~
~s

F0D 2 I LR R R IO it o SR R M TS R T R ISM AN A —

i)

n
0
*®

et 1 27 DL dm 3C

IN=FxJLRASAK WSI Z L=
NESERERRMEOCREREFZMMSE

%[
[z5)

&

K F R % B
TR R R R B K
B )M R

PRl



Doctoral Dissertation

Histopathological subtyping
of high-grade serous ovarian cancer

using whole slide imaging

November 2023

Major in Medical Sciences
Kindai University Graduate School of Medical Sciences

Chiho Miyagawa



;ﬁ

1

IR PR
EFERE B

)

i
e 2V (@
T e A2 @

wn PR AT (®

EH

i SCRE H

using whole slide imaging

Al

HEE

EH

HEE

Histopathological subtyping of high-grade serous ovarian cancer

=
014 B (1A 2 B
ﬁ%ﬁFQQijﬁLfﬁ

TRROMEMIRHE D, Falim X BPEFE O (EiR0

ELTHEATDIZLICRBEWELET,

Eo, FRMXEBROCRURIE LTERALR2WZ E 2B LET,

1. FEamsciR s K4

2. Y% EFER

=111}
u

B AR

EPERBEIRTE - FEHIE S

TR R F B E 0 SR




moE &
625 #F 1|
LR PR T
EFMERR B
SHH //Tii)&\% 3‘%@ St
SHH ﬂ a f’—%/\:)\ @ S
SEE @ SHE
SEE ® SEH
i SCRE H
-

Histopathological subtyping of high—-grade serous ovarian cancer
using whole slide imaging

TROBERIGRHED, ELHRXEBFEFELOZMMI (Fiws0)
ELTHERTH I ECRABEWELET,

T, FRmXEFOFE R L LTHEALRWZ L2 BRIV LET,

1. i K4 2 AR

2. Byl EFER LVERRRERTR - A PEIE

H &

H

UL R R R I FE Rt



o
g
Tt

Dp23® s 0A 2 R

LR FERFRE
EFEIERR B

A t*¢J:j?%hl

HEH @
wFE @ wFEE @
HEE & HHE @
HH & #HEE : ()
A CRE
s ™

Histopathological subtyping of high-grade serous ovarian cancer
using whole slide imaging

TROBIRIRHED, FLmC 2 BEEFREORMRI (EH)
ELTEATDZ LICABRNWELET,

FEio, EERNEBURMCRXE LTERLRAVWI 2B LET,

=
1. BERRINERA =2 R
2. HuaE  EFER AR RENNIE - FEMES

MR R R FLE FEH R




J Gynecol Oncol. 2023 Jul;34(4):e47
https://doi.org/10.3802/jg0.2023.34.e47
pISSN 2005-0380-eISSN 2005-0399

JOURNAL OF
GYNECOLOGIC
ONCOLOGY

Original Article

'.) Check for updates

G OPEN ACCESS

Histopathological subtyping of high-
grade serous ovarian cancer using
whole slide imaging

,' Hidekatsu Nakai
,¥ Shiki Takamura
,! Masaki Mandai

Chiho Miyagawa
Ryusuke Murakami
Kosuke Murakami

,' Tomoyuki Otani ©,2
,* Hisamitsu Takaya ©),’
,> Noriomi Matsumura ©®'

'Department of Obstetrics and Gynecology, Kindai University Faculty of Medicine, Osaka-Sayama, Japan
’Department of Pathology, Kindai University Faculty of Medicine, Osaka-Sayama, Japan

*Department of Gynecology and Obstetrics, Graduate School of Medicine, Kyoto University, Kyoto, Japan
“Department of Immunology, Kindai University Faculty of Medicine, Osaka-Sayama, Japan

Received: Sep 19, 2022
Revised: Jan 2, 2023
Accepted: Jan 18, 2023
Published online: Feb 10, 2023

Correspondence to

Hidekatsu Nakai

Department of Obstetrics and Gynecology,
Kindai University Faculty of Medicine, 377-2
Ohno-higashi, Osaka-Sayama, Osaka 589-8511,
Japan.

Email: nakai@med.kindai.ac.jp

© 2023. Asian Society of Gynecologic
Oncology, Korean Society of Gynecologic
Oncology, and Japan Society of Gynecologic
Oncology

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

ORCID iDs

Chiho Miyagawa
https://orcid.org/0000-0002-9614-0117
Hidekatsu Nakai
https://orcid.org/0000-0002-9994-2131
Tomoyuki Otani
https://orcid.org/0000-0002-4351-324X
Ryusuke Murakami
https://orcid.org/0000-0001-5007-5674
Shiki Takamura
https://orcid.org/0000-0001-6681-0258
Hisamitsu Takaya
https://orcid.org/0000-0002-5234-9226

https://ejgo.org

ABSTRACT

Objective: We have established 4 histopathologic subtyping of high-grade serous ovarian
cancer (HGSOC) and reported that the mesenchymal transition (MT) type has a worse
prognosis than the other subtypes. In this study, we modified the histopathologic subtyping
algorithm to achieve high interobserver agreement in whole slide imaging (WSI) and to
characterize the tumor biology of MT type for treatment individualization.

Methods: Four observers performed histopathological subtyping using WSI of HGSOC in
The Cancer Genome Atlas data. As a validation set, cases from Kindai and Kyoto Universities
were independently evaluated by the 4 observers to determine concordance rates. In
addition, genes highly expressed in MT type were examined by gene ontology term analysis.
Immunohistochemistry was also performed to validate the pathway analysis.

Results: After algorithm modification, the kappa coefficient, which indicates interobserver
agreement, was greater than 0.5 (moderate agreement) for the 4 classifications and greater
than 0.7 (substantial agreement) for the 2 classifications (MT vs. non-MT). Gene expression
analysis showed that gene ontology terms related to angiogenesis and immune response were
enriched in the genes highly expressed in the MT type. CD31 positive microvessel density was
higher in the MT type compared to the non-MT type, and tumor groups with high infiltration
of CD8/CD103 positive immune cells were observed in the MT type.

Conclusion: We developed an algorithm for reproducible histopathologic subtyping
classification of HGSOC using WSI. The results of this study may be useful for treatment
individualization of HGSOC, including angiogenesis inhibitors and immunotherapy.

Keywords: Carcinoma; Ovarian Epithelial Cancer; Biomarkers; Histopathology

Synopsis

We developed an algorithm for the histopathological subtyping of high-grade serous
ovarian cancer (HGSOC) using whole slide imaging. We found that this classification
may be associated with response to bevacizumab and immune-checkpoint inhibitors.
This study would be useful for individualizing the treatment of HGSOC.
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INTRODUCTION

Ovarian cancer has the poorest prognosis among all gynecologic malignancies with an
overall 5-years survival rate of approximately 50% [1]. High-grade serous ovarian cancer
(HGSOC) is the most common histopathological type of ovarian cancer [2]. Hallmarks of
HGSOC are mainly BRCAI/2 mutations and homologous recombination deficiency (HRD)
and maintenance treatment with poly ADP-ribose polymerase (PARP) inhibitor is also used,
after first-line chemotherapy [3]. Besides, maintenance therapy with bevacizumab, an anti-
vascular endothelial growth factor (VEGF) antibody, is another option. However, several
phase III trials showed that bevacizumab only extends the median progression-free survival
(PES) by 3.8 months [4] or 1.5 months [5]. Another option in chemotherapy regimens for
ovarian cancer is dose-dense (dd) paclitaxel and carboplatin (TC), which increases the dose
of paclitaxel. The Japanese Gynecologic Oncology Group (JGOG) 3016 study showed that
ddTC therapy prolonged PFS and overall survival compared with TC therapy [6,7]. However,
subsequent clinical trials did not prove the benefit of ddTC [8].

The Cancer Genome Atlas (TCGA) data analysis revealed that HGSOC can be classified

into 4 gene expression subtypes [9]: mesenchymal, proliferative, immunoreactive, and
differentiated, and the efficacy of bevacizumab was reported to be higher in the first 2 [10].
On the other hand, we previously showed that the mesenchymal type is more sensitive to
taxane and ddTC may be useful for patients with this subtype [11]. Thus, gene expression
analysis may be useful to select patients who would benefit from bevacizumab or ddTC.
However, this is difficult to implement in daily practice because of problems with cost and
sample quality assurance. Therefore, we used conventional hematoxylin and eosin (HE) glass
slides to histopathologically characterize 4 subtypes of HGSOC, mesenchymal transition
(MT), solid and proliferative (SP), immune reactive (IR), and papilloglandular (PG) [12].
Among them, the association between histopathological MT and TCGA Mesenchymal types
was strong. We then reviewed the HE slides of HGSOC cases enrolled in the JGOG3016 study
and found that ddTC was useful in the MT type [13].

In the research to create a new algorithm for histopathological subtyping, the use of HE
slides has limitations in terms of sample transportation, storage, and personal information
protection, making it difficult to prove the reproducibility of diagnosis and achieve clinical
application. Virtual slides (whole slide imaging, WSI), which are digitalized representative
slides of the tumor, can be stored, and copied electronically, and it is easy to evaluate the
inter-observer agreement. The WSI data of HGSOC in TCGA are publicly available and can
be observed by pathologists around the world. In addition, many recent clinical trials have
preserved WSI of representative tumor slides. Therefore, establishing an evaluation method
using WSI will allow us to retrospectively investigate the relationship with clinical trial
outcomes.

In this study, we demonstrate that histopathological subtyping of HGSOC can be performed
using WSI. We also show the relationship between the MT subtype and tumor biology,
which may lead to the selection of targeted therapies. These findings will contribute to the
implementation of personalized therapy based on the histopathology of HGSOC.

https://doi.org/10.3802/jg0.2023.34.€47 2/14
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MATERIALS AND METHODS

1. TCGA data analysis

WSI data for ovarian cancer were available for 106 cases in the Genomic Data Commons
data portal (https://portal.gdc.cancer.gov/). The annotation of HRD scores and BRCA1/2
alterations (germline and somatic BRCA1/2 mutations and BRCAI promoter methylations) in
TCGA database was based on our previous report [14].

Inter-observer agreement

Four observers (M.C., N.H., O.T., and M.R.) specializing in gynecologic pathology and
oncology and including one board-certified pathologist (O.T.), evaluated the characteristics

of WSI and classified them into MT, IR, PG, and SP histopathological types based on our
previously established algorithm [12]. The newly constructed algorithm is detailed in Fig. 1A, B
and Data S1. As an overview, first, MT is diagnosed when tumor cell clusters with labyrinthine
architecture or cells lacking continuity that infiltrate with stromal reaction are present in
more than 10% of the slide. In addition, IR is diagnosed when lymphocytes infiltrating the
stroma are present in 25% or more of the slide (Fig. S$1). If these are not met, determine

the form with the largest occupied area (SP or PG). The discordant cases were discussed,
and the diagnostic methods were clarified to increase the agreement rate. Two observers
(M.C. and O.T.) assessed Solid, pseudo-Endometrioid, and Transitional cell carcinoma-like
morphology (SET) features [15]. Interobserver agreement of the histopathological subtyping
was evaluated with Cohen’s (2 observers) or Fleiss’ (4 observers) kappa coefficient using irr
package in R (R Foundation, Vienna, Austria). Kappa of 0-0.2 is slight, 0.2-0.6 moderate,
0.6-0.8 substantial, 0.8-1 almost perfect agreement.

Gene expression analysis

For gene expression microarray analysis, TCGA HG-U133A data set was obtained from TCGA
Data Portal (http://cancergenome.nih.gov). The Affymetrix array data were RMA normalized
using the R package affy (http://www.R-project.org). Single-sample Gene Set Enrichment
Analysis (ssGSEA) was performed as previously described [12]. For data analyses, the ssGSEA
scores were normalized from O to 1. Genes highly expressed in the MT type were identified
using samroc [16] with false discovery rates (FDR) q<0.05 as a cutoff. The Gene Ontology
term (biological process) enriched in the genes was identified using GO net [17], and the
network was visualized.

2. The Kindai/Kyoto cohort data analysis

Fifty-nine HGSOC cases that underwent surgery between 2007 and 2018 at Kindai University
Hospital and Kyoto University Hospital were included in the study. Formalin-fixed paraffin-
embedded samples of untreated tumors were retrieved, and HE slides of representative
tumor sections were digitized. The WSI data were observed using the NanoZoomer Digital
Pathology System view 2.8.24 (Hamamatsu Photonics K.K., Hamamatsu, Japan).

Inter-observer agreement
Four observers (M.C., N.H., O.T., and M.R.) independently assessed the WSI data, and the
agreement rate of histopathological subtyping diagnosis was examined.

Immunohistopathological staining

Formalin-fixed paraffin-embedded sections were cut into sections (3 pm thick) and heated
in DAKO Target Retrieval Solution (51699; Dako, Santa Clara, CA, USA), diluted 1:10 in
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Fig. 1. Histopathological subtyping of high-grade serous ovarian cancer using The Cancer Genome Atlas whole
slide imaging. (A) Representative images of histopathologic subtypes. MT: glandular ducts and cells infiltrating
with stromal reaction occupy >10% of the specimen; IR: lymphocytes infiltrating in the stroma occupy >25%. (B)
Hierarchy of subtyping. (C) Proportion of each subtype.

IR, immune reactive; MT, mesenchymal transition; PG, papillary proliferation; SP, solid proliferation; UD,
undetermined.

distilled water pH 6, at 98°C for 50 minutes. Endogenous proteins were blocked with Animal-
Free Blocker (SP5030, 1:4; Vector, New York, NY, USA), and samples were incubated for 15
minutes at room temperature (RT).

For immunohistochemical staining of CD31, CD8 and CD103 sections were incubated with
CD31 antibody (C31.3, 1:100; Novus Biologicals, Centennial, CO, USA), CD8 antibody (LCL-
L-CD8-4B11, 1:250; Leica Biosystems, Nussloch, Germany) and CD103 antibody (ab129202,
1:6,000; Abcam, Cambridge, UK) at 4°C overnight. Sections were washed, and 3% H,0,/
PBS was applied for 15 minutes to block peroxidase. DAB (3:100; Vector), Fast Red (415261;
Nichirei Biosciences, Tokyo, Japan) and Histgreen (E109; LINARIS Biologische Produkt,
Dossenheim, Germany) were added for 3 minutes at RT.

https://doi.org/10.3802/jg0.2023.34.€47 414
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All immunohistochemically stained slides were digitized and quantitatively evaluated

using QuPath v0.2.0 (https://qupath.github.io/) (Data S2). Microvessel density (MVD)

was determined by counting the number of CD31-positive luminal structures per mm? at 5
representative tumor sites and calculating the mean value, as described in a previous report
[18]. To quantify CD8" and/or CD103" staining, the number of positive cells per 1 mm? was
counted for each sample using Qupath, and the mean value of 5 fields of view was calculated.
The obtained values were used to perform average linkage clustering using Cluster 3.0,
followed by visualization using Java TreeView 1.2.0.

3. Ethics approval

This study was approved by the ethics committees of Kindai University Hospital (the approval
number; 31146). All methods were performed in accordance with the ethical standards of the
responsible committee on human experimentation (institutional and national) and with the
Helsinki Declaration 0f 1964 and its later amendments. Informed consent was obtained in
the form of an opt-out option on the website of the institution in 2020.

4. Statistical analysis

Statistical analysis was performed using GraphPad Prism ver. 8.2.0 (GraphPad Software, San
Diego, CA, USA). Comparison among 3 or more groups was conducted with ordinary one-
way analysis of variance and comparison between 2 groups was performed with t-test. p<0.05
indicated a significant difference.

RESULTS

1. Histopathological subtyping of HGSOC using WSI

Histopathological subtyping of TCGA samples

Among the 106 TCGA ovarian cancer cases, 4 cases without TP53 mutation [19] could not

be diagnosed as HGSOC by pathomorphology and were excluded. We examined the WSI

of the other 102 cases. First, based on the original definitions (Fig. 1) [12] and diagnosed
independently by the 4 observers without training, the Fleiss’ kappa coefficient was low with
4 subtypes, 0.348 (fair agreement), and binary classifications of MT vs. non-MT, 0.350 (fair
agreement) (Table S1).

To improve the reproducibility of the diagnosis, the algorithm was clarified (Data S1). The
summary is as follows: for MT, morphological characteristics of labyrinthine infiltrating
cells with marked stromal reaction (i.e., micropapillary pattern, irregular glands, small
nests, single cells) were specified. In addition, it was difficult to observe intraepithelial
tumor infiltrating lymphocytes (TILs) in WSI. Therefore, based on the evaluation method
of the TILs Working Group in Breast Cancer [20,21], only stromal TILs were counted, not
intraepithelial TILs or TILs in necrotic tissue, with a cut-off of 25%. Regarding PG, we
included not only the classical papillary form, but also low-grade endometrioid carcinoma
like and serous borderline tumor like forms.

Next, the WSI data were independently re-evaluated by the 4 observers. The Fleiss’

kappa coefficient increased to 0.549 (moderate agreement) for the 4 subtypes and 0.705
(substantial agreement) for the binary classifications (Table 1). Under the new algorithm,
perfect agreement (4 out of 4 observers) for 4 and binary classifications was 48 cases (47%)
and 56 cases (55%), majority agreement (3 out of 4 observers) was 77 cases (75%) and

https://doi.org/10.3802/jg0.2023.34.€47 5/14
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Table 1. Inter-observer concordance rates for TCGA samples

Observers Four classifications; Fleiss’ kappa 0.549 Two classifications (MT vs. non-MT); Fleiss’ kappa 0.705
N.H. O.T. M.R. N.H. O.T. M.R.
M.C. 70% (0.56) 87% (0.81) 62% (0.48) 82% (0.65) 92% (0.84) 78% (0.58)
N.H. 67% (0.51) 63% (0.51) 83% (0.68) 80% (0.63)
o.T. 60% (0.46) 77% (0.57)

The numbers in parentheses represent Cohen’s kappa coefficient.
TCGA, The Cancer Genome Atlas.

Table 2. Inter-observer concordance rates for the Kindai/Kyoto cohortThe numbers in parentheses represent Cohen’s kappa coefficient.

Observers Four classifications; Fleiss’ kappa 0.588 Two classifications (MT vs. non-MT); Fleiss” kappa 0.703
O.T. M.R. N.H. O.T. M.R.
M.C. 88% (0.83) 62% (0.49) 93% (0.86) 94% (0.90) 81% (0.59)
N.H. 67% (0.66) 58% (0.49) 92% (0.83) 78% (0.53)
oT. 54% (0.39) 75% (0.50)

MT, mesenchymal transition.

https://ejgo.org

86 cases (84%). Final histopathologic subtyping classification was agreed upon through
observer discussion for 97 of the 102 cases and was used for subsequent analysis. MT, IR,
PG, and SP accounted for 44%, 7%, 32%, and 12%, respectively (Fig. 1C). The remaining 5
cases could not be classified (Undetermined; UD). Two were cases with histomorphology
that could not be classified even with the new classification algorithm; the presence of such
cases is acknowledged at the bottom of the subtyping algorithm (Data S1). Three cases were
not suitable for histological analysis because 2 had mostly stromal tissue with little or no
neoplastic epithelium in the WSI available on the TCGA website and one had only frozen
sections (Fig. $2).

Inter-observer agreement of the Kindai/Kyoto cohort

For assessment of inter-observer agreement and for later analysis of immunohistochemistry,

4 observers independently performed histopathological subtyping of WSI in the Kindai/

Kyoto cohort (n=59). The Fleiss’ kappa coefficient was 0.558 (moderate agreement) for the 4
classifications and improved to 0.703 (substantial agreement) for the binary classifications (MT
and non-MT) (Table 2). Perfect agreement (4 out of 4 observers) for 4 and binary classifications
was 23 cases (39%) and 39 cases (69%), majority agreement (3 out of 4 observers) was 46 cases
(78%) and 54 cases (92%).

2. Molecular characteristics of HGSOC subtype

Relationship between HRD status and histopathological features

We found no association between the 4 subtypes and HRD scores or BRCA alterations (germline/
somatic BRCAI/2 mutations and BRCAI promoter methylations) (Fig. $3). Then SET features,
previously reported to be associated with BRCA mutations [15], were evaluated in the 102 TCGA
cases by 2 observers using WSI The concordance rate for SET cases (SET features >50%) was
79% (Cohen’s kappa coefficient: 0.44) (Table S2). We compared these matched cases with our
HGSOC histopathological subtyping, and the SP type was mostly SET cases (p<0.001, Fig. S3)
because the histological images of “solid tumor” overlapped with those defined by SET. There
was no association between SET features and BRCA alterations or HRD scores (Fig. S3).

Characterization of MT type by gene expression profiling

The MT type, which shows the poorest prognosis among the 4 subtypes [12], was investigated
for its biological properties, with the aim to explore personalized therapy for MT. Of the 94
cases for which histopathological subtyping was performed, 84 cases had gene expression data

https://doi.org/10.3802/jg0.2023.34.€47 6/14
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Fig. 2. Characteristics of MT type in gene expression profiles. (A) ssSGSEA scores of an epithelial-mesenchymal transition-related gene set (HALLMARK_
EPITHELIAL_MESENCHYMAL_TRANSITION). Y axis: normalized value of ssGSEA score. (B) Network diagram of gene ontology terms enriched in genes highly
expressed in the MT type in The Cancer Genome Atlas dataset. Representative gene ontology terms are shown in red.

MT, mesenchymal transition; sSGSEA, single-sample Gene Set Enrichment Analysis.

available. We examined the ssGSEA scores of HALLMARK_EPITHELIAL_MESENCHYMAL_
TRANSITION, genes defining epithelial-mesenchymal transition [22], on these data. The
results showed that the MT type had a higher score than the other subtypes (p=0.001) (Fig. 2).

Additionally, we examined differentially expressed genes between MT and non-MT types. A total
of 286 genes (380 probes) were highly expressed (FDR q < 0.05) in the MT type (Table S3). The
gene ontology terms enriched in these genes (Table $4) were related to immune response,
wound healing, ERK cascade, angiogenesis, and cell adhesion (Fig. 2).

Analysis of the angiogenesis pathway

Next, we searched for molecular targets in MT type. As bevacizumab is a clinically used
anti-angiogenic drug for ovarian cancer, we focused on the angiogenesis pathway. The
PECAMI gene (208983_s_at), which encodes CD31, a marker of vascular endothelium, was
significantly upregulated in the MT type (p=0.007, Fig. 3). We next assessed CD31-positive
MVD in 46 patients in the Kindai/Kyoto cohort (Tables S5 and $6) in whom at least 3 out of
4 diagnoses were concordant. We found that MVD was significantly higher in the MT group
than in the non-MT group (IR+PG+SP) (p=0.020, Fig. 3).
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Fig. 3. Association of histopathologic subtypes of high-grade serous ovarian cancer with MVD. (A) Expression of PECAMT gene (208983_s_at) in The Cancer
Genome Atlas dataset. (B) Representative image of CD31 immunohistochemistry. (C) Comparison of CD31* MVD among histopathological subtypes.
IR, immune reactive; MT, mesenchymal transition; MVD, microvascular density; PG, papilloglandular; SP, solid and proliferative.
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Fig. 4. Association of histopathological subtypes of high-grade serous ovarian cancer and tumor-infiltrating lymphocytes. (A) Representative image of
immunohistochemical staining. Arrowhead shows lymphocytes. CD8" T cells; fast red, CD103" cells; hist green, double positive cells; black. (B) Hierarchical

clustering with tumor-infiltrating lymphocytes.

E, epithelial component, IR, immune reactive; MT, mesenchymal transition; MVD, microvascular density; PG, papilloglandular; S, stromal component; SP, solid

and proliferative.
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Analysis of tumor immunity

We focused on tissue resident lymphocytes [23] and performed double immunohistochemistry
for CD8 and CD103 (Fig. 4). We evaluated the number of CD8 positive, CD103 positive, and CD8
and CD103 double positive cells in the epithelium or stroma in 21 recent cases of the Kindai/
Kyoto cohort and performed hierarchical clustering. Tumor clusters with high infiltration of
immune cells were observed, which contained almost exclusively MT or IR types (Fig. 4).

DISCUSSION

When we developed the histopathologic subtyping of HGSOC in our previous study, we
selected 5 typical cases for each of the 4 subtypes and used a total of 20 glass slides as a
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training set. We then tested for inter-observer agreement in another 28 cases with 6 observers
[12]. The main objective of the current study was to modify the histopathological subtyping
of HGSOC into a definitive classification using WSI. Making pathological diagnosis by WSI
has significant advantages in terms of consultation, information sharing, and application

to AL. However, unlike glass slide, WS is difficult to observe cells in detail, and therefore,
certain modifications are required to use WSI for pathological diagnosis [24,25]. In this
study, 102 cases in TCGA were used for training by 4 observers. The Kindai/Kyoto cohort

(59 cases) was then independently evaluated by the 4 observers (Table 2). Thus, a total

0f 161 cases with WSI were used in this study, and our results proved the reproducibility

of this pathological subtyping diagnosis by validating inter-observer agreement rate in

a much larger number of cases compared with that in our previous study. Recently, 7
gynecologic pathologists independently reviewed HE specimens of 75 cases of endocervical
adenocarcinoma and compared the International Endocervical Adenocarcinoma Criteria and
Classification with the World Health Organization classification [26]. They reported that the
former was superior in terms of inter-observer agreement, with Kappa coefficients of 0.46 vs.
0.3 and perfect agreement (7/7 matched) in 42 cases (56%) vs. 7 cases (10%), which results
are similar to the present study. Therefore, the Kappa coefficients and concordance rates in
the present study are considered acceptable as a new histopathological diagnosis.

HGSOC is the most frequent cancer type with HRD because of BRCA1/2 mutations, BRCAI
promoter methylation, and alterations in other DNA homologous recombination pathway
genes [27]. HRD accounts for approximately half of all HGSOC and leads to platinum and
PARP inhibitor sensitivity [3]. Therefore, the ability to determine HRD in pathological

slides would be clinically useful. SET features have been defined as morphological features
observed in HGSOC with BRCA gene mutations. In a previous study, SET features were
examined by a single observer, who found SET features in 22/31 cases with BRCA alterations
and 2/12 cases without BRCA alterations in the training set and 9/9 cases with BRCAI
alterations and 9/14 cases without BRCAI alterations in the validation set [15]. In a subsequent
report of cases evaluated by 2 observers, SET was found in 13/26 cases with germline

BRCAI1/2 mutations and 9/32 cases without germline BRCA1/2 mutations, with no statistically
significant difference in their frequencies [28]. When we examined the WSI data of TCGA,
we found no association between SET features and BRCA alterations (Fig. $3). In previous
papers, all HE slides of the tumor were examined, and our observation of WSI of tumor
representative images may have been insufficient to evaluate SET features. However, previous
reports have had several problems, including small sample size, insufficient consideration

of inter-observer variability, and different frequencies of tumors with SET features between
training and test sets and between papers. Hence, we have doubts about the reproducibility
of the association between SET and BRCA alterations. At present, it seems difficult to predict
BRCA alterations and HRD, at least by observation of WSI.

In this study we focused our analysis specifically on treatment individualization of the

MT type. The WSI classification of only a representative part of the tumor may differ from
the classification of the whole tumor because of intratumor heterogeneity. However, we
previously demonstrated that diagnosis of the MT type is reproducible in the same individual
even when the tumor specimen collection sites are different [12]. In this study, we found
that the ssGSEA score of HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION, which
characterizes the mesenchymal gene expression subtype [22], was significantly higher in the
MT type (Fig. 2), suggesting that the tumor site used for HE specimen preparation has the
same characteristics as the site where gene expression analysis was performed.
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A group of genes whose expression was downregulated by anti-VEGF antibody (VEGEF-
dependent genes), including PECAM1, which encodes CD31, correlated with sensitivity to
the anti-VEGF antibody bevacizumab in colorectal cancer [29]. In HGSOC, overexpression
of VEGF-dependent genes was found in the mesenchymal type, which correlated with poor
prognosis [30]. In our study, we found that genes related to angiogenesis were upregulated
in the MT type, and CD31-positive MVD was high (Fig. 3). In the data analysis of the
GOG218 study, CD31-positive MVD high was a predictive marker for bevacizumab sensitivity
[31], suggesting that bevacizumab may be more effective in the MT type. Furthermore,

the mesenchymal type determined by gene expression [32] and the MT type evaluated

by histopathology [12] are associated with residual tumor at surgery, and bevacizumab

is more effective in patients with more residual tumor at surgery [5]. WSI data from the
GOG218 study [4] and the ICON7 study [5], which randomized patients with and without
bevacizumab, should be reviewed in future studies to determine whether the effect of
bevacizumab is enhanced in the MT type.

It has been reported that the “mesenchymal type” in the TCGA gene expression subtype
classification includes cases with a high immune response [33]. In this study, we found an
enrichment of gene ontology terms related to immune response in genes that are highly
expressed in the histopathological MT type (Fig. 2). Recently, CD103 has been used as a
marker for tissue resident T cells and natural killer cells [34], and infiltration of CD103-
positive resident memory-like CD8" T cells is expected to be a biomarker for predicting the
effect of immune checkpoint inhibitors (ICIs) [35]. In this study, we found CD8*, CD103",
and CD8'CD103" immune cell infiltration in MT and IR, and almost no infiltration in SP and
PG (Fig. 3). In a recent phase 3 study for ovarian cancer, the efficacy of ICIs was not proven
[36,37], but it may be useful to examine whether ICIs show efficacy in MT and IR.

In the JGOG3016 trial of advanced ovarian cancer, ddTC with an increased dose of paclitaxel
prolonged PFS compared with TC, but there was no significant difference in the larger phase
3 trial ICONS [8]. However, in ICONS, the median PFS was prolonged by approximately 3
months in the ddTC group compared with that in the TC group [8]. Because ddTC was more
beneficial than TC in MT patients in our JGOG3016A1 study [13], if the ICONS8 cohort is
divided into MT and non-MT types by WSI, ddTC may prove to be useful in MT type.

The identification of histopathological subtyping by WSI will lead to the establishment of

a classification method by AI or machine learning. Convolutional neural networks have
been able to classify the entire TCGA slide image into 19 cancer types and even subtypes
[38]. The deep learning system also diagnosed Gleason grading of prostate needle biopsy
specimens more accurately than a general pathologist [39]. The histotype diagnosis of
ovarian cancer was also predicted with high accuracy by machine learning [40]. The results
of this study provide basic information for the development of a machine learning program
for histopathological subtyping of HGSOC. Although the interobserver agreement based on
human observation was not perfect, the establishment of Al diagnostics will allow for more
reproducible histopathological subtyping.

In conclusion, we have modified our previous algorithm to perform histopathological
subtyping of HGSOC reproducibly using WSI. In this study, we used publicly available TCGA
data as a training set so that pathologists around the world can learn this diagnostic method
and apply it to clinical practice immediately. We found that the MT type had increased
angiogenesis and high tumor immune activity. If we can evaluate the WSI enrolled in

https://doi.org/10.3802/jg0.2023.34.€47 10/14



JOURNAL OF
GYNECOLOGIC
ONCOLOGY

Histopathological subtyping of HGSOC using WSI

https://ejgo.org

bevacizumab, ICI or ddTC clinical trials and classify the cases into MT type and non-MT type,
and prove the difference in therapeutic effects, the personalized treatment of HGSOC will

be advanced. The application of the results of this study to machine learning is expected to
further improve the objectivity of diagnosis and advance its application to general practice.
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Undetermined cases in TCGA samples. (TCGA 23-1118) (TCGA 23-1121) Mostly stromal tissue
with no epithelial structure. (TCGA VG-A8LO) This was frozen sections and unsuitable for
detailed histological analysis. (TCGA 23-1110) Complex epithelial arrangement with relatively
little intervening stroma, not easily identified as cribriform, papillary, or solid. (TCGA 23-
1120) Similar to many other types of carcinomas, high grade serous carcinomas can have a
more ragged architecture in the tumor invasive front and/or around intratumoral fibrosis. In
PG/SP pattern-predominant cases, this can result in PG/SP pattern gradually transitioning to
mesenchymal transition pattern in the invasive front or around fibrosis.
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Fig. S3

Histopathological subtype and HRD status. (A) Association of BRCA alterations and HRD
scores with the histopathological subtypes. There was no association between them. (B)
Association between histopathological subtypes and SET cases (SET feature >50%). (C)
Association between SET and BRCA alterations. (D) Association between SET and HRD scores.
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