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Background: Observer studies in pathology often utilize a limited number of representative slides per case, selected and reported in a
nonstandardized manner. Reference diagnoses are commonly assumed to be generalizable to all slides of a case. We examined these issues in
the context of pathologist concordance for histologic subtype classification of ovarian carcinomas (OCs). Materials and Methods: A cohort
of 114 OCs consisting of 72 cases with a single representative slide (Group 1) and 42 cases with multiple representative slides (148 slides,
2-6 sections per case, Group 2) was independently reviewed by three experts in gynecologic pathology (case-based review). In a follow-up study,
cach individual slide was independently reviewed in a randomized order by the same pathologists (section-based review). Results: Average
interobserver concordance varied from 100% for Group 1 to 64.3% for Group 2 (86.8% across all cases). Across Group 2, 19 cases (45.2%) had
at least one slide classified as a different subtype than the subtype assigned from case-based review, demonstrating the impact of intratumoral
heterogeneity. Section-based concordance across individual sections from Group 2 was comparable to case-based concordance for those cases
indicating diagnostic challenges at the individual section level. Findings demonstrate the increased diagnostic complexity of heterogeneous
tumors that require multiple section sampling and its impact on pathologist performance. Conclusions: The proportion of cases with multiple
representative slides in cohorts used in validation studies, such as those conducted to evaluate artificial intelligence/machine learning tools,
can influence diagnostic performance, and if not accounted for, can cause disparities between research and real-world observations and
between research studies. Case selection in validation studies should account for tumor heterogeneity to create balanced datasets in terms of
diagnostic complexity.
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INTRODUCTION including artificial intelligence and machine learning (AI/ML)
algorithms.l'>'%) The study design and related parameters
of observer studies, such as the number and experience of
observers, number and diversity of cases, reading protocols

Observer studies in pathology are often conducted to examine
interobserver concordance for a variety of diagnostic activities.
These include traditional diagnostic tasks, such as rendering
diagnoses in general, tumor subtyping, and assessin ) -
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and procedures, and instructions to observers, among others,
need to be carefully selected so that the findings from such
preclinical studies can be comparable to observations in
clinical practice.

One such study design parameter is the selection of histologic
sections for pathology review from each case within an
observer study. Even though all tissue materials per case
are reviewed in routine clinical practice,['” observer studies
often utilize a limited number of representative sections
per case due to dependence on the time and availability of
multiple pathologists and the need for an adequate number of
independent cases. The approach for selecting representative
sections for pathology review is not standardized. Among
the observer studies focusing on the validation of WSI
for primary diagnosis, for instance, some studies reported
utilizing all available sections per case,[561%1%-2 others
utilized a single representative section per case,?"?! while
for others, the number of representative sections varied from
case to case within the study, ranging from a single-section
to multiple sections per case.[*’? For the latter category,
the distribution of the number of sections across cases has
not been reported. Some authors have reported the mean!”
or range*” of the number of representative sections per case
in their dataset.

Differences in the section selection approach could contribute
to decreased reproducibility between research studies as
well as between research studies and clinical practice. One
issue relates to the spectrum of diagnostic difficulty of cases
reviewed within a study. Cases that can be represented with
single sections likely present typical histology across all
sections and could pose lesser diagnostic challenges compared
to heterogeneous tumors. That would lead to discrepancies
between findings of studies having different proportions of such
cases. The selection of representative slides has been identified
as a major drawback in validation studies of WS but its
effect on pathologist performance has not been investigated, to
the best of our knowledge. Another issue related to the selection
of representative slides is the generalizability of case diagnosis
to the individual sections of that case. This can be a factor when
establishing reference diagnoses in validation studies of AI/ML
software for clinical decision support. Algorithms developed
and tested on representative sections from such tumors with
inaccurate labeling could be biased toward making certain
diagnoses over others.

In this study, we examine the tissue selection issues discussed
above in the context of pathologist concordance for histological
subtype classification of ovarian carcinomas (OCs). Epithelial
ovarian cancer is not one disease; it comprises at least five
distinct histological subtypes,??! namely high-grade serous
carcinoma (HGSC), low-grade serous carcinoma (LGSC),
clear cell carcinoma (CCC), endometrioid carcinoma (EC), and
mucinous carcinoma (MUC), and a few less common variant
subtypes. OCs often show intratumoral heterogeneity as evident
by admixtures of different morphological patterns side by side

http://www.jpathinformatics.org/content/12/1/15

within an individual neoplasm,?” making sample selection
for histology review, particularly important and vulnerable to
bias.*® The focus of the study was two-fold; the first objective
was to quantify interobserver concordance for a panel of
experienced gynecologic pathologists across cases consisting of
single and multiple representative sections to examine whether
and how they provided different diagnostic challenges. The
second objective was to examine how often individual sections
from OC cases shared the same subtype classification as the
reference subtype diagnoses for those cases.

MaTteriALs AND METHODS

Ovarian carcinoma cohort

A cohort of 114 OCs which was described in Seidman et al.?”
was used in this study. It was created by accruing 60 consecutive
cases from the gynecology and gynecologic oncology service
of a large community and tertiary care hospital (MedStar
Washington Hospital Center, Washington, DC, USA) and then
enriching for the less common subtypes (non-HGSCs), also
as they appeared consecutively. The cases included 72 single-
section and 42 multi-section cases (148 sections, 2—6 sections
per case), for a total of 220 sections derived from formalin-fixed,
paraffin-embedded tumor tissue and stained with hematoxylin
and eosin (H and E). The sections were selected by the senior
author (JDS) to include the invasive component of tumors. The
number of selected slides per case was determined as needed
to represent the histology of that case.

Study design

As previously reported,*’ three experienced gynecologic
pathologists using a light microscope reviewed independently
all available sections (slides) per case (case-based review) of
the OC cohort and reported the histologic subtype for each
case based on the 2014 World Health Organization guidelines
for the classification of gynecological tumors.?” Reference
subtype diagnosis for each case was defined by the majority
consensus diagnosis (at least 2 out of 3 pathologists agreeing
on the subtype).

About a year following the case-based review, the same
three pathologists conducted independent randomized order
review of all individual sections in the cohort and were asked
to diagnose the subtype of each particular section (individual
slide) viewed (section-based review). Multiple review sessions
were conducted to complete the study since a maximum
of 40 sections per a 2-h session was allowed to mitigate
fatigue. Randomizing the order of sections for review, as
well as ensuring a minimum of 2 weeks between sessions,
reduced the probability of sections from the same case being
reviewed consecutively. Two weeks was deemed adequate
since different sections were reviewed at each session. Each
of the reviewers was particularly cognizant of the recently
emphasized problematic areas in OC subtype classification
as described in Seidman et a/.*”!

At the completion of the section-based study, a follow-up
consensus meeting was held to review discrepant
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cases (those for which there was no unanimous agreement
from the independent reviews), regarding their histological
subtype classification. The consensus meeting consisted of
a review of discrepant cases at a multi-head microscope
and a discussion on the results of the case-based and
section-based studies aiming to describe specific reasons
for discrepancies.

Statistical analysis

Primary outcome measures included interexpert concordance
across all cases, cases with single slides, and cases with
multiple slides, as well as across all individual sections.
Interexpert concordance was measured by the mean and
standard deviation of pairwise percent agreement between pairs
of observers classifying the subtype of each case. The measure
used to assess the generalizability of reference diagnosis was
the proportion of cases having at least one section with a
different subtype classification by the expert panel compared
to the reference diagnosis by the same panel.

http://www.jpathinformatics.org/content/12/1/15

ResuLts

Distribution of subtypes based on case-based and
section-based review

The subtype diagnoses from case-based review of the cohort
are tabulated in Table 1. For 93 of the 114 cases (81.6%),
tumor subtype diagnosis was unanimous. For 18 of the
114 cases (15.8%), subtype diagnosis was not unanimous,
with one expert providing a different classification while the
other two experts were in agreement (majority consensus).
For 3 cases out of 114 (2.6%), subtype could not be
determined (referred to as undetermined) since all three
experts had reported different subtype classifications. Only
21 of 42 (50%) cases with multiple sections had unanimous
agreement, compared to 72 of 72 (100%) cases for which there
was a single representative section.

Table 2 shows the distribution of subtype diagnoses across all
individual sections in the cohort resulting from independent

Table 1: Per case subtype classification by independent review of panel of gynecologic pathologists

Ovarian carcinoma Number of cases Number of cases Percentage Percentage of cases Total number of cases
subtype classification by unanimous by majority of cases with with majority in subtype category
agreement agreement (single- unanimous agreement (%)

(single-section/ section/multiple agreement (%)

multiple section) section)
High-grade serous 41 (39/2) 4(0/4) 91.1 8.9 45
Low-grade serous 8 (6/2) 2(0/2) 80 20.0 10
Mucinous 11 (6/5) 3(0/3) 78.6 21.4 14
Endometrioid 9(712) 1(0/1) 90 10 10
Clear cell 11 (8/3) 0 100 0 11
Carcinosarcoma 8 (3/5) 5(0/3) 61.5 38.5 13
Seromucinous 0 2(0/2) 0 100 2
Brenner 5(3/2) 0 100 0 5
Mixed 0 1(0/3) 0 100 1
Undetermined* 3
Total 93 (72/21) 18 (0/18) 81.6 15.8 114

Majority agreement refers to subtype classification based on agreement by two out of three pathologists. *Undetermined refers to 3 cases (2.6%) where the

three pathologists provided three different classifications (no agreement)

Table 2: Per section subtype classification by independent review of panel of gynecologic pathologists

Ovarian carcinoma subtype classification ~ Number of sections by
unanimous agreement
(% of total number of

subtype sections)

Number of Total number of sections
sections with

no agreement

Number of sections by
majority agreement
(% of total number of
subtype sections)

High-grade serous 59 (75.6)
Low-grade serous 16 (80.0)
Mucinous 29 (67.4)
Endometrioid 9 (56.3)
Clear cell 16 (76.2)
Carcinosarcoma 11 (78.6)
Seromucinous 4 (50.0)
Brenner 7 (100)
Undetermined*

Total 151 (68.9)

19 (24.4) 78
4(20.0) 20
14 (32.6) 43
7(43.7) 16
5(23.8) 21
3(21.4) 14
4 (50.0) 8
0 7

12 12

56 (25.6) 12 (5.5) 219

Majority agreement refers to subtype classification based on agreement by two out of three pathologists. *Undetermined here refers to sections where the

three pathologists provided three different classifications (no agreement)

.Journal of Pathology Informatics




J Pathol Inform 2021, 1:15

review. Sections from mucinous, endometrioid, and seromucinous
carcinoma cases had the highest rates of nonunanimous
agreement (32.6%, 43.7%, and 50% respectively).

Analysis of interobserver concordance for case-based
subtype diagnosis

Table 3 shows observer concordance results averaged across
pairs of experts for case-based OC subtype classification.
Results show an overall mean agreement of 86.8% across
all cases in the cohort. However, looking at subgroups of
cases, the mean agreement was 100% for cases with a single
representative section and 64.3% for cases with multiple slides.
This finding indicates that the cases with single representative
sections in this study were less challenging, suggesting typical
histology for each subtype, compared to cases that needed
multiple representative slides due to intratumoral heterogeneity
and presented a more challenging diagnostic task. The finding
also suggests that the distribution of single slide and multi-slide
cases within a cohort could affect the overall assessment of
interobserver concordance.

http://www.jpathinformatics.org/content/12/1/15

Analysis of interobserver concordance for section-based
subtype diagnosis

Results of pathologist concordance analysis for section-based
OC subtype classification are shown in Table 4. The average
concordance rate across all individual sections in the cohort
was 77.3% and dropped to 66.2% across sections from
multi-section cases. Note that the mean agreement on the
single representative sections from Table 3 was 100%. It was
also observed that section-based interobserver concordance
across individual sections from cases with multiple sections
was comparable to case-based concordance for those
cases (60.2% and 64.3%, respectively). This finding suggests
that differences in pathologist concordance rates between
cases with single or multiple slides were not due to variability
from combining information from multiple slides into an
overall diagnosis, but more likely due to cases represented
by a single section being typical and less challenging than
cases with multiple sections, even at the individual section
level. Figure 1 illustrates a case for which a section had

Table 3: Pathologist case-based concordance across the whole cohort, across cases with multiple representative

sections, and across cases with single representative sections

Maijority classification

Analysis set

All cases in cohort

Cases with multiple representative

Cases with single representative

sections sections

Number Average concordance Number Average concordance Number Average concordance

of cases (95% ClI) of cases (95% ClI) of cases (95% ClI)
All subtypes 114 86.8 (80.4-92.1) 42 64.3 (50.0-77.0) 72 100 (100-100)
High-grade serous 45 94.1 (84.4-100.0) 6 55.6 (16.7-100.0) 39 100 (100-100)
Low-grade serous 10 86.7 (60.0-100.0) 4 66.7 (25.0-100.0) 6 100 (100-100)
Mucinous 14 85.7 (64.3-100.0) 8 75 (45.8-100.0) 6 100 (100-100)
Endometrioid 10 93.3 (73.3-100.0) 3 77.8 (33.3-100.0) 7 100 (100-100)
Clear cell 11 100.0 (100.0-100.0) 3 100 (100.0-100.0) 8 100 (100-100)
Carcinosarcoma 13 74.4 (46.2-100.0) 10 66.7 (30.0-100.0) 3 100 (100-100)
Other (SM, BR, mixed) 8 75.0 (45.8-100.0) 5 60.0 (20.0-93.3) 3 100 (100-100)
Undetermined 3 0 3 0 0 N/A

SM: Seromucinous, BR: Brenner, CI: Confidence interval, N/A: Not available

Table 4: Pathologist section-based concordance across all sections in the cohort and across sections from cases with

multiple representative sections

Analysis set

Sections from all cases in cohort

Sections from cases with multiple representative sections

Number of sections

Average concordance (95% Cl)

Number of sections Average concordance (95% Cl)

All subtypes 220 77.3 (71.4-83.0)
High-grade serous 78 83.8(75.2-91.0)
Low-grade serous 20 86.7 (70.0-98.3)
Mucinous 44 77.3 (61.4-90.9)
Endometrioid 16 70.8 (43.8-93.8)
Clear cell 21 84.1 (61.9-100.0)
Carcinosarcoma 14 85.7 (66.7-100.0)
Seromucinous 8 66.7 (37.5-91.2)
Brenner 7 100 (100.0-100)
Undetermined 12 0

148 66.2 (58.1-74.1)
39 67.5 (53.0-80.3)
14 81.0 (57.1-97.6)
38 73.7 (56.1-87.7)

9 48.1 (11.1-88.9)

13 74.4 (38.5-100.0)
1 81.8 (57.6-100.0)
8 66.7 (37.5-91.7)

100.0 (100-100)
12 0

CI: Confidence interval
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different classifications by each of the three observers, likely
attributable due to overlapping histologic features that can
be encountered in different tumor subtypes.?”! In Figure 1,
columnar cells, cytoplasmic clearing, and notable nuclear
atypia with some hobnail morphology can be seen in serous,
clear cell, and endometrioid differentiation.

Comparison between section and case diagnoses
Analysis of the association between the section-based and
reference (case-based) diagnoses [Table 5] showed that out
of the 42 cases with multiple sections, 19 cases (45.2%)
had at least one section that the majority of the pathologists
classified as a different subtype than the subtype assigned from
case-based review. This finding includes three undetermined
cases (for which each pathologist reported a different subtype
from case-based review) that had individual sections with a
majority classification.

Across subtypes, carcinosarcomas (CSs) had the largest
percentages of cases with differing section classifications,
probably due to diagnosis often based on small foci of a

Rk Vet 2 [ S ORING i
Figure 1: Glandular and papillary areas with more columnar cells
having cytoplasmic clearing and notable nuclear atypia, from a section
for which there was no consensus, as it was assessed as mixed clear
cell and endometrioid by one observer, as clear cell by the second, and
as high-grade serous by the third. The case from which this section
was extracted received a majority consensus (2/3) classification of
high-grade serous. (a and b) Images acquired with 10x and 20x objectives,
respectively

a g HC . e
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sarcomatous component that where present in only a single
section within a case as can be seen in the example shown
in Figure 2. Another example of intratumoral heterogeneity
affecting the generalizability of a case-based diagnosis to
all sections of the case is shown in Figure 3. The case-based
consensus diagnosis was low-grade serous; however, the
majority consensus diagnosis was LGSC for one section but
HGSC for another section — a distinction that has therapeutic
and prognostic consequences.

CH R

Figure 2: Example of case based consensus diagnosis (carcinosarcoma)
differing from diagnoses on individual sections. (a) One slide was
unanimously assessed as high-grade serous (3/3) in the section-based
reads. (b and c) Other slides had a section-based consensus (2/3)
interpretation of high-grade serous, with a minority assessment in both
of these being endometrioid, likely due to some suggestion of squamous
features. (d) Another slide had a section-based consensus (2/3) of
carcinosarcoma, but one observer assessed this as unclassified. Despite
the heterogeneity, the case-based (combined assessment of features in
a-d) consensus (2/3) was carcinosarcoma, with the minority assessment
being high-grade serous

Table 5: Intratumoral heterogeneity as indicated by number of cases containing at least one section for which per

section and per case majority classification were different

Subtype classification based on Number Number of cases including at least 1 Differing section-bhased
case-based majority consensus of cases differing section-based subtype classification subtype classification
High-grade serous 6 2 CCC (1), UND (1)
Low-grade serous 4 1 HGSC (1)

Mucinous 8 1 UND (1)

Endometrioid 3 2 MUC (1), HGSC (1)
Clear cell 3 1 UND (1)
Carcinosarcoma 10 8 HGSC (6), CCC (2)
Seromucinous 2 0

Brenner 2 0

Mixed CCC/EC 1 1 CCC (1)

Undetermined 3 3% MUC (1), HGSC (1), LGSC (1)
Total 42 19

Only cases with multiple sections are included in this analysis. *For each of the 3 undetermined cases, there was at least 1 section for which there was majority
consensus subtype classification by the panel of experts. Mixed CCC/EC: CCC with minor EC, UND: Undetermined (no consensus classification), CCC:
Clear cell carcinoma, EC: Endometrioid carcinoma, HGSC: High-grade serous carcinoma, LGSC: Low-grade serous carcinoma, MUC: Mucinous carcinoma
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of differentiation was serous but some lack of agreement regarding low
grade versus high grade. (a and b) Papillary serous epithelial fragments in
one slide were unanimously interpreted as low-grade in the section-based
reads. (c and d) In another slide, focal areas with somewhat more solid
growth and moderate nuclear atypia with more evident mitotic activity
accounted for a majority consensus interpretation of high grade in the
section-based reads. The case-based read (combined assessment of
features in a-d) received a majority consensus interpretation of low grade

Diagnostic challenges for ovarian subtype classification
identified at the consensus meeting

Among the 21 cases with nonunanimous classification, the
most common discrepancies were between MUC versus
EC (5 cases), HGSC versus CS (5 cases), HGSC versus
LGSC (3 cases), HGSC versus EC (2 cases), and HGSC
versus CCC (2 cases). The classifications by each observer,
along with brief summary of discrepancy reasons identified
during the consensus meeting for each case, are shown in
Table 6. The simultaneous review on a multi-head microscope
and discussion of the 21 cases with nonunanimous subtype
classifications highlighted a variety of diagnostic issues for
this task.

One issue was placing different importance on the presence
of certain histologic features that were indicative of
different subtypes. The identification of morphology,
suggestive of endometriosis as a supportive pattern for
EC, differed substantially between two reviewers and
likely affected diagnosis of EC versus MUC in two cases
[Figure 4] and was also a likely factor in the disagreement
between classification as EC versus HGSC in another case
[Figure 5]. Related to this was the consideration of the rarely
reported but well-known evolution of EC to HGSC when
discussing the possible presence of morphology, suggestive
of endometriosis in HGSC. Loss of intracytoplasmic
mucin was observed in two cases, which might have also
contributed to a reviewer favoring a diagnosis of EC over
MUC. The presence of some overlapping features of clear
cell, serous, and endometrioid features also led to some
disagreement, regarding classification as CCC versus
HGSC [Figure 1].

http://www.jpathinformatics.org/content/12/1/15
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Figure 4: Two cases for which there was lack of unanimous
consensus concerning endometrioid versus mucinous differentiation.
(a and b) Different slides from one case demonstrate glands for which
there was debate regarding assessment as endometrioid versus
mucinous (somewhat mucin-depleted), (a) as well as glands with
definitive mucinous features (b), leading to some disagreement regarding
classification as endometrioid with mucinous features versus pure
mucinous differentiation. Case-based and section-based consensus
diagnoses were mucinous (2/3 for bath). (c) In another example, there
was also debate regarding endometrioid versus mucinous features,
attributable to the manner in which enlarged atypical nuclei can lead
to a mucin-depleted appearance in mucinous glands and impart an
endometrioid appearance. Case-based consensus diagnosis was
mucinous (2/3), and section-based assessment was unanimously
mucinous (3/3). (d) For the first case, a cystic component with a partially
denuded epithelial lining and a histiocytic reaction might be interpreted
as an endometriotic cyst and used as evidence for interpretation as
endometrioid with mucinous differentiation; but given the non-specific
appearance of the epithelium and lack of definitive endometrial-type
stroma, this might be a nonspecific finding related to gland rupture

A second issue was the use of different thresholds for
identifying histologic features or detecting minor foci, with a
particular feature that usually suggests a particular cell/tumor
type. This was evident for the identification of a sarcomatous
component in three cases with differing diagnosis of CS
versus HGSC [Figure 6]. Variable detection of small foci of a
squamous component also may have contributed to differing
diagnoses of EC versus MUC in five cases. This issue may
have also had a role in the lack of consensus classification for
two undetermined cases. In these cases, the three pathologists
viewed the same foci simultaneously but disagreed whether
certain features were presented conclusively.

A third issue was the presence of focal transitional features,
assessed by some observers as small foci of high-grade atypia
in LGSC, which likely contributed to some disagreement in two
cases with differing diagnoses of HGSC versus LGSC [Figure 3].

Finally, the effect of technical factors may have played arole in
two cases, including one case where the staining quality likely
affected the ability to identify intracytoplasmic mucin and a
case with frozen section artifact, which may have contributed
to the missed identification of a small sarcomatous component.
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Table 6: Subtype classifications for 21 discrepant cases based on independent reviews and consensus meeting

Observer #1  Observer #2  Observer #3 Majority classification Notes on case
from independent reviews

MUC EC MUC MUC Squamous in minor component, proportion of EC/MUC features
different in different sections

Cccc HGSC HGSC HGSC High-grade atypia and mitotic count but lacking typical HGSC
architectural patterns

EC MUC MUC MUC Disagreement in importance of squamous or endometriosis
presence

MUC EC EC EC Disagreement in importance of squamous or endometriosis
presence

CS CS HGSC CS Small focus of sarcoma, too small for CS diagnosis

CS CS HGSC CS Disagreement in threshold for CS

CS CS HGSC CS Sarcoma foci not identified in consensus review

LGSC HGSC LGSC LGSC One expert had based diagnosis on one focus of high-grade atypia

SM SM EC SM Lacking columnar endocervical component

CS CS HGSC CS Frozen section artifact present, one expert had missed unequivocal
sarcomatous focus

EC/MUC MUC EC/SM UND Disagreement about the presence of squamous differentiation

EC SM EC/HGSC UND Several patterns supporting several subtypes; disagreement about
the presence of squamous component

Cccc HGSC HGSC HGSC Disagreement about clear cell component; high-grade component
may be unclassified

EC HGSC HGSC HGSC Transitional cell-like features

CcccC CCC/EC CCC/EC CCC/EC Agreement about sufficient minor component for mixed
classification

CS CS HGSC CS Consensus review did not confirm presence of sarcoma

EC/HGSC HGSC LGSC UND Transitional cell-like features

EC/HGSC HGSC HGSC HGSC Disagreement in importance of presence of endometriosis

SM SM LGSC SM Intracellular mucin difficult to identify due to staining

LGSC HGSC LGSC LGSC Small component of HGSC

EC MUC MUC MUC Disagreement on importance of the presence of endometriosis

/: Mixed subtypes, UND: Undetermined (no subtype could be assigned to case), HGSC: High-grade serous carcinoma, LGSC: Low-grade serous carcinoma,
MUC: Mucinous carcinoma, CCC: Clear cell carcinoma, EC: Endometrioid carcinoma, CS: Carcinosarcoma, SM: Seromucinous carcinoma, BR: Brenner

Discussion

Significant focus has been placed recently on the reproducibility
of research and clinical findings, particularly in terms of
identified biases, regarding the performance of AI/ML
algorithms for diagnostic tasks.P! It is important to identify
and control research study parameters that contribute to
disparities between expected results from preclinical studies
and real-world observations in clinical practice. In this study,
we examined an under-examined study design parameter,
the selection of representative tumor sections for diagnostic
pathology review, in the context of OC histological subtyping.

Differences in the section selection approach could contribute
to decreased reproducibility between research studies, as well
as between research studies and clinical practice. One reason
relates to the spectrum of diagnostic difficulty of cases reviewed
within a study. One of the recommendations made by the
College of American Pathologists Pathology and Laboratory
Quality Center for the validation of WSI was the inclusion of
“easy and difficult cases.”’? The number of representative
slides needed to represent the histology of a particular case
can be related to the diagnostic difficulty for that case. Cases
that can be adequately represented by a single section likely

present typical histology across all sections. For heterogeneous
tumors, a single representative section would likely be chosen
as one that best (or more typically) matches the reference
diagnosis. A dataset consisting primarily of single-section
cases might not reflect the histologic diversity and tumor
heterogeneity of cancer cases observed in clinical practice
and not provide an adequate sample of challenging, nontypical
cases. Observer diagnostic performance or the performance
of algorithms for such datasets could be overestimated and not
provide a realistic measure of expected performance in clinical
practice. Similarly, observer or algorithm performance might
vary across datasets with different distributions of the number
of representative sections per case. The need for including
challenging cases was emphasized in a recent study reporting
on the training of pathologists to adopt digital pathology.™*
However, rarely do studies report on the distribution of easy
and difficult or typical and challenging cases. In a recently
published study,!'!! it was reported that agreement between
pathology trainees and the reference diagnosis on OC subtype
classification determined by a panel of three experts was on an
average of 72% for cases where the reference diagnosis was
unanimous but dropped to 42% for cases with nonunanimous
reference diagnosis. It can be deduced from that study that the
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tumor was purely high-grade serous or a mixed endometrioid and
high-grade serous carcinoma. (a and b) Glands have an endometrioid
appearance (a), but there are notable atypia and mitotic activity (b), raising
the question of endometrioid versus high-grade serous differentiation.
(c and d) Villoglandular and papillary architecture can suggest both
endometrioid and serous differentiation. Case-based and section-based
consensus diagnoses were high-grade serous (2/3)

cases with nonunanimous agreement were more diagnostically
challenging.

A similar observation on the importance of challenging case
inclusion was made in this study; average interobserver
case-based agreement was 100% for cases that were
represented by a single section and was reduced to 64%
for cases with multiple sections. The drop in interobserver
agreement reflects the histologic difficulty and heterogeneity
of the cases represented with multiple sections compared to
cases that were likely typical since they could be represented
by a single section. The diagnostic difficulty of the cases
with multiple sections in our study was also evident by the
finding that interobserver concordance when reviewing
individual sections from these cases in a randomized
order was comparable to concordance for full case review
(66.2% vs. 64.3% respectively). Based on the observations
from a consensus meeting to discuss discrepant cases,
intratumoral heterogeneity was often present at the single
section level, in the form of overlapping histologic findings that
supported different subtype diagnoses. Pathologists (even the
experienced gynecologic pathologists recruited for this study)
often disagreed on the interpretation of such features. Experts
used different thresholds for identifying certain features or for
determining whether the presence of such a feature is important
for subtype classification. Such diagnostic challenges for OC
subtyping were observed in 18% of cases; not including these
challenging cases could substantially overestimate pathologist
concordance for this task. Similarly, the performance of an
image-based algorithm that was evaluated on a dataset of
primarily typical cases could drop significantly when deployed
in clinical practice where challenging cases are commonly
seen.

http://www.jpathinformatics.org/content/12/1/15

carcinosarcoma versus high-grade serous but also some consideration
of endometrioid differentiation. (a and b) In one slide containing glandular
epithelial elements displaying notable nuclear atypia and surrounding
desmoplastic stroma, there was no section-based consensus, as this
was assessed as endometrioid by one observer, as carcinosarcoma by
the second, and as high-grade serous by the third. (c and d) In another
slide, the section-based consensus (2/3) was high-grade serous, with
one observer diagnosing carcinosarcoma. These discrepancies can
be attributed to the observation that both sections were dominated by
glandular elements within desmoplastic stroma as seen in a and b, but
small regions with cytologically malignant spindled stroma were present.
The case-based consensus (2/3) interpretation was carcinosarcoma,
with the minority diagnosis of high-grade serous carcinoma attributable
to failure to identify or place less importance on the presence of the small
foci with a malignant mesenchymal component

The findings above suggest that studies reporting on observer
studies examining primary diagnosis should be accompanied
by a measure of the distribution of typical and challenging cases
since this parameter could potentially affect the reproducibility
of their findings. When examining tissue from resected tumors,
reporting the approach for selecting representative sections and
the distribution of number of sections per case across a cohort
could provide some insight on case difficulty, as was observed
in this study. Defining tumor cases as typical or challenging,
which would be even more informative, is not trivial; however,
some approaches could be to include a percentage of cases
for which experienced pathologists were not unanimous in
agreement or to include a percentage of cases presenting with
overlapping histologic findings which present a number of
diagnostic challenges as we have shown.

Another issue related to the selection of representative slides
is the generalizability of case diagnosis to the individual
sections of that case. Due to the need for a large number
of annotated samples for developing and testing of Al/
ML algorithms for computer-aided diagnosis and clinical
decision support, assumptions are often made that reference
diagnoses from patient medical records can be generalized to
all sections and corresponding WSIs from that case. In that
scenario, whole slide images from all sections of a case are
assigned the same label, which is then used for the training
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(iterative parameter optimization) of a particular AI/ML
method. Our study finding that 41% of cases with multiple
sections included at least one section for which the majority
consensus diagnosis was different from the case-based
diagnosis suggest that assumptions of generalizability may
not be warranted, especially in the context of complex,
heterogeneous tumors where different tumor regions could
support different diagnoses. Algorithms developed and tested
on representative sections from such tumors with inaccurate
labeling could be biased toward making certain diagnoses
over others. Better understanding of the impact of tissue
heterogeneity on reference diagnosis could inform developers
to account for such effects. Incomplete labeling (reference
diagnosis) of such images, which for instance could ignore the
presence of a minor component supporting a different subtype,
or could be based on an inexperienced reviewer’s diagnosis,
or even assumptions made by nonpathologist investigators
making such selections, could potentially introduce biases
hindering the ability of such a method to generalize results of
a validation study to an unknown population. The findings of
our study support the need to account for tumor heterogeneity
for such applications. Approaches such as multiple instance
learning have been proposed to address such limitations in
histology sample labeling;** however, more research is needed
to demonstrate their effectiveness.

The finding in our study on the extent of intratumoral
heterogeneity in OCs is in line with the current understanding
on the heterogeneous nature of OC.B5! As noted by Berman,
“tumor heterogeneity poses an enormous challenge to the
successful treatment of certain classes of tumors ... tumor
heterogeneity is equivalent to the existence of multiple tumors
within a single tumor mass.”¢! Tumor heterogeneity creates
logistical and practical challenges in the treatment of cancer
patients. Cancer patients frequently travel and visit multiple
healthcare providers. Typically, sections of their tumors are
examined in multiple centers by multiple pathologists. In
addition, clinical trial enrollment is often based on central
pathology review. Frequently, only one or a small number
of sections are used for these secondary evaluations, and
such sections are selected in nonuniform and variable ways
depending on which pathologist is available at the time the
request is received by the pathology department or laboratory.
Our findings highlight the potential clinical problems in using
one or a small number of sections for diagnosis of ovarian
cancers. A recently published article®” provided a general
perspective to tissue sampling issues in pathology.

A limitation of our study was that it included only experienced
gynecologic pathologists in tertiary care centers with large
gynecologic oncology divisions. Findings would likely be
different with an observer population of community hospital
pathologists due to the relatively low incidence of ovarian cancer
and limited experience with the different subtypes, especially
the less common ones. Another limitation is that our study
only used histologic criteria; immunohistochemistry (IHC)
was not used to refine this classification. It is established

http://www.jpathinformatics.org/content/12/1/15

that THC improves the interobserver reproducibility of OC
classification.” However, the inclusion of IHC was beyond
the scope of this work which focused on examining issues
related to the selection of representative hematoxylin and
cosin (H&E)-stained sections in observer studies and the
impact of histologic intratumoral heterogeneity. Histologic
review of H& E-stained tissue remains the standard method for
primary diagnosis, especially in low-resource settings where
there is limited access to ancillary testing in pathology.B
Many of the new technologies mentioned in this manuscript
have been applied toward image analysis and computer-aided
diagnosis of histologic data. The findings of our study could
contribute to improving study designs for the validation of such
technologies so that they yield more reproducible and clinically
meaningful results that can translate into real-world practice.

CoNCLUSIONS

Findings from this study demonstrated substantial differences
in interobserver concordance for the histologic subtype
diagnosis of OC between cases represented by single slides and
cases represented by multiple slides. The approach for selecting
sections from tumor cases for histology review in observer
studies should be carefully controlled to create balanced
datasets in terms of diagnostic difficulty and reduce potential
disparities between research and clinical observations.
The study also found that the case-based diagnosis did not
generalize to individual sections for 41% of cases with multiple
sections. This finding supports the need to account for tumor
heterogeneity when determining reference standard in datasets
for developing and evaluating diagnostic algorithms.
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