Gynecologic Oncology 154 (2019) 516-523

Contents lists available at ScienceDirect

Gynecologic Oncology

journal homepage: www.elsevier.com/locate/ygyno

Molecular profiling and molecular classification of endometrioid L))
ovarian carcinomas

updates

Paulina Cybulska ?, Arnaud Da Cruz Paula ?, Jill Tseng ?, Mario M. Leitao Jr?, Ali Bashashati ®,
David G. Huntsman °¢, Tayyebeh M. Nazeran ¢, Carol Aghajanian ¢, Nadeem R. Abu-Rustum ?,
Deborah F. DeLair ¢, Sohrab P. Shah P, Britta Weigelt ©*

2 Department of Surgery, Gynecology Service, Memorial Sloan Kettering Cancer Center, New York, NY, USA

b Department of Molecular Oncology, BC Cancer Agency, Vancouver, British Columbia, Canada

¢ Department of Pathology and Laboratory Medicine, University of British Columbia, Vancouver, Canada

d Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, NY, USA

€ Department of Pathology, Memorial Sloan Kettering Cancer Center, New York, NY, USA

f Department of Epidemiology & Biostatistics, Computational Oncology, Memorial Sloan Kettering Cancer Center, New York, NY, USA

HIGHLIGHTS

» Endometrioid epithelial ovarian cancers (EOCs) are genetically heterogeneous.
* The four endometrial cancer molecular subtypes can be detected in EOCs.

» EOCs may be hyper-or ultramutated due to MSI or POLE mutations.

A subset of EOCs harbors targetable genetic alterations.

ARTICLE INFO ABSTRACT

Article history: Objective. Endometrioid ovarian carcinomas (EOCs) comprise 5-10% of all ovarian cancers and commonly co-
Recefved 19 AP?ll 2019 occur with synchronous endometrioid endometrial cancer (EEC). We sought to examine the molecular charac-
/‘iece“’ec:j '{‘Ore"lwez%i‘gm 9 July 2019 teristics of pure EOCs in patients without concomitant EEC.
ceepte J." y Methods. EOCs and matched normal samples were subjected to massively parallel sequencing targeting
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341-468 cancer-related genes (n = 8) or whole-genome sequencing (n = 28). Mutational frequencies of
EOCs were compared to those of high-grade serous ovarian cancers (HGSOCs; n = 224) and EECs (n = 186)

IE(E}(;‘;Vr(;rgir'ioid ovarian cancer from The Cancer Genome Atlas, and synchronous EOCs (n = 23).

Massively parallel sequencing Results. EOCs were heterogeneous, frequently harboring KRAS, PIK3CA, PTEN, CTNNB1, ARID1A and TP53 mu-
Molecular subtypes tations. EOCs were distinct from HGSOCs at the mutational level, less frequently harboring TP53 but more fre-
Somatic mutations quently displaying KRAS, PIK3CA, PIK3R1, PTEN and CTNNB1 mutations. Compared to synchronous EOCs and
Heterogeneity pure EECs, pure EOCs less frequently harbored PTEN, PIK3R1 and ARID1A mutations. Akin to EECs, EOCs could
Molecular subtypes be stratified into the four molecular subtypes: 3% POLE (ultramutated), 19% MSI (hypermutated), 17% copy-

number high (serous-like) and 61% copy-number low (endometrioid). In addition to microsatellite instability,
a subset of EOCs harbored potentially targetable mutations, including AKT1 and ERBB2 hotspot mutations.
EOCs of MSI (hypermutated) subtype uniformly displayed a good outcome.

Conclusions. EOCs are heterogeneous at the genomic level and harbor targetable genetic alterations. Despite
the similarities in the repertoire of somatic mutations between pure EOCs, synchronous EOCs and EECs, the fre-
quencies of mutations affecting known driver genes differ. Further studies are required to define the impact of
the molecular subtypes on the outcome and treatment of EOC patients.

© 2019 Elsevier Inc. All rights reserved.
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presentation and progressive development of chemo-resistance. ‘Epi-
thelial’ is a collective term that encompasses all histologies historically
thought to originate in the ovary. This classification, however, insuffi-
ciently accounts for the distinct clinical, pathologic and biologic features
of ovarian carcinomas. More recently, ovarian cancers have been classi-
fied into type I and II tumors [1]. Type I tumors are low-grade (low-
grade serous, endometrioid, mucinous, and clear cell types) and harbor
mutations in BRAF, KRAS and PTEN, often with microsatellite instability,
and are thought to arise from ovarian or pelvic endometriosis [1,2]. Type
Il tumors are high-grade serous and carcinosarcomas, which are be-
lieved to arise in the fimbriae of the fallopian tube and frequently con-
tain mutations in TP53, BRCA1 and BRCA2 [2]. Although this type I/II
classification better encompasses the molecular diversity of epithelial
ovarian cancer, it is not employed clinically and does not account for
the molecular and biological heterogeneity seen within type I and type
I tumors.

Endometrioid ovarian cancers (EOCs) comprise 5-10% of all epithe-
lial ovarian cancers and are thought to arise from endometriosis, com-
monly co-occur with synchronous endometrial cancer and tend have a
better prognosis than other histologic subtypes [3]. In some patients
with pure EOC, disease relapse has been recorded, and, in that context,
the outcome of EOCs is poor [4]. Microarray gene expression profiling
identified different transcriptomic subtypes within EOCs [5], and ge-
nome sequencing revealed distinct pathways to tumor progression in
EOCs [6], providing evidence to suggest that EOC may be heterogeneous
at the molecular level.

In endometrial cancer, massively parallel sequencing analysis led
to the identification of multiple molecular subtypes, including the
POLE (ultramutated), MSI (hypermutated), copy-number low
(endometrioid), copy-number high (serous-like) subtypes, which
have prognostic and predictive implications [7,8]. In ovarian cancer,
whole-exome (WES) and whole-genome (WGS) sequencing studies
have not only revealed the genetic heterogeneity of ovarian cancers,
including that of high-grade serous ovarian cancer (HGSOC), clear
cell carcinoma, mucinous carcinoma and carcinosarcoma [6,9-12],
but also identified the genomic consequences of aberrant DNA re-
pair processes within and between high-grade serous, endometrioid
and clear cell ovarian cancers [6]. Furthermore, EOCs synchronously
diagnosed with EECs have been studied at the genetic level, and sug-
gested to be of uterine origin [13,14]. Little is known, however,
about the landscape of somatic genetic alterations in pure EOCs aris-
ing in the ovary. Here, we sought to characterize the repertoire of so-
matic mutations in key cancer genes in pure EOCs in patients without
a concomitant endometrioid endometrial cancer (EEC). In addition,
we aimed to define whether the molecular subtypes identified in
EECs would also be present in EOCs.

2. Methods
2.1. Case selection

After retrieving approval from Memorial Sloan Kettering Cancer
Center's (MSKCC's) institutional review board, we retrospectively
identified all patients treated for EOC at our institution between
January 2002 and September 2017. We included 8 patients who
were diagnosed with ovarian endometrioid adenocarcinoma with-
out a synchronous endometrial carcinoma and which were subjected
to targeted massively parallel sequencing (MSK-IMPACT) testing
[15,16], none of which had been previously reported. Data were ab-
stracted from medical records. All cases underwent pathologic re-
view at MSKCC by expert gynecologic pathologists. In addition, we
obtained the whole-genome sequencing and clinico-pathologic
data, including microsatellite instability (MSI) status, from 28 pure
EOCs previously described in Wang et al. [6], which were reviewed
by at least two expert gynecopathologists [6].

2.2. Massively parallel sequencing

Targeted massively parallel sequencing was performed in the Clinical
Laboratory Improvement Amendments (CLIA)-certified MSKCC Molecu-
lar Diagnostics Service Laboratory on DNA extracted from tumor and
matched normal from blood. The MSK Integrated Mutation Profiling of
Actionable Cancer Targets (MSK-IMPACT) sequencing assay was
employed, targeting all coding exons of 341 (n = 1), 410 (n = 5) or
468 (n = 2) key cancer-related genes, as described previously [15,16].
Tumor and normal DNA were sequenced to a median of 827x (range
312x-1062x) and 469x (range 319x-830x) sequence coverage, respec-
tively (Supplementary Table 1). Sequencing data were mapped onto the
reference human genome GRCh37 using the Burrows-Wheeler Aligner
(BWA, v0.7.15) [17], and sequencing data analysis was performed as pre-
viously described [18,19]. In addition, somatic single nucleotide variants
(SNVs) and small insertions and deletions (indels) of 28 EOCs subjected
to whole-genome sequencing were obtained from Wang et al. [6]. All so-
matic SNVs and indels were re-annotated using vcf2maf (https://github.
com/mskcc/vcf2maf), and manually curated on the Integrated Genomics
Viewer (IGV) [20]. Mutations affecting hotspot codons were annotated
according to Chang et al. [21].

2.3. Comparison with EECs, synchronous EOCs and high-grade serous ovar-
ian cancers

The mutational frequencies of pure EOCs were compared to those of
high-grade serous ovarian cancers (HGSOCs) from The Cancer Genome
Atlas (TCGA, n = 224) [9], EECs from TCGA (n = 186) [8] and EOCs with
concurrent EECs (i.e. synchronous EOCs; Schultheis et al., n = 23) [14].
The recently updated WES-derived somatic mutation MC3 data of the
HGSOCs and EECs from TCGA were retrieved from the Genomic Data
Commons (GDC; https://gdc.cancer.gov/about-data/publications/mc3-
2017) [22]. We restricted the comparison to the 341 genes targeted by
the smallest MSK-IMPACT panel employed in this study. Given the
lack of hypermutated HGSOCs due to microsatellite-instability (MSI-
high) or POLE exonuclease domain mutations (EDMs), the MSI-high
and POLE-mutant EOCs were removed from the comparisons with
HGSOCs. To ensure consistency across datasets, all somatic SNVs and
indels were re-annotated as described above, and mutations affecting
hotspot codons were annotated according to Chang et al. [21].

24. MSISensor

For the quantification of MSI in the 8 EOCs subjected to MSK-IMPACT
sequencing, MSIsensor was employed [23], and samples with an
MSIsensor score >10 were deemed MSI-high, as previously described [24].

2.5. Molecular subtyping

To classify the EOCs into the molecular subtypes described for
endometrioid and serous endometrial carcinomas by TCGA [8], we
employed a surrogate model [25,26], where 1) EOCs with POLE EDMs
were classified as of POLE (ultramutated) subtype; 2) of the remaining
cases, EOCs being MSI-high by panel testing (Wang et al. [6]) or by
MSISensor (MSK-IMPACT cases) were classified as MSI (hypermutated)
subtype; 3) of the remaining cases, EOCs harboring TP53 mutations
were classified as of copy-number high-like (serous-like) subtype;
and 4) those with wild-type TP53 were classified as of copy-number
low-like (endometrioid-like) subtype.

2.6. Statistical analysis

Comparisons of mutation frequencies between different cancer
types were performed using Fisher's exact tests. Resulting p-values
were corrected for multiple testing using the Benjamini-Hochberg
false discovery rate [27], and two-tailed adjusted p-values <0.05 were
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Table 1
Clinico-pathologic characteristics of the endometrioid epithelial ovarian cancers in-
cluded in this study.

Characteristic N (36)
Median age at diagnosis (years)

Median (range) 54.3 (32-88)
FIGO (2009) stage at diagnosis

[ 22 (61%)

11 4 (11%)

n| 8 (22%)

v 2(6%)

Median PFS (months) (95% CI)
Median OS (months) (95% CI)
5-year OS (months) (95% CI)

110.6 (29.9-191.3)
Not reached
90% (72.7-96.7)

Due to lack of follow-up data on two patients, survival statistics were calculated on 34
patients.

CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics;
PFS, progression-free survival; OS, overall survival.

deemed statistically significant. Progression-free survival (PFS) was cal-
culated from the date of initial diagnosis to the date of radiologic pro-
gression, or death/last follow-up, respectively. Survival was estimated
using the Kaplan-Meier method, and estimates compared with the
log-rank test. Survival analyses/statistical tests were performed using
SPSS 25.0 (IBM).

3. Results
3.1. EOCs are phenotypically heterogeneous

The median age of EOC diagnosis in this patient series (n = 36) was
54.3 years (range, 32-88). At presentation, 61% (22/36) of patients were

of FIGO stage I, 11% (4/36) of FIGO stage II, 22% (8/36) of FIGO stage III,
and 6% (2/36) were of FIGO stage IV (Table 1). The median follow-up
was 55.5 months (range 12.6-265.9 months). The median
progression-free survival (PFS) for the entire cohort (n = 34; two pa-
tients excluded due to limited/ lack of follow-up) was 110.6 months
(95% CI: 29.9-191.3). Five patients died of disease during the follow-
up period. The 5-year overall-survival was 90.3% (95% CI: 72.7-96.7).
In the MSK cohort (n = 8), one patient had a clinical history of endo-
metriosis; however, 50% (4/8) of patients had endometriosis seen on
final pathology (Supplementary Table 2). In addition, mucinous or squa-
mous differentiation was present in the well-differentiated EOCs studied
(Fig. 1). The FIGO tumor grades varied, and EOCs were of grade 1 (2/8),
grade 2 (3/8) and grade 3 (3/8) at diagnosis (Supplementary Table 2).

3.2. The repertoire somatic mutations and copy number alterations in EOCs

EOCs harbored a median of 7 non-synonymous somatic mutations
(range 1-120) in 341 cancer genes tested (smallest gene panel; see
Methods; Supplementary Table 3). KRAS was found to be the most fre-
quently mutated gene (15/36; 42%), and all but one mutation were G12
or G13 KRAS hotspot mutations (Fig. 2; Supplementary Table 3). In addi-
tion, 22/36 (61%) of the EOCs studied harbored mutations in the PI3K
pathway, including PIK3CA hotspot mutations (14/36), PTEN mutations
(12/36), PIK3R1 mutations (4/36), PIK3R2 mutations (3/36) and AKT1
E17K hotspot mutations (3/36; Fig. 2). Nine and seven EOCs harbored
CTNNBI1 hotspot mutations (25%) and ARID1A mutations (19%), respec-
tively. Cell cycle-related genes, including TP53, CDKN2A, RB1 and MYC,
were mutated in six (17%), two (6%), one (3%) and one (3%) cases, respec-
tively (Fig. 2; Supplementary Table 3). Four EOCs harbored mutations af-
fecting SPOP and two affecting FBXW?7, genes described to be recurrently
mutated in serous endometrial cancers [8]. Seven EOCs were found to

Fig. 1. Histologic features of endometrioid adenocarcinomas of the ovary. (A) Well-differentiated endometrioid adenocarcinoma of the ovary arising in a background of endometriosis.
(B) Higher power micrograph of a well-differentiated endometrioid ovarian carcinoma. (C) Well-differentiated endometrioid adenocarcinoma of the ovary with mucinous
differentiation. (D) Well-differentiated endometrioid ovarian carcinoma with squamous differentiation. Scale bars, 500 pm.
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be MSI-high and one (DG1285) harbored a POLE V411L hotspot mutation
(Fig. 2). Finally, EOC1 had an ESR1 D538G hotspot mutation and EOC5
harbored an ERBB2 D769H hotspot mutation (Fig. 2); both mutations
have been shown to have treatment implications in other disease types.
In fact, based on the OncoKB annotation [28], three EOCs harbored a
level 3A genetic alteration (i.e. AKT1 E17K) and 16 a level 3B genetic alter-
ation (i.e. ERBB2 D769H, ESR1 D538G and PIK3CA hotspot mutations),
which are associated with promising/compelling clinical evidence sup-
portive of response prediction to a drug in gynecologic cancers (AKT1)/
in another indication (i.e. investigational therapeutic implications, possi-
bly directed to clinical trials) [28].

3.3. Comparison of the repertoire of somatic mutations of EOCs, HGSOCs,
EECs and synchronous EOCs

We next sought to define whether pure EOCs would differ from
HGSOCs, synchronous EOCs and endometrioid cancers of the uterus at
the mutational level. This comparison was restricted to the smallest se-
quencing panel (i.e. 341 cancer-related genes, MSK-IMPACT).

For the comparison with HGSOCs, we removed the MSI-high and
POLE EDM EOCs, given the lack of hyper-/ultra-mutated HGSOCs [9].
Consistent with previous reports, pure EOCs were distinct from HGSOCs
at the mutational level [29]. The comparison of 28 non-hypermutated
pure EOCs and 224 HGSOCs from TCGA [9] revealed that PI3K pathway
mutations, including those affecting KRAS (39% vs 1%), PIK3CA (32% vs
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4%), PTEN (25% vs 1%) and PIK3R1 (14% vs 0.5%), were significantly
more frequent in EOCs than in HGSOCs, as were CTNNB1 mutations
(29% vs 0.4%) (all adjusted p < 0.05, Fisher's exact test; Fig. 3A). On the
other hand, TP53 was significantly more frequently mutated in HGSOCs
(93%) than in EOCs (21%, adjusted p < 0.05, Fisher's exact test).

The genes mutated in EOCs (n = 36) and EECs (n = 186) from TCGA
[8] were found to be overall similar, however the mutations occurred at
different frequencies [30]. Whilst KRAS (42% EOCs vs 26% EECs) and
PIK3CA (39% EOCs vs 55% EECs) mutation rates were similar between
EOCs and EECs, mutations affecting other PI3K pathway genes, includ-
ing PTEN (33% vs 87%), PIK3R1 (11% vs 42%), as well as chromatin re-
modeling genes, including ARID1A (19% vs 53%), KMT2D (11% vs 23%)
and CTCF (3% vs 28%), were significantly less frequent in EOCs than in
the EECs (all adjusted p < 0.05, Fisher's exact test; Fig. 3B). It should
be noted, however, that in the endometrial cancer TCGA there was a
likely overrepresentation of FIGO grade 2 and grade 3 EECs as well as
of MSI-high EECs [8]. When comparing the mutational frequencies of
EOCs (n = 36) matched by molecular subtype (see below) at a 1:2
ratio with preferentially grade 1 and grade 2 EECs from TCGA (n =
72), only PTEN mutation rates were statistically different between
EOCs (33%) and EECs (82%) after correction for multiple comparisons
(Fisher's exact test, adjusted p < 0.001; Supplementary Table 4).

We have previously shown that sporadic synchronous EECs and
EOCs are clonally related [13,14]. When comparing pure EOCs (n =
36) with EOCs synchronously diagnosed with EECs (henceforth
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Fig. 2. Non-synonymous somatic mutations identified in endometrioid ovarian carcinomas using targeted massively parallel sequencing. Recurrent (n > 2) non-synonymous somatic
mutations identified in 36 endometrioid epithelial ovarian cancers by massively parallel sequencing targeting 341 cancer-related genes. Mutation types are color-coded according to
the legend. The phenobar provides information on FIGO stage, microsatellite instability (MSI) status and sequencing modality. Indel, small insertion/ deletion; SNV, single nucleotide

variant.
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named synchronous EOCs; n = 23) [14], we observed that, akin to EECs,
mutations affecting PTEN (33% vs 65%), PIK3R1 (11% vs 35%), ARID1A
(19% vs 65%) and CTCF (3% vs 22%) were numerically less frequent in
pure EOCs than in EOCs synchronously diagnosed with EECs (p < 0.05,
Fisher's exact test), however did not reach statistical significance after
Benjamini-Hochberg correction for multiple comparisons (Fig. 3C), pos-
sibly due to the small sample size. The mutational frequencies of the
most frequently mutated genes in pure EOCs (n = 36), including
KRAS, PIK3CA, PTEN, CTNNB1 and ARID1A, are generally more similar be-
tween EECs (n = 186; TCGA) and synchronous EOCs than in pure EOCs
(Fig. 3D). These observations are consistent with the notion that syn-
chronous EOCs likely constitute dissemination from the EEC to the
ovary [13,14].

3.4. Molecular subtyping of EOCs
Given the diversity of the repertoire of somatic mutations identified

in EOCs, and the similarity between EOCs and EECs at the mutational
level, we sought to define whether EOCs could be classified into the
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molecular subtypes described for endometrial cancers [8]. For this, we
employed a surrogate model for the molecular-based TCGA classifica-
tion [8,26], integrating the POLE mutation status, the MSI status (based
on MSI panel testing or MSISensor) and TP53 mutation status (see
Methods; Fig. 4A). We noted that all four molecular subtypes identified
in EECs were also present in EOCs. The majority of EOCs (22/36; 61%)
were classified as of copy-number low (endometrioid) subtype, of
which 8 (36%) harbored a CTNNB1 hotspot mutation (D32, n = 1; S33,
n=2;S37,n=3;G34,n = 1; T41,n = 1 [21]) (Fig. 4B). One (2.7%)
of the 36 EOCs harbored a very high mutation rate (3757 non-
synonymous somatic mutations, WGS), a POLE EDM V411L somatic
hotspot mutation, and was classified as of POLE (ultramutated) sub-
type (Fig. 4B). In addition, seven (19%) EOCs were MSI-high based
on MSI panel testing, had a high mutation rate (median 562, range
146-828 non-synonymous somatic mutations, WGS) and were clas-
sified as of MSI (hypermutated) subtype. The remaining 6 (17%)
EOCs were microsatellite stable, harbored TP53 mutations, and,
therefore, were classified as of copy-number high (serous-like) sub-
type (Fig. 4B).

B
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Fig. 3. Comparison of the mutational profiles of pure endometrioid ovarian cancers with high-grade serous ovarian cancers, endometrioid endometrial cancers and synchronous
endometrioid ovarian cancers. The repertoire of somatic mutations affecting the 341 genes included in the MSK-IMPACT assay (smallest gene panel) in (A) pure microsatellite-stable/
POLE wild-type endometrioid epithelial ovarian cancers (EOCs) (n = 28) and in high-grade serous ovarian cancers from The Cancer Genome Atlas (TCGA; n = 224) [9] (B) all pure
EOCs (n = 36) and endometrioid endometrial cancers (EECs; TCGA; n = 186) [8], and (C) all pure EOCs (n = 36) and EOCs synchronously diagnosed with EECs (n = 23) [14].
(D) Mutation frequencies of KRAS, PIK3CA, PTEN, CTNNB1, ARID1A and PIK3R1 in the pure EOCs studied here (n = 36), in EECs (n = 186, TCGA) [8] and EOCs synchronously diagnosed
with EECs (synchronous EOCs; n = 23) [14]. Comparisons were performed using Fisher's exact test. (A and B) Benjamini-Hochberg adjusted statistically significant p-values (adjusted
p < 0.05) are shown in red bold font, (C) unadjusted statistically significant p-values (p < 0.05) are shown in blue bold font.
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To compare directly the distribution of the molecular subtypes in
EOCs and in EECs, we classified the EECs (n = 186) from TCGA [8]
into the molecular subtypes using the same surrogate as for the EOCs
(Fig. 4A). This led to the re-classification of 5/186 (2.7%) EECs; one
copy-number high (TCGA) EEC was now classified as copy-number
low given the lack of a TP53 mutation, one microsatellite stable copy-
number low (TCGA) EEC was now classified as copy-number high
given the presence of a C238F TP53 hotspot mutation; and one microsat-
ellite stable copy-number low and two MSI (hypermutated) EEC were
now classified as POLE (ultramutated) subtype given the presence of
POLE EDM mutations (L242V, A465V, Q453R; Supplementary Table 5).
Compared to EECs, EOCs of POLE (ultramutated) and MSI
(hypermutated) subtypes are numerically less common (3% vs 11%
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POLE; 19% vs 34%, MSI) and copy-number low (endometrioid) and
copy-number high (serous-like) numerically more common (61% vs
47% copy-number low; 17% vs 9% copy-number high) in EOCs, however
none of these differences were statistically significant (all p> 0.1 Fisher's
exact test, Fig. 4B).

As a hypothesis-generating exploratory aim, we assessed whether,
akin to EECs [8], the molecular subtypes in EOCs were associated with
distinct outcomes. Although in univariate analysis, MSI (ultramutated),
copy-number low (endometrioid) and copy-number high (serous-like)
EOCs were not different in their progression-free survival (p = 0.33),
the MSI (ultramutated) EOCs were found to be associated with a favor-
able outcome (Fig. 4C). One POLE case and one copy-number high (se-
rous-like) case were removed from this analysis due to limited/ lack of
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lyes

POLE
(ultramutated)

lyes

MSI
(hypermutated)

iyes

CN-low
(endometrioid)

lyes

CN-high
(serous-like)

B o o
Endometrioid ovarian (n=36) Endometrioid endometrial (n=186)
604 604
50~ 50+
= 407 F 40-
3 304 3 304
(7] (7]
© ©
O 20- O 20-
10+ 10+
2.7%
0= 0~
POLE MSI CN-low CN-high POLE MSI CN-low CN-high
(endom) (serous) (endom) (serous)
C
100
g
$eg o
2
=1
» 0.6
[}
o
G
E 0.4
A L
2 p=0.33
5 0.2
e M Vs, n=7
o B CN-low (endom), n=22
0.0| Jll CN-high (serous), n=5
0 50 100 150 200
Months

Fig. 4. Molecular subtyping of endometrioid ovarian cancers. (A) Surrogate classifier employed for the molecular subtyping of endometrioid epithelial ovarian cancers (EOCs), based on the
molecular subtypes described for endometrial cancers by The Cancer Genome Atlas [8,26]. (B), Molecular subtype distribution in EOCs from this study (left) and in endometrioid ovarian
cancers from TCGA (right) [8]. (C) Kaplan-Meier progression-free survival curve for EOC patients (n = 34) stratified according to the endometrial cancer molecular subtypes defined with a
surrogate model. Two cases (one of POLE subtype and one of CN-high (serous-like) subtype) were excluded due to limited/ lack of follow-up information. P-values of the log-rank test are

shown. CN, copy-number.
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follow-up. The POLE EDM EOC patient (DG1285) was alive without dis-
ease at last follow-up (160 days) [6]. Larger datasets may be required to
assess the impact of the molecular subtypes in EOC on outcome.

4. Discussion

Here we demonstrate that pure EOCs are heterogeneous at the mu-
tational level, and that these tumors are underpinned by mutations de-
scribed in EECs and in EOCs occurring synchronously with EECs,
however at different frequencies. In addition, the heterogeneity of
pure EOCs is further reflected by the detection of all four molecular sub-
types described originally for endometrioid and serous endometrial
cancers.

TGCA first reported in 2013 on a molecular classification of
endometrioid and serous endometrial carcinomas [8], and, since then,
these molecular subtypes and the associated molecular heterogeneity
were also found in other histologic types of endometrial cancer, includ-
ing clear cell carcinomas and de-/un-differentiated carcinomas of the
uterus [25,31]. Here we observed that all four molecular subtypes de-
scribed in EECs are also present in EOCs. Further studies are warranted
to assess not only the frequency of the molecular subtypes in EOCs but
also the impact of the molecular subtypes on outcome of patients with
this disease, given the association of these subtypes with progression-
free survival in EECs [8]. Although we did not see a statistically signifi-
cant difference in progression-free survival between the molecular sub-
types, EOCs of MSI (hypermutated) subtype had favorable outcomes.

EOCs have been reported to generally have a better prognosis than
other histologic subtypes of epithelial ovarian cancer [3], however in a
subset of EOCs, in particular those with disease relapse, the outcome is
poor [4]. Our massively parallel sequencing analysis of EOCs not only
identified MSI-high EOCs, which may be eligible for checkpoint block-
age immunotherapy [32], but also other potentially targetable alter-
ations. One EOC was found to harbor an ERBB2 hotspot mutation,
which has been associated with resistance to Trastuzumab but response
to HER2 irreversible inhibitors [33-36]. Three EOCs harbored an AKT1
E17K hotspot mutation, and there is promising clinical data in patients
with AKT1 E17K-mutant gynecological cancer treated with the pan-
AKT kinase inhibitor AZD5363 [37]. On the other hand, one EOC har-
bored a D538 hotspot mutation in the ligand-binding domain of ESR1,
which is associated with acquired resistance to endocrine therapy
[38]. In the era of precision medicine, the assessment of DNA mismatch
repair proteins and/or alterations affecting targetable cancer-related
genes and likely mechanisms of resistance may guide treatment strati-
fication of patients with EOCs.

Our study has several limitations, including the small sample size,
given the rarity of EOCs. In addition, our data provide evidence to sug-
gest that EOCs are molecularly heterogeneous, however, based on the
small numbers in each of the molecular subtypes, further studies are
warranted to define the whether the distinct EOCs molecular subtypes
are associated with distinct outcomes and therapeutic responses. None-
theless, our findings demonstrate that pure EOCs are heterogenous at
the genetic level, harbor potentially actionable alterations, including
MSI, and AKT1 and ERBB2 hotspot mutations, and that the mutational
spectrum bears resemblance to that of EECs and synchronous EOCs, al-
beit at different frequencies.
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