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Breast Cancer Prognostic Factors in the Digital Era:
Comparison of Nottingham Grade using Whole Slide Images
and Glass Slides
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Background: To assess reproducibility and accuracy of overall Nottingham grade and component scores using digital whole slide images (WSIs)
compared to glass slides. Methods: Two hundred and eight pathologists were randomized to independently interpret 1 of 4 breast biopsy sets
using either glass slides or digital WSI. Each set included 5 or 6 invasive carcinomas (22 total invasive cases). Participants interpreted the same
biopsy set approximately 9 months later following a second randomization to WSI or glass slides. Nottingham grade, including component
scores, was assessed on each interpretation, providing 2045 independent interpretations of grade. Overall grade and component scores were
compared between pathologists (interobserver agreement) and for interpretations by the same pathologist (intraobserver agreement). Grade
assessments were compared when the format (WSI vs. glass slides) changed or was the same for the two interpretations. Results: Nottingham
grade intraobserver agreement was highest using glass slides for both interpretations (73%, 95% confidence interval [CI]: 68%, 78%) and slightly
lower but not statistically different using digital WSI for both interpretations (68%, 95% CI: 61%, 75%; P = 0.22). The agreement was lowest
when the format changed between interpretations (63%, 95% CI: 59%, 68%). Interobserver agreement was significantly higher (P < 0.001)
using glass slides versus digital WSI (68%, 95% CI: 66%, 70% versus 60%, 95% CI: 57%, 62%, respectively). Nuclear pleomorphism scores
had the lowest inter- and intra-observer agreement. Mitotic scores were higher on glass slides in inter- and intra-observer comparisons.
Conclusions: Pathologists’ intraobserver agreement (reproducibility) is similar for Nottingham grade using glass slides or WSI. However,
slightly lower agreement between pathologists suggests that verification of grade using digital WSI may be more challenging.
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independent prognostic value of Nottingham grade in predicting
disease-free survival and recurrence.l’'®! Nottingham grade is
prognostically equivalent to lymph node classification and
exceeds the prognostic value of other important factors such
as tumor size,!'! patient age, menopausal status, and adjuvant
treatment completion.®¥ Nottingham grade is one of the three
main pathologic determinants of treatment selection in clinical
practice,!® and its omission is thought to result in overuse of
adjuvant treatment.!"? Nottingham grade has been incorporated
into the Prognostic Stage Groups in the Eighth Edition of the
AJCC Cancer Staging Manual.['”!

Concordance between pathologists assessing Nottingham grade is
not ideal with published interobserver kappa coefficients ranging
from 0.43 to 0.83.11%2¢1 Because second opinions are thought to
improve clinical care and diagnostic accuracy, there is interest
in expanding and expediting methods of consultative review,?”
including using digital whole slide images (WSIs). Digital WSI
is used globally for archiving, teaching, teleconsultation, and
increasingly for primary pathology diagnosis?**! with published
studies supporting adoption of digital WSI citing nonsignificant
reductions in overall diagnostic accuracy using digital WSI
compared to traditional glass slides.**? In 2017, the Food and
Drug Administration approved the first digital WSI system for
primary pathology diagnosis in the U.S.

As digital WSI rapidly disseminates into clinical practice, more
comprehensive and nuanced studies comparing digital WSI to
glass microscopy are required.*%3!*31 Our study addresses an
important current knowledge gap by quantifying interobserver
concordance and intraobserver reproducibility of Nottingham
grade assessment using digital WSI compared to traditional
glass slides.

MeTtHoDS

Study overview

Data collected during a large randomized study assessing
accuracy and reproducibility of breast pathology diagnoses
using glass microscopy and digital WSI were used for this
analysis of Nottingham overall grade and component scores.
The methods for the study, summarized below, have been
described in detail 23433 The Institutional Review Boards of
all participating organizations approved all study procedures;
all participating pathologists signed an informed consent.

Study population: Pathologists

Pathologists were recruited from 8 U.S. states (AK, ME,
MN, NH, NM, OR, VT, WA). All participants had experience
interpreting breast specimens; fellows and residents were not
eligible. The study involved a web-based survey capturing
pathology experience and attitudes regarding digital WSI
format.B3637

Biopsy case development: Traditional glass slides

Breast biopsy specimens (excisional and core) were
identified from pathology registries in New Hampshire and
Vermont.’¥ New slides from candidate cases were prepared in
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a single laboratory for consistency. Three experienced breast
pathologists established a consensus reference diagnosis for
each case using a modified Delphi approach.*”! A single slide
best representing the reference diagnosis was selected for each
case. The cases included the full spectrum of breast pathology,
from benign, to atypia, to ductal carcinoma in situ (DCIS), to
invasive carcinoma. Each case was digitized using an iScan
Coreo Au® digital scanner as previously described.?? The
original study included a total of 240 cases, with 23 invasive
carcinomas as defined by the consensus panel. One invasive
case was excluded from the current analysis because it was
a microinvasive carcinoma in a background of DCIS, and a
standardized 10-field mitotic count could not be assessed.
The analysis of grade presented here includes the remaining
22 cases defined as invasive carcinoma by the consensus
reference panel.

Participant interpretations of biopsy cases

Figure 1 shows the overall study design and random assignment
schema. In Phase I, pathologists were randomly assigned to
independently interpret one of the four test sets in either glass
or digital format. Pathologists were instructed to review the
biopsy cases as they would in their routine clinical practice.
Written instructions or training sets were not provided, and
there was no intent to standardize diagnostic criteria. Phase I
was followed by a washout period of at least 9 months. In
Phase 11, participants were randomly assigned either to the
same diagnostic format they had used in Phase I or to the
alternate format. The pathologists interpreted the same set of
biopsy cases in Phase II; however, the order of presentation
was different. Pathologists were not informed that they were
interpreting the same cases in both phases.

An online diagnostic form was used to capture participants’
diagnoses on each case.?>3*3340 Pathologists selected a score
of 1-3 for each component of Nottingham grade (tubule
formation, nuclear pleomorphism, mitotic score) and selected
an overall Nottingham grade of low, intermediate, or high.
Nottingham grade is only assessed for cases the pathologists
interpreted as invasive breast cancer. Although the data on
grade were prospectively collected during the study, they have
not been previously analyzed.

Statistical analysis

The Pearson Chi-squared test and the nonparametric Wilcoxon
Rank-Sum test were used to compare pathologist characteristics
and assignment to interpretive formats. Measures of agreement
included the kappa statistic and proportional agreement.
Intra- and Interobserver agreement were both assessed.

Associations between interpretative format (glass versus
digital) and pathologists’ agreement (no versus yes) on
Nottingham grade were tested in logistic regression analyses. To
address correlated responses, the general estimating equations
approach was used for estimating proportional agreement
and 95% confidence intervals (CIs). Interaction terms using
effect modifiers described in previously published work?343”
were considered in the models. To test if the magnitude of the
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N=208 pathologists with
completed interpretations

Glass format
N=115 pathologists
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N= 172 pathologists with
completed interpretations

Glass format
N=49 pathologists

Digital format
N=45 pathologists

Randomize to
interpretive format

Baseline Survey interpretive (>9 month washout
Complete [ format period)
N=252 = Glass format
Digital format N=37 pathologists
& N=93 pathologists
Digital format
N=41 pathologists
* Total intra-observer paired interp i 254 glass-to-glass, 214 digital-to-digital, 242 glass-to-digital, 193 digital-to-glass

Total inter-observer paired glass slide interpretations by phase: Phase | — 17,162, Phase Il - 9,362
Total inter-observer paired digital slide interpretations, by phase: Phase | - 10,562, Phase Il - 9,472
NOTE: Excluded interpretations with missing or out of range Nottingham grades (N=51 interpretations and 1 invasive case that was predominately DCIS with a

focus of micro-invasion)

Figure 1: Study overview by phase and case format

relationship between agreement and interpretative format was
associated with a participant or case characteristic, a two-way
interaction term was included along with each main effect.
The effect modifiers included binary categories of breast
pathology expert status (no versus yes), reported familiarity
in use of digital format (no versus yes), and breast density on
prior mammogram for the case (low vs. high).

Finally, for intraobserver analysis of reproducibility, we
compared Phase I and Phase II responses for departures
from agreement between row and column proportions.
Departures from the main agreement line (diagonal) of the
cross classifications of three-category Nottingham grade
interpretations were tested for symmetry. To examine
whether the same pathologist exhibited tendencies to classify
interpretations higher or lower across identical or opposing
interpretive formats, row marginal proportions and the
corresponding column proportions were tested for statistical
significance using a test for marginal homogeneity. The
Bowker’s test of symmetry was used to evaluate frequencies in
discordant matched pairs and Bhapkar statistic for examining
nominal differences in the distributions of marginal proportions
in rows and columns of matched-pair cross-classification
tables (as a test for marginal homogeneity).“! All P values were
two-sided, with statistical significance evaluated at the 0.05
alpha level. All analyses were performed using SAS software
for Windows v9.4 (SAS, Inc., Cary, NC, USA).

ResuLts

Pathologists characteristics

As previously reported, 252 pathologists, 65% of those
invited, were eligible and agreed to participate.>343 Table 1
shows characteristics and clinical experience of pathologists
who completed Phase I (n = 208) and Phase II (n = 172)
interpretations. A majority (93%) reported confidence

interpreting breast pathology. Nearly half (48%) reported
using the digital format in their professional work, mostly for
conferences and education.

Pathologist reproducibility (intraobserver concordance)
Histological grade reproducibility for the 172 pathologists
interpreting the same cases in both Phases I and II is shown
by format (glass vs. digital) in Table 2, including pathologists
using glass slides (n =49) or digital WSI (n =41) in both phases.
Higher Kappa coefficients and higher percentage agreement
for the individual TNM scores and overall Nottingham grade
were noted when glass slide format was used in both phases.
Figure 2 (top portion) shows Nottingham grade reproducibility
when interpretations were made by the same pathologist using
glass slides in both phases (73% agreement, 95% CI 68,78)
or digital WSI in both phases (68% agreement, 95% CI 61,
75; P=0.22).

In general, the kappa coefficients for nuclear pleomorphism
were lower than the kappa coefficients for tubule formation
and mitotic score, particularly when the format changed
between phases. The kappa statistic for overall Nottingham
grade was highest when glass slides were used (k = 0.57;
95% CI 0.48, 0.66); lower when digital WSI were used
in both phases (kK = 0.48; 95% CI 0.37, 0.58); and lowest
when the format changed between phases (k = 0.38; 95%
CI 0.30, 0.46). Similar trends were noted for the percent
agreement with the lowest agreement noted for nuclear
pleomorphism score, particularly when the interpretive
format changed [Table 2].

Mitotic counts tended to be higher when interpretations
were made using glass slides compared with digital WSI.
For example, when the same cases were interpreted using
digital WSI in Phase I followed by glass slides in Phase II,
the mitotic score was statistically significantly higher using
glass slides (test for marginal homogeneity, P = 0.013).
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Table 1: Participant characteristics by Phase I and Il interpretive format?

Participant Study phase
Characteristics Phase | Phase Il
Glass, n (%)  Digital,n (%)  Glass,n (%) Digital, n (%)
Total 115 (55) 93 (45) 86 (50) 86 (50)
Demographics
Age at survey (years)
30-39 16 (14) 12 (13) 12 (14) 11 (13)
40-49 41 (36) 29 (31) 30 (35) 26 (30)
50-59 42 (37) 32 (34) 29 (34) 35(41)
60+ 16 (14) 20 (22) 15(17) 14 (16)
Sex
Men 69 (60) 63 (68) 54 (63) 56 (65)
Women 46 (40) 30(32) 32(37) 30(35)
Clinical practice and breast pathology expertise
Fellowship training in breast pathology
No 109 (95) 88 (95) 82(95) 82(95)
Yes 6(5) 5(5) 4(5) 4(5)
Affiliation with academic medical center
No 87 (76) 66 (71) 55 (64) 67 (78)
Yes, adjunct/affiliated 17 (15) 18 (19) 20 (23) 12 (14)
Yes, primary appointment 11 (10) 9 (10) 11 (13) 7(8)
Do your colleagues consider you an expert in breast pathology?
No 90 (78) 74 (80) 67 (78) 69 (80)
Yes 25(22) 19 (20) 19 (22) 17 (20)
Breast specimen case load (percentage of total clinical work)
<10 59(51) 45 (48) 44 (51) 41 (48)
10-24 45 (39) 42 (45) 35(41) 38 (44)
25-49 8(7) 5(5) 5(6) 5(6)
>50 3(3) 1(1) 2(2) 2(2)
How confident are you interpreting breast pathology?®
More confident (1, 2 or 3) 107 (93) 86 (92) 81 (94) 76 (88)
Less confident (4, 5, 6) 8(7) 7(8) 5(6) 10 (12)
Do you have any experience using digitized whole slides in your professional
work?¢
No 63 (55) 46 (49) 38 (44) 46 (53)
Yes 52 (45) 47 (51) 48 (56) 40 (47)

*Within each phase, P values for differences by format were nonsignificant for all characteristics listed. P values correspond to Pearson Chi-square test for
difference in distributions of each pathologist characteristic between glass and digital formats within each study phase. A Wilcoxon Rank-Sum test was used
for factors with ordered categories, ®*Confidence was reported on a 6-point Likert Scale from 1: “High confidence” to 6: “Not confident at all.” Responses
were combined into a binary variable for analysis with 1, 2, and 3 confident and 4, 5, and 6 not confident, ‘Pathologists were asked, “In what ways do you use
digitized whole slides in your professional work?” Pathologists were deemed to have experience in digital pathology if they reported any answer other than
“Not at all.” The full list of possible answers included: Primary pathology diagnosis; tumor board/clinical conference; consultative diagnosis; CME/Board
exams/teaching in general; archival purposes; research; other (text box provided); not at all. CME: Continuing Medical Education

A similar trend was noted when interpretations were
performed using glass in Phase I followed by digital WSI
in Phase II, with mitotic index classified lower using digital
WSI (P =0.034) [Supplemental Figure 1].

Multivariable modeling adjustments for matching at the case
and participant level revealed a lower agreement for overall
Nottingham grade when the interpretative format changed
between phases compared with interpretation using glass slides
in both phases (P = 0.004). No significant differences were
noted between Nottingham grade reproducibility when the
digital format was used in both phases compared with glass
in both phases (P = 0.22).

Interobserver concordance between pathologists

Pathologists tended to be more likely to agree with their
peers’ nuclear pleomorphism score, the mitotic score, and the
Nottingham overall grade when the interpretations were made
in glass slide format compared to when interpretations were
made in the digital format [Table 3]. For example, the kappa
statistic for the Phase I overall Nottingham grade interobserver
concordance was significantly (P < 0.001) higher on glass
slides (k= 0.48) than on digital WSI format (x =0.32) [Table 3
and Figure 1]. In addition, both tubule score and mitotic score
had higher interobserver concordance on glass slides (Tubule
score K = 0.51, Mitotic Score kK = 0.42) than digital WSI
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Table 2: Intraobserver reproducibility of histological grading for invasive breast carcinoma by study pathologists who
interpreted the same cases in Phase | and II, with data shown by phase and interpretive format (22 invasive cases)

Intraobserver reproducibility?

Phase of study and Number of Number k" (95% Cls) Percentage agreement©® (95% Cls)
format pathologists  of paired

Phase Phase interpretations T N M Nottingham T N M Nottingham

| | grade grade
Same Glass  Glass 49 254 0.73 0.44 0.52 0.57 84% 68 79 73 (68-78)
format  slide  slide (0.66-0.81) (0.34-0.54) (0.42-0.62) (0.48-0.66) (79-88) (62-73) (73-84)

format format

Digital Digital 41 214 0.48 0.41 0.37 0.48 72 69 72%% 68 (61-75)

format format (0.38-0.59) (0.30-0.53) (0.26-0.49) (0.37-0.58) (65-78) (62-75) (65-79)
Change Glass Digital 45 242 0.50 0.27 0.37 0.35 72 62*%  74%c 61 (55-67)
in format slide  format (0.41-0.60) (0.16-0.38) (0.26-0.48) (0.25-0.46) (66-77) (55-69) (68-79)

format

Digital Glass 37 193 0.50 0.38 0.44 0.42 73 65 77* 66 (59-73)

format  slide (0.39-0.61) (0.26-0.50) (0.33-0.55) (0.30-0.53) (68-78) (58-72) (71-82)

format
Combined® 82 435 0.50 0.32 0.40 0.38 72 63 75 63 (59-68)

(0.43-0.57) (0.24-0.40) (0.32-0.48) (0.30-0.46) (68-76) (58-68) (71-79)
*The exact same measurement was taken within each study phase with an intervening 9 months or more hiatus, "Simple k coefficient, ‘GEE multivariable
modeling, ‘Contingency tables tested for homogeneity of marginal distribution (Bhapkar) and symmetry (Bowker), °For the marginal homogeneity test
only, ‘Combined represents both the glass to digital results in combination with the digital to glass results, *P<0.05, **P<0.01. CIs: Confidence intervals,

T: Tubular score, N: Nuclear pleomorphism score, M: Mitotic score, GEE: General estimating equation

Glass — Glass.
Reproducibility: Intra-observer
Phase | & Phase Il agreement
Digital — Digital p-value 0.22
Glass |
o Inter-observer
— Phasel
Digital p-value <.001
——
Glass |
™ Inter-observer
(— Phasell
Digital p-value <.001
——i
50 55 60 65 70 75 80 85 90 95 100

Agreement Rate
% (95% Cl)

Figure 2: Intraobserver and interobserver agreement of Nottingham grade
score comparing interpretive format of glass slides to digital whole slide
images. Data are based on independent interpretations of 22 invasive
breast carcinoma cases

format (Tubule score Kk = 0.40, Mitotic Score x = 0.25).
Interobserver concordance findings in Phase II were consistent
with Phase I findings.

The variation in pathologists’ assessment of Nottingham grade
was not restricted to just one or two difficult cases. Figure 3
shows the Nottingham grade score assignment for each of the
22 cases in Phase I, with results of interpretations in glass on
the left panel and of interpretations in digital format on the
right panel. Only one case (Case 1) had unanimous agreement
in the Nottingham grade among the pathologists providing
independent interpretations when all interpretations were

made using glass slides. There were no cases with unanimous
agreement in Nottingham grade using digital WSI format
for the interpretations. Eight of the 22 cases interpreted by
multiple pathologists using glass slides included overall
Nottingham grade assessments ranging from low to high grade
on the same case. When digital WSI was used, agreement
among pathologists was lower, with 13 of 22 cases assigned
assessments in all three Nottingham grade categories.

On review of these cases, two (Cases 15 and 16) were noted
to have high variation in mitotic score between glass and
digital format interpretations, and both cases had atypical
mitotic figures. On review of all of the study cases, the digital
image appeared more hyperchromatic than the glass slide,
which made the samples appear more basophilic on digital
WSI. In many cases, this did not seem to impact diagnosis or
Nottingham grade and could be likened to interpreting a slide
from another institution where the hematoxylin and eosin
staining technique is different. However, for Cases 15 and 16,
the atypical mitotic figures appeared similar to lymphocytes on
the darker digital image background. Figure 4 shows images
of Case 15 from the two interpretive formats. In addition, the
loss of z-plane focus on digital format made it more difficult
or impossible to verify some mitotic figures. Consequently, the
majority of participants assigned a higher mitotic score when
using glass slides (Mitotic Score 3; 64% vs. 14%, glass vs.
WSI, respectively). This difference in mitotic score assignment
was large enough to shift the overall Nottingham grade, with
74% of pathologists assigning intermediate grade for Case
15 on glass slides and 57% assigning low grade using digital
WSI. Similar results were noted in Phase II for interpretations
of this case.
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Table 3: Interobserver concordance of histological grading for invasive breast carcinoma among different pathologists
interpreting the same cases (interobserver concordance) by study phase and interpretive format (22 invasive cases)

Interobserver concordance?

Phase of Number of Number k" (95% Cls) Agreemente (95% Cls)
studyand  pathologists . of paire_d T N M Nottingham T N M Nottingham
format interpretations grade grade
Phase 1

Glass slide 115 17,162 0.51 0.22 0.42 0.48 71 58(56-59) 74 (72-77) 68 (66-70)
format (0.50-0.52)  (0.21-0.24)  (0.40-0.43)  (0.47-0.49)  (69-73)

Digital 93 10,562 0.40 0.22 0.25 0.32 67  58(56-61) 70 (67-73) 60 (57-62)
format (0.39-0.42)  (0.20-0.23)  (0.23-0.27)  (0.31-0.34)  (65-70)
Phase II

Glass slide 86 9362 0.47 0.25 0.45 0.49 71 56 (54-59) 76 (73-78) 69 (67-71)
format (0.45-0.48)  (0.23-0.27)  (0.44-0.47)  (0.48-0.51)  (68-73)

Digital 86 9472 0.37 0.17 0.23 0.36 65  56(53-58) 68(65-70) 62 (60-64)
format (0.35-0.38)  (0.15-0.19)  (0.21-0.25)  (0.34-0.37)  (62-67)

*All pairwise combinations excluding overlapping pathologists, "Simple k coefficient, “GEE multivariable modeling. CIs: Confidence intervals, T: Tubular

score, N: Nuclear pleomorphism grade, M: Mitotic score, GEE: General estimating equation

Glass Format
(115 Pathologists)

Nottingham Grade [0 low (3-5) @ intermediate (6-7) M high (8-9)

Digital Format
(93 Pathologists)

Nottingham Grade O low (3-5) @ intermediate (6-7) B high (8-9)

Case

Case

° 2 By 7s
Participants (%)

° 2 0 7s
Participants (%)

Figure 3: Nottingham grade combined histological score as assessed by 208 pathologists independently interpreting 22 invasive breast carcinoma
cases. Results are depicted by case and interpretive format (Phase | data only)

Interobserver concordance for Nottingham grade was lower
when using digital WSI than when using glass slides, regardless
of patient breast density noted on previous mammography or
pathologists’ self-reported breast pathology expertise or digital
experience [Supplemental Figure 2].

CONCLUSIONS

Digital pathology is expected to transform diagnostic and
prognostic interpretation mandating careful evaluation of the
effect on clinical practice, including important prognostic
factors such as breast cancer Nottingham grade. Our current
analysis of data collected from a large cohort of practicing
pathologists demonstrates increased variability between

pathologists in Nottingham grade assessments using digital
WSI compared to glass slides. Diagnostic variability in
Nottingham grade assessment using traditional glass slide
microscopy is a known challenge;!'3) thus, our study
design examining pathologists’ reproducibility in two
formats is germane (intraobserver agreement on Phase I vs.
Phase II interpretations on the same case). Nottingham grade
reproducibility was highest when glass was used in both
phases, lower with digital WSI, and lowest when the format
changed between phases. While this finding suggests grade
may be less reproducible if assessed using digital images, we
found no significant differences between Nottingham grade
reproducibility when the digital format was used in both phases
compared with glass in both phases (P = 0.22).
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between formats. The mitotic scores and overall Nottingham grade
scores presented for this case are based on interpretations from 46
pathologists using glass sides and 37 pathologists using digital whole
slide images (Case #15 in Figure 3). (a) Photomicrograph of glass
slide. N = 46 total interpretations on glass for Pl + PII. Percent of
total interpretations. Mitotic Count Score: (1) 7%, (2) 30%, (3) 63%.
Nottingham grade: L: 20%, I: 74%, H: 7%. (b) Screen capture of digital
slide viewer. N = 37 total interpretations on digital for Pl + PII. Percent
of total interpretations. Mitotic Count Score: (1) 32%, (2) 54%, (3) 14%.
Nottingham grade: L: 57%, I: 38%, H: 5%. Green circles: Clear mitotic
figure in both formats. Red circles: Mitotic figures seen clearly on glass
when using z-plane focus but appearing as lymphocytes on digital format.
(Note that the photomicrograph does not fully capture the clarity of mitotic
figures that was seen on microscopy using z-plane focus)

The overall Nottingham grade also had significantly lower
interobserver concordance on digital WSI format than on
traditional glass slides with a kappa statistic lower than
any previously published kappa values for agreement of
Nottingham grade on glass slide format.!'*-*! The lower kappa
for overall Nottingham grade on digital WSI is reflective of
lower kappa coefficients in the three major histopathological
features — tubule/gland formation, nuclear pleomorphism, and
mitotic score — on digital format. This suggests that there may
be more disagreement on grade if a second opinion is obtained
using digital WSI to confirm a grade obtained by glass slide
evaluation. These nuances in prognostic factor assessment may
require additional research, including determining whether
these observations persist as pathologists gain more experience
using digital WSI for diagnosis and prognosis.

Nuclear pleomorphism scores were the most variable of the
three components in both formats, with no clear bias toward
higher or lower score by format. In addition, side-by-side
examination of both formats for these cases showed no clear
clinical explanations for nuclear pleomorphism variability.
Interpreting pathologists used their own computer monitors,
and it is unknown how monitor characteristics may have
affected their assessments, an area which should be studied.

While both inter- and intra-observer agreement was higher
for mitotic count score than nuclear pleomorphism score,
there was a clearer bias in the variation of mitotic count score
by format. Pathologists were more likely to assign a higher
mitotic score when interpreting the same case in the glass slide
format. In addition, the interobserver agreement for mitotic
score was biased toward higher scores on glass slide format.
This differs from previous published research which found no
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significant change in mitotic score between formats.*? Unlike
previous studies, we did not preselect and identify the area
for mitotic score assessment, but instead let each pathologist
choose the area on each slide as they would in clinical practice,
likely lowering pathologists’ agreement. It may be that it is
easier for pathologists to select the most mitotically active
area (the starting point according to the grading rules for the
10-field count) on glass slides than on digital format since the
digital image is larger and more cumbersome to navigate. In
addition, based on review of cases with discordant mitotic
scores between formats, we concluded atypical mitotic figures
were less readily identifiable using the digital WSI, partly due
to z-plane focus capability on a microscope. This variation
was great enough to shift the overall grade assignment of the
carcinoma for some observations.

The mitotic score component of grade can be challenging, and
importantly, intratumoral mitotic rate heterogeneity coupled
with variation in observer technique can alter the overall
grade assessment. Reproducibility might be improved with
more training in the digital format or with advances in digital
viewing software, including the addition of z-plane focus.
Some literature also suggests that interpretations using digitally
scored immunostains, such as automated phosphohistone
H3 (PHH3), may be more accurate and reproducible.*! A
standardized Ki-67 immunohistochemical assay approach could
potentially replace or augment the mitotic score component
of grading. In addition, challenges such as the Assessment
of Mitosis Detection Algorithms 2013 have been launched
with the goal of finding an automatic computer-aided mitosis
detection method to improve interobserver concordance, and
top-performing automated computer methods are comparable
to concordance among pathologists.!**!

We acknowledge the limitations inherent in a one-slide-per-case
study. Pathologists will often review multiple slides and
access more clinical background information, request
immunohistochemical stains, and obtain second opinions
in clinical practice. However, these limitations applied
equally to the digital and glass slide formats in this study.
The representative slide for each case was carefully selected
by an experienced pathologist, and all corresponding digital
images were carefully examined by the study pathologist (DW)
and a technician to ensure quality. We also acknowledge that
most pathologists have limited experience with digital WSI
in clinical practice.

While prior studies have reported variability among
pathologists in Nottingham grade assessments,!'*-2¢! this is
the first study to evaluate both interpretive formats among a
large cohort of pathologists representing a broad spectrum of
clinical experience. With multiple participants interpreting the
same case twice, our study uniquely evaluates intraobserver
reproducibility in Nottingham grade within and between
interpretive formats. Our randomized study design, with two
phases of interpretation in both glass and digital formats,
also allows for side-by-side comparisons, which has not been
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previously reported. The design methods developed and used
in this study have application beyond breast cancer and may
be important to a broader community in other tumor systems.

While digitized pathology slides offer multiple advantages,
use of the WSI digital format may be associated with
increased variability among pathologists in assigning the
Nottingham grade for invasive breast carcinomas. Advances
in digital technology resolution, development of digital image
analysis aids, and training in digital WSI interpretation may
help address current limitations in grade assessment and be
important for provision of the highest quality of clinical care.
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Supplemental Figure 1: Proportion of tubule/gland formation, nuclear pleomorphism, and mitotic scores assigned to 22 invasive breast carcinoma
cases interpreted by same participant in Phase Il, with data shown by phase and interpretive format
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Supplemental Figure 2: Interobserver agreement of Nottingham grade combined histological score for 22 invasive breast carcinoma cases by
participant (a) or case characteristic (b) (Phase I, n = 17,162 paired interpretations on glass, n = 10,562 paired interpretations on digital). (a)
N = 115 participants. (b) N = 22 cases



