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ABSTRACT

Clear cell ovarian carcinoma (CCOC) represents a distinct histologic subtype of ovarian
cancer associated with significantly worse prognosis across all stages and no effective
therapeutic options. Here, we report a rare but clinically important cohort of CCOCs with
MSI (MSI-CCOCs), which are highly immunogenic and may thus be very responsive to
immune checkpoint blockade. CCOCs with MSI exhibit significantly higher number of
CD8+ TILs, higher CD8/CD4 ratio and higher PD-1+TILs compared to microsatellite
stable (MSS) CCOCs and compared to high grade serous ovarian cancers, which are
the most common histologic subtype of ovarian cancer. Of note, PD-L1 expression in
tumor cells or immune cells was noted in all cases of CCOCs with MSI. These
observations open an alternative therapeutic avenue for a fraction of patients with
CCOC and argue for routine testing of CCOCs for MSI, a test that is not currently

routinely performed.
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INTRODUCTION

Clear cell carcinoma is a distinct histologic subtype of epithelial ovarian cancer (EOC)
which accounts for approximately 10% of all EOCs. With the exception of very early
stage disease, clear cell ovarian cancers (CCOC) are associated with worse prognosis
compared with other EOC histologic subtypes across all stages[1]. CCOCs pose a
significant clinical challenge as they are relatively resistant to the conventional platinum
based chemotherapy used traditionally in EOC, and there are no effective alternative

therapeutic strategies.

Interestingly, while immune checkpoint inhibitors have demonstrated only modest
responses collectively in patients with EOC [2, 3], isolated responses have been
observed in patients with CCOCs. Specifically, in a study of nivolumab in platinum
resistant ovarian cancer, one of two patients with clear cell histology exhibited complete
response, and in a study of avelumab in recurrent/refractory OC, both patients with
clear cell tumors exhibited partial response [2, 3]. Identification of CCOCs that respond
well to immune checkpoint blockade may provide patients with a powerful therapeutic

option against this otherwise devastating disease.

Response to PD-1/PD-L1 blockade in multiple tumor types has been associated with
presence of tumor infiltrating lymphocytes (TILs) and elevated PD-L1 expression in
tumor and/or immune cells[4]. In this study, we evaluated whether certain subsets of

CCOCs exhibit a higher number of TILs and/or increased expression of PD-1/PD-L1



and may therefore be more responsive to PD-1/PD-L1 blockade. As control, we
compared the pattern of TlLs and expression of PD-1/PD-L1 in CCOCs to high grade
serous ovarian cancers (HGSOCs), the most common histologic subtype of EOC which
accounts for 70% of all cases. We evaluated CCOCs for presence of microsatellite
instability (MSI) as well as specific subsets of CCOCs that are associated with

endometriosis and ARID1A/BAF250A loss.

Here, we report for the first time that CCOCs with MSI may represent a unique subset of
CCOCs with enhanced immunogenicity and increased expression of PD-1/PD-L1
compared to other CCOCs and HGSOCs, and may therefore be excellent candidates

for therapy with immune checkpoint inhibitors.



RESULTS

Association of TILs with presence of MSI, endometriosis and ARID1A/BAF250A
loss in CCOCs

Of the 30 CCOCs, 3 (10%) exhibited MMR protein expression loss by IHC and were
confirmed MSI-H by PCR, 8 (26.6%) exhibited loss of ARID1A/BAF250A by IHC
(Supplemental Figure 1), and 22 (73.3%) were associated with personal history and/or

histologic evidence of endometriosis.

We did not observe any difference between CCOCs (n=30) with presence versus
absence of endometriosis, or between CCOCs (n=30) with retention versus loss of
ARID1A/BAF250A expression in terms of CD3+, CD8+, CD4+ and PD-1+ TILs (Figures
1A and 1B). Conversely, CCOCs with MSI had a statistically significantly higher CD8+
TILs (53 vs 20.4, p=0.016), higher CD8/CD4 ratio (4.74 vs 1.5, p<0.001) and higher
PD1+TILs (22 vs. 3.56, p<0.001) compared to the remaining microsatellite stable (MSS)
CCOCs (Figure 1C) while there was a trend for higher CD3+ TILs (mean 52.33 vs 33,
p=0.3). Figure 2 shows two representative MSS-CCOC and MSI-CCOC cases with

staining results for CD3+, CD8+ and PD-1+ TILs.

Presence of TiLs in CCOCs versus HGSOCs
We compared 30 CCOC cases, of which 3 exhibited MSI, with 53 previously published
HGSOCs [5]. Overall, there was no statistically significant difference in the number of

CD3+ TILs (34.9 vs 36.2, p=0.83), CD8+ TILs (23.7 vs 28.7, p=0.33), CD4+ TILs (15.9



vs 13.4, p=0.34) and PD-1+ TILs (5.4 vs 3.5, p=0.19) between CCOCs (all cases) and
HGSOCs (all cases), (Figure 3A). However, when we compared specifically CCOCs
with MSI to HGSOCs, we noted that CCOCs with MSI had significantly higher number
of PD-1+TILs (22 vs. 3.45, p<0.001) compared to HGSOCs (Figure 3B), and a trend for

higher CD3+ TILs (52.33 vs 36.2, p=0.25) and CD8+ TILs (53 vs 28.7, p=0.072).

PD-L1 expression in CCOCs

Evaluation of PD-L1 expression in tumor cells and in intraepithelial and peritumoral
immune cells in CCOCs showed that all 3 CCOCs with MSI expressed PD-L1 either in
the tumor cells (in one out of 3 CCOCs with MSI) or the intraepithelial or peritumoral
immune cells (in 3 out of 3 CCOCs with MSI). Conversely, only 44.4% of the CCOCs
with MSS expressed PD-L1 either in the tumor cells or the intraepithelial or peritumoral
immune cells. Figure 2 shows two representative MSS-CCOC and MSI-CCOC cases
with staining results for PD-L1. We did not observe any difference between CCOCs
with presence versus absence of endometriosis, or between CCOCs with retention
versus loss of ARID1A/BAF250A expression in terms of PD-L1 expression in tumor

cells or the intraepithelial or peritumoral immune cells.



DISCUSSION

CCOC, especially when diagnosed at an advanced stage, is associated with poor
prognosis due to the lack of effective therapeutic options. Strikingly, our study highlights
a unique subset of CCOCs with MSI (MSI-CCOCs) that are associated with enhanced
immunogenicity and may therefore be susceptible to immunotherapy. CCOCs with MSI
exhibited significantly higher number of TILs and PD-1+ TlLs compared to the remaining
CCOCs (MSS-CCOCs) and compared to HGSOCs, and uniformly expressed PD-L1 in
the tumor cells and/or the intraepithelial or peritumoral immune cells. Our study
suggests that MSI-CCOCs may be excellent candidates for PD-1/PD-L1 blockade and
supports routine evaluation of CCOCs for MSI, a test that is not performed routinely for
these patients. Our study extends previous observations that, regardless of tissue of
origin, tumors with DNA repair defects such as tumors with MSI, POLE mutations, or
homologous recombination deficiency are associated with higher number of TILs which
is counterbalanced by overexpression of immune checkpoints such as PD-1/PD-L1[5-8],
and further supports the notion that these tumors may respond well to immune

checkpoint blockade.

Unlike MSI status, we did not observe any difference in immunogenicity between
CCOCs with presence versus absence of endometriosis, or between CCOCs with
retention versus loss of ARID1A/BAF250A expression in this study. However, a non-
statistical trend for lower CD3+ and CD8+ TlLs was noted for tumors with ARID1A loss

(Figure 1B) which may be worth to be explored in a larger study.



We acknowledge a limitation of our study which is the small number of MSI-CCOC
cases. However, to put things into perspective, CCOC is an uncommon subtype of
ovarian cancer, representing only 10% of all EOCs. We were able to identify and
examine in our institution a total 30 cases of CCOCs and found 3 CCOCs cases (i.e.
10% of CCOC cases) that harbor MSI. Based on this information, we estimate that
MSI-CCOCs represent a very rare cohort of EOCs, i.e. only approximately 1% of all
EOCs. Although the small number of MSI-CCOC Ilimits the power of detecting
statistically significant differences, we were still able to detect statistically significant
differences in the number of TlLs and PD-1+ TILs between MSI-CCOCs and the
remaining CCOCs as well as HGSOCs which are the more common type of EOCs.
Furthermore we observed a consistent pattern of high number of TILs (including PD-1+
TILs) in all MSI-CCOC cases, with expression of PD-L1 in the immune cells and/or the
tumor cells in all MSI-CCOC cases. It is important to underscore that the pattern of TILs
and PD-1/PD-L1 expression in the MSI-CCOC cases was clearly distinct compared to
the MSS-CCOC, and was entirely consistent with previous reports of increased
presence of TlLs and enhanced PD-1/PD-L1 expression in other MSI positive tumors of
non-ovarian origin, such as MSI positive colorectal and endometrial cancers [6, 7]. Of
note, MSI positive colorectal cancers have been shown to respond well to PD-1/PD-L1
blockade[9, 10], and several trials of PD-1/PD-L1 blockade in non-colorectal cancers

with MSI are currently ongoing.

In conclusion, our study highlights a clinically important cohort of CCOCs with MSI
(MSI-CCOCs), which are highly immunogenic and may thus be very responsive to

immune checkpoint blockade. These findings open an alternative therapeutic avenue



for a fraction of patients with CCOC, a disease that is resistant to standard
chemotherapies and for which there are essentially no effective therapeutic options.

Importantly, our study argues for routine testing of CCOCs for MSI, a test that is not

routinely performed.



MATERIALS AND METHODS

Tumor samples
This study evaluated 30 cases of CCOC and a previously reported cohort of 53 cases of
HGSOC[5]. All cases were retrieved from the Pathology archives of Brigham and

Women's Hospital under institutional review board approved protocol.

Determination of MSI status and ARID1A/BAF250A loss

MSI status was determined using immunohistochemistry for the mismatch repair (MMR)
proteins MSH2, MSH6, PMS2 and MLH1 (Supplemental Table 1). For cases with loss
of expression of one or more MMR proteins, MSI was confirmed by a PCR-based assay
using fluorescently labeled primers to five DNA microsatellites (BAT 25, BAT 26, BAT
40, BAT 34c4, and D18S55). Alterations in the length of the repetitive sequences were
detected by sizing the PCR products by capillary electrophoresis. The normal and
tumor allele patterns were compared for each marker. MSI-high (MSI-H) was defined

as instability in two or more markers. Loss of ARID1A/BAF250A was assessed by
immunohistochemistry using an antibody (Sigma, HPA005456) directed against the

human BAF250a protein (Supplemental Table 1).

Immunohistochemistry and evaluation of tumor infiltrating lymphocytes (TILs)
Immunohistochemistry (IHC) was performed for CD3, CD4, CD8, PD-1 and PD-L1 on
formalin fixed paraffin embedded (FFPE) tissue samples using standard protocols as

previously reported (see supplemental Table 1) [5, 6]. For evaluation of TILs, we
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focused only on intraepithelial lymphocytes, i.e. lymphocytes located within the tumor
epithelium, rather than in the peritumoral stroma. The number of intraepithelial PD-1
positive lymphocytes was determined as the average count from three 40X high power
fields (HPFs). Positive tumor expression of PD-L1 was defined as greater than or equal
to 5% of tumor cells with PD-L1 positivity. Positive PD-L1 expression in intraepithelial
and peritumoral immune cells was defined as any PD-L1 positivity within intraepithelial

and peritumoral immune cells.

Statistical analyses
Staining results were compared among CCOCs with MSI, endometriosis, or ARID1A
loss, and between CCOCs and HGSOCs using Student's t-test as well as Fisher’s exact

test. All reported p values are two-sided.
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FIGURE LEGENDS

Figure 1: Comparison of CD3, CD8, CD8/CD4 ratio and PD-1+ lymphocytes between
CCOCs with endometriosis vs no endometriosis (1A), ARID1A/BAF250a loss vs

retention (1B) and between MSI-CCOCs and MSS-CCOCs (1C).

Figure 2: Two representative MSS-CCOC and MSI-CCOC cases with staining results

for CD3, CD8, PD-1 and PD-L1 (PD-L1 staining in tumor cells).

Figure 3: Comparison of CD3, CD8, CD8/CD4 ratio and PD-1+ lymphocytes between
all CCOCs and all HGSOCs (1A) and between MSI-CCOCs (n=3) and all HGSOCs

(1B).
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