphism

Mitotic count 0.550 0.521

outcome prediction. With the advent of digital microscopy,
analysis of microscopic digital images has added another var-
iable to tumor grading. Rakha et al compared grading by light
microscopy to that of whole slide imaging, finding both
methods to be comparable, with similar ability to predict out-
come [25]. Potential next steps would be to utilize image
analysis and deep learning to perform tumor grading for
added reproducibility [26,27].

The notion of observer variability in tumor grading is not
new, but understanding its impact on the new prognostic
staging groups is important. In our study we found that
intra-observer variability resulted in PPS changes in up to
14% of cases. As expected, comparing the grading variability
across 6 observers resulted in even more frequent PPS differ-
ences (up to 29% of cases) and were most frequently between
stages IA and IB. This PPS already represents down-staging
from the anatomic stage of II, as a result of the ER+/HER2-
status of most tumors. Most PPS variances were a result of
observer grading discordance between MD and PD (19 of
25 cases). In a recent study of tumors with discordant grade
assignment, these borderline tumors typically showed
slightly worse outcomes, suggesting behaviors may be more
in keeping with the higher assigned grade [28]. With the in-
corporation of costly multigene testing into the new PPS sys-
tem, cases with an Oncotype score of <11 would receive a
PPS of TA regardless of tumor grade. Although most cases
in this study were ER+/Her2- tumors without axillary nodal
metastases, most did not have an Oncotype DX score avail-
able to determine how this test result would influence the fi-
nal PPS. Future work may determine if interobserver
variability in grading is mitigated through the use of multi-
gene testing, such as Oncotype DX.

Table 5 Intra-observer variability between round 1 and
round 2 grading

K
Pathologist A 0.820
Pathologist B 0.744
Pathologist C 0.833
Pathologist D 0.721
Pathologist E 0.708
Pathologist F 0.770

In summary, we found that while there is grading variabil-
ity between pathologists, agreement remained good across 6
different pathologists and very good within individual ob-
servers. Two- step grading discrepancies were rare and most
differences in tumor grade resulted in only minor PPS
changes within the stage I group. The increasing use of Onco-
type DX may further reduce discordances due to tumor grad-
ing within the IA and IB PPS groups. This level of grading
and staging discordance is therefore likely clinically accept-
able, particularly when combined with tumor biomarker
status.
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